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NAVIGATING HEIRARCHICALLY ORGANIZED 
INFORMATION 

BACKGROUND 

[0001] This invention relates to a user interface for navi 
gating a set of information arranged hierarchically, even a 
very large set. 

[0002] In a typical hierarchy or “tree” of nodes, each 
“node” is connected to Zero or more “child” nodes and to 

one “parent” node, except for one “root” node Which has no 
parent. 

[0003] Hierarchies are common in data processing. Often 
a hierarchy provides a clear Way to organiZe a large amount 
of information so that a user can ?nd a particular piece of 
information. Generally, a user “navigates” a tree by itera 
tively vieWing descriptions of a selected node’s neighboring 
nodes and selecting one of the neighbors until the sought 
information is found. 

[0004] A user navigates the WindoWs ?le system hierar 
chy, for example, by iteratively vieWing a directory—the ?le 
names and subdirectory names are these neighbors’ 
“descriptions”—then selecting a neighboring directory to 
vieW, until the sought ?le is found. WindoWs offers multiple 
user interfaces for the vieWing/selection process: a ?le 
selection dialog in applications; successive directory vieWs 
starting With “My Computer”; a “tree vieW” in WindoWs 
Explorer; and even a command line shell Which permits 
displaying and changing the “current” directory. 

[0005] Other, richer user interfaces for presenting and 
navigating hierarchies have been proposed. Some, such as 
“cone trees”, attempt to represent much of a hierarchy using 
3D effects to convey relationships on a croWded display. 
Several use “focus+context” techniques; that is, the portion 
of the hierarchy upon Which the user is currently focused, 
such as a current directory, is presented in full, and portions 
further from this focus are presented With progressively less 
detail. This can be achieved by Wrapping a 2D representa 
tion of the tree about a curved surface and shading parts of 
the vieW aWay from the focus (these tWo techniques create 
a “?sh-eye lens” effect), by fractal techniques, or by nesting 
boxes so that rectangles representing child nodes ?ll the 
rectangle representing the parent (“tree-maps”). Some tech 
niques depict the nodes as objects in a 3D landscape, With 
more distant nodes appearing smaller. 

[0006] As for navigation, a theme Which is common from 
“tree vieW” to “tree-maps” is to detect user input selecting 
a node (as by a mouse click “on” the node) and redraW the 
vieW of the hierarchy With the selected node as the neW 
“focus”. A feW user interfaces portray the change in vieWs 
With an animated sequence of intermediate vieWs to suggest 
an object-like persistence. Some user interfaces, eg the 3D 
landscapes, alloW a mode of navigation Where the hierarchy 
vieW changes continuously, suggesting ?ight over the land 
scape. 

[0007] Hierarchically organiZed information is ubiquitous. 
Computer ?le systems, dictionaries, indexes, tables of con 
tents, and XML documents are hierarchical. The functions 
available in some applications are organiZed hierarchically 
in menus. On the Web, many portals and retail sites are 
organiZed hierarchically. Web sites are not constrained to be 
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hierarchical, but, again, hierarchy is a clear Way to organiZe 
large amounts of information. 

SUMMARY 

[0008] In general, in one aspect, the invention features 
identifying a hierarchy position in a space de?ned by a 
hierarchy of nodes. The space has at least tWo dimensions. 
Each node is uniquely identi?able Within the space by values 
in the respective dimensions, including a node level identi 
fying the node’s hierarchy level and a node-in-level identi 
fying the node uniquely among nodes in that level. The 
hierarchy position is identi?ed by position values in the 
same dimensions. Position values need not correspond to 
actual node level or node-in-level values. 

[0009] Implementations of the invention may include one 
or more of the folloWing features. 

[0010] The position values may include depth value and 
position-Within-level values both in the form of non-integral 
numbers. The position-Within-level value may include a 
node-in-value value identifying one node plus a ?oating 
point number representing an offset of the position from that 
node. The hierarchy position may be used to identify a focus 
of a user’s vieW of the hierarchy. 

[0011] In general, in another aspect, the invention features 
displaying representations of nodes of a hierarchy in a space 
on a display, each node representation fully occupying a 
subspace Within the space, and allocating the space entirely 
to the subspaces. 

[0012] Implementations of the invention may include one 
or more of the folloWing features. The nodes are organiZed 
in levels in the hierarchy and the space is allocated among 
the levels so that one level is fully represented in a dimen 
sion of the display that corresponds to changing levels. The 
levels of the hierarchy above and beloW the one level are at 
least partially represented. Each of the levels is represented 
as a band in the space. Nodes represented in one band have 
a parent-child relationship With nodes represented in an 
adjacent band. Within a band, space is allocated so that the 
subspace of a parent has the same dimension along the band 
as the sum of the dimensions of its children along the 
adjacent band. 

[0013] In general, in another aspect, the invention features 
rendering a container associated With the node and a repre 
sentation of information associated With the node. The 
container has dimensions that change With an amount of 
space dynamically allocated to the node based on a changing 
focus in the hierarchy. The representation has unchanging 
dimensions. The container and the representation are draWn 
on a display. When the focus changes, the container is 
re-rendered With updated dimensions and draWn on the 
display. Without re-rendering, the rendered representation is 
recopied to a neW location. 

[0014] In implementations of the invention, the draWn 
container indicates the node’s position in the hierarchy and 
its relationship to nearby nodes, and the representation 
includes graphics or text or both. 

[0015] In general, in another aspect, information is 
received indicating a displacement of a user input device 
Within a tWo-dimensional frame of reference. Displacement 
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in at least one of the dimensions is translated to a rate of 
change of a hierarchy position used to identify a focus of a 
user’s vieW of the hierarchy. 

[0016] In general, in another aspect, the invention features 
displaying a representation of a portion of a hierarchy of 
nodes to a user. Each node may have associated an action to 
be performed by an application, the action being other than 
navigation of the hierarchy. Auser navigates in the displayed 
representation of the portion of the hierarchy by using a ?rst 
type of action. The user triggers the action associated With 
a displayed node of the hierarchy by invoking the node using 
a second type of action. 

[0017] In implementations of the invention, the ?rst type 
of action may be dragging and the second type of action may 
be clicking. 

[0018] In general, in another aspect of the invention an 
emulation of a return-to-center input device enables a user to 
navigate the hierarchy. The user manipulates a non-return 
to-center input device to indicate an intended manipulation 
of the emulation for purposes of navigating the hierarchy. 
The user’s manipulation is treated as a manipulation of the 
return-to-center input device. 

[0019] Implementations of the invention may include one 
or more of the folloWing features. The non-return-to-center 
input device is a computer mouse, trackball, or pad. The 
return-to-center input device is a joystick. The emulation 
includes rendering the device on a display. The response to 
the user manipulation is to change a focus position in the 
hierarchy. The focus position is changed by periodically 
adding a focus increment vector to a focus position, the 
focus increment vector being a function of the vector by 
Which the emulated controller is displaced from its center or 
rest position. The user manipulates the non-return-to-center 
controller in a single dragging action to vieW an arbitrarily 
large hierarchy of nodes. The function is nonlinear to permit 
the user to vary navigation velocity over a Wide tWo 
dimensional range. 

[0020] In another aspect, the invention features displaying 
information at a client about a portion of a hierarchy of 
nodes including a node at the top of a sub-hierarchy of the 
hierarchy. As a user’s navigation causes sub-hierarchies to 
approach vieW in the displayed information, information 
about the sub-hierarchy that is approaching vieW is fetched 
from a server. 

[0021] In another aspect, a request is received at a server 
from a client for a hierarchy de?nition. In response, the 
client is provided a portion but not all of the hierarchy 
de?nition, the portion referencing other portions of the 
hierarchy. 
[0022] In implementations of the invention, the siZe of the 
portion to be provided to the client may be determined 
adaptively based on parameters for optimiZing communica 
tion betWeen the server and the client. The server may 
automatically build a hierarchy de?nition portion that is as 
near as possible in siZe to a given minimum portion siZe. The 
server may generate references to sub-hierarchies and 
include them With de?nitions of nodes of the portion pro 
vided. 

[0023] In another aspect, a Web page includes an area that 
provides a navigational interface to permit continuous navi 
gation of a hierarchy of nodes of, e.g., links to other Web 
pages. 
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[0024] In another aspect, a user interface includes a device 
that permits continuous navigation for selecting from a 
hierarchy. 
[0025] In implementations, the hierarchy may include a 
function menu, a ?le system, an XML document, an indeX 
constructed from a document, list, or table, an encoded 
hierarchy, the DeWey Decimal System, categoriZed prod 
ucts, postal addresses or other location by geographic 
region, a character set to be selected for teXt entry, or a 
corpus Which is not hierarchical in its native form and upon 
Which hierarchy has been imposed using a similarity-seek 
ing technology. 
[0026] Among the advantages of the invention may be one 
or more of the folloWing. 

[0027] An inde?nitely large hierarchy may be navigated. 
The interface permits fast navigation of the hierarchy. 

[0028] The interface reduces the cognitive load to the user 
in at least the folloWing Ways. 

[0029] The user is offered a simple metaphor of the 
hierarchy as a continuous plane, the vieW of Which can only 
change smoothly as the user navigates. The user is spared 
abrupt, jarring (to novices, frightening) changes in vieW by 
alloWing direct control over rate of change of focus, so that 
the vieW of the hierarchy changes smoothly over time. Any 
effects of such discontinuities in the vieW as are necessary 
are minimiZed by being split into smaller discontinuities 
distributed over time. The nodes in a level do not appear full 
bloWn all at once, but appear ?rst as small outlines, With 
detail arriving at different times for different nodes. 

[0030] The user is not burdened With separate controls for 
scrolling, for rotation, or for Zooming—all navigation is 
done With one intuitive control With a simple physical 
metaphor. The single control functionally replaces, for 
instance, the four scroll buttons, tWo sliders, and numerous 
buttons labeled “+” or “—” in WindoWs “TreeVieW”. The 
interface in this Way reduces repetitive hand and eye move 
ments as Well as cognitive demands. 

[0031] The relationship betWeen parent and child nodes is 
made apparent to ?rst-time users by depicting parent nodes 
as containing the children instead of by draWing ambiguous 
connecting lines. 

[0032] The interface is frugal With respect to available 
computer display “real estate”. Space is allocated extremely 
ef?ciently, freeing most of a typical computer display for 
other tasks. 

[0033] The interface requires only a small implementation 
siZe. The algorithms for hierarchy rendering can be realiZed 
in compact code for loW memory use and fast delivery over 
a netWork. 

[0034] The interface is frugal With respect to hierarchy 
loading bandWidth. Hierarchy information—Which can be of 
inde?nite siZe—is transferred in small portions on demand 
as the user “approaches” them. Auser can navigate all levels 
of a huge hierarchy, acquiring a sense of its siZe, having 
caused only a small fraction of the hierarchy information to 
be loaded. 

[0035] The interface is especially useful in “World-Wide 
Web” applications. Novice users distracted by advertise 
ments have a loWer capacity for neW metaphors and sur 
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prising changes of vieW. The interface accommodates the 
user’s expectation that Web navigation is to be effected With 
a small “navigation frame” on the left. The code implement 
ing the user-interface for the Web is compact enough to be 
downloaded With a page (as an applet) Which accommodates 
the user’s resistance to installing “plug-ins”. The Web surfer 
need not Wait for the information describing a huge hierar 
chy to be loaded over a sloW netWork. 

[0036] Each node can have a distinct text and/or graphical 
representation. Associated With each node can be an appar 
ent Way to execute a distinct action apart from navigation 
When the node is selected. 

[0037] The hierarchical structure, text and/or graphical 
representation of each node, and action associated With each 
node, are de?ned in human readable formats. This hierarchy 
de?nition may be requested and delivered incrementally and 
on demand. The delivery is a special case of “streaming” 
data in Which the data are dispersed in tWo dimensions and 
the order in Which the data are required cannot be predicted 
With con?dence. 

[0038] Other advantages and features Will become appar 
ent from the folloWing description and from the claims. 

DESCRIPTION 

[0039] FIG. 1 illustrates relationships in a simple hierar 
chy. 

[0040] FIG. 2 illustrates an allocation of display area to a 
portion of the sample hierarchy, arranged in the horiZontal 
direction. 

[0041] FIG. 3 illustrates an allocation of display area to a 
portion of the sample hierarchy, arranged in the vertical 
direction. 

[0042] FIG. 4 shoWs a hierarchy vieW-and-control loop 
including the user and the invention in a computer netWork 
context. 

[0043] 
[0044] FIG. 6 illustrates concepts involved in allocating 
one dimension of the display area to hierarchy levels. 

FIG. 5 is an overall ?oW diagram. 

[0045] FIG. 7 shoWs logic involved in reallocating that 
dimension. 

[0046] FIG. 8 illustrates concepts involved in allocating a 
level’s display allocation to nodes Within that level. 

[0047] FIG. 9 shoWs logic involved in that allocation. 

[0048] FIG. 10 and FIG. 11 illustrate a process of ren 
dering a portion of the hierarchy. 

[0049] FIG. 12 illustrates a subroutine used to draW a 
node at one level and its children. 

[0050] FIG. 13 illustrates a subroutine used to draW a 
node at another level. 

[0051] FIG. 14 illustrates logic used to load hierarchy 
information from a server. 

[0052] FIG. 15 illustrates hoW a “control stick” can be 
emulated and shoWs alternate appearances of emulated 
controllers. 
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[0053] FIG. 16 shoWs a sample sequence of vieWs pre 
sented to a user navigating a hierarchy by nudging the 
control stick at the bottom of the vieW, Where the imple 
mentation is con?gured horiZontally With the top of the 
hierarchy at the top of the vieW. 

[0054] FIG. 17 shoWs a sample sequence of tWo vieWs 
presented to a user navigating a dictionary, Where the 
implementation is con?gured vertically With the top of the 
hierarchy at the left side of the vieW. 

[0055] FIG. 18 shoWs a hypothetical deployment at a 
single Web site to alloW rapid seamless navigation of that 
site. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0056] FIG. 1 illustrates relationships that can exist 
among nodes comprising a hierarchy 18 and introduces 
some naming conventions. Each node has Zero or more 
“child” nodes, and each node has exactly one “parent” node 
except for the “root” node 20 Which has no parent node. For 
instance, node 26 is the child of node 24, Which is the parent 
of tWo nodes 26, 27. It Will be useful later to number children 
from left to right; node 26 thus has a “child index” of 0 and 
node 27 has a child index of 1. A node With no child nodes, 
like node 22, is called a “leaf” node. 

[0057] Nodes can grouped by their hierarchy “level”, 
Which We de?ne as the number of steps of descent by Which 
they can be reached starting from the root node. There are 
four levels 30 in the hierarchy of FIG. 1. 

[0058] Implementations of the invention present in a lim 
ited display area a vieW of the hierarchy that can be changed 
under user control. At any one time the vieW is “focused” or 
centered either at one node or betWeen nodes, and contains 
all nodes surrounding this center of vieW or “Focus”. A user 
may see one of these surrounding nodes and manipulate the 
Focus toWard that node so that all nodes surrounding that 
node are noW in vieW. By continued navigation of this sort, 
and exploiting the fact that any node in the hierarchy can be 
reached from any other node by a series of steps through 
intermediate nodes, the user may vieW any point in the entire 
hierarchy. Methods discussed beloW make this navigation 
experience “smooth”—the Focus changes gradually, and the 
resulting changes in the vieW are “animated” or rendered in 
many small steps. 

[0059] FIGS. 2 and 3 shoW tWo examples of limited 
display areas. FIG. 2 shoWs a horiZontally aligned display 
area 31, Which is efficiently apportioned to nodes about a 
Focus near Node 24. The Focus is an imaginary point in the 
hierarchy that corresponds to the point at the exact center of 
the display area. In this “horizontal” layout, the nodes of 
each of the levels 30 are arrayed horiZontally. Because of the 
small siZe of this sample hierarchy, some of the display area 
(33, shaded) is unallocated for this particular Focus. 

[0060] FIG. 3 shoWs a vertically aligned limited display 
area as might be particularly useful in Web applications. 
Here nodes in each of the levels are arranged vertically, With 
the top of the hierarchy to the left of the display area. 

[0061] For convenience, the rest of this description refers 
only to the horiZontal layout depicted in FIG. 2. 


















