
ABSTRACT

Navigating and viewing large information spaces, such
as hierarchically-organized networks from complex real-
time systems, suffer the problems of viewing a large space
on a small screen. Distorted-view approaches, such as fish-
eye techniques, have great potential to reduce these problems
by representing detail within its larger context but introduce
new issues of focus, transition between views and user dis-
orientation from excessive distortion. We present a fisheye-
based method which supports multiple focus points,
enhances continuity through smooth transitions between
views, and maintains location constraints to reduce the user’s
sense of spatial disorientation. These are important require-
ments for the representation and navigation of networked
systems in supervisory control applications. The method
consists of two steps: a global allocation of space to rectan-
gular sections of the display, based onscale factors, fol-
lowed bydegree-of-interest adjustments. Previous versions
of the algorithm relied solely on relative scale factors to
assign size; we present a new version which allocates space
more efficiently using a dynamically calculated degree of
interest. In addition to the automatic system sizing, manual
user control over the amount of space assigned each area is
supported. The amount of detail shown in various parts of
the network is controlled by pruning the hierarchy and pre-
senting those sections in summary form.

KEYWORDS:
graphical user interface, supervisory control systems,

information space, hierarchical network, information visual-
ization, fisheye view, navigation.

INTRODUCTION

People tend to perceive the world using both local detail
and global context; indeed our eyes supply detail for only a
relatively small portion of the total field of view. Yet we rely
on global context for orientation and to understand local
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detail. Because of the importance of being able to deal with
detail-in-context and the ubiquity of large information
spaces, there have been several efforts to improve the ability
to visualize large information spaces. While the need for
such aids is widespread, ranging from understanding Prolog
programs[6] to road maps[15], our interest is large real time
systems such as power generation/distribution, telecommu-
nications and process control where the operators must work
with very large networks representing the system being con-
trolled.

PROBLEM AND MOTIVATION
Representing these large complex networks suffers from

the well-known problems of viewing a large information
space on a small screen. Approaches to alleviate these prob-
lems typically fall into one of three general classes: tradi-
tional pan/zoom, multiple window (or map view), and
distorted view. The traditional pan/zoom uniformly scales
the entire space and allows scrolling about it but suffers from
the keyhole problem. The multiple window method (often
referred to asyou are here) shows a small overview and a
large more detailed view. The overview contains a rectangle
which can be moved and resized and whose contents are
shown in the large view. It suffers from the extra space
required for the overview, and from forcing the viewer to
mentally integrate detail and context. Distorted-view meth-
ods reconfigure the displayin situ to emphasize certain
details within the larger context. A variety of such methods
([7][8][9][10][15][16]) have been proposed and have met
with varying degrees of success. While distorted-view meth-
ods provide the most promise for our area, each of the
reported methods suffered from some drawback as an effec-
tive interface technique in our domain, where user and dis-
play response times are critical and the complexity of the
control task discourages increasing it with an unnecessarily
complicated user interface.

We identified six important properties of an interface
technique to show detailed views (sometimes calledfocus
points) in a global context for time-critical systems with
large information spaces:

1.  It should be easy to see multiple detailed views con-
currently.



2.  Information, whether in a detailed or summary view,
should never be occluded. Thus overlapping win-
dows or viewports are not appropriate.

3.  Spatial distortion should be minimized where possi-
ble. Excessive distortion in some methods has made
them more difficult to use than standard techniques
[19]. In particular, our case studies of network oper-
ators indicated they have a strong “geographic”
model. We deemed it important to maintain the rel-
ative locations of nodes to reduce user disorienta-
tion.

4.  The user interaction overhead required to achieve the
desired effect should be reduced as much as possi-
ble, but the user should remain in control at all times.

5.  The transition between views should be smooth.

6.  Display reconfiguration should be immediate (within
several frame times).

RELATED WORK

Spence and Apperly’s Bifocal Display [18] represents
one of the earl iest computer-based distorted view
approaches. In their method, the information space was rep-
resented by a sheet of paper, folded to compress the outer
portions and leaving the central detail visible while provid-
ing global context. Mackinlay et al.’s Perspective Wall [8]
updates this approach with a smooth transition between
detail and context. A major contribution was Furnas’fisheye
method [7] which achieved a balance of local detail with glo-
bal context in a manner quite different from the bifocal dis-
play and perspective wall. In his generalized fisheye view
formalism, each element in a graph is assigned adegree of
interest (DOI), or priority, based ona priori interest and on
distance from the user’s current focus. The data is displayed
only if the perceived value is greater than a user-set thresh-
old. Each of these approaches supports only one detailed
view at a time. Mitta [9] generalized these notions to non-
hierarchical information structures and applied them to a
complex 3D structure. This method is promising for complex
diagram comprehension but does not generalize to 2D graph
structures. An additional disadvantage is the occlusion of
information inherent in 3D representations.

Noik [11] summarizes recent work in the use of distorted
views in visualizing large information spaces represented
with graph structures. Various methods are used to indicate
the degree of interest; Noik classifies these emphasis tech-
niques asimplicit (use of perspective),filtered (removing
items of low interest),distorted (size, shape and position of
elements are transformed) andadorned (via attributes such
as color). Other classification dimensions include priority
method (how the DOI is obtained) and number of focal
points allowed. The Perspective Wall, for example, is classed
as a distorting method with a fixed distance calculation and
is limited to a single focal point.

Sarkar and Brown’s method [14], more suited to full 2D
graphs, uses filtering and distortion and supports multiple
foci. The resulting images are impressive, though the authors

note users sometimes perceive the resulting view as too dis-
torted and unnatural. Orthogonal and polygonal stretching,
in which rectangular regions of the screen are selectively
(de)magnified was investigated in [15]. The former main-
tains orthogonal ordering of points (nodes maintain their
left-of, above, etc. relationships), while the latter does not.
They also suggest it is important to keep precise user control
of the space allocation. The interaction in [15] is somewhat
cumbersome: the user acts upon the “rubber sheet” contain-
ing the object of interest rather than zooming in directly
upon the object itself. Moreover, the method is limited to two
hierarchical levels. Another approach to hierarchical struc-
tures is the Cone Tree method [13], which appears useful for
tree-structured objects, but is not suited to networks such as
those used in our application where nodes at the same level
may not obscure one another.

An interesting development is the semantic zooming
notion of Pad++ [12][3] where one zooms into an infinite 2D
sheet of paper. However it is not clear how changes to one
portal affect another in the overall “global” environment; in
other words, what happens when a portal claims extra screen
space. Schaffer et al. report the Variable Zoom method for
providing both detail and context for dealing with large, hier-
archically structured networks[16]. It uses filtering and dis-
tortion, supports multiple foci, and allows the user to directly
manipulate selected nodes. A later improvement to the
method supports overlapping nodes [17]. However, the user
has no direct control over the sizes of nodes aside from open-
ing or closing them, and the transition between views is
immediate and abrupt. Noik’s use of fisheye views in hyper-
text viewing also supports multiple foci. However, the lack
of location constraints in his approach [10] allows elements
to “float” around the screen space, causing a sense of distor-
tion excessive for our purposes.

Based on the requirements listed earlier, and on the work
in [16], we have developed a new approach, called thecon-
tinuous zoom, which allows us to display detail and context
in a flexible, timely and effective manner. Though this tech-
nique is particularly well suited to network visualization, it is
applicable to many domains.

THE CONTINUOUS ZOOM APPROACH

Behavior
As we have previously described in [1] and [5], the con-

tinuous zoom manages a rectangular 2-D display space by
recursively breaking it up into smaller rectangular areas, cre-
ating a hierarchy of nested rectangles. Hierarchy is a natural
way to organize and understand a complex system. In a net-
work viewing application, the display hierarchy would result
from a hierarchical organization of the network nodes. Fig-
ure 1 shows the correspondence between a network and its
display hierarchy. The network nodes correspond to theleaf
nodes of the hierarchy. We call the interior nodesclusters.
The user controls the amount of detail in different areas of
the display by opening and closing clusters. The contents of
an open cluster are visible, allowing one to see the deeper
(more detailed) levels of the hierarchy. Closing a cluster



effectively prunes a portion of the tree from the display,
reducing the detail shown for that part of the network (Figure
2). Open clusters are allocated more space than closed clus-
ters. In addition to this automatic resizing of cluster nodes,
the user can enlarge or reduce any node on the display. When
a cluster changes size, its contents are resized accordingly.

Whenever a node shrinks, it gives up display space to sib-
lings so that they may grow. Through opening and closing
clusters, and resizing nodes, the user has complete control
over the amount of detail seen in each part of the display.

Since the entire hierarchy is visible at all times (though
some of it is “summarized” by closed clusters) the detailed
portions always appear in context. Multiple areas can be
zoomed simultaneously; the technique allows more than one
focal point.

We have implemented the continuous zoom as part of a
prototype network supervision and control system (Figure
3). Several different node representations are used for moni-

toring and controlling traffic flow through the net, which is
modeled by a simulator. Each representation has a minimum
size, so the algorithm must determine if the requested set of
representations will fit on the screen. In a real application the
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level of detail in the node representations might be adapted
to the available space; we simply scale them.

Node size is controlled with the mouse. Pointing at a
node and holding down a button increases or decreases the
size of the node until the button is released. To reduce the
amount of size manipulation required of the user, we also
maintain adegree of interest (DOI) for each node, which is
reflected in the node’s size. Whenever a node representation
changes, the new representation is automatically given the
largest size possible based on its minimum size requirement,
on its DOI and on available space (Figure 3). DOIs are
dynamically calculated based on a node’s a priori impor-
tance, its current state (in or out of alarm) and its proximity
to interesting (high DOI) nodes. Thus neighbours of interest-
ing nodes may get more space than those nodes farther away,
contributing to the fisheye effect.

The arcs (which we refer to aslinks) of the network are
always drawn on top of the nodes. As the nodes shift around
on the display, the link vertices are transformed with them,
preserving adjacency. Then the vertices are connected to
form the links.

The algorithm consists of two portions, an initial distri-
bution of space and subsequent DOI-based size adjustments.
The basic space redistribution was described in [5]; we
review it here to set the context, and then discuss the
improvements using the DOI approach.

The Zoom Algorithm

The algorithm has two inputs: the initial layout of the
network, ornormal geometry, and a set of scale factors (one
for each leaf node). The normal geometry and the scale fac-
tors are combined to produce thezoomed geometry, which is
then displayed. In our application the normal geometry is
constant; the display is controlled by changing scale factors
and by opening and closing cluster nodes (i.e., by pruning
subtrees of the hierarchy).

The algorithm uses a “budgeting” process to distribute
space among the nodes of a network. It sums the amount of
space requested by each node and then distributes a fixed
overall space budget according to the size of each request.

We first describe the algorithm using a simple network con-
sisting of three nodes within a cluster node (Figure 4), and
later discuss variations.

The algorithm works independently in theX andY axes.
It first breaks up the network into intervals by projecting all
node boundaries, or edges, onto theX andY axes.Intervals
are the spaces between the “grid lines” created by these pro-
jected edges (theXi andYi in Figure 4). Thus, by definition,
intervals never overlap. However, since a node may occupy
more than one interval, node projections may overlap. For
example, in Figure 4, node C occupies two intervals in theY
axis:Y2 and Y3. An interesting effect of this use of intervals
for space management is that the north-south and east-west,
or relative,geometric relationships between sibling nodes
are always maintained, since nodes stay within their inter-
vals.

A scale factor for each node controls the node’s size.
Since the algorithm works independently inX andY, a sepa-
rate scale for each axis is needed, and the user can easily
control the size of a node by adjusting its scale factors. For
example, to enlarge node A in Figure 4, itsX andY scale
factors are increased together. Since the scales of nodes B
and C do not change in an absolute sense, but decreaserela-
tive to the scale factor of node A, nodes B and C shrink as
node A grows (Figure 5).

A scale factor is first computed for every interval. Each
interval is either a projection of (a portion of) one or more
nodes, or is an “inter-node” orgap interval. The scale factor
for intervals corresponding to a node projection is just that of
the node (e.g., when node A in Figure 4 grows, the scale of
intervalX2 increases along with node A’s scale). When the
projections of node boundaries overlap, as in the case of
nodes B and C on theX axis, the intervalX4 simply takes the
maximum scale factor of all the nodes that project onto it.
This ensures the size of the node does not exceed the sum of
the sizes of the intervals that contain it. IntervalsX1, X3 and
X5, with no nodes projecting onto them, are gap intervals.
Since these intervals also require space, a scale must be
defined for them; it could be fixed, equal to that of its neigh-
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boring intervals, or some other value. We chose a value equal
to the maximum scale of its neighboring intervals. The result
of this choice is that when a node grows, the surrounding
gaps also grow.

Given the scale factors of all nodes within a cluster, the
total amount of space requested by the cluster (in theX
direction) is:

(1)

where  is the normal length of the ith interval and  is its
scale factor. Space requested in theY direction is calculated
similarly. Intervals are used instead of node widths in(1)
because intervals never overlap and because using intervals
takes gaps as well as nodes into account.

As the nodes within a cluster increase in size, the cluster
node must also grow in order to accommodate its children.
This suggests the scale of the cluster node is “inherited”
from its children’s scales:

(2)

where  and  are the scale factor and normal length of
the parent inX.

The scale factor of and space request for each cluster
node is propagated upward in this way until the root node is
reached. Since the total amount of space is fixed (limited by
the screen size), the size of the root node cannot change so
the scale, , of each interval throughout the hierarchy is
divided by the scale factor of the root node, . The
zoomed length of an interval,  is just the normal length

 multiplied by the modified scale factor:

(3)

The length (and breadth) of the intervals containing a
node constitute the total space available to the node (the
zoom hole). The length of a node may not be equal to its
zoom hole because of differences in scale factor or aspect
ratio (see intervalX4 and node C in Figure 5), so the final
size of a node must be calculated separately:

(4)

where  and  are the zoomed and normal lengths of the
node. (  is the assigned scale factor for a leaf node and
is the computed factor for a cluster node.)

A cluster node can be resized by changing the scale fac-
tors of all the leaves within it uniformly. This produces a uni-
form change to the scale factors of all intervals, including

gap intervals.

After computing the sizes of the intervals and nodes, the
nodes are repositioned according to the location of their cen-
ter points. A node’s center stays at the same relative position
in its interval as the size of the interval changes.

Note that because(4) is developed separately forX and
Y, the zoom hole may not have the same aspect ratio as the
original node (Figure 5). Often, however, it is desirable that
the aspect ratio of a node should remain constant. To do this,
we simply apply the smaller of theX andY scale factors to
both directions. On the other hand, a node not requiring a
constant aspect ratio will simply occupy whatever space is

allocated.

One result of requiring a constant aspect ratio is occa-
sional inefficient use of space, i.e. larger than necessary gaps
between nodes. A second cause of such gaps is one node’s
projection being contained in that of another (node C in Fig-
ure 5).

Propagation
The algorithm as presented so far isglobal in nature:

changing the scale factor of any one node changes the sizes
of all nodes. Some users found the global change distracting
and desired a more local effect. Our first response was to
apply the algorithm only to a subtree of the hierarchy. By
treating the parent of the node being scaled as the root of the
hierarchy, only nodes below that point changed in size. A
major drawback is that in order to enlarge a node beyond the
size of its parent, the parent has to be manually enlarged first.
Since the parent acts as the root of the hierarchy, it will not
automatically grow to accommodate growing children. Thus
the amount of user interaction required in the local variant is
much greater than with the global algorithm.

We subsequently combined the global and local
approaches into ahybrid continuous zoom. As in the local
variant, the global algorithm is applied to the subtree rooted
above the node being scaled. However, when the node grows
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to some limit (in our current implementation, ninety-five per-
cent of its parent’s area) the algorithm is restarted with the
next highest ancestor as the root. That allows the node’s
growth to be propagated to its parent, but still keeps the size
changes limited to a subtree of the hierarchy. If the growing
node grows enough, eventually the subtree root will get
bumped all the up to the true root of the hierarchy, beyond
which no further growth is possible.

The ninety-five percent limit mentioned above is effec-
tively an upper limit on node size. A lower limit on node size
is also required, since it is useless to display representations
that are too small to comprehend or to have nodes to small to
pick with the mouse. The lower limit for each representation
is set at runtime in pixels, with the smallest possible size
being ten pixels square to support easy picking.

Sizing Based on Degree of Interest (DOI)
The basic algorithm sizing behaviour has some short-

comings: it will stop as soon as any node becomes too small
without checking the availability of space elsewhere in the
network. For example, while enlarging node A (Figures 4
and 5), node C may have reached its minimum size, while
node B is still larger than its minimum. In the basic algo-
rithm any further attempts to enlarge A will fail since C can-
not be shrunk any more. It makes more sense to use available
space from B to satisfy A’s needs. In other words, we wish to
“steal” space from any node that can afford it. Moreover, the
basic version opens a node to some predetermined magnifi-
cation factor; early user testing indicated a desire for more
optimal sizing in which the node would open to its maximum
size without extra user manipulation. Finally, given nodes
with similar representations, we want their relative sizes to
reflect their relative DOIs, visually cueing the user to their
relative importance [10]. Our ultimate goal is to automate
node sizing, to free the user from that task without in any
way limiting the user’s freedom to manually resize as well.

We achieve the desired sizing effect by augmenting the
basic algorithm with a two-stage calculation: we ensure that
there is at least enough space to satisfy the minimum
requirements of all requested representations, and if there is,
we distribute any remaining unused space based on each
node’s DOI.

To begin, the node/representation requests are sorted in
descending order of DOI. (The DOI of a parent is the maxi-
mum of its children’s DOIs) Then all leaf node potential
sizes are set to the minimum, or “closed” size, freeing up all
the potential network space.

To calculate the minimum network size required, we go
through the node list in descending DOI order. We set the
requested size of each node  to the minimum size of
the desired representation. The leaf’s scale factor  is then
simply:

(5)

and the minimum length of the cluster  is computed as
in (1). Bottom-up recursion computes the new minimum net-
work size. The final (root) minimum size request is com-
pared to the root window size. If there is insufficient space,
the algorithm stops, resetting the display to its previous con-
figuration and prompting for external intervention from
either the user or the system. (Such intervention may be a
change in representation type or closing an open node, for
example.)

If all minimum requirements can be met, any unused
space is allocated in a top-down recursive fashion, beginning
at the root, as follows. The amount of free space in the (clus-
ter) node ,  is calculated as

(6)

where  is the node’s size calculated at the previous level
of the top-down traversal (which starts with the fixed root).
Space allocation to the node’s children is on the basis of the
child’s DOI factor ( ).

(7)

The amount of free space assigned to each child is

(8)

and the child’s new scale factor  reflects this new size:

(9)

Given the scale factor for each child, we find the scale
factor for each interval that has nodes projecting on it by tak-
ing the maximum scale factor of the projecting nodes, as
explained earlier. The length of those intervals is then

. (10)

When the interval sizes are added up, they may be less
than the total space allocated to the parent node (due to over-
lapping children sharing the free space that was doled out).
The leftover space is evenly distributed among the gaps, then
the gap scale factors are calculated by plugging the desired
gap size and original gap size in(10) and solving for scale.
This differs from the basic algorithm where the gap scale
factors are more or less arbitrary.

Animation
An important goal of the continuous zoom is a smooth
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transition between views. After determining that the mini-
mum space requirements of each node can be met, and then
calculating and redistributing the free space, we have a com-
plete set of new scale factors for the nodes. Simply redraw-
ing the network with the new scale factors would result in
too abrupt a change in the appearance of the network. We
therefore animate the change by linearly interpolating each
scale factor between the initial and final values (computed as
above) and redrawing the network at each step. About five
steps seem to be sufficient to make the animation sufficiently
smooth (in the opinion of our users).

DISCUSSION

We are currently using the continuous zoom technique in
a prototype interface to a simulated network management
control system based loosely on power distribution and tele-
communications networks. The zoom is part of a larger
project to investigate the use of graphics and real-time rea-
soning techniques in intelligent user interfaces for supervi-
sory control [1]. While the networks in our current domains
of interest are typically very large (with thousands of nodes
and links overall), the usual number of individual points and
links with which an operator is closely concerned at any time
is in the tens or hundreds.

The smooth animation of size changes proved to be a sig-
nificant improvement over the abrupt transitions in our ear-
lier zoom algorithms. The zoom algorithm is sufficiently fast
(using a Silicon Graphics Indigo R3000 with entry-level
graphics) to give the appearance of continuous change for
modestly large networks (in which 50 - 100 nodes are cur-
rently visible, although the network may be much larger in
its entirety). Speed depends mainly on how many nodes are
visible, so it is possible to use networks with hundreds of
nodes. Since there is little reason to have hundreds of nodes
visible at once (they would be too small on a typical screen)
network size should not be a limiting factor in applying the
continuous zoom. The hybrid propagation scheme that
resulted from combining the local and global approaches,
essentially a “lazy” propagation method, proved quite satis-
factory. The animation does suffer from certain discontinui-
ties in motion; we are currently considering ways to correct
this.

The free space allocation to nodes based on their DOIs
can let some space go to waste. As stated earlier, overlapping
nodes can result in leftover free space which is currently dis-
tributed to the gaps. In cases where it is not required for
links, a better use of that space would be to somehow give it
to nodes.

We have not yet fully explored the issues ofscalability in
this technique: i.e., how many nodes (and links) can be use-
fully managed. Scalability concerns not only screen space
allocation, but also hierarchical structure and filtering or
node visibility. We are planning studies on how many levels
of hierarchy can be usefully employed to represent more
complex information spaces. An interesting approach is the
semantic zoomingdiscussed in Furnas et al. [19] in which
zooming affects not only the size of the area but also the
choice of what view is displayed.

The algorithm has no inherent limitations on depth or
breadth of hierarchy with respect to nodes. However, there is
little provision for links; at present they are treated as an add-
on, lines which are drawn between nodes. We are interested
in how hierarchical structures may be used to represent links
and how the algorithm may be extended to support space
allocation and navigation issues in thelink space as well as
in thenode space. Moreover, we need to examine network
hierarchy. For example, how do users perform with broad
shallow hierarchies as opposed to narrow deep ones? Also, is
it possible to generalize the hierarchy from a tree to a
directed acyclic graph?

Full filtering (in which nodes may be made invisible
when they fall below a certain threshold) is currently not
supported in the continuous zoom. Nodes are always acces-
sible, in that even if they are “hidden” within a closed clus-
ter, the path to them is always available. However, there are
applications in which it may be appropriate to screen out this
information on a dynamic basis (see the examples in [11]).
We are considering extending the zoom algorithm to allow
this by supporting dynamic network configuration, in which
nodes and links can be added and deleted “on the fly” to the
space allocation process and navigation structure. One issue
of concern in dynamic network reconfiguration and filtering
is the degree to which we can change the user’s display with-
out introducing disorientation, which may have undesired
effects in a highly stressful, time-critical environment.

The continuous zoom has been developed in close col-
laboration with researchers and experienced network opera-
tors from the power distribution and telecommunications
domains. Prototype testing on zoom variants with user
groups over several iterations has guided the zoom develop-
ment. Initial testing has involved both “naive” users and
experienced network operators, and the response has been
favourable, with most users commenting on the ease of navi-
gating the large information space using the combination of
detail-in-context views and direct manipulation interaction.
Experimental validation is very important in our work, and it
is something which is noticeably lacking from many of the
promising techniques reported in the literature ([16] and [19]
are notable exceptions.) Early experiments have shown the
efficacy of a fisheye approach to a standard full-screen zoom
approach in network monitoring and control tasks where
navigating the network information space is an issue [16].
Simple experiments proved the desirability of the hybrid
propagation technique over the local and global approaches.
Experiments have been carried out which indicate that the
continuous zoom in concert with intelligent assistance per-
forms well in a simulated supervisory control system domain
[2]. Formal studies comparing the current version of the
zoom to more traditional interface techniques in the types of
tasks our end users will be performing are in process at the
time of this paper.

CONCLUSION

The continuous zoom network viewing method provides
multiple focus points in context with flexible control over
node size. It supports efficient display reconfiguration with a



minimum of required user interaction but leaves the user in
full control at all times. Disorientation is minimized because
relative locations of nodes are preserved. This makes it supe-
rior to pan and zoom viewing, and other distorted-view tech-
niques for large information spaces in time-critical
applications. Hierarchical organization permits fast naviga-
tion through large networks, such as those found in supervi-
sory control system domains. Because it partitions the
network space into a hierarchy, the continuous zoom sup-
ports both the structural and associative thinking which Lai
et al. point out are essential components of information
searching [21]. In fact, Mukherjee et al propose a system of
multiple hierarchical views as a means of effectively repre-
senting intricate networks [20]. While their approach is
semantically based and does not support detail in context
viewing, it holds promise for constructingcompanion views
on additional screens which is the focus of our current
research [22].

We believe this new method meets the requirements set
out in the introduction for viewing/navigation tools for large
hierarchical nets in a real time environment. It provides mul-
tiple focus points in context with flexible control over node
size in a manner which reduces the interactive load on the
operator. In particular,one of the goals for developing this
method was to make better use of the space “left over” from
the basic algorithm (i.e. the first step of the method we
present here). We also wanted a visual enhancement of DOI.
Both these goals are effectively achieved by the modifica-
tions described in this paper.

Other applications which have been brought to our atten-
tion as prime candidates for application of the continuous
zoom are hypertext systems, software engineering visualiza-
tion, and on-line training programs. While our development
and application of this technique has been driven by prob-
lems related specifically to network management systems,
there is no inherent characteristic of the algorithm itself
which restricts it to network or graph structures. There is
current interest in using it in tree-structured applications
such as decision support systems and intelligent tutoring sys-
tems.
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