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USER INTERFACE MANAGEMENT
THROUGH BRANCH ISOLATION

' BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to computers, and more particularly to computer systems and

networks which access a document and present the document to a user.

" Description of Related Art

Relatively small computing devices and/or communication devices are becoming
increasingly common. Examples of such relatively small devices include palmtop
computers, handheld computers, and wireless communication devices such as cellular
telephones. Such relatively small devices may not have display devices, or the display
devices may be relatively small. Such relatively small devices may also have limited

memory and/or prodgssing capability.

The World Wide Web, known simply as the "Web", is a network of Internet
servers that provide specially formatted electronic documents to various "client" machines.
Web servers currently support documents formatted in a text-based markup language

called hypertext markup language (HTML).
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In order to provide Web access to "client machines" with limited capabilities (e.g.,
palmtop or handheld computers), a"‘transco&er proxy" is typically positioned between the
client machine and an Internet server. The transcoder proxy may, for example, provide
selected portions of a requested Web document to the client machine based upon the
capabilities of the client machine. In doing so, the transcoder proxy may translate one or

more selected portions of the Web document from one digital format to another.

Fig. 1 is a block diagram of a system 10 currently used to provide an electronic

document.12 to a client machine 14. Electronic document 12 may be, for example, a Web

| page or an interactive application program (e.g., an electronic form to be filled out by a

user in order to obtain user information). System 10 includes an mternet server 16 and a
transcoder proxy 18 interposed between client machine 14 and internet server 16.
Transcoder proxy 18 forwards a request for document 12 from client machine 14 to
internet server 16. Such a request typically includes a uniform resource locator (URL) of
document 12 specifying the internet protocol (IP) address of document 12 and the name of

the file containing document 12.

Internet server 16 fetches documerit 12 and provides document 12 to transcoder
proxy 18. Transcoder proxy 18 translates document 12 from one digital format (e.g.,
hypertext markup language or HTML) to a script written in a scripting language
understood by a Web browser application program running within client machine 14. The
Web browser program may use information conveyed by the script to display document 12
upon a display device of olient machine 14. Al.temately, the Web browser program may
use information conveyed by the script to output the contents of document 12 as speech

through a speaker of client machine 14.
A problem arises when client machine 14 has limited memory, processing

capability, and/or display capability, and document 12 is large enough to exceed one or

more of the limited capabilities of client machine 14. Client machine 14 may be, for
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example, a palmtop or handheld computer with limited memory, processing capability,

and/or display capability. Much effort is being expended to develop methods for
transforming or adapting the content of large documents to the capabilities of limited client
machines 14. Known content transformation methods include displaying short text
descriptions in place bf images, converting images to links, converting tables to bulleted
lists, removing features not supported by a device (e.g., JAVASCRIPT™ épplets),
removing references to image types not supported by a device, converting joiﬁt
photographic experts group (JPEG) imagés to graphics interchange format (GIF) images
for devices supporting only GIF images, transcoding GIF and JPEG images by reducing

scale and/or color level, and summarizing text elements.

It would be desirable to have a system and method for delivering an electronic
document 12 (e.g., a Web page) to a client machine 14 based upon a structure of document

12 and/or the capabilities of client machine 14.
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SUMMARY OF THE INVENTION

Several different methods for presénting (e.g., displaying) a hierarchical structure
are presented. The hierarchical structure includes multiple elements, and defines
hierarchical relationships befween the elements. The hierarchical structure may be
embodied within an electronic document such as a Web document, an interactive
application program, or a map divided into sectioné. Each element has a "presentation
property" which may be a value or a function. A single one of the elements has "focus"

(e.g., n accordance with the coding of the document by an author, by default, etc.).

A first embodiment of a "branch isolation" method for presenting the hierarchical
structure includes forming a model of the hierarchical structure. The model inc'ludes
multiple levels ranked with respect to one another, multiple nodes, and at least one branch.
Each node represents a single one of the elements. One of the nodes is a root node and
occupies a highest level in the hierarchical structure. A given branch connects a first node
in a first level to a second node in a level directly below the first level. Each branch

represents a hierarchical relationship between the nodes connected by the branch.

The term "focus node" is used to describe the node representing the element
receiving focus. In the embodiment of the branch isolation method, a "path" in the model
from the root node to the focus node is determined. The path is a route from the root node
to the focus node formed aloﬂg branches. The presentation property of the element
represented by the root node is selectively presented. For example, the hierarchical
structure may be a hypertext markup language (HTML) document, and the presentation
property of the root node may simply be "<BODY>". In this case, the presentation

property of the root node conveys little information, and may not be presented.
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Once the presentation property of the element represented by the root node has

been selectively presented, the presentation property of each element represented by a
node, other than the root node, along the path from the root node to the focus node 1s
presented. The presentation property of each element represented by a node in a level
lower than the level of the focus node and coupled to the focus node by one or more

branches is then presented.

The model may be a tree structure. In this case, the nodes in levels lower than the
level of the focus node and coupled to the focus node by one or more branches comprise a
“subtree” of the tree structure, wherein the focus node is the root node of the subtree. The
nodes in levels lower than the level of the focus node and coupled to the focus node by one
or more branches may thus be described as "nodes in a subtree of the tree structure,

wherein the focus node is the root node of the subtree."

An embodiment of an electronic document delivery system is described including a
client machine coupled to (i.e., in wired or wireless communication with) a transcoder
proxy. The client machine may be, for example, a palmtop or handheld computer or a
Wﬁeless communication device with limited memory and/or processing capability. The
transcoder proxy is coupled to receive electronic documents. Each electronic document
includes one or more elements, and is expressed in a first digital format (e.g., a text-based

markup language such as HTML or extensible markup language, XML).

A second embodiment of the branch isolation method, which may be embodied
within the transcoder proxy, includes receiving the hierarchical structure (e.g., as an
electronic document) expressed in the first digital format (e.g., a text-based markup
language such as HTML or extensible markup langauge/XML). A tree model of the
hierarchical structure is formed as described above. The tree model is used to produce an
original script expressed in a second digital format (e.g., a scripting language). The

original script includes the presentation properties of at least a portion of the elements
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| represented by nodes: (i) along a first path from the root node to an original focus node,

wherein the original focus node is the node representing the element having focus, and (i)
within a first subtree of the tree model, wherein the original focus node is a root node of

the first subtree. The original script is then provided (e.g., to the client machine).

The method may also include receiving an event, wherein the event signals a change in the
element having focus. In response to the event, the tree model may be used to produce a
new script expressed in the second digital format. The new script includes the
presentation properties of at least a portion of the elements represented by nodes: (i) along
a second path from the root node to a new focus node, wherein the new focus node is the
node representing the element having focus as a result of the change in focus signaled by
the event; and (ii) within a second subtree, wherein the new focus node is a root node of

the second subtree. The new script is provided (e.g., to the client machine).

A third embodiment of the branch isolation method, which may be embodied
within the client machine, includes receiving the original script derived from the tree
model of the hierarchical structure as described above. The presentation properties within
the original script are presented. The third method may also include generating an event in
response to usér input, wherein the event signals a change in the element having focus.
The event may be provided (e.g., to the transcoder proxy). The new script, expressed in the
second digital format and derived from the tree model as described above, may be received
(e.g., from the transcoder proxy). The presentation properties within the new script may be
presented. | |

A view depth method for presenting the hierarchical structure is also described.
The branch isolation and the view depth methods may be combined. One embodiment of
the combination includes accessing the hierarchical structure and forming the model of the
hierarchical structure as described above. A first portion of the model is selected

according to the branch isolation method and including: (i) nodes along a path from the
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root node to the focus node; and (i) nodes in a level lower than the level of the focus node
and coupled to the focus node by one or more branches. A second portion of the model is
selected according to the view depth method, including: (i) nodes in the same level as the
focus node, and (ii) nodes in a selected number of levels higher than the level of the focus
node. The presentation properties of elements represented by nodes within both the first
and second portions of the model are presented. Where the root node is within both the
first and second portions. of the model, the presentation property of the element represented
by the root node may be selectively presented.

Two embodiments of a computer system employing the branch isolation and/or
view depth methods for presenting a hierarchical structure are described. Both |
embodiments of the computer system include a host application coupled to a client
- application. The host application and the client application may be separate software
programs being executed (i.e., running) simultaneously within the computer system. The
host application may be, for example, a Web browser. The client application may be, for
example, an assistive technology interface. In both embodiments, the computer system
includes a hierarchical structure as described above. The host application is coupled to the
hierarchical structure. In other embodiments, the hierarchical structure may be external to
the computer system, and the host application may be coupled to receive or access the

hierarchical structure.

The host application accesses the hierarchical structure, and forms a tree model
(i.e., a tree) of the hierarchical structure. In a first embodiment of the computér system, the
tree resides within the host application. The tree includes nodes and branches as described

above.

In order to present a portion of the hierarchical structure, the client application
accesses the tree within the host application. The client application may embody the

branch isolation method described above. In this case, the client application determines a
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path in the model from the root node to the focus node. The client application generates a

set of presentation properties. The set of presentation properties may or may not include
the presentation property of the root node for the reasons described above. The set of
presentation properties includes the presentation property of each element represented by a
node, other than the root node, along the path from the root node to the focus node. The set
of presentation properties also includes the presentation property of each element
represented by a node in a level lower than the level of the focus node and coupled to the
focus node by one or more branches (i.e. in a subtree of the tree, wherein the focus node is
the root node of the subtree). The client épplication may also embody a combination of the

branch isolation and view depth methods described above.

The client application provides the set of presentation properties to a user agent of
the computer system. The client application may function as an interface between the host
application and the user agent. The user agent may function as an interface between the
client application and an output device of the computer system. The output device may be,
for example, a Braille display or a text-to-speech converter. The Braille display may be the
output device of choice for a visually challenged user (e.g., a user with a permanent or
temporary visual impairment). The user agent may also function as an interface between
the client application and an input device of the computer system. The input device may
be, for example, a speech-to-text converter. The speech-to-text converter may, for
example, be the input device of choice for a physically chéllenged user (e.g., a permanently
or temporarily disabled user who cannot operate a conventional input device such as a
mouse or a keyboard due to a disability). The user agent uses the set of presentation
properties to produce output commands, and provides the output commands to the output
device. As a result, the portion of the hierarchical structure is displayed or otherwise

presented by the output device.
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In the second embodiment of the computef system, the tree resides within the client
application. The client application accesses the hierarchical structure vié the host
application, and forms the tree. The client application accesses the tree to form a set of
presentation properties as described above, and provides the set of presentation properties

to the user agent.
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BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon reading the

following detailed description and upon reference to the accompanying drawings in which:

“Fig. 1 is a block diagram of a system currently used to provide an electronic

docurnent to a client machine;

Fig. 2 is a block diagram of an embodiment of a system for providing electronic
document to a client machine, wherein the electronic document has a hierarchical
structure, and wherein a tree model or "tree" is used to represent the hierarchical structure

of the electronic document;
Fig. 3 is a diagram of an exemplary tree of Fig, 2;

Fig.4isa diagram of the exemplary tree of Fig 3 further illustrating the structure
of the tree;

Fig. 5 is a flow chart of one embodiment of a "branch isolation" method for

presenting a hierarchical structure;

Fig. 6 is a diagram of the exemplary tree of Fig. 3 emphasizing multiple levels of
the tree;

Fig. 7 is a flow chart of one embodiment of a "view depth" method for presenting a

hierarchical structure;

Fig. 8 is a block diagram of a first embodiment of a computer system employing

branch isolation and/or view depth methods for presenting a hierarchical structure; and
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Fig. 9.is a block diagram of a second embodiment of the computer system of Fig.

While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof are shown by way of exampie in the drawings and will
herein be described in detail. It should be understood, however, that the drawings and
detailed description thereto are not intended to limit the invention to the particular form
disclosed, but on the contrary, the intention is to cover gll modifications, equivalents and
alternatives falling within the spirit and scope of the present invention as defined by the
appendéd claims.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 2 is a block diagram of an embodiment of a system 20 for providing electronic
document 12 to a client machine 22. In general, electronic document 12 has a hierarchical
structure including multiple elements; and defines hierarchical relationships between the
elements. Ele;:troni'c document 12 may be, for example, a Web page, an interactive
application program (e.g., an electronic form to be filled out by a user in order to obtain
user information), or a map divided into sections. Client machine 22 may be, for example,
a palmtop computer, a handheld computer, a personal digital assistant (PDA), or a
wireless communication device, and may have limited memory and/or processing
capability. In the embodiment of Fig. 2, client machine 22 includes an output device 24.
Outpﬁt device 24 may include a relatively small display device with limited display

capabilities. Output device 24 may also include a speaker for producing speech.

In the embodiment of Fig. 2, system 20 includes internet server 16 and an interim
server 26 coupled between client machine 22 and internet server 16. Interim server 26
includes a transcoder proxy 28. Transcoder proxy 28 forwards a request for an electronic
document (e.g., document 12) from client machine 22 to internet server 16. As described
above, such a request typically includes a uniform resource locator (URL) of document 12
specifying the internet protocol (IP) address of document 12 and the name of the file
containing document 12. Internet server 16 fetches document 12 and provides document
12 to transcoder proxy 28. Transcoder proxy 28 receives document 12 from internet server
16 in a digital format. Well known digital formats include text-based markup languagé
formats such as hypertext markup langﬁage (HTML) and extensible markup language
(XML). Other common digital formats include POSTSCRIPT ("™ Adobe Sys. Inc., San
Jose, CA), portable document format (PDF), and advanced function printing (AFP).
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Electronic document 12 includes multiple elements representing document
strucmres.l For example, electronic document 12 may be a Web page ir_lcluding elements
such as paragraphs, hypertext links, lists, tables, and/or images. The elements of
document 12 form a hierarchy, and electronic document 12 defines hierarchical
relationships between the elements. Eledtronic document 12 may be represented by a tree
structure. Transcoder proxy 28 parses the elements of document 12, forms a tree 30, and
stores tree 30, wherein tree 30 is a representation or model of the hierarchical structure of
document 12. Transcoder proxy uses tree 30 to produce script written in a écripting
language understood by user agent 32 (e.g., a Web browser application program running
within client machine 22).

The scripting language may be, for example, a subset of the digital format in which
transcoder proxy 28 receives document 12 from internet server 16 (e.g., a subset of HTML,
XML, POSTSCRIPT, or PDF). In producing the script, transcoder proxy 28 may covert
graphics images within electronic document 12 from one format to another (e.g., from joint
photographic expexts-group/JPEG format to graphics interchange format/GIF format, from
JPEG and GIF formats to scaled vector graphics/SVG format, etc.). The script may also
include audio data files (e.g., wav ﬁlés), transcoded Braille, and/or unformatted text.

Each element of electronic document 12 has a "presentation property". The
presentation property of a given element may be a value (e.g., a name or title of the
element) or a function (e.g., one or more instructions or statements which are executed in |
order to present the element). Transcoder proxy 28 may, for example, translate an image to
a set of drawings commands used to present or render the image. In this case, the
presentation property of the image is a function including the set of drawing commands.
As will be described in more detail below, the script produced by transcoder proxy 28
includes the presentation properties of the elements within a selected portion of document
12. Transcoder proxy 28 provides the produced script to user agent 32. In response to the

received script, user agent 32 of client machine 22 produces presentation information 34.
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User agent 32 uses presentation information 34 to issue output commands to output device

24.

Fig. 3 is a diagram of an exemplary tree 30 of Fig. 2 representing the hierarchical
structure of a corresponding electronic document 12. Tree 30 includes the elements of
document 12 and conveys the hierarchical relationships between the elements of document
12. In technical terms, tree 30 is a connected graph which contains no circuits or cycles.
A graph is a geometric diagram consisting' of a finite number of "nodes" or "vertices"
joined by line segments called "branches" or "edges". A connected graph is a graph in
which it is possible to form a "path" between any two nodes or vertices. A circuit or cycle

1s a path which begins and ends with the same node or vertex.

Tree 30 of Fig. 3 includes nodes 40 and branches 42. Nodes 40 represent the
elements of document 12. Nodes 40 exist at different levels within tree 30. Each branch
42 interconnects two nodes 40 at different levels. Tree 30 includes a "root" node labeled
"0" at a level 0 of tree 30 in Fig, 3. Node 0 is the "parent" of nodes 1A and 1B at a level 1,
and nodes 1A and 1B are "siblings". Nodes 2A, 2B, and 2C are "children" of node 1A.
Similarly, nodes 2D-2F are children of node 1B. Nodes 3A-3C are the children of node
2A, nodes 3D-3F are the children of node 2B, and nodes 3G-3I are the children of node
2C. Nodes 2D-2F and nodes 3A-31 have no children, and are called "leaf" or "external"

nodes. All nodes 40 having at least one child node are called "internal" nodes.

For example, document 12 may be an HTML document containing a table element
and a list element. Node 0 of tree 30 may represent document 12 as a whole (e.g., a body
element of document 12). Node 1A may represent the table element, and node 1B may
represent the list element. Nodes 2A-2C, the children of node 1A, may respectively
represent row elements of (e.g., presented values within) a first row, row elements of a
second row, and the header elements of the table element. The three child nodes of Node

2A, nodes 3A-3C, may each represent a different row element of the first row of the table
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element. The three child nodes of Node 2B, nddes_ 3D-3F, may each represent a different

row element of the second row of the table element. The three child nodes of Node 2C,

nodes 3G-31, may each represent a different header element of the table element.

Figs. 2 and 4 will now be used to describe a first “branch isolation" method for
providing a portion of document 12 to client machine 22 based upon a structure of
document 12 and/or the capabilities of client machine 22. The branch isolation method
may be embodied within transcoding proxy 28 of Fig. 2. During system initialization
and/or during system operation, user agent 32 may provide client data to transcoder proxy
28. The client data may include information com.reying capabilities of client machine 22
(e.g., memory size, processing capability, display size, etc.). Transcoder proxy 28 may
implement the branch isolation method based upon the client data received from client

machine 22,

Fig. 4 is a diagram of exemplary tree 30 of Fig. 3 further illustrating the structure
of tree 30. As described above, node 0 is the root node of tree 30. Tree 30 of Fig. 4
includes a first subtree 44 and a second subtree 46. Node 1A, a child of node 0, is the root
of first subtree 44. Node 1B, the other child of node 0, is the. root of second subtree 46.
Subtree 44 includes node 1A, the child nodes 2A-2C of node 1A, and the child nodes
3A-3C of node 2A, child nodes 3D-3F of node 2B, and child nodes 3G-31 of node 2C.
Subtree 46 includes node 1B and child nodes 2D-2F of node 1B.

Tree 30 of Fig. 4 also includes a third subtree 48, a fourth subtree 50, and a fifth
subtree 52. Node 2A, a child of node 1A, is the root of third subtree 48.. Subtree 48
includes node 2A and child nodes 3A-3C of node 2A. Node 2B, another child of node 1A,
is the root of fourth subtree 50. Subtree 50 includes node 2B and child nodes 3D-3F of
node 2B. Node 2C, the third child of node 1A, is the root of fifth subtree 52. Subtree 52
includes node 2C and child nodes 3G-31 of node 2C.
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According to the coding of docur_ﬁent 12 by an author, a single one of the elements

of document 12 initially has focus within document 12. In Fig. 4, the element represented
by node 1A initially has focus. As will be described in more detail below, the focus,
modifiable via user input, is used to provide a select portion of document 12 to client
machine 22. Implementing the branch isolation method, transcoder proxy 28 may
translate the selected portion of document 12 from one digital format (e.g., HTML,
POSTSCRIPT, PDF, etc.) tb a script written in a scripting language understood by user
agent 32.(e.g., a Web browser) within client machine 22, and provide the script to user
agent 32.

The branch isolation method includes determining a path from the root node of the
tree (e.g., node 0 of tree 30) to the node representing the element receiving focus. For
example, in Fig. 4, the element represented by node 1A initially has focus as described
above. A "path" from a node A to a node B is a sequence of nodes from node A to node B.
In a tree structure, there can be only one path from the root node to any othef node in the
tree. In Fig. 4, the path from '.root node of tree 30 (node 0) and node 1A is the node
sequence (0,1A).

The branch isolation method also includes invoking the elements represented by
nodes along the path from the root node to the node representing the element receiving
focus, as well as the nodes of any subtree of which the node representing the element
receiving focus is a root. To invoke an element is to exercise a presentation property (e.g.,

a value or function) of the element.

For example, referring to Figs. 2 and 4, transcoder proxy 28 receives document 12
and forms tree 30, a hierarchical representation of document 12. Document 12 may be, for
example, an HTML document, and node 0 may represent a body of document 12. Node

1A may represent a table element of document 12, and initially has focus as indicated in
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Fig. 4 and described above. In this case, transcoder proxy 28 may carry out the branch

isolation method, dependent upon received client data, by invoking the elements
represented by nodes along the path from the root node 0 to the node 1A, representing the

element receiving focus, as well as the nodes of subtree 44, in order to produce script.

For example, the element represented by node 0 may have a value which is the
HTML tag "<BODY>". Transcoder proxy 28 may invoke the element represented by node
0, thereby obtaining the value "<BODY>" of the element. Transcoder 28 may or may not
include the "<BODY>" value in the script.

The element represented by node 1A may have a value which 1s the HTML tag
"<TABLE>". Transcoder proxy 28 may invoke the element represented by node 1A,
thereby obtaining the value "<TABLE>" of the element. Transcoder 28 may include the
"<TABLE>" value in the script in order to present the table.

Node 1A, receiving initial focus, is the root node of subtree 44. In carrying out the
branch isolation method, transcoder proxy 28 may invoke all of the elements of subtree 44.
Such invocation results in the row elements of the first and second rows 6f the table, and
the header elements of the table. Transcoder 28 may include the row elements of the first

and second rows, and the header elements, in the script to present the table.

As described above, the script produced by transcoder proxy 28 includes
presentation properties (e.g., values or functions) of the elements within the selected
portion of document 12. Transcoder proxy 28 provides the produced script to user agent
32. Inresponse to the received script, user agent 32 of client machine 22 produces
presentation information 34. User agent 32 uses presentation information 34 to issue

output commands to output device 24. As described above, output device 24 may include
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a relatively small display device with limited display capabilities. Output device 24 may
also include a speaker for producing speech.

Referring back o Fig. 2, client machine 22 also includes an mput device 36 coupled
to user agent 32. Input device 36 may be, for example, one or more keys or buttons, a
pointing device such as a mouse, or a épeech-to-text converter. A user input via input
device 36 may cause user agent 32 to generate an event. The event.may result in a change
of focus within document 12. For example, the user may click a mouse button while the
pointer or cursor is upon a row element of the table not currently receiving focus, thereby
changing the focus to the row element of the table. As indicated in Fig. 2, user agent 32
may provide the event to transcoder proxy 28. The user may also press a key which

transfers focus to a next link in document 12.

. It is noted that client machine 22 may include other input, output, and/or
input/output (I/O) devices not shown. It is also noted that input device 36 and output
device 24 may be a combined I/O device, such as a speech engine which converts digital
signals representing text to speech and also converts speech to digital signals representing
text, or a touch screen I/O device which includes a visual display screen and accepts user

input via pressure applied to the display screen (e.g., via a stylus).

In response to the change in focus, transcoder proxy 28 may reapply the branch
1solation method usihg the element currently receiving focus, thereby responding to the
change in focus by producing new script and providing the new script to client machine
22. Inresponse to the new script, user agent 32 of client machine 22 may produce new
presentation information 34, and use the new presentation information 34 to issue new

output commands to output device 24.

For example, in Fig. 4, should focus change from the table element represented by

node 1A to the row element of the first row of the table represented by node 3A (e.g., via
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an event generated in response to user input), transcoder pro;iy 28 may reapply the branch
 isolation method.- Transcoder proxy 28 may thus determine a path from root node 0 to
node 3A, invoke the elements along the path as well as the elements represented by the
nodes of any subtree of which node 3A is a root node in order to produce new script, and

provide the new script to client machine 22.

Fig. 5 is a flow chart of one embodiment of a "branch isolation" method 60 for
presenting a hierarchical structure (e.g., an electronic document such as a Web page, and '
interactive application program, or a map divided into sections). During a step 62, the
hierarchical structure is accessed. The hierarchical structure includes muitiple elements
and defines hierarchical relationships between the elements. As described above, each

element has a presentation property, and a single one of the elements has focus.

A model of the hierarchical structure is formed during a step 64. The model
includes multiple levels ranked with respect to one another, multiple nodes, and at least
one branch. Each node represents a single one of the elements. One of the nodes is a root
node and occupies a highest level (e.g., node 0 in level 0 of Figs. 3 and 4). A given branch
connects a first node in a first level to a second node in a level directly below the first level.
Each branch represents a hierarchical relationship between the nodes connected by the

branch.

The model may be a tree structure. In this case, the nodes in levels lower than the
level of the focus node and coupled to the focus node by one or more branches comprise a
"subtree" of the tree structure, wherein the focus node is the root node of the subtree. The
nodes in levels lower than the level of the focus node and coupled to the focus node by one
or more branches may thus be described as "nodes in a subtree of the tree structure,

wherein the focus node is the root node of the subtree."
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During a step 66, a path in the model from the root node to a "focus node" is

determined, wherein the focus node is the node representing the element having focus.
The path is a route from the root node to the focus node formed along branches. The
presentation property of the element represented by the root node is selectively presented.
For example, the hierarchical structure may be a hypertext markup language (HTML)
document, and the presentation property of the root node may simply be *<BODY>". In
this case, the presentation property of the root node conveys little information, ér_1d may not

be presented.

The presentation property of each element represented by a node, other than the
root node, along the path from the root node to the focus node is presented in a step 70.
During a step 72, the presentation property of each element represented by a node in a
level lower than the level of the focus node and coupled to the focus node by one or more

branches is presented.

Figs. 2 and 6 will now be used to describe a second "view depth" method for
providing a portion of document 12 to client fnachine 22 based upon a structure of
document 12 and/or the capabilities of client machine 22. The view depth method may be
embodied within transcoding proxy 28 of Fig. 2. Transcoder proxy 28 may implement the

view depth method based upon the client data received from client machine 22.

Fig. 6 is a diagram of exemplary tree 30 of Fig. 3 emphasizing the multiple levels
of tree 30. As described above, the element represented by node 1A initially has focus
according to the coding of document 12 by the author. In the view depth method, the
portion of document 12 provided to client machine 22 is dependent upon the level of tree
30 containing the node representing the element receiving focus. Specifically, the portion
of document 12 provided to client machine 22 includes the elements represented by nodes
in the level of tree 30 containing the node representing the element receiving focus. The

portion of document 12 provided to client machine 22 may also include elements
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represented by nodes in a variabie number of levels greater than the level of tree 30
containing the node representing the element receiving focus and/or elements represented
by nodes in a variable number of levels less than the level of tree 30 containing the node

representing the element receiving focus.

In Fig. 6, node 1A represents the element receiving initial focus according to the

. coding of document 12 by the author as described above. Transcoder proxy 28 may carry
out the view depth method by invoking the elements represented by nodes 1A and 1B in
level 1 of tree 30, the level of tree 30 containing the node 1A representing the element
receiving focus. Based upon the client data (e.g., the capabilities of client machine 22 as
conveyed by client machine 22), transcoder proxy 28 may also invoke the elernénts
represented by nodes in a variable number of levels greater than level 1 of tree 30 and/or in

a variable number of levels less than level 1.

For example, assume transcoder proxy 28 invokes the elements represented by
nodes in one level greater than the level of tree 30 containing the node representing the
element receiving focus, and one level less than the level containing the node representing
the element receiving focus (e.g., based upon the client data provided by client machine
22). As node 1A of Fig. 6 represents the element receiving initial focus, transcoder proxy
28 may carry out the view depth method by invoking the elements represented by: (1) node
0 in level 0, (ii) nodes 1A and 1B in level 1, (iii) nodes 2A-2F in level 2.

The element represented by node 0 may have a value which is the HTML tag
"<BODY>". Transcoder proxy 28 may invoke the element represented by node 0, thereby
obtaining the value "<BODY>" of the element. Transcoder 28 may or may not include the

*<BODY>" value in the script.
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The element represented by node 1A may have a value which is the HTML tag

"<TABLE>". Transcoder proxy 28 may invoke the element represented by node 1A,
thereby obtaining the value "<TABLE>" of the element. Transcoder 28 may choose to
include the "<TABLE>" value in the script to indicate to the user of client machine 22 that

document 12 includes a table.

The element répresented by node 1B may bave a value which is the HTML tag
"<LI>" for list. Transcoder proxy 28 may invoke the element represented by node 1A,
thereby obtaining the value "<LI>" of the element. Transcoder 28 may include the "<LI>"

value in the script to facilitate presenting the list.

The element represented by node 2A may have a value which is the HTML tag
"<TR>" for table row. Transcoder proxy 28 may invoke the element represented by node
2A, thereby obtaining the value "<TR>" of the element. Transcoder 28 may include the
"<TR>" value in the script to indicate to the user of client machine 22 that the table

element includes the first row.

The element represented by node 2B may also have a value which 1s the HTML tag
"<TR>" for table row. Transcoder proxy 28 may invoke the element represented by node
2B, thereby obtaining the value "<TR>" of the element. Transcoder 28 may include the

"<TR>" value in the script to indicate to the user of client machine 22 that the table

element includes the second row.

The element represented by node 2C may have a value "<HEADER>" for table
header. Transcoder proxy 28 may invoke the element represented by node 2C, thereby
6btainjng the value "<HEADER>" of the element. Transcoder 28 may choose to include
the "<HEADER>" value in the script to indicate to the user of client machine 22 that the

table element includes at least one header.
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The elements represented by nodes 2D-2F may have values of list items.
Transcoder proxy 28 may invoke the elements represented by nodes 2D-2F, thereby
obtaining the list item values of the elements. Transcoder 28 may include the list item

values in the script in order to present the list.

As described above, transcoder proxy 28 provides the produced script to user agent
32. Inresponse to the received script, user agent 32 of client machine 22 produces
presentation information 34. User agent 32 uses presentation information 34 to issue

output commands to output device 24.

As described above, a user input via input device 36 may cause user agent 32 to
generate an event. The event may result in a change of focus within document 12. In
response to a change in focus, transcoder proxy 28 may reapply the view depth method
using the element currently receiving focus, thereby responding to the change in focus by
producing new script and providing the new script to client machine 22. In response to the
new script, user agent 32 of client machine 22 may produce new presentation information

34, and use the new presentation information 34 to issue new output commands to output
device 24.

For example, in Fig. 6, should focus be changed from the table element represented
by node 1A in level 1 to a node in level 2 (e.g., node 2A) via an event generated in
response to user input, transcoder proxy 28 may reapply the view depth method.
Transcoder proxy 28 may invoke the elements represented by nodes in level 2 (i.e., nodes
2A-2F). Based upon the capabilities of client machine 22 as conveyed by the client data
provided by client machine 22, transcoder proxy 28 may also invoke the elements
represented by nodes in a variable number of levels greater than level 2 of tree 30 and/or

elements represented by nodes in a variable number of levels less than level 2.
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During system operation, user agent 32 may provide new client data to &answder |
proxy 28. The new client data may be generated by user agent 32 in order to increase or
reduce the amount of detail presented, and may be generated in response to user input. In
response to the new client data, transcoder proxy 28 may change the variable number of
levels greater than the level of the node representing the element receiving focus, and/or
the variable number of levels less than the level of the node representing the element

receiving focus.

Fig. 7 is a flow chart of one embodiment of a "view depth" method 80 for
presenting a hierarchical structure (e.g., an electronic document such as a Web page, and
intercative application program, or a map divided into sections). During a step 82, the
hierarchical structure described above is accessed. A model of the hierarchical structure is
formed as described above during a step 84. During a step 86, the presentation property of
each element represented by a node in the same level as the focus node is presented,
wherein the focus node is the node representing the element having focus. The
presentation property of each element represented by a node in a selected number of levels

higher than the level of the focus node are presented during a step 88.

The branch isolation method, as described above using Figs. 4 and 5, and the view
depth method, as described above using Figs. 6 and 7, may be combined (e.g., such that |
the presented portion of electronic document 12 is within the presentation capabilities of
client machine 22). Referring to Fig. 4, with the element represented by node 1A receiving
focus, the selected portion of document 12 using the branch isolation method may include
the elements represented by root node 0 and subtree 44. As described above, output device
24 may include a relatively small display device with limited display capabilities, and
subtree 44 may exceed the display capabilities of output device 24.
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In this case, transcoder proxy 28 may invoke only the elements within a selected
number of levels of subtree 44. The selected number of levels rhay depend upon, for
example, the client data which conveys the capabilities of client machine 22 (e.g., memory
sizé, processing capability, display size, etc.). Transcoder proxy 28 may first carry out the
branch isolation method, thereby selecting ﬁle elements represented by root node 0 and
subtree 44. Transcoder proxy 28 may then apply the view depth method to subtree 44. As
described above, transcoder proxy 28 may be configured to select nodes in the level of tree
30 containing the node representing the element receiving focus, one level greater than the
level of tree 30 containing the node representing the element receiving focus, and one level
less than the level containing the node representing the element receiving focus. In this
case, applying the view depth method to the portion of tree 30 selected using the branch
isolation method, transcoder proxy 28 selects node 0 in level 0, node 1A in level 1, and

nodes 2A-2C i level 2.

Transcoder proxy 28 may invoke the element represented by node 0, thereby
obtaining the value "<BODY>" of the element. Transcoder 28 may or may not include the

"<BODY>" value in the script.

The element represented by node 1A may have a value which is the HTML tag
"<TABLE>". Transcoder proxy 28 may invoke the element represented by node 1A,
thereby obtaining the value "<TABLE>" of the element. Transcdder 28 may choose to
include the "<TABLE>" value in the script to indicate to the user of client machine 22 that

document 12 includes a table.

The element represented by node 2A may have a value which is the HTML tag
"<TR>" for table row. Transcoder proxy 28 may invoke the element represented by node

2A, thereby obtaining the value "<TR>" of the element. Transcoder 28 may include the
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"<TR>" value in the seript to indicate to the user of client machine 22 that the table

element includes the first row.

The element represented by node 2B may also have a value which is the HTML tag
"<TR>" for table row. Transcoder proxy 28 may invoke the element represented by node
2B, thereby obtaining the value "<TR>" of the element. Transcoder 28 may include the
"<TR>" value in the script to indicate to the user of client machine 22 that the table

element includes the second row.

The element represented by node 2C may have a value "<HEADER>" for table
header. Transcoder proxy 28 may invoke the element represented by node 2C, thereby
obtaining the value "<HEADER>" of the element. Transcoder 28 may choosé to include
~ the "<HEADER>" value in the script to indicate to the user of client machine 22 that the

table element includes at least one header.

Referring to Fig. 6, with the element represented by node 1A receiving focus, the
selected portion of document 12 using the view depth method may include the elements
represented by root node 0 in le\-lel 0, nodes 1A and 1B in level 1, and nodes 2A-2F in
level 2. This portion of document 12 selected using the view depth method may exceed the
display capabilities of output device 24. In this case, transcoder proxy 28 may apply the
branch isolation method to the portion of document 12 selected using the view depth
method. In doing so, transcoder proxy 28 may select the elements represented by root
node 0 and nodes 1A and 2A-2C of subtree 44. Transcoder proxy 28 may invoke the

elements represented by these nodes as described above.

It is noted that the results achieved by applying the branch isolation method to the
portion of document 12 selected using the view depth method, and applying the view
depth method to the portion of document 12 selected using the branch isolation method,

are the same.
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Fig. 8 is a block diagfam of a first embodiment of a computer system 90 employing
the above described branch isolation and/or view depth methods for presenting a
hierarchical structure. Computer system 90 includes a host application 92 coupled to a
client application 94. Host application 92 and client application 9‘4. may be separate
software programs bein-g executed (i.e., running) simultaneously within coﬁputer system
90. Host apblication 92 may be, for example, a Web browser. Client application 94 may
be, for example, an "assistive technology" interface. The term "assistive technology" is
used herein to describe technology that helps physically challenged individuals access to a
computer system: (e.g., computer system 90). Well known types of assistive technologies
include "screen readers" which convert display information to speech or Braille, "screen
magnifiers" which enlarge features of portions of display screen contents, and voice
recognition software which converts speech to a digital representation of text or

commands.

In the embodiment of Fig. 8, computer system 90 includes a hierarchical structure
96. In other embodiments, hierarchical structure 96 may be external to computer system
90, and hierarchical structure 96 may be coupled to receive or access hierarchical structure
96. Hierarchical structure 96 includes multiple elements and defines hierarchical
relationships between the elements. Each element of hierarchical structure 96 has a
presentation property, and a single one of the elements has focus. Hierarchical structure
96 may be, for example, an electronic document such as a Web page. Hierarchical
document 96 may also be an interactive application program or a map divided mnto

sections.

Host application 92 is coupled to hierarchical structure 96, and accesses
hierarchical structure96. Host application 92 forms a tree 98, wherein tree 98 is a tree
model of hierarchical structure 96. In the embodiment of Fig. 8, tree 98 resides within

host application 92. Tree 98 includes nodes and branches as described above.
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In order to present a portion of hierarchical structure 96, client application 94
accesses tree 98 within host application 92. Client application 94 may embody the branch
isolation method described above. In this case, client application 94 determines a path in
the model from the root node to a focus node, wherein the focus node is the node
representing the element having focus. Client application 94 generates a set of
' presentation properties. The set of presentation properties may or may not include the
presentation property of the root node for the reasons described above. The set of _
presentation properties includes the presentation property of each element represented by a
node, .other than the root node, along the path from the root node to the focus node. The set
of presentation properties also includes the presentation property of each element
represented by a node in a level lower than the level of the focus node and coupled to the
focus node by one or more branches (i.e. in a subtree of tree 98, wherein the focus node is

the root node of the subtree).

Alternately, client application 94 may embody the view depth method described
above. In this case, the set of presentation properties includes the presentation properties
of all elements represented by nodes in the same level as the focus node. The set of
pfesentation properties may also include the presentation properties of all elements
represented by nodes in a selected number of levels higher than the level of the focus node.
The set of presentation properties may also include the presentation properties of all
elements represented by nodes in a selected number of levels lower than the level of the

focus node. Client application 94 may also embody a combination of the branch isolation

and view depth methods described above.

Client application 94 provides the set of presentation properties to a user agent 100
of computer system 90. Client application 94 may function as an interface between host
application 92 and user agent 100. User agent 100 may function as an interface between

client application 94 and an output device 102 of computer system 90. Output device 102
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may be, for example, a Braille display or a text-to-speech converter. User agent 100 may

also function as an intérface between client application 94 and an input device 104 of
computer system 90. Input device 104 may be, for example, a speech-to-text converter.
User agent 100 uses the set of presentation properties to produce output commands, and
provides the output commands to the output device. As a result, the desired portion of
hierarchical structure 96 is displayed or otherwise presented by output device 102.

Fig. 9 is a block diagram of a second embodiment of computer system 90
employing the above described branch isolation and/or view depth methods for presenting
a hierarchical structure. In the embodiment of Fig. 9, tree 98 resides within client
application 94. Client application 94 accesses hierarchical structure 96 via host
application 92, and forms tree 98. Client application accesses tree 98 to form a set of
presentation properties as described above, and provides the set of presentation properties

to user agent 100.
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It will be appreciated by those skilled in the art having the benefit of this disclosure

that this invention is believed to be systems and methods for presenting a hierarchical
structure. It is-intended that the following claims be interpreted to embrace all such
modifications and changes and, accordingly, the specification and drawings are to be-

regarded in an illustrative rather than a restrictive sense.
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WHAT IS CLAIMED IS:

1. A method for presenting a hierarchical structure, comprising:

accessing the hierarchical structure, wherein the hierarchical structure includes a
plurality of elements and defines hierarchical relationships between the
elements, and wherein each element has a preseritation property, and

wherein a single one of the elements has focus;

forming a model of the hierarchical structure comprising a plurality of levels
ranked with respect to one another, a plurality of nodes, and at least one
branch, wherein each node represents a single one of the elements, and
wherein a single one of the nodes is a root node and occupies a highest
level, and wherein a given branch connects a first node in a first level to a
second node in a level directly below the first level, and wherein each
branch represents a hierarchical relationship between the nodes connected

by the branch;

determining a path in the model from the root node to a focus node, wherein the

focus node is the node representing the element having focus;

selectively presenting the presentation property of the element represented by the

root node;

presenting the presentation property of each element represented by a node, other

than the root node, along the path from the root node to the focus node; and
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presenting the presentation property of each element represented by a node in a

level lower than the level of the focus node and coupled to the focus node

by one or more branches.
2. The method as recited in claim 1, wherein the hierarchical structure is an electronic
document.
3. The method as recited in claim 2, wherein the electronic document is a Web page,

an interactive application program, or a map.
4, The method as recited in claim 1, wherein the model is a tree structure.

5. The method as recited in claim 1, wherein the path is a route from the root node to

the focus node formed along branches.

6. The method as recited in claim 5, wherein nodes in levels lower than the level of
the focus node and coupled to the focus node by one or more branches comprise a subtree |

of the tree structure, and wherein the focus node is the root node of the subtree.

7. The method as recited in claim 1, wherein the presentation property of given node

is either a value or a function.
8. A method for presenting a hierarchical structure, comprising:

receiving the hierarchical structure expressed in a first digital format, wherein the
hierarchical structure includes a plurality of elements and defines
hierarchical relationships between the elements, and wherein each element
has a presentation property, and wherein a single one of the elements has

focus;
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forming a tree model of the hierarchical structure corhprising a plurality of levels
ranked with respect to one another, a plurality of nodes, and at least one
branch, wherein each node represents a single one of the elements, and
wherein a single one of the nodes is a root node of the tree mode] and
_ accupies a highest level, and wherein a given branch connects a first node in
a first level to a second node in a level directly below the first level, and
wherein each branch represents a hierarchical relationship between the

nodes connected by the branch;

using the tree model to produce an original script expressed in a second digital
format, wherein the original script includes the presentation properties of at

least a portion of the elements represented by nodes:

along a first path from the root node to an original focus node, wherein the
original focus node is the node representing the element having

focus; and

within a first subtree of the tree model, wherein the original focus node 1s a

root node of the first subtree; and
providing the original script.

9. The method as recited in claim 8, wherein the first digital format is a text-based

markup language.

10.  The method as recited in claim 9, wherein the text-based markup language 1s

hypertext markup language (HTML) or extensible markup language (XML).
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11.  The method as recited in claim 8, wherein the second digital format is a scripting

language.

12.  The method as recited in claim 8, further comprising:
receiving an event, wherein the event signals a change in the element having focus;

using the tree model to produce a new script in response to the event and expressed
in the second digital format, wherein the new script includes the
presentation properties of at least a portion of the elements represented by

nodes:

along a second path from the root node to a new focus node, wherein the
new focus node is the node representing the element having focus

as a result of the change in focus signaled by the event; and

within a second subtree, wherein the new focus node is a root node of the

second subtree; and
providing the new script.
13. A method for presenting a hierarchical structure, comprising; .-

receiving an original script expressed in a digital format, wherein the hierarchical
structure includes a plurality of elements and defines hierarchical
relationships between the elements, and wherein each element has a
presentation property, and wherein a single one of the elements has focus,
and wherein the original script is derived from a tree model of the

hierarchical structure having a plurality of levels ranked with respect to one
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another and a plurality of nodes, and wherein each node represents a single

one of the elements, and wherein the original script includes the

presentation properties of elements represented by nodes:

along a first path from the root node to an original focus ﬁode, wherein the
original focus node is the node representing the element having

focus; and

within a first subtree of the tree model, wherein the original focus node is a

root node of the first subtree; and
presenting the presentation properties within the original script.
14.  The method as recited in claim 13, further comprising;

generating an event in response to user input, wherein the event signals a change in

the element having focus;
providing the event;

receiving a new script expressed in the digital format and derived from the tree
model, wherein the new script includes the presentation properties of at least

a portion of the elements represented by nodes:

along a second path from the root node to a new focus node, wherein the
new focus node is the node representing the element having focus

as a result of the change in focus signaled by the event; and
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within a second subtree, wherein the new focus node is a root node of the

second subtree; and
presenting the presentation properties within the new script. .
15. A method for presenting a hierarchical structure, comprising:

receiving the hierarchical structure expressed in a first digital format, wherein the
hierarchical structure includes a plurality of elements and defines
hierarchical relatibnships between the elements, and wherein each element
has a presentation property, and wherein a single one of the elements has

focus;

forming a tree model of the hierarchical structure comprising a plurality of levels
ranked with respect to one another, a plurality of nodes, and at least one
branch, wherein each node represents a single one of the elements, and
wherein a single one of the nodes is a root node of the tree model and
occupies a higheét level, and wherein a given branch connects a first node in
a first level to a second node in a level directly below the first level, and
wherein each branch represents a hierarchical relationship between the

nodes connected by the branch;

using the tree model to produce an original script expressed in a second digital
format, wherein the original script includes the presentation properties of at

least a portion of the elements represented by nodes:

along a first path from the root node to an original focus node, wherein the
original focus node is the node representing the element having

focus; and
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within a first subtree of the tree model, wherein the original focus node is a

root node of the first subtree;
presenting the presentation properties within the original script,

generating an event in response to user input, wherein the event signals a change in

the element having focus;
using the tree model to produce a new script in response to the event and expressed
in the second digital format, wherein the new script includes the
presentation properties of at least a portion of the elements represented by
nodes:
along a second path from the root node to a new focus node, wherein the
new focus node is the node representing the element having focus

as a result of the change in focus signaled by the event; and

within a second subtree, wherein the new focus node is a root node of the

second subtree; and
presenting the presentation propgrties within the new script.
16. A system for presenting a hierarchical structure, comprising;
a transcoder proxy configured to:

receive the hierarchical structure expressed in a first digital format, wherein

the hierarchical structure includes a plurality of elements and
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defines hierarchical relationships between the elements, and
wherein each element has a presentation property, and wherein a

single one of the elements has focus;

form a tree model of the hierarchical structure comprising a plurality of
levels ranked with respect to one another, a plurality of nodes, and
at least one branch, wherein each node represents a single one of the
elements, and wherein a single one of the nodes is a root node of the
tree model and occupies a highest level, and wherein a given branch
connects a first node in a first level to a second node in a level
directly below the first level, and wherein each branch represents a
hierarchical relationshi;; between the nodes connected by the

branch;

use the tree model to produce an original script expressed in a second
digital format, wherein the original script includes the presentation

properties of at least a portion of the elements represented by nodes:
along a first path from the root node to an original focus node,
wherein the original focus node is the node representing the

element having focus; and

within a first subtree of the tree model, wherein the original focus

node is a root node of the first subtree; and

provide the original script; and

a client machine coupled to the transcoder proxy, wherein the client machine

comprises:
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an output device; and
a user agent coupled to the output device and configured to:
receive the original script;
form presentation information in response to the original script,
wherein the presentation information includes the
presentation properties within the original script;
use the presentation information to produce output commands; and

provide the output commands to the output device.

17.  The system as recited in claim 16, wherein the user agent of the client machine is

further configured to:

generate an event in response.to user input, wherein the event signals a change in

the element having focus; and
provide the event.

18.  The system as recited in claim 17, wherein the transcoder proxy is further
configured to:

receive the event;
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use the tree model to produce a new script in response to the event and expressed
in the second digital format, wherein the new script includes the
presentation properties of at least a portion of the elements represented by

nodes:

along a second path from the root node to a new focus node, wherein the
new focus node is the node representing the element having focus

as a result of the change in focus signaled by the event;

within a second subtree, wherein the new focus node is a root node of the

second subtree; and

provide the new script.

19.  The system as recited in claim 18, wherein the user agent of the client machine is

further configured to:
receive the new seript; and
modify the presentation information in response to the new script.
20. A method for presenting a hierarchical structure, comprising;
acéessing the hierarchical structure, wherein the hierarchical structure includes a
plurality of elements and defines hierarchical relationships between the

elements, and wherein each element has a presentation property, and

wherein a single one of the elements has focus;
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forming a model of the hierarchical structure comprising a plurality of levels
ranked with respect to one another, a plurality of nodes, and at least one
branch, wherein each node represents a single one of the elements, and
wherein a single one of the nodes is a root node and occupies a highest
level, and wherein a given branch connects a first node in a first level to a
second node in a level directly below the first level, and wherein each

branch represents a hierarchical relationship between the nodes.connected
by the branch;
selecting a first portion of the model, comprising:
nodes along a path in the model from the root node to a focus node,
wherein the focus node is the node representing the element having

focus; and

nodes in a level lower than the level of the focus node and coupled to the

focus node by one or more branches;
selecting a second portion of the model, comprising;
nodes in the same level as the focus node; and

nodes in a selected number of levels lower than the level of the focus node;

and

presenting the presentation properties of elements represented by nodes within both

the first and second portions of the model.
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21.  The method as recited in. claim 20, wherein the path is a route from the root node to

the focus node formed along branches.

22.  The method as recited in claim 20, wherein the root node is within both the first
and second portions of the model, and wherein the presentation property of the element

represented by the root node is selectively presented.

23. A computer system, comprising;
a host application configured to:

access a hierarchical structure, wherein the hierarchical structure includes a
plurality of elements and defines hierarchical relationships between
the elements, and wherein each element has a presentation property,

and wherein a single one of the elements has focus;

form a model of the hierarchical structure comprising a plurality of levels
ranked with respect to one another, a plurality of nodes, and at least
one branch, wherein each node represents a single one of the
elements, and wherein a single one of the nodes is a root node and
occupies a highest level, and wherein a given branch connects a
first node in a first level to a second node in a level directly below
the first level, and wherein each branch represents a hierarchical

relationship between the nodes connected by the branch;
a client application coupled to the host application and configured to:
access the model of the hierarchical structure;

determine a path in the model from the root node to a focus node, wherein

the focus node is the node representing the element having focus;
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generate a set of presentation properties, wherein the set of presentation

properties comprises:

the presentation property of each element represented by a node,
other than the root node, along the path from the root node
to the focus node; and

the presentation property of each element represented by a node in a
level lower than the level of the focus node and coupled to
the focus node by one or more branches; and

provide the set of presentation properties;

an output device; and

a user agent coupled to the output device and to receive the set of presentation

properties, wherein the user agent is configured to:

use the set of presentation properties to produce output commands;

and
provide the output commands to the output device.

The computer system as recited in claim 23, wherein the host application is a Web

browser.
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25.  The computer system as recited in claim 23, wherein the client application is an

44

assistive technology which functions as an interface between the host application and the

user agent.

26.  The computer system as recited in claim 23, wherein the user agent functions as an

interface between the client application and the output device.

27.  The computer system as recited in claim 23, wherein the output device is a Braille

display or a text-to-speech converter.

28.  The computer system as recited in claim 23, further comprising an input device

coupled to the user agent.

29.  The computer system as recited in claim 28, wherein the input device is a

speech-to-text converter.

30.  The computer system as recited in claim 23, wherein the presentation property of

the root node is selectively included in the set of presentation properties.

31. A computer system, comprising;:
a host application;

a client application coupled to the host application and configured to:

access a hierarchical structure via the host application, wherein the
hierarchical structure includes a plurality of elements and defines
hierarchical relationships between the elements, and wherein each

element has a presentation property, and wherein a single one of the

elements has focus;
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form a model of the hierarchical structure comprising a plurality of levels
ranked with respect to one another, a plurality of nodes, and at least
" one branch, wherein each node represents a single one of the
elements, and wherein a single one of the nodes is a root node and
occupies a highest level, and wherein a given branch connects a
first node in a first level to a second node in a level directly below
the first level, and wherein each branch represents a hierarchical

relationship between the nodes connected by the branch;

determine a path in the model from the root node to a focus node, wherein

the focus node is the node representing the element having focus;

generate a set of presentation properties, wherein the set of presentation

properties comprises:
the presentation property of each element represented by a node,
other than the root node, along the path from the root node
o the focus node; and
the presentation property of each element represented by a node in a
level lower than the level of the focus node and coupled to
the focus node by one or more branches; and

provide the set of presentation properties;

an output device; and
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a user agent coupled to the output device and to receive the set of presentation

properties, wherein the user agent is configured to:

use the set of presentation properties to produce output commands;

. and

provide the output commands to the output device.



