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may themselves be organized into user-specified folders. An
end user often can later access bookmarked locations merely
by selecting a bookmark from a menu.

Nevertheless, neither history nor bookmark information
typically provides a full picture or map of the various
documents and locations that an end user has traversed while
browsing. For example, when an end user navigates through
several links from a particular document, backtracks to the
original document using a back button, and then selects
another link within that original document, the previous
links navigated from the original document typically can no
longer be retrieved using the “forward” button of the
browser. Documents retrieved previously from the Internet
or another network may be stored locally in a cache to speed
repeat access, but once the history information for forward
links is lost, the underlying documents are often only
retrievable through manual searching of the computer cache.

Also, bookmarking locations is typically a manually-
performed activity, whereby an end user specifically stores
and organizes favorile sites as he or she sees fit. Bookmark-
ing is therefore time consuming and fully dependent on end
users. Unless an end user takes the extra time to bookmark
every visited location, a complete map or history of navi-
gated locations often cannot be maintained.

History and bookmark information are also not well
suited to navigating within particular documents. While
some documents may include internal hypertext links that
point to different locations within the same documents,
history and bookmark information permits navigation within
such documents only to the particular locations specified by
the internal hypertext links. Instead, separate mechanisms
such as scroll bars must be used as the principal mechanisms
for navigating to particular locations within documents.
Consequently, an end user is often forced to consciously
click on different objects in a graphical user interface
depending upon whether the end user wishes to navigate
between documents or to navigate within documents. As a
result, navigation with this type of user interface is slow and
burdensome for many end users.

Therefore, a significant need exists for a manner of
organizing and enhancing access to hypertext documents
and the like. Moreover, a significant need exists for a manner
of enhancing navigation between and within such docu-
ments.

SUMMARY OF THE INVENTION

The invention addresses these and other problems asso-
ciated with the prior art in providing a unique user display
and method of using the same in which linked records are
graphically displayed with node display elements represent-
ing individual records, and link display elements represent-
ing the links therebetween. One particular application deriv-
ing unique benefit from the invention is in that of navigating

hypertext documents, whether stored locally, on a private s:

network, and/or on the Internet or other public network.
However, it should be appreciated that the invention may
benefit other applications that utilize linked records consis-
tent with the invention.

Consistent with one aspect of the invention, a user inter-
face component may be configured to incorporate a scroll
display element associated with a selected node display
clement to access specific data or locations within the record
associated therewith. In this manner, navigation within
records and navigation between records is integrated into a
common user interface to speed as well as to simplify access
to the data within the records.
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Consistent with a further aspect of the invention, other
control elements in addition to or in lieu of a scroll display
element may be utilized on a selected node display element
to facilitate navigation within the record associated there-
with.,

Consistent with another aspect of the invention, a user
interface component may further be configured to graphi-
cally represent the particular location of a particular link
within a record. This additional information enables an end
user to quickly ascertain the relative location of a link within
a record.

Consistent with yet another aspect of the invention, indi-
vidual node display elements within a user interface com-
ponent may separately indicate status information for their
associated records. For example, a cache status may be
indicated in individual node display elements to indicate
whether the associated records are currently stored in a
compuler’s memory.

Consistent with an additional aspect of the invention, a
user interface component may also be configured to incor-
porate a retrieve progress display element that indicates a
current status of a retrieve operation for a record. By
graphically associating the retrieve progress display element
with a node and/or link display element, the status of a
retrieve operation may be easily and quickly ascertained.

Consistent with yet another aspect of the invention, other
status information may be indicated within a user interface
component. For example, a matching status may be indi-
cated in individual node display elements to indicale
whether the associated records match a predetermined
search criteria.

Consistent with a further aspect of the invention, a user
interface component may also be utilized to perform com-
mon operations on selected records in response o user
selection of the nodes associated with the selected records.
Customized groupings of records may therefore be jointly
operated upon through a highly efficient user interface.

These and other advantages and features, which charac-
terize the invention, are set forth in the claims annexed
hereto and forming a further part hereof. However, for a
better understanding of the invention, and of the advantages
and objectives attained through its use, reference should be
made to the Drawing, and to the accompanying descriptive
matter, in which there is described exemplary embodiments
of the invention.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a block diagram of a representative computer
display upon which is illustrated a user interface component
consistent with the principles of the present invention.

FIG. 2 is a block diagram of a representative computer
display upon which is illustrated an alternate user interface
component to that illustrated in FIG. 1.

FIG. 3 is a block diagram of an exemplary hardware
environment suitable for use with the various embodiments
of the invention.

FIG. 4 is a block diagram of an exemplary software
environment suitable for use with the various embodiments
of the invention.

FIG. 5 is a flowchart illustrating the program flow of one
of the browsers of FIG. 4.

FIG. 6 is a flowchart illustrating the program flow of the
map registry of FIG. 4.

FIG. 7 is a flowchart illustrating the program flow of one
of the map managers of FIG. 4.
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FIG. 8 is a flowchart illustrating the program flow of one
of the map displays of FIG. 4.

FIG. 9 is a flowchart illustrating the program fow of the
add user routine shown in FIG. 7.

FIG. 10 is a block diagram of an exemplary map display
after initialization thereof.

FIG. 11 is a flowchart illustrating the program flow of the
process link routine of FIG. 7.

FIG. 12 is a flowchart illustrating the program flow of the
determine initial placement routine of FIG. 11.

FIG. 13 is a flowchart illustrating the program flow of the
attempt to rearrange map display routine of FIG. 11. FIGS.
14A, 14B and 14C are block diagrams of an exemplary
non-adjoining-type map displays illustrating the placement
of a target node display element and the subsequent rear-
rangement of the map display accordingly.

FIGS. 15A, 15B and 15C are block diagrams of an
exemplary adjoining-type map displays illustrating the
placement of a target node display element and the subse-
quent rearrangement of the map display accordingly.

FIG. 16 is a flowchart illustrating the program flow of the
span determining routine of FIG. 13.

FIG. 17 is a flowchart illustrating the program flow of the
update user position in map routine of FIG. 7.

FIGS. 18A and 18B are block diagrams ol exemplary
adjoining-type and non-adjoining-type map displays,
respectively, after addition of a node display element.

FIG. 19 is a flowchart illustrating the program flow of the
perform bounded drag routine of FIG. 8.

FIG. 20 is a flowchart illustrating the program flow of the
perform unbounded drag routine of FIG. 8.

FIGS. 21A and 21B are block diagrams of exemplary
non-adjoining-type map displays illustrating cache status
indicators on the node display elements, respectively before
and after retrieval of documents associated with selected
node display elements.

FIG. 22 is a block diagram of an exemplary adjoining-
type map display illustrating cache status indicators on the
node display elements.

FIG. 23 is a block diagram of an exemplary non-
adjoining-type map display with one suitable retrieve
progress display element displayed therein.

FIG. 24 is a block diagram of an exemplary non-
adjoining-type map display with an alternate retrieve
progress display element to that shown in FIG. 23.

FIG. 25 is a block diagram of an exemplary adjoining-
type map display with one suitable retrieve progress display
element displayed therein.

FIG. 26 is a block diagram of an exemplary adjoining-
type map display with an alternate retrieve progress display
element to that shown in FIG. 25. FIG. 27 is a flowchart
illustrating the program flow of the search based map
display generation routine of FIG. 8.

FIG. 28 is a flowchart illustrating the program flow of the
Add NDE routine of FIG. 27.

FIG. 29 is a flowchart illustrating the program flow of the
any children match search criteria? routine of FIG. 27.

FIG. 30 is a block diagram of an exemplary map display
generated by the routines of FIGS. 27-29.

FIG. 31 is a flowchart illustrating additional event han-
dling routines for the map display of FIG. 8.

FIG. 32 is a flowchart illustrating the program flow of the
select sub-map routine of FIG. 31.
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FIG. 33 is a flowchart illustrating the program flow of the
perform action routine of FIG. 31.

FIG. 34 is a block diagram of an exemplary print map
display consistent with the invention.

FIG. 35 is a block diagram of a representative computer
display upon which is illustrated an adjoining-type map
display and associated zoom window wherein elastic bound-
aries are provided between node display elements.

FIG. 36 is a flowchart illustrating the program flow of an
alternate perform bounded drag routine to that of FIG. 19,
implementing an elastic boundary between node display
elements.

FIGS. 37A-37C are block diagrams illustrating move-
ment of a slider display across an elastic boundary in the
map display of FIG. 35.

FIG. 38 is a block diagram illustrating elastic boundaries
within a nonadjoining-type map display consistent with the
invention.

FIGS. 39A-39D are block diagrams illustrating move-
ment of a slider display element along a scroll bar display
element having elastic boundaries.

DETAILED DESCRIPTION

The various embodiments of the invention principally
provide a unique user interface component to graphically
represent a data structure having a plurality of linked
records. The user interface component, which is referred to
below as a map display component, or simply a map display,
utilizes a map data structure, or map, with a plurality of node
display elements (NDLE’s) to represent individual records
that are graphically linked to one another. In addition, a
plurality of link display elements (LLDE’s) in the map data
structure may be utilized to represent the links between such
node display elements.

One application of a map display is in navigating hyper-
text documents stored locally on an end user’s computer, on
a private network such as a local area network (LAN) or
wide area network (WAN), and/or on the Internet or other
public network. Consequently, in such an application, the
node display elements typically represent hypertext
documents, while the link display elements typically repre-
sent the actual hypertext links between such documents. The
hypertext documenis may be, for example, in hypertext
markup language (HTML) format, and may include text as
well as various multimedia objects such as static and/or
moving images, sounds, animations, etc. Further, the hyper-
text documents may include executable objects such as Java
applets, controls such as Java Beans and Active X controls,
scripts such as Javascript scripts, ctc. The node display
clements may represent only HTML-format documents,
with any multimedia or executable objects contained therein
considered to be part of the same documents. Alternatively,
multimedia and/or executable objects may be embodied in
separate node display elements, whereby the references to
such objects in HTML-format documents would also oper-
ate as links and be embodied in separate link display
clements.

While the disclosure shall hereinafter describe the use of
map displays for representing and/or navigating linked
hypertext documents, it should be appreciated that the
invention may have benefit in other applications to access
(e.g., view, store, modify, ete.) linked records consistent with
the invention. For example, map displays consistent with the
invention may be utilized to represent private databases,
menuing systems, etc.
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When used in conjunction with navigating hypertext
documents, a map display is typically generated
dynamically, whereby node display elements are automati-
cally added to the map display as new links are taken by an
end user. Consequently, the map displays may be used to
provide a history, or “bread crumb trail” for an end user as
he or she navigates through various records. Given the
practically endless amount of content on the Internet, for
example, the history provided by a map display may be
invaluable.

Another display element that may be included in a map
display is a scroll display element, also known as a “slider”
or “puck”, which enables node display elements to have
additional functionality as scroll bars for navigating through
the contents of their associated records. When a separate
display such as a browser window is activated for displaying
the contents of a given document, a slider disposed within a
region of the associated node display element may be
utilized to scroll the browser window through the contents of
the document. Moreover, a slider may be utilized to navigate
to different documents, e.g., by dragging the slider to another
node display clement, cither by passing through adjacent
elements (a “bounded” drag) or by dragging directly to the
desired node display element (an “unbounded” drag).
Through this arrangement, navigation within documents is
integrated with navigation between documents, thereby
greatly simplifying access thereto.

Furthermore, as will be discussed in greater detail below,
cach node display element may also be sized relative to other
node display elements to indicate a relative size of its
associated record. Moreover, link display elements may be
positioned on node display clements at a relative location
corresponding to the relative location of the link in the
associated record, whereby the location of a link within a
document may be readily ascertained.

Turning now to the Drawing, wherein like numbers
denote like parts throughout the several views, FIG. 1
illustrates a representative computer display 22 upon which
1s illustrated one embodiment of a map display 60 consistent
with the principles of the invention. Map display 60 includes
a plurality of node display elements 62 graphically inter-
connected via a plurality of link display elements 64. In this
embodiment, linked node display elements visually adjoin
one another proximate the links therebetween, with the link
display elements forming link markers, e.g., represented by
circular pegs or similar indicators, disposed at the intersec-
tion of the node display elements. In the aliernative, as
illustrated by map display 80 in FIG. 2, node display
elements 82 may be visually separated from one another and
joined by link display clements 84. In this alternate
embodiment, the link display elements 84 may include both
a link marker, such as a circular peg 84a, that indicates the
relative location of the link in the parent node display
element, as well as a connector such as line segment 84h

extending therefrom and terminating at the child node 5°

display element. In some embodiments, however, the link
marker 84a may not be required.

Additional features, functions, and operations may be
utilized in conjunction with map displays consistent with the
invention. However, a discussion of such features shall be
deferred pending a discussion of exemplary hardware and
software environments in which such map displays may be
implemented.

Exemplary Hardware Environment

A representative hardware environment suitable for use
with the illustrated embodiments of the invention is illus-
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trated in FIG. 3, where a networked computer system 10
generally includes one or more computer systems, e.g.,
client computer systems 12, 14 and 20 (e.g., deskiop or
personal computers, workstations, elc.) coupled to server
system 16 through a network 18. Network 18 may represent
practically any type of networked interconnection, including
but not limited to local-area, wide-area, wireless, and public
networks (e.g., the Internet). Moreover, any number of
computers and other devices may be networked through
network 18, e.g., multiple servers. Furthermore, it should be
appreciated that the principles of the invention may be
utilized as well by stand-alone computers and associated
devices consistent with the invention.

Computer system 20, which may be similar to computer
systems 12, 14, typically includes a processor such as a
microprocessor 21; a number of peripheral components such
as computer display 22 (e.g., a CRT, an LCD display or other
display device); hard, floppy, and/or CD-ROM disk drives
23; a printer 24; and various input devices (e.g., a mouse 26
and keyboard 27); among others. Computer system 20
operates under the control of an operating system 28, which
is represented in FIG. 1 by the screen display on the display
22, as well as various computer software applications,
programs, objects, modules, etc. Moreover, various
applications, programs, objects, modules, etc. may also
execute on one or more processors in server 16 or other
computer systems 12, 14, e.g., in a distributed or groupware
compuling environment.

In general, the routines executed to implement the illus-
trated embodiments of the invention, whether implemented
as part of an operating system or a specific application,
program, object, module or sequence of instructions will be
referred to herein as “computer programs”. The computer
programs typically comprise instructions which, when read
and executed by one or more processors in the devices or
systems in networked computer system 10, cause those
devices or systems to perform the steps necessary o execute
steps or elements embodying the various aspects of the
present invention. Moreover, while the invention has and
hereinafter will be described in the context of fully func-
tioning computer systems, those skilled in the art will
appreciate that the various embodiments of the invention are
capable of being distributed as a program product in a
variety ol forms, and that the invention applies equally
regardless of the particular type of signal bearing media used
o actually carry out the distribution. Examples of signal
bearing media include but are not limited to recordable type
media such as volatile and non-volatile memory devices,
floppy disks, hard disk drives, and CD-ROM’s, and trans-
mission type media such as digital and analog communica-
tions links.

Those skilled in the art will recognize that the exemplary
environment illustrated in FIG. 3 is not intended to limit the
present invention. Indeed, those skilled in the art will
recognize that other alternative hardware environments may
be used without departing from the scope of the present
invention.

Exemplary Software Environment

A representative software embodiment suitable for use
with the illustrated embodiments of the invention is illus-
trated in FIG. 4, where networked computer system 10
includes a number of program modules distributed through-
oul various computers in the system in a groupware or
distributed computer environment.

Map displays are implemented in network system 10
utilizing a number of modules or objects. One or more map
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managers 30 handle overall management of the mapping
function for one or more clients, that is, client computer
systems such as individual workstations. Typically, each
client (1.p) in a groupware environment is assigned a map
manager 30 to handle an active map display 60 for that
client. The map display 60 displays the data within a given
map data structure to an end user. In certain embodiments,
however, an end user may have the ability to open multiple
map displays to display multiple map data structures simul-
tancously.

Each map manager 30 also utilizes a map registry 34 that
maintains operational information regarding the active map
displays 60. A browser, or browser window, may be con-
sidered to include any display component suitable for
“browsing” or viewing the contents of a linked record. For
example, a suitable browser may be based upon the Navi-
gator web browser from Netscape Communications, or the
Internet Explorer web browser from Microsoft. In addition,
each browser 36 may be a separate application, or may be a
separate window of a single application, as is well known in
the art. Generally, a browser 36 is open for each active slider
1.m on the active map display 60 for the client. Each
browser open for a particular map display may be referred
to as a “user” of the map display.

As illustrated in FIG. 4, networked computer system 10 is
an event-driven object oriented programming system,
whereby modules 30, 34, 36 and 60 interact via events or
messages passed between the modules. It should be
appreciated, however, that non-object oriented, as well as
procedural or other non-event driven systems, may also be
utilized to implement system 10.

In a groupware environment, the functionality of modules
30, 34, 36 and 60 may be separated between client and
server computers. For example, modules 30 and 34 may be
executed on a server compuler to enable other clients to
access the map displays of a given client, with map display
60 and browsers 36 implemented locally on an end user’s
client computer, such as a workstation or desktop system. In
a mainframe or network computer environment, even the
functionality of map display 60 and/or browsers 36 may be
implemented within a server if desired.

Map displays consistent with the invention may have
numerous uses in a groupware environment. For example,
multiple users may be permitted to share map data
structures, and even receive indication of where other user’s
currently are or have previously been in a given map.
Individual icons for each user may be displayed on an end
user’s map display, or in the event that the number of users
is too great, an indicator of the number of users that are
currently or have been previously visiting given node dis-
play elements may be obtained (¢.g., through alphanumeric,
icon, pattern, or color indications). IS personnel may also be
able to view a map, e.g., to monitor where end users visit
most frequently. In general, the sharing of data in a group-
ware environment is well known in the art, and accordingly,
the sharing of map displays among multiple users would be
well within the skill of the ordinary artisan.

Nonetheless it should also be appreciated that the prin-
ciples of the invention also apply to other computer systems
whether or not in a groupware environment. For example,
map displays may be utilized in single-user systems, e.g., a
single desktop or portable computer coupled to the Internet
over a dial-up connection, whereby only a single end user
would be able to access a given map data structure. In such
applications, it is envisioned that all of the requisite modules
may be incorporated into a single computer software appli-
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cation such as a web browser application. In general, a wide
variety of hardware and/or software environments may be
utilized to implement map displays consistent with the
invention, and thus, the invention should not be limited to
any particular environments discussed herein.

Map Display Structure
Overview

Returning to FIG. 1, map display 60 is illustrated as a
window-type component, although it should be appreciated
that the map display may be implemented as a panel or other
type of display container or component. For example, the
map display may be represented by a separate frame or
region of a browser window. It may also be desirable to
utilize a window or similar component that permits the
contents (here a plurality of node and link display elements)
to extend beyond a viewable area 61 of the window,
whereby one or more scroll bars, e.g., scroll bar 72 with
slider 73, may be used to scroll horizontally and/or vertically
to view other portions of the structure. This arrangement
also enables an end user to select various magnifications of
the window to vary the amount of the map display displayed
in the window. Also, it should be appreciated that other
conventional window functions, e.g., closing, resizing,
minimizing, and maximizing of the window, may also be
utilized in a manner well known in the art.

In this embodiment, link display elements 64 are repre-
sented by link markers implemented as circular pegs,
located proximate to the relative location of the associated
link in the parent node display element (the node display
element for the document containing the link), from which
a child node display element (the node display element for
the document referred to by the link) extends. Further, linked
node display elements are visually adjoining one another
proximate to the associated link display element. It should
be appreciated that link display elements 64 may take other
forms than circles, e.g., squares, lines, rectangles, and other
geomelric shapes and/or icons. Moreover, in certain
embodiments, separate link display elements may not be
required, whereby the point of intersection or abulment
between two node display elements provides the visual
representation of the proximate location of a link.

It should also be appreciated that a child node display
element may extend in practically any direction from the
parent node display element, e.g., based upon aesthetic
considerations, or alternatively, node display elements may
be constrained to extend in only a few predetermined
directions (e.g., 45 or 90 degree increments). Morcover, if
the link in question specifies a particular location in the child
node display clement, the link display element may be
disposed at that relative location in the child node display
element. It should also be appreciated that links may be
bidirectional, whereby each node display element coupled
by a link may be considered both a parent and a child. For
example, a “back”™ button on a browser may represent a
return link to a previous document from which the link to the
current document was taken. Links may also be internal to
a hypertext document, e.g., to different headings or sections
within the document, whereby such link display elements
may not be linked to other node display clements.

Furthermore, additional link display elements, e.g., link
display elements 66, may be displayed in map display 60 to
represent links that have not yet been navigated. By select-
ing such links, e.g., via a mouse click, an end user may
navigate to the document referenced by the associated link.
In the alternate, only link display elements that have been
navigated may be displayed, or display of non-navigated
link display elements may be a user selectable option.
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Node display elements are also illustrated having variable
lengths representative of the relative sizes of their associated
documents. It may be desirable 1o constrain the lengths of
the node display elements between predetermined maximum

12

sliders 68b and 68¢ for the documents respectively displayed
in browser windows 50b and 50c.

Morcover, as illustrated by slider 68c, the slider in a given
node display element may move in tandem with, or

and minimum lengths, or to utilize fixed-size elements inthe 5 “shadow” a slider 55 in the scroll bar 54 of the associated

alternative. Also, the relative lengths of the node display
clements may be adjusted periodically based upon the
addition of new node display clements to the map display
during navigation. In the alternative, node display elements
may have variable lengths to facilitate arrangement of the
map display, and thus the lengths thereof may have no
relation to the relative size of their associated records.
Further, all node display elements may have the same length.

As shown in FIG. 2, an alternate map display 80 may
utilize link display clements 84 1o link together visually
separated node display elements 82. The map display illus-
trated in FIG. 2 will be referred to hereinafter as a “non-
adjoining-type” map display, in contrast to the “adjoining-
type” map display illustrated in FIG. 1.

In this alternate embodiment, the link display elements 84
may include both a link marker, such as a circular peg 84a,
that indicates the relative location of the link in the parent
node display element, as well as a connector such as line
segment 84b extending therefrom and terminating at the
child node display element. In some embodiments, however,
the link marker 844 may not be required. Generally a
connector in each link display element 84 may terminate
proximate a mid-point of the referenced, or child node
display element 82 for aesthetic concerns. However, if a
particular link references a particular location in the refer-
enced node display element, the connector may instead
terminate at this location.

In the embodiment shown in FIG. 2, each node display
element 82 is horizontally-oriented, with each node display

element linked to a common node display element disposed 2

along the same horizontal axis and sized according to the
relative size ol its associated document. However, it should
be appreciated that it is not necessary for the node display
elements to utilize a common orientation, be disposed on a
common axis, or be variably sized, consistent with the
invention.

It should also be understood that either of the represen-
tations shown in FIGS. 1 and 2 may be selected by an end
user, e.g., by selecting “adjoining” or “non-adjoining”
modes via a toolbar button, menu selection, keystroke, etc.,
as each representation may be better suited for different
tasks. In the alternative, only one representation may be
available for a given end user. Furthermore, it should be
appreciated that the representations shown in FIGS. 1 and 2
are merely exemplary in nature, and that a number of other
representations of a plurality of linked records or documents
wherein node display elements are linked via link display
elements may be used in the alternative.

Returning to FIG. 1, map display 60 also includes one or
more sliders, e.g., sliders 68a, 68b, and 68c. Each slider is
typically associated with an active window in which is
displayed the contents of the document associated with the
node display element in which the slider is located. For
example, three browser windows 50a, 50b, 50c¢ arc illus-
trated in FIG. 1, with browser window 50a displaying the
contents of the document 52a associated with node display
element 62a, browser window 506 displaying the contents
of the document 526 associated with node display element
62b, and browser window 50¢ displaying the contents of the
document 52¢ associated with node display element 62c.
Slider 68a may be used to navigate through the contents of
the document displayed in browser window 50a, as may
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browser window 50c¢. Manipulation of either slider 68c or 55
scrolls through the contents of document 52¢, as well as
moves the other slider accordingly. In addition, as disclosed
in U.S. Pat. Ser. No. 08/820,798, filed on Mar. 19, 1997 by
Cary L. Bates et al.,, a browser may include a secondary
slider that provides finer granularity for scrolling within
regions of a document. It may be desirable to further move
a map display slider in tandem with such a secondary slider.

In addition, each slider may be dimensioned to reflect the
relative region of the document that is currently displayed in
the associated browser (e.g., for slider 68c, the relative size
of the slider is set by the relative size of viewable region 53
of record 52¢, within which is illustrated text 57, image 58,
hypertext link 56a that corresponds to non-navigated link
66a, and link 56b that corresponds to non-navigated link
66b), or alternatively may be a fixed dimension element that
is independent of the relative magnification of the browser.
Each slider may be identical in appearance, or alternatively,
sliders may be graphically associated with their respective
browsers, e.g., through color or pattern coordination, or
through an icon or alphanumeric indicator on the slider. For
example, each browser 50a, 50b, 50c¢ may have a different
color header bar, with the colors used for the associated
sliders 68a, 685, 68c. Consequently, even when multiple
sliders and browsers are used, the slider for a particular
browser is easily distinguished. Also, a slider may be
disposed within the boundaries of a node display element, or
may be graphically linked thereto in other manners, e.g.,
extending along an outer edge thereof.

Map Display Data Structure

A representative map display object or data structure, also
referred to herein as a map display, generally includes a map
data structure with a plurality of node display element
objects and link display element objects. For each node
display element object, at least the following data may be
included:

address or location of associated document

size of associated document

display characteristics, e.g., position, orientation, size,

span, etc.

status indication variables, e.g., selected, cached,

malching, etc.

data structure of links in associated document, with point-

ers to associated link display elements

data structure of links pointing to associated document,

with pointers to associated link display elements

Similarly, for each link display element object, at least the
following data may be included:

address or location of document referred to in associated

link

pointer to node display element within which associated

link is located

pointer to retrieve progress display element, or a percent

complete variable

Moreover, each slider may be represented as a scroll
display element object, including at least the following data:

pointer to current node display element

pointer to associated browser

relative location in document
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relative size of slider

display information such as color or other coordination

with browser

Other data and/or objects may be associated with a given
map display consistent with the invention. Moreover, it
should be appreciated that the data and objects within a map
display may be maintained in one or more ol map manager
30, map registry 34, browser 36 and map display 60, with
relevant information either distributed to the various mod-
ules that utilize such information, or with all modules
maintaining duplicate information that is updated via events,
whether separate or incorporated into the events described
hereinafter for operating and maintaining a map display.
Furthermore, it should be appreciated that a map display
may be integrated with its associated map data structure
such that display information such as current magnification,
etc. is stored in the map data structure. In the alternative, a
map data structure may be a separate structure that is
accessed by one or more map display structures.

When used to represent HTML documents, node display
element objects may be limited only to HTML-format
documents, where any additional multimedia or executable
objects, such as static and/or moving images, sounds,
animations, Java applets, controls such as Java Beans and
Active X controls, scripts such as Javascript scripts, etc., are
considered to be contained within a common document, and
thus not separately accessible. In the alternative, such mul-
timedia and/or executable objects may themselves be rep-
resented by separate node display element objects and
displayed as node display elements in a map display,
whereby the objects are separately accessible. In such
circumstances, it may be desirable to separately indicate the
type of object through a visual, color, icon, or alphanumeric
representation on the map display. It should be appreciated
that the display of such objects may also be at the end user’s
option.

Map Display Operation & Utilization

The basic operation and utilization of a map display using
the representative software environment of FIG. 4 is illus-
trated in FIGS. 5-8, which respectively illustrate the pro-
gram flow during creation for a browser 36, map registry 34,
map manager 30 and map display 60. As discussed above,
the illustrated environment is an event-driven system,
whereby each module generally performs selected opera-
tions in response to events received from other modules in
the system, some of which being a result of user input. FIGS.
5-8 also illustrate several additional functions implemented
by these modules that will be discussed later. It should be
appreciated, however, that a significant number of additional
functions are typically implemented in these components.
Handling of these additional functions is illustrated, for
example, at blocks 128, 166, 232 and 276 in FIGS. 5, 6, 7
and 8, respectively.

For example, a browser is typically implemented in a
window that typically receives events such as “minimize
window”, “maximize window”, “resize window”, “close
window”, and many others too numerous to mention. Other
functions, such as routines to handle each menu choice, to
select bookmarks, etc., are also typically present. These
additional functions, however, are not relevant to a full
understanding of the invention, and thus are not disclosed
further herein.

As illustrated in FIGS. 5-8, browser 36 execules a main
routine 100, map registry 34 executes a main routine 150,
map manager 30 executes a main routine 200 and map
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display 60 executes a main routine 250. Each of these
routines waits for and receives various events (or messages)
and passes control to appropriate subroutines to handle the
evenls, e.g., at block 101 (FIG. 5), block 152 (FIG. 6), block
202 (FIG. 7) and block 252 (FIG. 8). It should be appreciated
that event checking and handling functions may be del-
egated 1o separate threads, or that specific events may be
directed to particular handling routines, rather than the main
routines or event checking routines of each module. In
general, any event-driven, procedural, or other manner of
initiating execution of specific program code to handle
certain requests by an end user may be used consistent with
the invention.

Map Display Initialization

A new map display is initialized typically in response to
a user request to create a new map display, which may be
initiated, for example, by any number of user interface
components (e.g., a toolbar button, a menu bar selection, a
pop-up menu selection, a keystroke, or an icon, among
others). Referring first to FIG. 5, a request lo creale a new
map display generates a create map event, which is received
by browser 36 (e.g., represented by block 102), and thereby
initially handled by a handling routine starting at block 104.

In block 104, a new map event is sent to the map registry
34 to determine whether a new map display is needed. The
event typically includes information regarding the name of
the map to be displayed. A new map display is needed when
no other browser on the client is using the map, but is not
needed when a map display is already opened on the client
for this map.

Turning to FIG. 6, map registry 34 receives the new map
event at block 154 and processes the event starting at block
156, where it is determined whether a map manager is
currently running for the map requested. If a map manager
is not currently running, control passes to block 158 to start
the appropriate map manager 30. Starting of the map man-
ager is illustrated by initialize block 201 (FIG. 7), where any
necessary initialization and housecleaning functions are
performed. Again referring to FIG. 6, once the map manager
is running, control passes to block 160 to send an introduce
user event to introduce a new user, that is, a new browser
window, to the map manager.

Referring to FIG. 7, map manager 30 detects the introduce
user event at block 204 and passes control to a handling
routine starting at block 206, where the map manager
determines whether a map display currently exists for the
client upon which the browser is executing. If not, control
passes to block 208 to send an event to the map registry
indicating that the browser must open a new map display.

Referring again to FIG. 6, block 162 waits for receipt of
such an event, and then passes control to block 164 to send
an event to the browser providing the browser with the
handle to the appropriate map manager and indicating that
the browser must open a new map display, whereby the map
registry’s operation in creating a new map is complete.

Referring back to FIG. 5, browser 36 waits for the event
from the map registry at block 106 and, if block 108
determines that the event indicates that a new map display
is required, a new map display is started at block 110.
Otherwise, block 108 terminates execution of the browser
handling routine, returning control to block 101.

Referring now to FIG. 8, when a new map display is
started, an initialization block at 252 performs basic initial-
ization functions and returns an event to the browser pro-
viding the browser with a handle for the map display.
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Receipt of this handle by the browser is illustrated at block
112 of FIG. 5. After receipt of the handle, the handle is
supplied via an event to the map manager in block 114, prior
to completion of the browser handling routine and return of
control to block 101.

Returning to FIG. 7, the map manager receives the event
with the map display handle from the browser at block 210,
and then the map manager adds the user in block 216
(discussed below). Next, the map manager sends a display
event to the new map display in block 212.

As shown in FIG. 8, this event is received at block 256,
whereby a display handling routine is execuled slarling at
block 258 to refresh the state of the map display based upon
the information provided in the display event. The display
handling routine is a general routine utilized to update the
data stored for a map display element object during both
initial display and subsequent modifications to the display.
Next, an status information, e.g., cache status, matching
status, selected status, ete. (discussed below), is retrieved for
each node display element so that, in block 260, the map
display is redrawn, along with appropriate status indicators
for each node display element. Control then returns to block
254,

Returning to FIG. 7, after the display event is sent to the
map display in block 212, control returns to block 202. In
addition, referring back to block 206, if a map display
currently exists on the client for the map in question, an
evenl is sent to the map registry indicating the same at block
214, whereby thereafter the user is added in block 216.
Should a map display currently exist for the client, process-
ing by the map registry proceeds in the same manner as if a
new map display must be started, except that block 164
(FIG. 6) indicates in an event Lo the browser that no new map
display must be started. After the routine in block 216

returns, a display event is sent to the map display in block ~

212, as described above, to refresh the map display.

Add user block 216 is illustrated in greater detail in FIG.
9. In this routine, a block 280 is executed to determine
whether the map is empty—that is, whether any node
display elements exist in the map data structure. If so,
control passes to block 282 to add a root node display
element for the map data structure that is associated with the
document the browser is on. If not, the addition of a root
node display element in block 282 is bypassed by block 280.

Next, a block 284 is executed to add a scroll display
element for the user. The new scroll display element is
initialized to point to the node display element associated
with the document currently displayed in the browser. In
addition, information related to the position, and optionally,
the size, of the displayed contents in the browser relative to
the overall document are also stored in the scroll display
element, such that the element is displayed in the node
display element tracks the browser.

Returning to FIG. 7, after the user is added by block 216 s:

and the map display is refreshed by block 212, handling of
the introduce user event is completed by the map manager,
and control returns to block 204. Creation of a new map
display is then complete.

FIG. 10 illustrates an exemplary map display 90 after
creation, having only a single node display element 92 that
functions as the root of the map display. Moreover, at least
one browser window (not shown in FIG. 10) is opened to
display the contents of the document associated with root
node display element 92, and a slider 96, corresponding o
the region of the document currently displayed in node
display element 92, is displayed therein. In addition, if it is
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desired to illustrate non-navigated links in the document
associated with element 92 (e.g., if such an option is enabled
by an end user), link display elements (e.g., link display
clement 94) may also be displayed at the same relative
location on node display element 92. It may further be
desirable to visually distinguish navigated and non-
navigated links, e.g., using different colors, icons, patterns,
line styles, etc. Map display 90 as illustrated in FIG. 10 is an
adjoining-type map display; however, it should be appreci-
ated that a non-adjoining-type map display has a similar
appearance upon creation.

Dynamic Node Addition

As discussed above, a map display is typically con-
structed dynamically based upon user navigation through
linked records or documents. One suitable program flow for
implementing this feature is initiated in browser 36 by an
end user selecting a link to a target document in the
currently-displayed document, or current document, for the
browser. The user selection of a link is detected by browser
36 at block 116 of FIG. 5, where, in response to the user
selection, a link taken event is sent to map manager 30 in
block 118, and the link is then processed (i.e., the document
referenced thereby is loaded from a network or a local
cached copy if present) in a conventional manner in block
119.

As illustrated in FIG. 7, the link taken event generated by
browser 36 is detected in block 218 to pass control to block
220 to determine whether the user is permitted to add to the
map display. In a groupware environment, for example,
network security features may be utilized to limit the access
of certain users to read only, or browse only, status. Also, in
other embodiments an end user may be able 1o select
whether or not he or she wants to be able to add to the map
display or not. Consequently, if an end user is not authorized
to make modifications to a map display, the map display may
not be updated with any additional node display elements.

In addition, in some circumstances certain users may not
be permitted to browse documents other than provided on a
given map display, which may be useful in some intranet or
extranet applications where users may be locked out of
certain sensitive data. It should also be appreciated that
different users may be granted different access capabilities
for given map displays. In the alternative, for applications
such as stand-alone environments where users are not shar-
ing map displays, block 220 may be omitted.

As one example, a user may be required to first request
permission through a suitable user interface in the browser
to modify a given map display, e.g., as illustrated by block
120 in FIG. 5. In response to such a request, the browser may
forward an authorize update event to the map manager in
block 122, which is detected by the map manager at block
228 of FIG. 7. If a user is allowed to modify a map, one or
more flags are set to authorize such activity, as represented
in block 230.

Returning to block 220 of FIG. 7, if a user has been
granted authorization to add node display elements (o a map
display, control is passed to block 222 to process the link for
map construction. Block 222 is illustrated in greater detail in
FIG. 11, beginning with determining whether a link display
element currently exists in the map display between the
document associated with the current node element and
another node display element associated with the target
document. If so, control passes to block 301 to set the
current document to the target document, i.¢., the link to the
target document is taken and reflected in the map display. If
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not, control passes to block 302 to determine whether a node
display element in the map display is associated with the
target document.

First in the situation in which the target document is not
associated with an existing node display element, control
passes to block 316 to determine the relative size of the new
target node display element based upon the relative size of
its associated document to other documents represented in
the map display. This determination may require that the
other node display elements be resized, e.g., if the target
node display element would be outside of a predetermined
range fixed for the node display elements. In the alternative,
if the node display elements are not dimensioned in accor-
dance with the relative sizes of their associated documents,
this block may be eliminated.

Next, in block 318, an initial placement for the target node
display element is made. This block is illustrated in greater
detail in FIG. 12. Depending upon whether the map display
is an adjoining-type or non-adjoining-type map display, or,
if selectable by an end user, the map display is in an
adjoining-type or non-adjoining-type mode, control is
passed from block 350 to either of blocks 352 or 354. In the
case of a non-adjoining-type map display (or selected
mode), block 352 merely places the target node display
element for the target document directly below the current
node display element, with a horizontal position set by the
relative location of the link in the current document. The
vertical position is typically a fixed distance from the current
node display element such that all sibling node display
elements are spaced along a horizontal axis.

In the case of an adjoining-type map display (or selected
mode), block 354 fixes the starting end of the target node
display element at the position of the current node display
element corresponding to the relative location of the link in
the current document. Next, in block 356, different permis-
sible orientations of the target node display element
(typically where the target node display element extends at
one of a plurality of angles from its intersection point with
the current node display element—and often constrained to
a few angles, e.g., every 45 or 90 degrees) are tested. Among
the various possible orientations, it is desirable to select that
which either overlaps the fewest existing node display
elements, and/or that which minimizes the span of the
current node display element (discussed below). For
example, priority may be given to orientations that minimize
the number of overlaps, with the span information used to
select between orientations with equal numbers of overlaps.
Other selection criteria may be used in the alternative. After
the target node display element is placed, routine 318
terminates.

Returning to FIG. 11, after the target node display element
is initially placed, block 320 determines whether the target
node display element (in the case of a non-adjoining-type
map display), or a line between the current and target node
display elements (in the case of an adjoining-type map
display), overlaps another display element. If not, control
passes to block 324 to accept the initial placement of the
target node display element in the map display and insert a
suitable link display element into the map display connect-
ing the target and current node display elements.

If another display element is overlapped, however, block
320 passes control to block 322 to attempt to rearrange the
map display and fit the target node display element within
the map display.

FIG. 13 illustrates in greater detail one suitable program
flow for attempting to rearrange the map display in block
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322. This manner of rearranging the map display relies on
the “span” of node display elements when rearranging a map
display. The “span” of a given node display element repre-
sents the maximum dimension of the node display element
and all of its “descendant” node display elements (i.c., all
“child” node display elements associated with documents
having links in the record associated with the given node
display element, the children of those child node display
elements, and so on), in a predetermined direction.
Typically, the predetermined direction is along the longitu-
dinal axis of the parent to the given node display element,
which often is the direction along which a slider moves in
the parent node display element. However, it should be
appreciated that some embodiments may not utilize inte-
grated sliders or elongated node display elements, and
therefore, another dimension may be utilized to determine
the span of such clements.

For example, FIG. 14A shows that the span of two node
display clements 404 and 406 in a non-adjoining-type map
display 400 are respectively indicated by s, and S,, with the
span of node display element 406 being also dependent upon
that of its child node display elements 408 and 410. The
direction in which the span dimension is taken is along the
direction represented by axis x, the longitudinal dimension
of the common parent node display element 402. Now
referring to FIG. 14B, assuming a target node display
element 412 is initially placed at the illustrated position in
map display 400 by block 318 in the manner described
above, it can be appreciated that the span s, of the target
node display element 412 overlaps that of both of the sibling
node display elements 404 and 406.

Similarly, FIG. 1 SA shows the span of two node display
elements 424 and 426 in an adjoining-type map display 420
are respectively indicated by s, and S, with the span of node
display element 426 being also dependent upon that of its
child node display elements 428 and 430. The direction in
which the span dimension is taken is along the direction
represented by axis x, the longitudinal dimension of the
common parent node display element 422, Now referring to
FIG. 15B, assuming a target node display element 432 is
initially placed at the illustrated position in map display 420
by block 318 in the manner described above, it can be
appreciated that the span s; of the target node display
clement 432 overlaps that of the sibling node display ele-
ment 426.

The span of a node display element may be calculated, for
example, using a recursive routine such as determine span
(THIS) routine 380 of FIG. 16. In this routine, a pair of
global variables, MIN and MAX, are maintained to deter-
mine the overall minimum and maximum extents of the
node display element and its descendants. When the span is
taken along a horizontal axis (as shown in FIGS. 14A-14C
and 15A-15C), MIN and MAX respectively correspond to
the leftmost and rightmost points of a node display element
and its descendants. However, it should be appreciated that
for some node display elements in an adjoining-type map
display, MIN and MAX are not taken along a horizontal axis
since the longitudinal axis of the parent to such node display
elements is not horizontal. As an example, when rearranging
node display elements 428 and 430 shown in FIG. 15B, the
longitudinal axis of the parent node display element 426, and
thus the predetermined direction, is vertical. Consequently,
MIN and MAX instead represent top and bottom extents of
cach node display element.

Routine 380 is initially called for the node display ele-
ment to be analyzed (i.e., THIS=the node display element to
be analyzed), where block 381 determines whether the
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minimum extent of the node display element in the prede-
termined direction (designated by the function min(THIS))
is less than (beyond) that set in MIN (which initially may be
sel to very large number so the minimum extent of the node
display element to be analyzed is used). If so, block 382 is
executed to set MIN to this value. Similarly, block 383
determines whether the maximum extent of the node display
element in the predetermined direction (designated by the
function max(THIS)) is beyond that set in MAX(which
initially may be set to zero or a negative number so the
maximum extent of the node display element to be analyzed
is used). If so, block 384 is executed to set MAX to this
value.

Next, in block 385, a CURR variable is set to the first node
display element linked to THIS, and the determine span
routine is recursively called for CURR, represented at block
386. Next, block 387 determines if there are any more links
in THIS, and if so, CURR is set to the next NDE linked in
THIS in block 388 and control is passed to block 386 to call
the determine span routine for the next link. Once all links
have been traversed, MIN and MAX will contain the mini-
mum and maximum extents, or the span, of the node display
element analyzed. Other routines may be used in the alter-
native.

Returning to FIG. 13, the program flow begins in block
370 by setting the target node display element as a “new
child” node display element. Next, in block 372, the spans
of the new child node display element and its sibling node
display elements are obtained by calling the determine span
routine of FIG. 16 for each (e.g., dimensions s,, s, and s in
FIGS. 14B and 15B). It should be appreciated that the target
node display element would not initially have any
descendants, so in certain embodiments its span may merely
be set based upon its minimum and maximum extents in the
predetermined direction, rather than calling the determine
span routine of FIG. 16.

Next, in block 374, the child and sibling node display
elements are arranged such that their spans do not overlap.
This may be performed in any number of manners, typically
by modifying the location, orientation, size and/or shape of
the child and sibling node display elements such that their
minimum and maximum extents do not overlap.

For example, as shown in FIG. 14C, for non-adjoining-
type map display 400, node display clements 404, 406 and
412 may be arranged simply by translating either of node
display elements 404 or 412, along with their descendant
node display elements, along the general direction of the
common parent node display element (represented by axis
x). The spans may abut one another, or may be separated by
a fixed distance, ¢.g., distance d shown in FIG. 14C. For an
adjoining-type map display such as map display 420, a
translation of node display elements may also be utilized;
however, it may also be useful to alter the orientation of
node display elements, as shown in FIG. 15C. To prevent
overlap of the spans of node display elements 424, 426 and
432, node display clement 426, as well as its descendant
node display elements 428 and 430, have been rotated 45
degrees counter-clockwise.

Other arrangement techniques may also be used. For
example, it may not be possible in a given circumstance to
utilize translation or rotation of node display clements.
Instead, the relative size of the target node display element,
its siblings, or more typically, their parent, may be adjusted
to provide the requisite separation. In such circumstances, it
may not be possible to retain a correspondence between the
size of the node display elements and their associated
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documents. Furthermore, as exhibited by node display ele-
ments 428 and 430, descendant node display elements need
not extend from the same side of a given parent node display
element. In such instances, the spans thereol may overlap
without adverse effects, and block 320 of FIG. 11 may
determine that rearrangement thereof may not be required
such that routine 322 is not executed.

It may also be possible to adjust the size of node display
elements only along longitudinal portions thereof between
link display elements. In such instances, movement of a
slider may be non-linear across a given node display
element, with movement in a stretched portion between two
link display elements scrolling the associated document at a
different rate than when in other portions of the node display
clement.

Furthermore, a recursive technique may be utilized to
attempt to rearrange descendant node display elements and
thereby adjust the span of sibling node display elements.
With this technique, therefore, the spans of sub-maps are
minimized from the bottom up, resulting in smaller overall
arrangements. This technique may be utilized in conjunction
with, or in licu of, selecting orientations of node display
elements during initial placement to minimize spans within
a map display.

Returning to FIG. 13, after the new child and sibling node
display elements are rearranged, control passes to block 375
to determine if the parent to the new child node display
element is the root node display element for the map display.
If not, rearrangement of the map display occurs at the
previous hierarchical level of the map display by setting the
parent node display element as the new child node display
element, and passing control back to block 372. Once the
parent to the new child node display element is determined
to be the root node display element, however, rearrangement
of the map display is complete.

Now returning to FIG. 11, after the map display is
rearranged, control passes to block 324 (discussed above) to
insert a link display element, whereby the link processing
routine is completed.

Now referring again to block 302, several optional func-
tions may be implemented when a node display element
associated with a target document is in the map display, but
no link currently exists between the current and target
documents. Each function may be implemented as the only
manner of handling such situations, or alternatively, the
handling of such situations may be controlled at an end
user’s option, e.g., using duplicate and back are flags as
illustrated in FIG. 11.

For example, it may be desirable to build duplicate node
display elements for a given document, as represented by
checking a duplicate flag in block 303 and passing control to
block 316 for further processing when a set flag is encoun-
tered. Whenever a link to a document that is already repre-
sented elsewhere is taken, a new node display element is
created without any reference to the other node display
elements for the document. Duplicate node display elements
may be distinguished via colors, icons, alphanumerics or
other indications, e.g., to facilitate maintenance and “prun-
ing” of a map display that later grows too unwieldy, and to
alert an end user that he or she has previously visited this
location.

As a further example, it may be desirable to jump back to
an earlier node display element for the target document
whenever the link between the current and target documents
is selected. This is represented by finding neither a duplicate
flag or a back arc flag set by an end user, whereby blocks 303



5,877,766

21

and 304 ultimately pass control to block 301 to set the
current document to be the target document.

As another example, it may be desirable to build separate
links between the node display elements for the current and
target documents, as represented by detecting an add back
arc flag in block 304. A back arc is an alternate graphic
representation of a link, e.g., dashed line 65 illustrated in
FIG. 1, and may include simply a curved or straight line
extending between the current and target node display
clements and overlaying other display clements. In the
alternative, a back arc may be generated by routing a line
between existing display elements, e.g., using a line routing
algorithm known in the art. As another alternative, as
illustrated by blocks 306-312, a map display may be rear-
ranged to facilitale routing a back arc between display
elements. In this latter routine (which would likely generate
a back arc similar to line 65 of FIG. 1), blocks 306 and 308
determine, based upon the node display elements for the
target and current documents, whether a line or arc extend-
ing therebetween intersects other display elements. If so, the
map manager attempts to open a path in the map display in
block 310, which occurs in a similar manner to rearrange-
ment of the map display discussed above with reference to
block 322 and illustrated in FIG. 13. Next, the map manager
routes a back arc (e.g., a dashed or dotted arc) between the
target and current node display elements in block 312.
Otherwise, il the line or arc does not intersect other display
elements, control may be diverted directly to block 312 to
insert the back arc, prior to exiting the routine.

Returning now to FIG. 7, after a navigated link is pro-
cessed in block 222, control passes to block 226 to update
the user position in the map display. Block 226 is illustrated
in greater detail in FIG. 17. The program flow of block 226
begins at block 390, where the internal data structures
representative of the elements in the map display are
updated to reflect a user’s new position (if any). Next, in
block 392, a display event is generated for each known map
display (which is handled in blocks 256-260 as discussed
above). Next, in block 394, an update event is sent to each
browser to update the position of its slider and its current
displayed contents.

As a result, each map display and browser is then updated
to reflect that the link to the target document was taken.
Continuing with the exemplary map display 90 shown in
FIG. 10, FIG. 1 8A illustrates the resulting adjoining-type
map display 90, wherein a second node display element 98
has been added adjoining to and exiending from root node
display element 92. A link display element 94 is displayed
at the intersection of elements 92 to represent the link
between the associated documents. Moreover, node display
clement 98 has been set as the current node display element,
whereby slider 96 has been moved from element 92 to
element 98 and its associated browser (not shown in FIG.
178) displays the contents of the document associated with
clement 98.

Similarly, FIG. 18B illustrates a non-adjoining-type map
display 90', wherein a second node display element 98" has
been added parallel to and visually separated from a root
node display element 92'. A link display element 94' is also
displayed, including a link marker 94¢' illustrating the
relative location of the link in the document associated with
element 92/, and a connector 945" extending between the link
marker and element 98'. Moreover, node display element 98"
has been set as the current node display element, whereby a
slider 96' has been moved from element 92' to element 98'
and its associated browser (not shown in FIG. 18B) displays
the contents of the document associated with element 98'.
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Map Navigation

Once a map display is constructed in the manner dis-
cussed above, an end user is able to utilize the map display
in revisiting documents as he or she desires. Moreover, it
may be desirable to maintain a list of favorite web sites in
a map display so that some or all of the sites may be visited
on a daily basis. Also, it may be desirable 10 maintain
subject-specific or reference map displays that an end user
constructs relating to a given subject (e.g., separale map
displays might be constructed related to gardening, new
music, object-oriented programming languages, etc.). The
map displays illustrated herein have countless usages in
browsing not only Internet documents, but internal corporate
documents on an intranet, or other forms of linked records.

A number of navigational tools and features may be
utilized for navigating through map displays consistent with
the invention. For example, a “bounded drag” feature may
be provided whereby an end user is able to drag a slider
through one or more node display elements such that the
browser associated with the slider is updated in real time to
display the contents of the document associated with the
current node display element, including the relative position
thereof represented at the current position of the slider. In
this manner, browsing between documents, and browsing
within documents, is integrated into the same user input
operation.

In an adjoining-type map display such as illustrated in
FIG. 1, movement of a slider from one node display element
1o another linked thereto causes the new node display
element to become the current node display element, with its
associaled document displayed in the browser associated
with the slider. For a non-adjoining-type map display such
as illustrate in FIG. 2, a drag operation from one node
display element to the next may require an end user to drag
the slider along the length of the connecting link display
element before the link is actually taken. Alternatively, the
slider may automatically be moved to the next node display
element after the slider is drug onto the link display element
(e.g., either an instantancous or animated movement).

As illustrated in FIG. 8, a bounded drag routine 264 is
executed in response to receipt of a bounded drag event by
the map display at block 262. Such an event may be
initiated, for example, by clicking on a slider and moving the
pointer while holding the mouse button down, whereby an
end drag event is signaled by releasing the button. In the
alternative, an end user may be able to simply click on a
slider and move the pointer without holding the button
down, whereby an end drag event may be signaled by
clicking on the button again.

One suitable program flow for routine 264 is illustrated in
FIG. 19. First, the map display waits for an event at block
450 (this block may also be bypassed in the first pass
through the routine). Next, if the event received is a drag
evenl, block 451 passes control to block 452 to handle the
event. Typically, multiple drag events will be passed to the
map display as the end user continues to move the pointer
with the mouse button held down.

Assuming that a slider is initially disposed in a current
node display element, upon receipt of a drag event, block
452 determines first whether the slider currently pointed to
belongs to the user. If it does not, e.g., when a slider displays
the position of another user accessing the map, the event is
discarded and control is returned to block 450.

If the slider does belong to the user, control is passed o
block 453 to determine whether the new position of the
pointer is a different node display element than the current.
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If not, control is diverted to block 456. If it is, the node
display element at the new position of the pointer is set as
the current node display element in block 454 prior to
passing control to block 456. Morcover, as will be discussed
below with reference to FIG. 36, an eclastic boundary
between node display elements may also be implemented in
a bounded drag routine to minimize an end user from
inadvertently switching to a new node display element due
o imprecision in mouse movement.

Al block 456, the slider is transversely centered in the
current node display element. For an elongated node display
element in which a slider generally moves along a longitu-
dinal axis, transversely centering the slider involves main-
taining the slider within the boundaries of the node display
element along a direction perpendicular to the longitudinal
axis thercof, whereby the movement of the slider is
“bounded” within the current node display element. This has
the effect of filtering out the transverse component of any
user movement of the mouse.

Next, in block 458, a position update event is sent to the
map manager, which as discussed above in relation to
dynamic node addition, may be handled by routine 226 of
FIG. 17. The position update routine in effect coordinates the
changes to the map display with the browsers and any other
modules that rely on such information. Control then passes
back to block 450 to wait for the next event.

If the event received in block 450 is an end drag event
(e.g., as the result of the end user releasing the mouse
button), routine 264 is terminated, and control returns to
routine 250 of FIG. 8. If the event received in block 450 is
neither a drag event or end drag event, the event is tempo-
rarily stored in block 462 prior to passing control back to
block 450 to process the next event.

It should be appreciated that routine 264 operates lo
assume control of the map display so long as a drag event is
in progress. In the alternative, the receipt of an event other
than a drag event or end drag event may prematurely
terminate the routine so that the event may be handled
immediately.

Another useful navigational tool is an “unbounded” drag
operation where an end user is able to drag a slider directly
to a node display element of interest without traversing
through each intervening node display element in the map
display. Such an operation may be initiated using a similar
mouse input to the bounded drag operation, e.g., if a specific
unbounded mode is selected through a toolbar button, key-
board shortcut, pop-up menu or the like. An unbounded drag
operation may also be initiated, for example, if an end user
moves the mouse pointer beyond a predetermined distance
from the boundaries of the current node display clement.

Returning to FIG. 8, an unbounded drag routine is
executed in block 268 upon detection of an unbounded drag
event in block 266. One suitable program flow for block 268
is illustrated in FIG. 20, where the map display first waits for
an event at block 464 (this block may also be bypassed in the
first pass through the routine). Next, if the event received is
a drag event, block 466 passes control to block 467 to
determine first whether the slider currently pointed to
belongs to the user. If it does not, the event is discarded and
control 1s returned to block 464.

If the slider does belong to the user, control is passed to
block 468 to reposition the slider at the drag position, prior
to returning control to block 464. Typically, multiple drag
events will be passed to the map display as the end user
continues to move the pointer with the mouse button held
down, whereby the slider will move in conjunction with the
movement of the mouse.
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Upon receipt of an end drag event, block 470 passes
control to block 472 to transversely center the slider in the
closest node display element to the current position of the
slider, as well as at the closest position within that node
display element. In certain embodiments, it may also be
desirable to prevent movement of the slider to a new node
display element if the slider is not at least partially overlap-
ping or within a predetermined distance from any node
display element. Next, in block 474, a position update event
is sent to the map manager, which may be handled by routine
226 of FIG. 17 as discussed above to coordinate the changes
to the map display with the browsers and any other modules
that rely on such information. Routine 268 is then complete.

Returning to block 470, if another event is received, this
event is temporarily saved for later handling in block 476,
and control is returned to block 464. Similar to routine 264,
routine 268 operates to assume control of the map display so
long as a drag event is in progress. In the alternative, the
receipt of an event other than a drag event or end drag event
may prematurely terminate the routine so that the event may
be handled immediately.

It should be appreciated that the bounded and unbounded
drag routines, as well as any other user-responsive routines
disclosed herein, need not be responsive solely to mouse
input. Instead, such routines may be responsive to other user
input devices such as keyboards, touchpads, trackballs, etc.,
either in addition to or in licu of a mouse. Moreover, such
routines may involve different user actuation sequences,
e.g., through setting a specific mode through a button, menu
selection, etc., holding down a button, opening a pop-up
menu, and other manners ltoo numerous o mention.
Furthermore, it should be appreciated that all conventional
navigational features provided with browsers and the like
may also be used in navigation, with the map display
dynamically updated as the end user navigates in this
manner.

In addition, it should also be appreciated that the node
display elements may incorporate other control elements in
addition to or in licu of a scroll display element. For
example, one or more arrow buttons may be provided at
cach end of a node display element to move a slider a
predetermined amount (e.g., to scroll line-by-line through a
document). Also, the area of the node display element
outside of the slider may be utilized by an end user to scroll
by a larger amount (e.g., to scroll screen-by-screen or
page-by-page through a document).

It may also be desirable to permit an end user 1o click on
a link display element or other button on the node display
clement to perform the operation of taking the associated
link and bringing up the linked document in the browser.
Such an operation may also be performed on a non-
navigated link display element if display of such elements is
enabled, whereby the processing thercof would occur in the
manner disclosed above in process link routine 222 of FIG.
11,

Another useful feature is adding a new slider to a map
display and opening a new browser associated therewith.
Such an operation may be initiated in a number of manners,
including but not limited to dragging and dropping a slider
onto a node display element from a slider icon, selecting
from a pop-up menu, double-clicking on a node display
element, or opening a new browser window. For example,
FIG. 1 illustrates multiple sliders 68a, 685 and 68¢ respec-
tively in node display elements 62a, 62b and 62¢. Sliders
68a, 685 and 68c are respectively associated with browsers
50a, 505 and 50c to display the contents of the documents
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associated with node display elements 62a, 62b and 62c.
Moreover, it should be appreciated that multiple sliders may
be located within the same node display element at any
given time, such that multiple browsers display the contents
of a given document, which may be useful, for example, in
viewing large documents.

One manner of implementing the addition of a new slider
is to execute the program flow described above for handling
the “create map™ event (see blocks 104-114 of FIG. 5) as
part of the initialization of a browser window. Since the map
display is currently active during this process, no additional
map display is started. However, during this process the map
registry and map manager handle the introduction of a new
user to the active map display (see blocks 156-164 of FIG.
6 and blocks 206-216 of FIG. 7), thereby adding a slider to
the map display corresponding to the new browser window.

It should also be appreciated that a suitable routine for
removing a slider upon termination of a browser window
may also be provided. Typically such an operation would be
initiated by the browser during its termination flow, e.g., by
passing an event to the map manager indicating that the
browser is terminating. The map manager then discards the
user of the map data structure for the browser and passes an
event to all map displays associated with the map data
structure. Each associated map display then removes the
slider (user). In addition, if any associated map display has
no more users, the map display itself may be terminated as
well.

A number of additional features may be provided Lo assist
an end user in identifying node display elements, which may
be particularly useful for larger map displays. For example,
as shown in FIG. 1, the map display may generate a
*balloon” or pop-up window display element 71 in response
to the node display element having focus as a result of an end
user directing pointer 70 at that element. The pop-up win-
dow display may display the address or location (e.g., the
URL) of the document associated with the node display
element, a title or description thereof (optionally entered by
an end user similar to a bookmark or favorite), and/or other
information such as document size, the last date the docu-
ment was accessed or updated, the creation date of the
document, etc. In addition, any of such information may be
persistently displayed for given node display elements in the
alternative.

It may also be desirable to provide a map display search
function so that an end user may be permitted to locate
specific node display elements matching a predetermined
search criteria, e.g., address, location, description, title, ete.
In addition, it may be desirable in groupware environments
to be able to search for other users of a map display.

Moreover, it may be desirable to provide additional visual
indications within a map display to convey additional infor-
mation relating thereto. For example, sliders and their asso-
ciated browsers may be wvisually linked, e.g., through a
common color or pattern or icon assignment so that an end
user is able to identify which slider is associated with which
browser. Other visual indications, e.g., through colors,
patterns, icons, etc., may also be used to distinguish different
node or link display elements, e.g., to identify more desir-
able paths, to indicate the frequency of “hits™ to a node, etc.
An end user may also be able to modify such visual
indications manually as the end user desires.

In addition, as discussed above, it may be desirable to
provide an end user with the option of selectively viewing a
map display in an adjoining-type or non-adjoining-type
representation, since each representation may have advan-
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tages over the other in the performance of different tasks. For
example, an adjoining-type representation is generally more
compact, thereby enabling an end user to view a greater
portion of a map display. On the other hand, when it is
desired to determine descendant relationships between vari-
ous node display elements, the non-adjoining-type represen-
tation is generally more hierarchical and organized in nature.

Other navigational functions and user display features
conventionally used in GUI systems may also be utilized in
map displays consistent with the invention. For example,
scroll bars, such as scroll bar 72 in FIG. 1, may be used to
view different areas of a map display. In addition, a zoom
function may be used to control the relative amount of the
map display to view in the window at a time. Moreover, a
magnify function may be used to bring up a second window
or second region or frame in the same window to provide a
magnified view of a given region of the map display, where
a box or other indicator in the main window would indicate
the area of the map display currently viewed in the second
window.

It should be appreciated that a number of the above
features are implemented in a similar manner to similar user
interface components and features found in various conven-
tional systems, and thus the implementation thereof in this
context is well within the abilities of one skilled in the art.
Moreover, it should be appreciated that a number of the
above features are typically handled in responsive to events
passed to the particular map display receiving the user input,
similar to the bounded and unbounded drag events discussed
above. Such features may also be handled at the level of a
given display element in certain circumstlances.

Map Maintenance

A number of other features may be desired to facilitate the
usage of map displays consistent with the invention. For
example, it may be desirable to enable map displays to be
named and stored for later retrieval and use by the end user
or by others. The later retrieval may be performed by
selecting a given map display from a list of such displays
provided to an end user, e.g., storing map displays as data
files in one or more organized folders or directories and
using an open dialog box to retrieve a given map display.
Also, shortcuts to favorite map displays may be provided in
a drop-down bookmark menu to permit an end user to
refrieve a map display via the menu.

A number of editing functions may also be utilized to
modify the visual appearance of a map display, particularly
when a large number of node display elements have been
added to the map display. For example, conventional clip-
boardtype operations may be utilized to cut, copy and paste
node display elements with or without their descendants to
and from a clipboard.

A “grafting”-type function may be utilized to permit an
end user to change a link to a different point in the map
display, typically either through a drag-and-drop operation
or a clipboard-type cut-and-paste operation. Grafling per-
mits an end user to shape or organize a map display as he or
she sees fit, and may help in maintaining symmetry and/or
maintaining the map display within the smallest region
possible.

Grafting may also be utilized to add “virtual links”
between node display elements whose underlying docu-
ments are not actually linked, so that an end user may
navigate between the related documents even though no
actual link exists therebetween. As one example, may permit
some subject-specific map displays to be organized in a
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more useful and coherent manner. In the alternative, virtual
links may not be permitted, whereby an error message or
audio alert may be signaled to an end user indicating
rejection of the graft attempt by the system.

Also, as illustrated by icon 76 of FIG. 1, an iconize, or
minimize, function may be provided to permit an end user
to selectively replace groups ol descendant node display
elements with an icon. Unfrequently used paths may be
minimized, for example, to reduce the size of the map
display, whereby an end user merely maximizes the icon
when any such paths need to be used. Also, node display
clements related to common subject-matters may be grouped
together and minimized so that an end user maximizes only
the node display elements related to a given subject matter.
Minimization and maximization may occur, for example, by
double-clicking on a node display element or the icon
representative thereof.

An end user may also be permiited to delete selected node
display elements, typically along with all of their descen-
dants. Consequently, unused or infrequently used node dis-
play elements may be removed to reduce the overall size of
the map display.

An end user may also be permitted to create a new map
display with an existing node display element used as the
root node display eclement of the new map display.
Moreover, any descendant node display elements may or
may not be incorporated into the new map display. For
example, as shown in FIG. 1, an end user may drag and drop
a given node display element to a “planting pot” icon 74 to
create a new map display in a separate window. The creation
of the map display may be performed in the same manner as
a new map display is created by the browser as discussed
above in relation to FIGS. 5-9. 1t should also be appreciated
that a given window may also display more than one map
display if desired.

Various map display rearranging features may also be
provided to permit an end user to modify the arrangement of
node display elements in a map display. For example, in the
adjoining-type representation of FIG. 1, it may be desirable
to manually rotate or resize node display elements to mold
the map display as an end user desires. In the non-adjoining-
type representation of FIG. 2, it may be desirable to be able
to move node display elements to different locations,
whereby the link display elements therebetween are resized
and/or rotated to maintain the visual link between linked
documents. In other representations, any combination of
these rearrangement techniques may be used. For example,
a chain of node display elements may skew a display in one
direction. By rearranging node display elements, the shape
of the map display may be molded. This may be useful, for
example, to arrange a relatively more important chain of
node display elements into a primary artery or trunk, with
relatively less important node display elements extending off
of the trunk.

Other maintenance functions may be implemented in map
displays consistent with the invention. It should also be
appreciated that many of the above maintenance and editing
functions may be adapted from various conventional file and
database management processes. Moreover, implementation
of these functions through mouse or other user input may be
adapted from related conventional GUI techniques.
Consequently, the implementation of such functions is well
within the abilities of one skilled in the art.

A number of additional enhancements to the aforemen-
tioned map displays are disclosed in greater detail below. It
should be appreciated, however, that each of these enhance-
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ments may be utilized alone or in conjunction with other
enhancements and variations disclosed herein.

Cache Status Indication

It should be understood that in applications such as
browsing hypertext documents on the Internet and the like,
previously visited documents may gel cached-out, or
removed, as new documents are retrieved. In particular,
many web browsers for example maintain a memory and/or
hard disk cache of documents so that when an end user
returns to a cached document, the document is retrieved
from the cache rather than from its original source. The
cache typically is a fixed size, or may be allowed 1o use a
variable amount of storage space up to a maximum allocated
size. Regardless, it is not uncommon [or least recently used
documents to get cached out (removed) to make space for
new documents. The use of a cache can significantly
increase performance since the access time for a memory or
a local storage device may be several orders of magnitude
shorter than an external network, often due to bandwidth
limitations and/or network traffic. However, in some
instances a cached copy of a document may not be used, e.g.,
if the document has been updated since the last cached copy
was obtained.

When an end user is accessing linked records such as
hypertext documents, it may be beneficial for an end user to
know which documents are or are not cached. For example,
an end user may not have a lot of time to browse for
information, and thus may wish to avoid retrieving any
documents from an external source. Thus, map displays
consistent with the invention may also include a cache status
indicator that indicates a cache status for each node display
element therein.

For example, FIG. 21A illusirates a non-adjoining-type
map display 500 having node display e¢lements 502-516. In
this embodiment, the cache status indicator for each node
display element is the outline or border of the element
itself—with a solid line indicating a cached document (e.g.,
for node display elements 502, 504 and 506) and a dashed
line indicating a cached out (or non-cached) document (e.g.,
for node display elements 508, 510, 512, 514 and 516) .
Similarly, for an adjoining-type map display 520, node
display elements 522, 524, 526 and 528 arc illustrated as
cached documents, while node display elements 530, 532
and 534 are illustrated as cached out documents.

It is anticipated that each node display element may have
associaled therewith a cache status variable or flag that is
selectively set or reset by the processes handling the
retrieval and caching out of documents. Display of the cache
status of each node may be accomplished during a refresh of
the map display, e.g., during the program flow represented
by blocks 258-260 of FIG. 8. Refresh may be performed
only in response to updates to the map display, or
alternatively, may be periodically initiated when no activity
has occurred for a predetermined time so that the cache
status of each node display element may be updated.
Alternatively, a refresh may be initiated whenever docu-
ments are cached in or out.

In addition, in groupware-type environments, it should be
appreciated that documents may be cached for some end
users but not for others. Accordingly, in such environments,
block 259 of FIG. 8 may be required to search an end user’s
cache to determine the cache status of each node display
clement, rather than relying on a flag stored in the map data
structure therefor.

Other manners of distinguishing cached and non-cached
documents may also be utilized. For example, different
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colors, patterns, shades, borders, etc. may be used as cache
status indicators to distinguish the node display elements for
cached and non-cached documents. Also, separate display
elements such as icons or alphanumeric indicators may be
used to identify such documents. Moreover, a cache status
indicator may be persistent, or may be selectively displayed,
e.g., when the pointer passes over a node. Other variations
will be apparent to one skilled in the art.

The provision of a cache status indication for selected
node display elements also provides a mechanism by which
an end user can selectively retrieve and/or cache out selected
documents. Selective retrieval and/or caching out may be
performed either on documents associated with individual
node display elements, or on documents associated with the
sub-maps formed by individual node display elements and
all of their descendants. Caching out operations on sub-maps
or individual node display elements may be useful for
controlling which documents are stored in the cache. For
example, it may be desirable to cache out infrequently used
documents 1o free up room in the cache so that more
desirable documents are less like to get cached out during
browsing. Also, a retrieval operation on a sub-map (which
may be the same as the entire map display) may be useful as
an off-line browsing tool, where an end user can initiate a
retrieval of multiple documents at once, then perform other
tasks until all documents have been cached.

For example, FIG. 21B illustrates two exemplary retrieval
requests for map display 500. First, retrieval of the docu-
ment associated with node display element 508 individually
is illustrated, whereby the document for the descendant node
display element 510 thereto is not retrieved. Second,
retrieval of the sub-map rooted at node display element 512
is illustrated, whereby the documents for the descendant
node display elements 514, 516 thereto are also retrieved.

Any number of user interface mechanisms may be utilized
to perform retrieval and caching out. For example, suitable
pop-up menu selections may be provided when an end user
clicks on a node display element, or documents associated
with particular node display elements may be retrieved or
cached out in response to double or single mouse clicks
thereon (typically when a distinct cache mode is selected).
As with other user actuated functions disclosed herein, the
mouse clicks may be performed in conjunction with other
activities, e.g., holding down a shift or control key.

It may also be desirable to select multiple node display
elements and perform a multi-node retrieval or cache out
operation on all of the documents associated therewith. The
general process of selecting multiple node display elements
for the performance of a multi-node operation is discussed
below in relation to FIGS. 31-33.

When multiple node display elements are selected, either
as a sub-map or as a multi-node group, caching out, or more
importantly, retrieval of the documents associated therewith
may occur scrially or in parallel (e.g., via multiplexing).
Moreover, these alternate modes may be selectable by an
end user. For a sub-map, the order may proceed in a
top-down fashion. For a multi-node group, the order in
which documents are retrieved or cached out may be top-
down, or may be based upon the order in which the
associated node display elements are selected. Other varia-
tions will be apparent to one of ordinary skill in the art.

It should be appreciated that maintenance of a document
cache and the operations associated therewith are conven-
tional in nature, and thus, incorporation of such functions
into map displays to operate in response to the user input
mechanisms disclosed herein is within the abilities of one
skilled in the art.
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Retrieve Progress Indication

In conjunction with the retrieval and caching out of
documents, it may be desirable to provide an end user with
status information regarding the progress of such operations.
Retrieval operations in particular may take from a few
seconds to several minutes, depending upon factors such as
the size of the document(s) being retrieved, the bandwidth of
the retrieval path, and network traflic, if any. Conventional
browsers and the like may include progress indicators that
indicate the progress of such operations, typically in the
form of conventional progress bar or slider display elements
that move from left to right as an operation proceeds, and/or
an alphanumeric indicator such as the percentage of an
operation that has been completed.

Map displays consistent with the invention may provide
similar retrieve progress display elements that are associated
directly with display elements in the map displays such that
the progress may be visually tied to the associated node
display elements being retrieved. For example, as illustrated
by non-adjoining-type map display 540 of FIG. 23, a
retrieve progress display element may take the form of a
slider 548 that is animated to move along the connector 546b
of a link display element 546 as a link is taken from a first
node display element 542 to a second node display element
544. The position of slider 548 is determined by the relative
completion, or the progress, of the retrieval operation for
node display element 544. While clement 544 is illustrated
as being initially cached out, it should be appreciated that the
progress of a retrieval from the cache may utilize a similar
progress indicator, although the retrieval time may be sig-
nificantly shorter. The retrieval may also optionally be
considered to incorporate the rendering time for the docu-
ment in the browser if desired.

To implement a retrieve progress display element in the
illustrated embodiment, the map display typically must
receive periodic updates from the associated browser so that
a current indication of the progress of retrieval may be
maintained. As shown in FIG. 8, this may be accomplished,
for example, using a “status update” event in the map
display program flow that is detected in block 272 and
handled in block 274 such that the display is refreshed with
the current status of the document being retrieved. Such an
event may be initiated in any of a number of manners, e.g.,
during the program flow of the browser in processing a link
(see block 119 of FIG. 5).

A wide wvariety of alternate retrieve progress display
clements may be used in the alternative. For example, an
alternate non-adjoining-type map display 550 is illusirated
in FIG. 24, where a retrieve progress indicator 558 takes the
form of a bar 558 that is fixed at an end proximate node
display element 552 and that grows along connector 556b of
link display clement 556 toward node display element 544
to show the progress of the retrieval of the document
associated with element 544.

As another example, FIG. 25 illustrates an adjoining-type
map display 560 in which a retrieve progress display ele-
ment takes the form of a bar 556 that grows along the length
of node display element 564 as element 564 is retrieved from
the end thereof linked to node display element 562. In the
alternative, a slider-type retrieve progress display element
may also be used in this embodiment. Moreover, the retrieve
progress display element may fill in or otherwise modify the
appearance of node display element 564, ¢.g., progressively
changing the outline of the element to reflect its change from
a non-cached to cached element.

Typically, a retrieve progress display element provides an
animation that moves in the direction that a link is taken or



5,877,766

31

that a subsequent retrieval operation is occurring.
Consequently, when a reverse link is taken, e.g., when a
“back” button is pressed on a browser, the animation of the
retrieve progress display element may move in the opposite
direction to that shown in FIGS. 23-25. In the alternative, a
retrieve progress display element may provide other repre-
sentative animations, e.g., filling transversely to simulate the
filling of a container with fluid, growing inward from both
ends of a display element to meet in the middle thereof,
growing outward in both directions from a center point of a
display element, among others.

The movement of a retrieve progress display element in
the direction in which retrieval is occurring or a link is taken
also provides an interesting visual effect to the end user
when multiple documents, ¢.g., from an entire sub-map, are
being retrieved, since multiple retrieve progress display
elements may be used concurrently. As documents are
retrieved serially or in parallel, the retrieve progress display
elements appear to spread out across a map display as more
and more documents are retrieved. From such an effect an
end user may also be able to determine which documents
receive priority and which take the longest to retrieve. This
information may be used, for example, to prioritize the
retrieval of multiple documents to provide the most efficient
usage of a map display.

Also, the use of separate retrieve progress display cle-
ments for individual documents being retrieved enables an
end user to identify specific retrieval operations that have
stalled or that are taking too long to complete. Through user
selection of a node, e.g., through a mouse click or pop-up
menu, an end user may be able to terminate a retricval of a
specific node, rather than terminating multiple retrievals at
once.

With all of the above examples, the retrieve progress
display elements typically move in a linear fashion.
However, as illustrated by adjoining-type map display 570
in FIG. 26, a retrieve progress display element may take
other forms such as a pie-shaped indicator 578 that is
anchored on a link display element 578 coupling the node
display element 574 being retrieved to a linking node
display element 572. Also, a retrieve progress display ele-
ment may further include an alphanumeric indicator such as
indicator 579 that provides a percentage completion figure,
or alternatively, a time to completion or elapsed time indi-
cation.

Other retrieve progress display element designs may be
used in the alternative. Moreover, it should be appreciated
that retrieve progress display elements consistent with the
invention may be implemented using conventional progress
display elements utilized in many GUI environments, and
thus such implementation is within the abilities of one
skilled in the art.

Automatic Map Display Generation Utilizing
Search Criteria

An additional useful feature that may be implemented
with user interface components consistent with the invention
is that of automatic map display generation based upon a
search criteria selected by an end user. With this feature, an
end user may select a search criteria from which a new map
display, or part of an existing map display, is generated
showing documents that meet the search criteria. For
example, if an end user is currently visiting a “garden” site
on the Internet that has many links to suppliers of flowers,
the end user may be able to select “purple cone™ as the
flower for which to build a map display. Upon generation of
a map display, all sites that refer to “purple cone™ flowers
may be found.
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With this feature, node display elements associated with
searched documents are typically generated dynamically to
build a map display therefrom. In the alternative, documents
associated with existing node display elements may be
searched in lieu of or in addition to documents that are not
currently represented in the map display.

An important aspect of this feature is that intermediate
documents located between matching documents that match
the search criteria are nonetheless retrieved and added to a
map display to illustrate the navigation path to matching
documents. These intermediate documents, however, are
differentiated from matching documents through a visual or
graphical representation.

Another important aspect of this feature is that the depth
from which to perform a search, i.e., the number of links to
take from a given root node. This may enable more focused
searching to be performed as desired. For example, an end
user may select a depth of only 2—4 levels, then based upon
the results, perform additional searching starting at matching
documents found in the prior searching.

Moreover, it should be appreciated that, once a map
display is created, it may be maintained, e.g., via
rearrangement, deletion of node display elements, etc. as
desired.

Generation of a map display based upon a search criteria
is typically initiated by an end user within a map display, as
illustrated by receipt of an auto-build event at block 270 of
FIG. 8. Initiation may occur, for example, through a menu
bar, pop-up menu, toolbar button, etc. Initiation may also
occur through a browser window using similar user actions,
whereby the auto-build event is generated by a browser.
Upon receipt of such an event, control passes to handle the
event with a search based map display generation routine
illustrated at 600.

Routine 600 is illustrated in greater detail in FIG. 27.
First, as illustrated by optional block 602, a new map display
may be created with the current node display element as the
root of the new map display. In the alternative, added node
display elements may descend from the current node display
element in an existing map display. Execution of this block
may be selectable by an end user, e.g., by sclecting a given
mode for the map display. It should be appreciated that, if a
new map display is created, a program flow similar to that
initiated by block 102 of FIG. 5 may be executed to create
the new map display. Furthermore, the remaining program
flow in routine 600 starting at block 604 would then be
executed by the new map display.

Next, in block 604, a scarch criteria is retrieved from an
end user, e.g., through a dialog box or similar user input. It
should be appreciated that various searching algorithms,
including filtering, keyword searching, ficld searching, bool-
ean searching, natural language searching, etc. may be used
to obtain a suitable search criteria. Examples of the type of
information that may be searched includes document
contents, document title, document description, document
size, document address or location, date last updated, and/or
date created, among others. In general, a wide variety of
known searching algorithms may be utilized consistent with
the invention.

Next, in blocks 606—610, cach link in the current docu-
ment is processed to locate matching documents for the
given search criteria. As long as additional un-traversed
links exist in the current document, block 606 passes control
to block 608 to retrieve the target document for the next
un-traversed link, then an add NDE routine 610 is exccuted
to determine whether to add a node display element for the
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target document. Once all links in the current document are
traversed, block 606 terminates the execution of routine 600.

The add NDE routine 610 is illustrated in greater detail in
FIG. 28. This routine is passed from its calling routine the
contents of, or a pointer to, a current document. For
example, when called from routine 600, the next
un-traversed target document is passed to routine 610. This
routine is also passed a depth variable, representing the
number of “levels”, or sequential links from the root node
display clement, that the current document is from the root
node display element. As mentioned above, an end user may
wish to optionally limit the depth of a search. Moreover,
regardless of whether an end user limits the depth, a system
depth limit is typically set so that the search eventually
terminates. Initially, when called from routine 600, the depth
is sel to one.

First, block 611 determines whether the current document
has been visited in this search, typically performed by
maintaining a list of visited documents. If so, routine 610 is
terminated for this document.

If not, the current document is searched in block 612 to
determine whether it meets the search criteria. If so, control
passes (o block 614 to set a maich flag for the current
document. Next, in block 616, a link taken event is sent to
the map manager so that the map manager dynamically adds
a node display element to the map display for the current
document, ¢.g., using the program flow initiated at block 218
of FIG. 7. In addition, the map manager is passed the
contents of the match flag so that the map manager can
indicate on the new node display element the maiching
status of the current document.

The matching status of a document may be indicated in a
number of manners on the node display element associated
therewith, typically using a matching status indicator asso-
ciated with the node display element. For example, a match-
ing status indicator may include a color indicator, a pattern
indicator, a border indicator, an icon indicator, an alphanu-
meric indicator, or combinations thereof. Also, a matching

status indicator may be applied to node display elements for

non-matching documents in lieu of or in addition to, match-
ing node display elements, ¢.g., by displaying non-matching
node display elements with a faded color or “grayed out”
appearance, replacing non-matching node display elements
with icons or representing them as link display elements, etc.

Next, in block 617, the depth variable is compared to the
depth limit. If the depth variable is greater than or equal 1o
the depth limit, no further searching in descendant docu-
ments is necessary, and routine 610 is terminated. If,
however, the depth variable is less than the depth limit, a
while loop is initiated in block 618 to process each link in
the current document. In block 620, the target document for
the next un-traversed link is retrieved. Next, the add NDE
routine 610 is recursively called, passing the target
document, as well as the depth variable incremented by one.
Once all links are traversed, routine 610 terminates. In this
manner, each document within the number of sequential
links permitted by the depth limit is searched.

Returning to block 612, even if the current document does
not match the search criteria, additional searching is per-
formed to determine if any descendant documents therefrom
maich the search criteria. Control is this instance is passed
to block 621 to clear the match flag and thereby indicate that
the current document is a non-matching document.

Next, an any children match search criteria? routine 622
is executed to analyze the descendant documents to the
current document. Routine 622 is illustrated in greater detail
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in FIG. 29, where the routine receives the contents of or a
pointer to the current document from routine 610, as well as
an incremented depth variable.

First, in block 624, if the depth exceeds the depth limit, a
“no” result is returned to block 610. If not, control passes to
block 626 to initiate a while loop that analyzes each link in
the current document. For each un-traversed link, the target
document therefor is retrieved in block 628 and compared to
the search criteria. If the target document matches the search
criteria, a “yes” result is returned. If not, routine 622 is
recursively called with the target document as the new
current document, and with the depth variable incremented
by one. A “no” result is returned if no target documents
malch the search criteria. In this manner, each descendant
document from the current document that is still within the
depth limit is searched.

Returning to FIG. 28, if a “yes” result is returned from
routine 622, indicating that at least one descendant of the
current document (within the depth limit) matches the search
criteria, control is passed to block 616 to dynamically
generale a node display element for the current document.
Morecover, as this document itself is non-matching, the
cleared match flag information is sent to the map manager to
indicate this non-matching status on the map display. If a
“no” result is returned from routine 622, routine 610 termi-
nates and a node display element for the current document
is not added to the map display.

As an example of the operation of the routines discussed
above, FIG. 30 illustrates an exemplary map display 640
generated with a root node display element 641 and a depth
limit set at four. For map display 640, node display elements
643, 644, 645, 647 and 648 arc shown as matching node
display elements, while node display elements 642 and 646
are shown as non-matching node display elements, but
which are intermediate to descendant node display elements
within the depth limit. Non-matching node display elements
not having matching descendant node display elements
within the depth limit are not added to map display 640.

Alternate manners of representing matching and/or non-
matching node display elements may be used in the alter-
native.

Multi-Node Operations

As discussed above, it may be desirable to perform
common operations on the documents associated with mul-
tiple node display elements using a graphical selection
mechanism. For example, FIG. 31 illustrates the handling of
several additional selection-related events by a map display
in the main routine 250 thereof. Other events, unrelated to
selection or common operation on node display elements,
are represented at block 696.

Each selection event operates on a selection list that
includes one or more sclected node display elements. In
addition to which node display elements are included in a
selection list, additional information, such as the order in
which the node display elements were selected, or the
relative hierarchical level of the selected node display
elements, may also be stored.

For example, as illustrated by block 650, a multiple select
event may be received and handled at block 652 to add the
selected node display clement or elements to the selection
list. Next, in block 654, the selected node display elements
in the list are highlighted in the map display, typically by
setting a selected status flag for such node display elements
and executing a display event to redraw the map display. A
selected status may be indicated by any number of visual
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representations, such as a selected status indicator related to
the node display element and including a color indicator, a
pattern indicator, a border indicator, an icon indicator, an
alphanumeric indicator, or a combination of one or more of
the same.

Multiple selections may occur, for example, through an
arca select operation whereby the mouse is clicked when
pointing o an open area, then a box is dragged across a
desired area to select all node display elements within the
boundaries of the box once the mouse button is released. An
additional manner of performing multiple selections is to
click a mouse button on a node display element while
holding down a key (e.g., shift or control). In a Windows-
type environment, for example, a shift-mouse click selects
each element between a current element and the clicked
element, while a control-mouse click selects the clicked
element. Other GUI environments typically have similar
mechanisms that may be actuated through other mouse-
keyboard combinations. Multiple selections may also be
performed by setting a specific mode such that each mouse
click adds the clicked element to the list. In addition,
multiple selections may be performed through dragging an
icon or marker onto each selected node display element.
Other manners of selecting multiple elements and/or extend-
ing a selection may also be used.

Another selection event is a sub-map seclect event,
detected at block 656 and handled by a recursive select
sub-map routine 660. The sub-map select event is typically
initiated in response o selection of a root node display
element from which an end user wishes to select that node
display element and all of its descendants. For example, an
end user may select a sub-map through a pop-up menu,
menu bar selection, a toolbar button, or through a special
mode selection.

Routine 660 is illustrated in greater detail in FIG. 32, and
is passed the contents of or a pointer to a node display
clement, THIS. When called upon receipt of the sub-map
select event at block 656 of FIG. 31, routine 660 receives the
selected node display element from which the event was
generated. First, block 661 determines whether the THIS
node display element has already been visited in the current
sub-map selection operation, typically by accessing the
selection list. If it has, routine 660 is simply terminated, as
no further processing of THIS is required.

If not, the THIS node display element is added to the
selection list in block 662. Then, in blocks 664 and 666, a
while loop is executed to retrieve each child node display
clement relative to THIS. For each such element, select
sub-map routine 660 is recursively called with the element
passed as a parameler. In this manner, the entire sub-map
relative to a selected node is added to the selected list.

Returning to FIG. 31, a single select event is detected at
block 670 and is handled at block 672. In response 1o a
single selection, the list is cleared and the selected node
display element is added as the only member of the list. Such
an event may occur, for example, in response to an end user
clicking on a node display element without holding down
the shift or control key, and without the map display being
in a multiple selection mode.

A clear selection list event is detected at block 674 and is
handled at block 676 to clear the selection list. This may
oceur, for example, in response to an end user clicking on an
arca or other element than a node display element. The event
may also be initiated in response to another selection event
that is not a selection extending type of event.

The above-described selection mechanisms are not the
exclusive manner of generating a selection list for a map
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display. Any number of additional conventional selection
mechanisms may also be used consistent with the invention.

The general manner of handling a common operation is
shown in FIG. 31, where a perform action event is detected
at block 678 and handled by a perform action routine 680.
Any number of common operations, including caching
and/or retrieval of documents, printing documents, storing
documents, editing documents, etc., may be performed on
the selected node display elements. Moreover, common
operations on selected documents may also include perform-
ing operations on the associated node display elements, e.g.,
deleting, moving, rearranging, or highlighting selected node
display clements, etc. Initiation of such events may be
performed in any of the user input actions that have been
described above.

Routine 680 is illustrated in greater detail in FIG. 33.
First, in block 682, the correct action function is established
based upon the type of event received. Next, in block 684,
a while loop is executed for each node display element in the
selection list. Each element is sequentially obtained from the
list in block 686, and the established action function is
applied to this node display element in block 688.

Selection of the next node display element in a list may be
based on a number of criteria. For example, selection may be
based upon the order in which the node display elements
were selected by an end user. In the alternative, selection
may be based on hicrarchical concerns, whereby parent node
display elements are operated upon prior to their descen-
dants. In addition, it should be appreciated that each node
display element may be processed sequentially, e.g., by the
same execution thread. In the alternative, “concurrent” pro-
cessing may be performed, whereby the node display ele-
ments are operated upon as a group within the same execu-
tion thread, or are operated upon in separale execution
threads that execute in parallel with one another.

Next, if the action specifies that acted-upon node display
elements be cleared from the selection list, block 690 passes
control to blocks 692 and 694 to remove the node display
clement from the selection list and un-highlight the node
display element, prior to acting upon the next node display
clement in the selection list. Otherwise, if the list is not to be
cleared, control is passed from block 690 back to block 684
to handle other node display elements in the list.

Examples of actions that may require clearing of a list
include deleting node display elements and retrieving
documents, among others. Actions in which it may be useful
to maintain the selection list include printing documents, as
it may be desirable to maintain a selection after printing is
complete.

While the above-described selection mechanism and
action handling routines may be used for any of the above
common operations, not to mention other operations not
specifically mentioned herein, two specific operations, that
of retrieving documents and printing documents, are
described in greater detail herein.

Retrieving multiple documents is discussed above with
reference to indicating a cache status for node display
elements. The order in which documents are retrieved may
be selected by an end user through the order in which node
display elements are selected, or through a hierarchical
process. Moreover, retrieval may occur in sequence or in
parallel. Furthermore, cache status indicators and/or
retrieval progress display elements may be used to enhance
the visual effect of the retrieval progress of the selected
documents. Other alternatives will be apparent to one skilled
in the art.
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The above-described multi-node selection and operation
routines have particularly beneficial usage in printing mul-
tiple documents referenced in a map display. In general, the
chaining together of multiple documenis and generation of
a single print file is known in the art. However, the flexibility
by which multiple documents may be selected, ordered, and
printed through the map display user interface component
provides substantial benefits to an end user.

For example, as shown by FIG. 34, a map display 700
may be configured as a print map by selecting one or more
of node display elements 701-708 (ec.g., node display ele-
ments 701, 704, 706, 707 and 708 arc shown selected). As
discussed above, node display elements may be selected one
al a time, or as groups such as sub-maps. In the exemplary
map display 700, the order of selection is illustrated by order
indicators, e.g., indicators 701a, 7044, 706a, 707a and 7084,
that illustrate the print order for the selected node display
clements. Ordering may also be hierarchical in the
alternative, or an end user may be able to select the order
after the node display elements are selected.

In addition, as illustrated by indicator 7074, it may be
possible for an end user to specify the number of copies of
each document to print (here, five copies of the document
associated with node display element 707). Selection of
multiple copies may be made through clicking multiple
times on a node display element, through a menu bar
selection or pop-up menu, or in other known manners.

It may also be desirable to be able to name and save a print
map, that is, to save the selection status, selection order,
and/or number of copies, so that a print map may be stored
and/or distributed to others in much the same manner as a
map display. This would permit, for example, an end user to
distribute a print map to other participants of a project or
meeting such that the participants can print out the docu-
ments suggested by the end user, rather than having the end
user distribute copies of each document. This also would
permit, for example, an end user to store different print
views of the same map display, e.g., print overview, print all,
or print selected chapters.

Furthermore, it may be desirable to permit an end user to
save soft copies of the selected documents and store such
documents with the print map, e.g., in HTML.
Consequently, an end user would then be able to distribute
both the documents themselves, and the desired organization
thereof, to others, without requiring others to retrieve the
documents referenced by the selected node display elements
in the print map.

Other uses and modifications will be apparent to one
skilled in the art.

User Interface Component with Elastic Boundary

An additional feature that may be implemented with user
interface components consistent with the invention is that of
providing an elastic boundary that facilitates navigation with
one or more scroll bar display elements. In particular, when
navigating between node display elements, or in general
within or between any individual scroll bars, an end user
typically drags a slider with a mouse (e.g., during a bounded
drag). However, an end user may occasionally inadvertently
navigate between elements (i.c., traverse a link) when the
end user actually desires to remain within the same element,
principally due to difficulties in accurately dragging a dis-
play object with a mouse. An inadvertent traversal may
significantly impact an end user’s efficiency, as the end user
typically must wait for the element to be retrieved, and then
must traverse back to the original element and essentially
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end up where the end user initially desired to be. This
problem is exasperated when retrieval of an element entails
downloading a document from an external source such as
the Internet. For example, it may take several seconds or
even a few minutes to download a hypertext document from
the Internet over a conventional dial-up connection.

For example, as shown in FIG. 35, a map display 800 may
be displayed on computer display 22, including node display
elements 810, 812 and 814, with link display elements 816
and 817 therebetween. In addition, internal system links,
c.g., links 820, 822 in node display e¢lement 814, may also
be provided, e.g., to define internal hypertext links within
the document associated with node display element 814, or
to define internal breaks in the document such as screen
breaks, page breaks, chapter breaks, section breaks, etc.

A boundary 818 exists between node display elements
812, 814. However, when an end user is dragging a slider
such as slider 826 within node display element 812 using a
mouse (represented by mouse pointer 828), the end user may
inadvertently traverse the link to node display element 814
when the end user actually desires to continue dragging to
the end of node display element 812. This may occur, for
example, if the mouse pointer’s movement has a greater
degree of horizontal movement than the movement of the
slider, since the slider is constrained to move within the node
display element during a bounded drag. Once the boundary
is hit, a computer system may consider the additional
horizontal movement to represent a desire to traverse the
link, and therefore navigate to node display element 814.

User interface components consistent with the invention
may therefore incorporate elastic boundaries between mul-
tiple display elements that require an end user to “punch
through™ the boundaries before the boundaries are crossed.
Typically, elastic boundaries are implemented by requiring
an end user to manipulate a user control such as a slider
display clement at least a predetermined distance beyond a
boundary coupled to a scroll bar display element before the
boundary may be crossed. Predetermined distances may be
set for one or both sides of a boundary, and may be different
for each side. Moreover, the predetermined distances may be
modified by an end user to suit their individual tastes. This
may be performed for example, in a Windows-lype
environment, by setting the distance in a properties dialog
box for the active mouse driver.

In addition, predetermined distances may vary depending
upon the magnification of the map display, since when the
node display elements are represented at higher
magnifications, an end user typically has greater relative
control over the mouse. Other manners of customizing the
predetermined distances, particularly on other platforms,
may be used in the alternative.

One manner of implementing elastic boundaries is illus-
trated by an alternate perform bounded drag routine 750 in
FI1G. 36. In this routine, blocks 752, 754, 762, 776 and 778
operate in a similar manner to blocks 450, 451, 458, 460 and
462 of routine 264 in FIG. 19, and therefore will not be
discussed in greater detail herein.

Routine 750 differs from routine 264, however, in the
manner in which the drag event is handled. First, block 755
determines whether the slider belongs to the user. If not, the
drag event is disregarded and control returns to block 752.

However, if the slider does belong to the user, block 756
determines whether the new position of a slider is in a
different node display element than the current node display
element. If not, an accumulated position variable, ACC is
cleared in block 758, the slider is transversely centered in the
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current node display element at block 760, before passing
control to block 762 to update the map display.

If, however, the slider is in a different node display
element, control is passed to block 764 to determine whether
the previous position of the slider was adjusted from the
same node display element as that of the new position of the
slider—that is, whether the end user is still trying to cross a
boundary into the same node display element as the last drag
event. If not, the end user has abandoned the attempt to cross
the boundary, so control passes to blocks 758-762 to clear
the ACC wvariable, center the slider in the current node
display element, and update the map display.

If, however, the end user is still attempting to cross the
boundary into the same node display element, block 764
passes control to block 766 to determine if the ACC variable
has exceeded the threshold, which is the predetermined
distance that must be exceeded to cross the elastic boundary
in the given direction. If so, control passes to block 772 to
clear the accumulator. Next, in block 774, the slider is
transversely centered in the new node display element, and
control is passed to block 762 to update the map display. It
should be appreciated that, when the display is updated, the
link to the new node display element is traversed by the map
manager by virtue of the slider being disposed within the
new node display element at the completion of the drag
event handler in the map display.

Returning to block 766, if the threshold has not yet been
exceeded, control passes to block 768 to accumulate in the
ACC wvariable the incremental change in position of the
slider since the last drag event. It should be appreciated that
the change in position may be taken along different axes
depending upon the boundary between display elements. For
example, for adjoining-type displays, the change in position
may be taken as the movement of the slider in a direction
along the longitudinal axis of target node display element.
For internal links within a given node display element or
scroll bar display element, the change in position is also
generally the direction along the longitudinal axis of the
display clement. For non-adjoining-type map displays
(discussed below with reference to FIG. 38), the change in
position may be in the direction along the longitudinal axis
of a connector for a link display element.

Next, in block 770, the slider is transversely centered in
the previous node display element to provide a “snap”
effect—whereby the slider is visually frozen in the previous
node display element and does not fully track the mouse
pointer. Upon crossing the elastic boundary, the slider snaps
from the previous node display element to the new node
display element. In the alternative, no snap effect may be
provided, whereby the slider follows the mouse pointer but
does not traverse the link until the boundary is crossed. Also,
as another alternative, a “ghost” slider, e.g., a grayed out
slider or outline of a slider, may be utilized to illustrate the
end user’s progression across an elastic boundary, while
maintaining the actual slider in the previous node display
element. Other visual cffects may also be provided in the
alternative.

Next, control is passed to block 762 to update the map
display. It should be appreciated that, as the slider is adjusted
back into the previous node display element, the map
manager does not vet traverse the link.

Returning to FIG. 35, the operation of bounded drag
routine 750 on an exemplary map display is now described.
As shown in the figure, forward and backward predeter-
mined distances 818a, 818b for crossing boundary 818 in
link display element 817 are represented by dashed lines. It
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should be appreciated, however, that typically the predeter-
mined distances relate to movement along a longitudinal
axis of one or both of node display elements 812, 814 given
that the slider is transversely centered within the node
display elements during a bounded drag. Thus, the prede-
termined distances are not actually lines in many
embodiments, but rather are particular points on the axes.

Turning to FIG. 37A, movement of slider 826 in response
to dragging the slider with mouse pointer 828 is illustrated.
As shown in this figure, slider 826 typically tracks pointer
828 up to reaching boundary 818. However, as shown in
FIG. 37B, once the boundary is reached, slider 826 is frozen
in node display clement 812, while pointer 828 begins to
cross boundary 818. An optional ghost slider 8264 is also
illustrated for explanatory purposes to show the progression
of the pointer across the boundary. During this period, the
change of position is accumulated in the ACC variable, until
such time as the change in position equals the predetermined
distance (illustrated where the ghost slider begins to abut
line 818a). Once this predetermined distance is reached, the
elastic boundary is considered crossed, and slider 826 snaps
onto node display element 814 to traverse the link, as shown
in FIG. 37C.

As discussed above, elastic boundaries may be imple-
mented in any number of user interface components includ-
ing at least one scroll bar display element and a boundary,
whether internal or external, coupled thereto. For example,
FIG. 38 illustrates a non-adjoining-type map display 830
having first and second node display clements 832, 834
joined by a link display element 836 having a link marker
8364 and connector 836b. In this instance, the link display
clement itself defines the boundary 840 between the node
display elements (shown at each end thereof). In this
embodiment, the predetermined distance represents the dis-
tance along connector 8365 that slider 838 must travel from
a given node display element. For example, to traverse the
link from node display element 832 to node display element
834, the predetermined distance is represented at line 840a.
For traversing the link in the opposite direction, the prede-
termined distance is represented at line 8405b.

When the elastic boundary is crossed, slider 838 may be
controlled to instantly snap onto the new node display
element in this embodiment, or alternately, the slider may be
animated to move along connector 836b to represent the
traversal. In the alternative, the elastic boundary may be
selected to be proximate the midpoint of connector 836b,
with predetermined distances defined on either side thereof,
whereby the end user actually drags the slider across con-
nector 836D to traverse a link.

As shown in FIGS. 39A-39D, an elastic boundary may be
provided solely within internal links (c.g., link 855) repre-
sented on a scroll bar display element 850. The scroll bar
display element may be wholly independent from any map
display, and may simply be a conventional type scroll bar
provided on a conventional window user interface compo-
nent to scroll through the contents of the window. In this
embodiment, the link may be an internal hypertext link, or
may be a system generated link, e.g., between pages,
screens, chapters, sections, etc.

For example, a word processing application may define
page breaks between pages, and represent such breaks as
internal links on scroll bar display element 850. It should be
appreciated that, particularly in a page view, it oftentimes
can be diflicult to scroll 1o a given position proximale the
beginning or end of a page since the unused white space
beyond the top and bottom margins is displayed. By pro-
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viding elastic boundaries between page breaks, navigation
between pages is greatly simplified.

As shown in FIG. 39A, scroll bar display element 850
includes a user control or slider 852 that is movable along
the longitudinal axis of the display element to scroll the
contents of an associaled window for the display
component, whether the scroll bar display component is
displayed in the same window as the contents, in a different
pane or panel within the same window, or in an entirely
different window, among others. In addition, other scroll bar
controls, such as arrow buttons 854 for line-by-line
scrolling, or the regions between buttons 854 and slider 852
for page-by-page or screen-by-screen scrolling, may also be
utilized.

An internal link 855 is represented at boundary 856.
Predetermined distances in each direction of the boundary
are defined by lines 856a and 856b. As slider 852 is dragged
toward boundary 856 by mouse pointer 860, the slider tracks
the pointer until such time as the slider hits boundary 856,
as illustrated in FIG. 39B. As shown in FIG. 39C, as the
pointer continues to move across the boundary, slider 852 is
frozen at the boundary, although an optional ghost slider
852a may also be represented on the scroll bar display
element. Then, as shown in FIG. 39D, once the pointer has
moved the predetermined distance, slider 852 jumps across
the boundary to traverse the link. Traversal in the opposite
direction occurs in a similar manner.

A number of modifications and additional features may
also be implemented in conjunction with the elastic bound-
aries consistent with the invention. For example, as shown
in FIG. 35, it may be desirable to utilize a separate zoom
window 804 that is separate from the main window 802
representing map display 800. The zoom window would
have the benefit of facilitating more controlled navigation
through larger map displays. The zoom window may con-
tinuously center on the current node display element.
Moreover, the zoom window may be provided as another
panel in the same window as map display 800, or may even
be implemented by magnifying the current node display
element and any node display elements linked thereto rela-
tive to other node display elements in the map display,
within the same panel of the same window as is used to
represent the map display.

An end user may select the zoom option, e.g., through
clicking on a node with the mouse or in combination with
depressing a control key, or through enabling a zoom mode
that is continuously displayed. In the alternative, a zoom
option may be enabled by virtue of a node display element
having focus (i.c., where the slider is disposed in the node
display element) for a predetermined period of time. The
magnification may also be increased in conjunction as the
focus time increases, and decreased as the slider moves onto
a different node display element.

Other routines may be utilized to implement eclastic
boundaries consistent with the invention. Moreover addi-
tional modifications may be utilized in conjunction with the
elastic boundaries.

Therefore, it should be appreciated that the invention
provides significant advantages over conventional user inter-
face mechanisms. Moreover, it should be appreciated that
various additional modifications may be made to the
embodiments described herein without departing from the
spirit and scope of the invention. Accordingly, the invention
lics solely in the claims hereinafter appended.

What is claimed is:

1. A method of graphically representing on a computer
display a plurality of linked records, the method comprising:
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(a) displaying a plurality of node display elements,
wherein each of which is associated with a record, and
wherein at least a pair of node display elements are
respectively associated with a pair of records that are
linked to one another, the pair of node display elements
graphically linked with one another; and

(b) displaying a scroll display element on a selected one
of the node display elements, the scroll display element
indicating a selected location within the record associ-
ated with the selected node display element.

2. A method of graphically representing on a computer

display a plurality of linked records, the method comprising:

(a) displaying a pluality of node display elements,
wherein each is associated with a record, and wherein
at least a pair of node display elements are respectively
associated with a pair of records that are linked to one
another, the pair of node display elements graphically
linked with one another; and

(b) displaying a control element on a selected one of the
node display elements, the control element configured
to navigate between first and second locations within
the record associated with the selected node display
clement in response to user input.

3. A method of graphically representing on a computer
display a plurality of hypertext documents, the method
comprising:

(a) displaying first and second node display elements,
each of which is respectively associated with first and
second hypertext documents, the second node display
element graphically linked with the first node display
element to represent a hypertext link in the first hyper-
text document to the second hypertext document;

(b) displaying a scroll display element on the first node
display element, the scroll display element indicating a
selected location within the first hypertext document;

(c) displaying at least a portion of the contents of the first
hypertext document proximate the selected location in
a window;

(d) selectively scrolling the window through the contents
of the first hypertext document in response to user
manipulation of the scroll display element within the
first node display element; and

(e) displaying the contents of the second hypertext docu-
ment in the window in response to user manipulation of
the scroll display element from the first node display
element to the second node display element.

4. A method of graphically representing on a computer
display a plurality of records including first and second
records, wherein the first record includes a link to the second
record, the method comprising;

(a) displaying first and second node display elements, the
first and second node display elements respectively
associated with the first and second records; and

(b) displaying a link display element that graphically links
the first and second node display elements, the link
display element at least partially overlapping the first
node display element at a relative location on the first
node display element that approximates a relative loca-
tion of the link in the first record.

5. The method of claim 1, wherein the plurality of linked

records includes hypertext linked documents.

6. The method of claim 5, wherein the plurality of linked
records includes hypertext markup language (HTML) docu-
ments.

7. The method of claim 1, wherein each node display
element includes an elongated member having a length
associated with a relative size of iis associated record.
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8. The method of claim 1, wherein each node display
clement is rectangular.

9. The method of claim 1, wherein each node display
element includes a status indicator that visually represents a
status of the node display element.

10. The method of claim 9, wherein the status indicator
indicates a status selected from the group consisting of cache
status, selected status, search criteria matching status, record
type status, duplicate status, and combinations thereof.

11. The method of claim 9, wherein the status indicator for
each node display element is selected from the group
consisting of a color indicator, a pattern indicator, a border
indicator, an icon indicator, an alphanumeric indicator, and
combinations thereof.

12. The method of claim 1, wherein displaying the plu-
rality of node display elements includes displaying a first
node display element associated with a first record from the
plurality of records, the method further comprising, in
response (o user selection of a link in the first record to a
second record in the plurality of linked records, dynamically
generating a second node display element associated with
the second record that is graphically linked to the first node
display element.

13. The method of claim 1, further comprising displaying
a link display element that graphically links first and second
node display elements from the plurality of node display
elements, the first node display element associated with a
first record having a link to a second record associated with
the second node display element, the link display element
indicating a relative location of the link in the first record.

14. The method of claim 13, wherein the link display
element includes a link marker display element overlapping
the first node display element at a relative location along a
longitudinal axis of the first node display element that
approximates the relative location of the link in the first
record.

15. The method of claim 14, wherein the first and second
node display elements graphically adjoin one another proxi-
mate the link display element, and wherein the second node
display element extends in a non-parallel direction relative
to the first node display element.

16. The method of claim 13, wherein the first and second
node display elements extend parallel to and spaced apart
from one another, and wherein the link display element
includes a connector display element extending between and
graphically linking the first and second node display ele-
ments.

17. The method of claim 13, further comprising display-
ing a retrieve progress indicator within at least one of the
first node display element and link display element to
indicate the progress of retrieval of the second record.

18. The method of claim 1, further comprising displaying
the contents of the record associated with the selected node
display element in a window.

19. The method of claim 18, wherein the window is a
browser.

20. The method of claim 18, further comprising display-
ing the user interface component in a separate window from
that of the contents of the record associated with the selected
node display element.

21. The method of claim 18, further comprising selec-
tively scrolling the window through the contents of the
record associated with the selected node in response to user
manipulation of the scroll display clement.

22. The method of claim 21, farther comprising coordi-
nating movement of the scroll display element with that of
an additional scroll display element for the window.
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23. The method of claim 18, further comprising:

(a) displaying a second scroll display element on another

selected one of the node display elements; and

(b) displaying the contents of the record associated with

the other selected node display element in a second
window.

24. The method of claim 23, wherein the first and second
scroll display elements are associated with the same end
user.

25. The method of claim 23, wherein the first and second
scroll display elements are associated with different end
users.

26. The method of claim 23, further comprising graphi-
cally associating each scroll display element with its asso-
ciated window.

27. The method of claim 26, wherein graphically associ-
ating each scroll display element with its associated window
includes utilizing on each set of associated scroll display
elements and windows a common visual indicator selected
from the group consisting of a color indicator, a pattern
indicator, a border indicator, an icon indicator, an alphanu-
meric indicator, and combinations thereof.

28. The method of claim 18, further comprising:

(a) displaying a second scroll display element on the

selected node display element; and

(b) displaying the contents of the record associated with

the selected node display element in a second window.

29. The method of claim 18, further comprising indicating
with the scroll display element the relative proportion of the
contents of the record that are currently displaved in the
window.

30. The method of claim 18, wherein the selected node
display element is a first node display element associated
with a first record, the method further comprising displaying
the contents of a second record in the window in response to
user selection of a link in the first record to the second record
using the scroll display element.

31. The method of claim 30, wherein the contents of the
second record are displayed in the window in response o an
end user dragging the scroll display element from the first
node display element to a second node display element
associated with the second record.

32. The method of claim 31, wherein movement of the
scroll display element is confined to the boundaries of the
node display elements.

33. The method of claim 30, wherein the contents of the
second record are displayed in the window in response to an
end user dragging the scroll display element from the first
node display element to a link display element graphically
linking the first node display element to a second node
display element associated with the second record.

34. The method of claim 33, whercin movement of the
scroll display element is confined to the boundaries of the
node display elements and link display element.

35. The method of claim 30, further comprising delaying
display of the contents of the second record in the window
until the scroll display element has been moved a predeter-
mined distance beyond a boundary associated with the link.

36. The method of claim 35, wherein the boundary is
defined on a second node display element associated with
the second record.

37. The method of claim 35, wherein the boundary is
defined on a link display element graphically linking the first
node display element to a second node display element
associated with the second record.

38. The method of claim 18, wherein the selected node
display element is a first node display element associated
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with a first record, the method further comprising displaying
the contents of a second record in the window in response to
an end user dragging the scroll display element from the first
node display element to a second node display element
associated with the second record.

39. The method of claim 2, wherein the control element
includes a scroll display element that indicates a selected
location within the record associated with the selected node
display element.

40. The method of claim 2, wherein the control element
includes at least one arrow button disposed on the selected
node display element.

41. A user interface component configured to display on
a computer display a graphic representation of a plurality of
linked records, the user interface component comprising:

(a) a plurality of node display elements, wherein each of

which is associated with a record, and wherein at least
a pair of node display elements are respectively asso-
ciated with a pair of records that are linked to one
another, the pair of node display elements graphically
linked with one another; and

(b) a scroll display element defined on a selected one of
the node display elements, the scroll display element
indicating a selected location within the record associ-
ated with the selected node display element.

42. A computer system configured to display a graphic
representation of a plurality of linked records, the computer
syslem comprising:

(a) a computer display; and

(b) a processor configured to display on the computer
display a plurality of node display elements, wherein
each of which is associated with a record, and wherein
at least a pair of node display elements are respectively

associated with a pair of records that are linked to one

another, the pair of node display elements graphically
linked with one another; and to display a scroll display
clement on a selected one of the node display elements,
the scroll display element indicating a selected location
with the record associated with the selected node
display element.

43. A program product comprising:

(a) a program configured to perform a method of graphi-
cally representing on a computer display a plurality of
linked records, the method comprising displaying a
plurality of node display elements, wherein cach of
which is associated with a record, and wherein at least
a pair of node display elements are respectively asso-
ciated with a pair of records that are linked to one
another, the pair of node display elements graphically
linked with one another; and to display a scroll display
element on a selected one of the node display elements,
the scroll display element indicating a selected location
within the record associated with the selected node
display element; and

(b) a signal bearing media bearing the program.

44. The program product of claim 43, wherein the signal
bearing media is transmission type media.

45. The program product of claim 43, wherein the signal
bearing media is recordable media.

46. The method of claim 4, wherein the link display
clement includes a marker display element overlapping the
first node display element at a relative location along a
longitudinal axis of the first node display element that
approximates the relative location of the link in the first
record.
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47. The method of claim 46, wherein the first and second
node display elements graphically adjoin one another proxi-
mate the link display clement, and wherein the second node
display element extends in a non-parallel direction relative
1o the first node display element.

48. The method of claim 4, wherein the first and second
node display elements extend parallel to and spaced apart
from one another, and wherein the link display element
includes a connector display element extending between and
graphically linking the first and second node display ele-
ments.

49. The method of claim 48, wherein the connector
display element terminates at one end proximate a relative
location along a longitudinal axis of the first node display
element that approximates the relative location of the link in
the first record, and terminates at another end proximate a
midpoint of the second node display element.

50. The method of claim 4, further comprising displaying
ascroll display element on a selected one of the node display
elements, the scroll display element indicating a selected
location within the record associated with tie selected node
display element.

51. The method of claim 4, further comprising:

(a) dynamically generating a third node display element

associated with a third record; and

(b) rearranging at least one of the first, second and third

node display elements such that the spans thereof do
not overlap.

52. The method of claim 51, wherein rearranging at least
one of the first, second and third node display elements is
selected from the group consisting of translating, rotating,
and resizing at least one of the first, second and third node
display elements, and combinations thereof.

53. The method of claim 4, further comprising:

(a) dynamically generating a third node display element
associated with a third record; and

(b) in response to user selection of a link in third record
to one of the first and second records, gencrating a back
arc display element graphically linking the third node
display element to the node display element associated
with the one of the first and second records.

54. The method of claim 4, further comprising performing

a file management operation on the user interface
component, the file management operation selected from the
group consisting of saving the user interface component,
retrieving the user interface component, and combinations
thereof.

55. The method of claim 4, further comprising modifying
the user interface component in a manner selected from the
group consisting of minimizing a plurality of node display
elements, deleting at least one node display element, rear-
ranging at least one node display element, and combinations
thereof.

56. A user interface component configured to display on
a computer display a graphic representation of a plurality of
records including first and second records, wherein the first
record includes a link to the second record, the user interface
component comprising:

(a) first and second node display elements, the first and
second node display elements respectively associated
with the first and second records; and

(b) a link display element that graphically links the first
and second node display elements, the link display
element at least partially overlapping the first node
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display element at a relative location on the first node overlapping the first node display element at a relative
display element that approximates a relative location of location on the first node display element that approxi-
the link in the first record. mates a relative location of the link in the first record,
57. A computer system configured to display a graphic and
representation of a plurality of records including first and S
second records, wherein the first record includes a link to the
second record, the computer system comprising:

(b) a signal bearing media bearing the program.
59. The program product of claim 58, wherein the signal
bearing media is transmission type media.
(a) a computer display; and 60. The program product of claim 58, wherein the signal
(b) a processor configured to display on the computer 1, bearing media is recordable media.
display first and second node display elements, the first 61. The method of claim 4, further comprising determin-
and second node display elements respectively associ- ing the relative location of the link in the first record.
ated with the first and second records, and to display on 62. A method of graphically representing on a computer
the computer display a link display element that graphi- display a plur?lity of records _including _ﬁl'Sl and second
cally links the first and second node display elements, 5 records, wherein the first record includes a link to the second
the link display element at least partially overlapping record, the method comprising:
the first node display element at a relative location on (a) displaying first and second node display elements, the
the first node display element that approximates a first and second node display elements respectively
relative location of the link in the first record. associated with the first and second records; and
58. A program product comprising: 20 (b)displaying a link display element that graphically links
(a) a program configured to perform a method of graphi- the first and second node display elements, the link

cally representing on a computer display a plurality of
records including first and second records, wherein the
first record includes a link to the second record, the

method comprising displaying first and second node 2

display elements, the first and second node display
clements respectively associated with the first and
second records; and displaying a link display element
that graphically links the first and second node display
elements, the link display element at least partially

display element indicating a relative location of the link
in the first record, wherein the link display element
includes a marker display element overlapping the first
node display element at a relative location along a
longitudinal axis of the first node display element that
approximates the relative location of the link in the first
record.
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BODY {
margin: lem;
font-family: serif;

line-height: 1.1;
background: white;
color: Dblack;

H1l, H2, H3, H4, H5, H6, P, UL, OL, DIR, MENU, DIV,
DT, DD, ADDRESS, BLOCKQUOTE, PRE, BR, HR {display: block}

B, STRONG, I, EM, CITE, VAR, TT, CODE, KBD, SAMP,
IMG, SPAN {display: inline}

LI {display: list-item}

H1l, H2, H3, H4 {margin-top: lem; margin-bottom: lem}
HS5, H6 {margin-top: lem}

H1l {text-align: center}

H1, H2, H4, H6 {font-weight: bold}

H3, HS {(font-style: italic}

H1l {font-size: xx-large}
H2 {font-size: x-large}
H3 (font-size: large}

B, STRONG {font-weight: bolder} /* relative to the parent */

I, CITE, EM, VAR, ADDRESS, BLOCKQUOTE {font-style: italic}
PRE, TT, CODE, KBD, SAMP {font-family: monospace}

Figure 3 (PRIOR ART)
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BODY {
margin: lem;
font-family: serif;

line-height: 1.1;
background: white;

color: Dblack;

voice-family: Susan, woman;
voice-pitch: mezzo-soprano

}

H1, H2, H3, H4, H5, H6, P, UL, OL, DIR, MENU, DIV,
DT, DD, ADDRESS, BLOCKQUOTE, PRE, BR, HR {display: block}

B, STRONG, I, EM, CITE, VAR, TT, CODE, KBD, SAMP,
IMG, SPAN {display: inline}

LI {display: list-item}

H1l, H2, H3, H4 {margin-top: lem; margin-bottom: lem}
HS5, H6 {margin-top: lem}

H1l {text-align: center}

H1, H2, H4, H6 {font-weight: bold}

H3, H5 {font-style: italic}

Hl {font-size: xx-large;
voice-family: man;
voice-volume: +20%;
voice-pitch: bass;
voice-speed: -15%}

H2 (font-size: x-large;
voice-family: man;
voice-pitch: baritone}

H3 {font-size: large;
voice-pitch: contralto}

B, STRONG {font-weight: bolder} /* relative to the parent */

I, CITE, EM, VAR, ADDRESS, BLOCKQUOTE {font-style: italic}
PRE, TT, CODE, KBD, SAMP ({font-family: monospace}

Figure 5
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BODY {

}

font-family: Times-Roman;
background: blue;
color: white;

voice-family: Susan, woman;
voice-pitch: soprano;
voice-speed: 200;

5,899,975
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1
STYLE SHEETS FOR SPEECH-BASED
PRESENTATION OF WEB PAGES

FIELD OF THE INVENTION

This invention relates to computer based presentation of
information and more particularly, o the use of stylesheets
for controlling the presentation of audio derived from text by
automatic devices such as text or screen readers.

BACKGROUND OF THE INVENTION

Stylesheets are known in the art for controlling the
presentation of textual information. These can be found, for
example, in word processors and desk top publishers.

A proposed recommendation for implementing
stylesheets of this nature for use in the World Wide Web is
found in a W3C recommendation dated Dec. 17, 1996. This
recommendation is titled “Cascading Style Sheets, Level 17

can be found at hitp: //www.w3.org/pub/WWW/TR/REC-

CSS1 and was authored by Hakon Wium Lie and Bert Bos. -

A copy of this recommendation is attached hereto as Appen-
dix 1 and hereby incorporated by reference in its entirety.

Text and screen readers are also known in the art which
have been used to provide auditory presentations of textual
information through speech synthesis.

THE PROBLEMS

Existing stylesheets are limited to visual presentation of
textual information and thus do not help users who cannot
see the page.

When accessing textual information over a network, such
as the worldwide web, it is desirable to enrich the user
experience for users who might access the content of the
web through a voice-only browser. Such users might include
the visually impaired as well as users who access the web
over a telephone; for example, by using a car telephone and
data port while driving. It is desirable not to remove one’s
eyes from traffic to view information presented on a screen
in such circumstances.

When using screen readers to provide auditory presenta-
tion of web pages to a user through speech synthesis, an
auditory presentation can often be quite inappropriate. For
example, consider a screen reader that is set to use a deep
male voice but is used to access a woman’s personal home
page. The reading of text might begin “home page for Lisa
Smith, I am a prima ballerina with the New York City Ballet
...." Auser would be able to hear the text but would be quite
distracted by the mismatch between the semantic content (a
female ballerina) and the presentation (the deep male voice).

SUMMARY OF THE INVENTION

The present invention extends the concept of style sheets

as illustrated in the cascading stylesheets recommendation

referred to above to permit setting of the verbal and audio
styles with which information is presented to a user.

The invention is particularly directed to the audio and
verbal presentation of textual information containing imbed-
ded formatting commands such as those found in desk top
publishing or in himl documents commonly used on the
worldwide web.

The invention relates to apparatus for presenting textual
information in audible form, including a computer equipped
with an voice synthesizer, an application running on the
computer and causing the voice synthesizer to present
textual information to a user in audible form, and a style
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sheet for controlling presentation properties of information
presented by the voice synthesizer.

The invention also related to methods of controlling the
presentation of information generated by a voice
synthesizer, by controlling the voice synthesizer using one
or more style sheels containing presentation properties for
the audible presentation of information or by retrieving one
or more slyle sheels containing presentation properties for
the audible presentation of information through a network or
by presenting audible information in accordance with the
one or more style sheets based on embedded text formatting
commands.

The invention also relates to a system for presenting
textual information in audible form, including a network, at
least one server connected to the network and containing a
document containing lext, al least one server connected o
the network containing at least one stylesheet specifying
formatting for audible presentation of textual information,
and a computer connected to the network for downloading
a stylesheet from a server and controlling the presentation of
textual information in audible form based on the style sheet.

The invention also relates to computer program products
for carrying out these techniques.

Still other objects and advantages of the present invention
will become readily apparent to those skilled in the art from
the following detailed description, wherein only the pre-
ferred embodiment of the invention is shown and described,
simply by way of illustration of the best mode contemplated
of carrying out the invention. As will be realized, the
invention is capable of other and different embodiments, and
its several details are capable of modifications in various
obvious respects, all without departing from the invention.
Accordingly, the drawing and description are to be regarded
as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A s an illustration of an exemplary computer of the
type suitable for use in carrying out the invention.

FIG. 1B is a block diagram of an exemplary computer bus
architecture of a type suitable for carrying out the invention.

FIG. 1C is an illustration of an exemplary memory
medium suitable for storing programs and data in accor-
dance with the invention.

FIG. 2 is a diagram of an exemplary software architecture
shown in relation to memory, suitable for carrying out the
invention.

FIG. 3 is an illustration of part of a prior art stylesheet.

FIG. 4 is an illustration of an exemplary stylesheet data
base layout.

FIG. 5 is an illustration of part of a stylesheet including
audio and or voice elements in accordance with the inven-
tion such as might be generated by an author of a document.

FIG. 6 is an illustration of part of a stylesheet including
audio and or voice elements in accordance with the inven-
tion such as might be generated by an user of a document.

FIG. 7 is a flow chart of a process for using stylesheets
including audio and/or voice elements in accordance with
the invention.

FIG. 8 is an illustration of a document containing lext
formatting commands which contains a reference to an
external stylesheet.

FIG. 9 is a block diagram of a system illustrating the use
of author and user generated stylesheets in accordance with
the invention.



