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About the Title-Page I mages

The images on the preceeding page are views of a graph representing the Paris
Metro system. The vertices in the graph are the stations, and the edges are the
connections between stations. All images are screen dumps from the prototype
system described in this paper.

The upper-left image is a normal view of the Metro; the other images are
fisheye views of the Metro. In all graphs, the a priori importance (API) assigned
to each station is the number of connecting stations.

In the upper-right image, the sizes of verticesvary according to the API of each
station. The focus is the Montparnasse-Bienvenue station, displayed as a hollow
circle. The user selects afocus by clicking with the mouse.

In the lower-right image, the vertices that are close (using Euclidean distance)
to the focus station are magnified, and those far away are shrunk. In addition, the
locations of all vertices are changed dlightly in order to give the larger vertices
more space.

In the lower-left image, the focus station is changed to be Republique, and
the representation of the vertices is changed to one that displays the name of the
station, space permitting.

(The technica details for the images, the meanings of which is explained in
Section 4, are asfollows: In dl images, ¢ = 0.3, e = 0.3, and VWeutoff = 0. In
the upper images, d = 0. In the lower images, d = 2. All transformations are
polar.)

Of course, aseriesof static snapshotscannot do justiceto an interactive system:
You need to use your imagination to visualize how the upper-right image smoothly
transformed into the lower-right image, as the user moved a slider controlling the
amount of “distortion” from 0 to 2. Visuaize aso how the lower-right image
smoothly transformed into the lower-left image, as the user dragged the mouse
from Montparnasse-Bienvenue to Republique.
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Abstract

A fisheye cameralensisavery wide angle lensthat magnifies nearby objectswhile
shrinking distant objects. It is a valuable tool for seeing both “local detail” and
“global context” simultaneously. This paper describes a system for viewing and
browsing graphs using a software analog of afisheye lens. We first show how to
implement such a view using solely geometric transformations. We then describe
a more genera transformation that allows global information about the graph to
affect theview. Our genera transformation is afundamental extension to previous
research in fisheye views.

Categories and Subject Descriptors:
D.2.2 [Software Engineering]: Tools and Techniques-User Interfaces
H.5.2 [Information I nterfaces and Presentation]: User Interfaces—Interaction styles
[.3.6 [Computer Graphics]: Methodology and Techniques-Interaction Techniques

General Terms. Visudization

Additional Key Wordsand Phrases: FisheyeViews, Graph Layout, Information
Visualization, Interactive Graphics, User Interfaces.



1 Introduction

Graphswith hundreds of vertices and edges are common in many application areas
of computer science, such as network topology, VLSI circuits, and graph theory.
There are literally hundreds of algorithms for positioning nodes to produce an
aesthetic and informative display [2]. However, once alayout is chosen, what is
an effective way to view and browse the graph on a workstation?

Displayingall theinformation associated with the vertices and edges (assuming
it can even fit on a screen) shows the global structure of the graph, but has the
drawback that details are typicaly too small to be seen. Alternatively, zooming
into a part of the graph and panning to other parts does show local details but |oses
the overall structure of the graph. Researchers have observed that browsing alarge
layout by scrolling and arc traversing tends to obscure the global structure of the
graph [6]. Using two or more views— one view of the entire graph and the other
of a zoomed portion — has the advantage of seeing both local detail and overall
structure, but has the drawbacks of requiring extra screen space and of forcing the
viewer to mentally integrate the views. The multiple view approach also has the
drawback that parts of the graph adjacent to the enlarged area are not visible at all
in the enlarged view(s).

This paper explores a fisheye lens approach to viewing and browsing graphs.
A fisheye view of a graph shows an area of interest quite large and with detail,
and shows the remainder of the graph successively smaller and in less detail. It
achievesthis smooth integration of local detail and global context by repositioning
and resizing elements of thegraph. A fisheye lens seemsto have al the advantages
of the other approaches for viewing and browsing a graph, but without suffering
from any of the drawbacks.

A typica graph is displayed in Figure 1, and fisheye versions of it appear in
Figures 2—6. In the fisheye view, the vertex with the thick border is the current
point of interest to the viewer. We call thispoint thefocus. Inour prototypesystem,
a viewer selects the focus by clicking with a mouse. As the mouse is dragged,
the focus changes and the display smoothly updates in rea time. The size and
detail of avertex in the fisheye view depend on the distance of the vertex from the
focus, a preassigned importance associated with the vertex, and the values of some
user-controlled parameters. All figures in this paper are screen dumps of views
generated by our prototype system.

Our work extends Furnas's pioneering work on fisheye views [5] by providing
a graphical interpretation to fisheye views. We introduce layout considerations
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Figure 1: A graph with 134 vertices and 338 edges. The vertices represent major cities
in the United States, and the edges represent paths between neighboring cities. (Typically,
the edges would be annotated with the distance and driving time between the cities.)
The a priori importance value assigned to each vertex is proportiona to the logarithm of
population of the corresponding city. Fisheye views of thisgraph appear in Figures 2—6.

into the fisheye formalism, so that the position, size, and level of detail of objects
displayed are computed based on client-specified functions of an object’s distance
from the focus and the object’s preassigned importance in the global structure. In
Furnas's original formulation of the fisheye view, acomponent is either present in
full detail or iscompletely absent from theview, and thereisno explicit control over
the attributes controlling the graphical layout. Also, Furnas's work is oriented for
output on the (ascii) printers of that era; moreover, because components are either
present or missing, it would probably not have lent itself well to an interactive
system.

The next section defines the terminol ogy and conventionsused in the remainder
of this paper. In Section 3 we present aformal framework for generating graphical
fisheyeviews. Section 4 describesthe strategy we used to implement the prototype
viewer based on our formal framework, and Section 5 describes some aternative
implementation strategies we explored. Section 6 describes our prototype system.
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Figure 2: A fisheye view of the graphin Figure 1. The focusison St. Louis. (The values
of the fisheye parametersare d = 5,¢ = 0,e = 0, VWecutoff = 0; the meanings of these
parameters are explained in Sections 4 and 6.)

In Section 7, we describe logical fisheye views (of the sort that Furnas described),
and show how an implementation within our framework can be used for creating
them. In the remaining sections, we review other related efforts and offer some
thoughts on future directions.

2 Terminology

A graph consists of vertices and edges. The initia layout of the graph is called
the normal view of the graph, and its coordinates are called normal coordinates.
Vertices are graphically represented by shapes whose bounding boxes are square
(chosen arbitrarily). Each vertex hasaposition, specified by itsnormal coordinates,
and a size which is the length of a side of the bounding box of the vertex. Each
vertex is also assigned a number to represent its relative importance in the global
structure. Thisnumber iscalled the a priori importance, or the API, of the vertex.

An edge is represented by either a straight line from one vertex to another, or
by aset of straight line segmentsto approximate curved edges. An edge consisting
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Figure3: A fisheyeview of thegraphin Figure 1, with lessdistortionthanin Figure2. The
values of thefisheye parametersared = 2, ¢ = 0.5, e = 0.5, VWcutoff = 0.
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Figure 4: A fisheye view of the graph in Figure 1, with the focus on Salt Lake City. The
level of distortionisthe same asin Figure 3; only the location of the focus has changed.

The values of the fisheye parametersared = 2, ¢ = 0.5, e = 0.5, VWcutoff = 0.
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Figure 5: A fisheye view of the graph in Figure 1. Compare this to Figure 3, with
the same distortion and the same focus. Here, the important vertices are larger than in
Figure 3, but the unimportant ones are smaller. The vaues of the fisheye parameters are
d=2,¢c=0.75e = 0.75, VWcutoff = 0.
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Figure 6: A fisheye view of the graph in Figure 1, with unimportant vertices eliminated.
Compare thisto Figure 3, with the same values of the fisheye parameters, except for the
value at which unimportant vertices are eliminated. The values of the fisheye parameters
ared = 2,¢c = 0.5, e = 0.5, VWecutoff = 0.2. The verticeshave been made to appear larger
than verticesin Figure 3 by increasing the vertex-size scale factor defined in Section 4.



of multiplestraight line segmentsis specified by a set of intermediate bend points,
the extreme points being the coordinates of its corresponding vertices.

The coordinates of the graph in the fisheye view are called the fisheye coordi-
nates. The viewer’s point of interest is called the focus. Each vertex in the fisheye
view is defined by its position, size, and the amount of detail to display. Finaly,
each vertex in fisheye view is assigned a visual worth, or VW, computed based on
its distance to the focus (in normal coordinates) and itsa priori importance.

3 A Formal Framework

Generating a fisheye view involves magnifying the vertices of greater interest
and correspondingly demagnifying the vertices of lower interest. In addition, the
positionsof all verticesand bend points must al so berecomputedin order to all ocate
more space for the magnified portion so that the entire view still occupies the same
amount of screen space.

Intuitively, the position of a vertex in the fisheye view depends on its position
in the normal view and its distance from the focus. The size of a vertex in the
fisheye view depends on its distance from the focus, its size in the normal view,
and its APIl. The amount of detail displayed in avertex in turn dependson its size
in the fisheye view. We now formalize these concepts.

The position of vertex v in the fisheye view is a function of its position in
normal coordinates and the position of the focus f:

Pfeye(va f) - Tl(Pnorm('v): Pnon(f)) (1)

The size of a vertex in the fisheye view is a function of its size and position in
normal coordinates, the position of the focus, and its API:

Sfeye('va f) = TZ(Snorm('v): Pnorm(v)a Pnorm(f): API(’U)) (2)

The amount of detail to be shown for a vertex depends on the vertex’s sizein the
fisheye view and the maximum detail that can be displayed:

DT L jeye(v, f) = Fa(Sseye(v, f), DT Limaz(v)) 3)

Finally, thevisua worth of avertex depends on the distance between the vertex and
the focus in normal coordinates (found by examining the positions of the vertex
and the focus in normal coordinates) and on the vertex’s API:

VW(v, f) = Fa(Prorm(v), Pnorm(f), API(v)) (4)



Figure 7: An undistorted nearly-symmetric graph. This graph will be a useful basis for
understanding the fisheye transformationsin Sections 4 and 5.

One has to choose the functions F1, F>», F3, and F, judiciously to generate
useful fisheye views. These four functions express the relationship between a
normal and fisheye view in most general terms, and are the heart of the graphical
interpretation that we've introduced for fisheye views. In the next section, we
present the set of functions we used in our prototype system.

4 An Implementation Strategy

We experimented with a number of aternative sets of functions for F1, F», Fs,
and F4. This section describes the set of functions that produced the most ef-
fective fisheye views of the test graphs we used. In Section 5 we discuss other
implementation strategies.

Generating fisheye views is a two step process. First we apply a geometric
transformation to the normal view in order to reposition vertices and magnify and
demagnify areas close to and far away from the focus respectively. Second, we
use the API of vertices to obtain their final size, detail, and visual worth.



4.1 Computing Position

Transforming a point P,,,,., from normal coordinatesto fisheye coordinates, using
focus position Pyecys, requires usto implement the function 7, in Equation 1. We
map the z and y coordinates independently as follows:

Dnow—mc
Pfeye - <g (7) Drna:zac + Pfocusa”

Doz,
G (%’;—"‘) Drmaz, + Pocus, ) 5)
where G(z) = (d+ 1)z ©)
dz +1

Here, D,,.., i1Sthehorizontal distance between the boundary of the screen and
the focus in normal coordinates, and Dy, IS the horizontal distance between
the point being transformed and the focus, aso in normal coordinates. We divide
Drormg BY Dpae, SO that the argument to G is normalized to be between 0 and
1. Multiplying the results of G by D,,,., unnormalizes the “fisheye distance,”
so that adding the position of the focus (which is the same in normal and fisheye
coordinates) yields the fisheye coordinates. The meanings of Dinaz, aNd Drorm,
are similar, in the vertical dimension.

The constant d in function G is called the distortion factor. The function G(z)
is monotonically increasing and continuous for 0 < z < 1 with G(0) = 0, and
G(1) = 1. Thederivativeof G(z) is

d+1

9(@) = v 17

(7)
Thisindicates that for large values of d the slope of the plot of x versus G(z) near
z = Oisvery large. Thisresultsin high magnification. The plot has avery small
slope near z = 1 which causes high demagnification. A graph of G(z) ford = 0



and d = 5isasfollows:
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When d = 0, thenormal and thefisheye coordinatesof every point are thesame. In
our prototype system, the user can interactively modify the value of d. The effect
of atering d on the fisheye view can be seen by comparing Figure 2 to Figure 3,
and Figure 7 to the columns of imagesin Figure 8.

We call the mapping in Equation 6 the cartesian transformation. In Section 7,
we show adifferent transformation called the polar transformation.

4.2 Computing Size

We chose to preserve the square shape of the bounding boxes of the vertices in
the fisheye view. The new size of a vertex, determined by the mapping function
F» in Equation 2, isimplemented in two steps. The first step uses the geometric
transformation just found in order to compute the geometric size Sgeom (v, f) by
ignoring v's API. This mapping has the specia property that if no two verticesin
the normal view overlapped, no two verticesin the transformed view overlap. The
second step then uses Sgeom (v, f) and v's API to complete the implementation of
F>. However, the vertices may overlap after the second step.

The geometric size of avertex isfound by comparing the fisheye coordinates of
the vertex with apoint that is on the perimeter of the vertex’'s bounding box. To be
precise, let’s call the length of aside of the bounding box of the undistorted vertex
Snorm, @nd introduce another parameter s, called the vertex-size scale factor, that
the user will be able to control in our prototype system. We take a point that is
s - Snorm /2 away from the center of the vertex in the direction away from the
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Figure 8: Fisheye views of the nearly-symmetric graph from Figure 7 using a cartesian
mapping. Theleft column uses afocusin the northwest, and the right column uses a focus
in the southeast. The distortion increases from top to bottom: In thetop row d = 1.46, in
themiddlerow d = 2.92, and in the bottom row d = 4.38. Note that the thickness of each
edge varieswith the sizes of the verticesit joins.
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focus, and transform it to @ sy Using F1 in Equation 5. (Because magnification
decreases as we move away from the focus, taking a point farther away from the
focusrather than closer to the focusis conservative. It ensuresthat verticesthat do
not overlap in the normal view do not overlap in the fisheye view either.)

Now, the geometric sizeissimply

).

The minimum function keeps the bounding box square. The factor of 2 converts
back into the length of aside.
Finally, the function F» in Equation 2 isimplemented by

Sgeom =2 rnin(|62f(-3y(-3ac - Pfeyem| ) ereyey - Pfeyey

Sfese = Sgeomlc - AP’ ®

where the coefficient ¢ and exponent e are constants. In our prototype system, the
user can interactively control the values of ¢, e, and also s. Figures 3 and 5 show
the effects of varying these parameters.

4.3 Computing Detail

We chose to set the amount of detail that is displayed with avertex in the fisheye
view to be proportiona to the size of the vertex in the fisheye view. However,
the amount of detail for a vertex v cannot exceed the maximum available detail
DT Ly (v). Thus, function F3 in Equation 3 is as follows:

DT Lgeye(v, f) = MIN(DT Lypaz(v), S feye(v, f)) 9

where o is aconstant.

4.4 Computing Visual Worth

We chose to make visual worth of avertex proportional to the vertex'ssize. Hence
we implemented function F; as follows:

VW(v, f) :/BsfeyE(v:f)+’Y (20)

where 8 and v are constants.

Although our prototype system does not | et the user control the values of «, g,
and «y, the user can control the minimum level of visua worth that is necessary in
order for avertex to be displayed. Compare Figure 3 with Figure 6.

11



45 Mapping Edges

Straight line edges of the normal view are mapped to straight line edges in the
fisheye view automatically when vertices at their end pointsget mapped. The edges
with intermediate bend points are mapped by mapping each bend point separately.
Figure 8 demonstratesthe effect of cartesian transformationson asymmetric graph.
Notein particular that parallelism between linesisnot preserved, except for vertica
and horizontal lines.

Unfortunately, mapping just the end points of edges may lead to edges that
intersect in the fisheye view but not in the normal view. This artifact is quite
noticeabl e in the border between Washington and Idaho in Figure 11. Fortunately,
this problem is easily circumvented by mapping a large number of intermediate
points on each straight line segment individualy. Mapping many points on each
edgewouldresult in curved lineswith the property that if the edgesdid not intersect
in the normal view, the edges will not intersect in the fisheye view. However,
mapping a very large a number of points may not be computationally feasible for
real time response on current hardware.

Aswenoted, acartesian transformation hasthe property that all thevertical and
horizontal lines remain vertical and horizontal after the transformation. Because
of this property, our transformations are especially well-suited for layouts with
edges consisting of mostly horizontal and vertical line segments, for example
VLS circuits.

5 Other Implementation Strategies

Early users of our prototype system commented that transformati ons seemed some-
what unnatural, especially when applied to familiar objects, such as maps. Our
framework allows us to address this complaint by using domain-specific transfor-
mations.

Consider for instance, the non-fisheyeview of amap of the United States shown
in Figure 9 and a corresponding fisheye view in Figure 10. A more natura fisheye
view of such a map might be to distort the map onto a hemisphere, asis donein
Figure 11. To do so, we developed a transformation based on the polar coordinate
system with the origin at the focus. In this transformation, a point with normal
coordinates (rporm, ) is mapped to the fisheye coordinates (7 feye, ) Where

12



(d _I_ 1) Tnorm

Tmaz 11

Tmaz

Tfeye = Tmax

Here, rmq. IS the maximum possible value of r in the same direction as 6.
Note that  remains unchanged by this mapping. Figure 12 shows the polar
transformations on the nearly-symmetric graph from Figure 7. It isinstructive to
compare these mappings with the cartesian transformations of the same nearly-
symmetric graph in Figure 8.

Kaugars and Brazma describe a graphical fisheye viewer of graphs that uses
the arc tangent function to implement the function 3 of our framework [9]. Their
system always moves the focus to the center of the screen, whereas our prototype
preserves the position of the focus. Studies by Hollands, Carey, Matthews, and
McCann indicate that preserving focus position is important to help maintain the
user’s orientation [6].

Another factor contributing to the perceived unnatura ness of the fisheye view
is that the shapes of vertices remain undistorted and edges remain straight lines
(ignoring bend points). We could remedy this by mapping many points on the
outline of the vertex, and mapping a large number of intermediate points for the
edges, thus alowing the vertices and edges to become curved. However, in our
prototype system, we chose hot to do so, in order to achieve real time performance.

Figure9: An outlineof the United States

13



Figure10: A cartesian transformation of Figure9. Thefocusisat the point where Missouri,
Kentucky, and Tennessee mest.

Figure 11: A polar transformation of Figure 9. Asin Figure 10, the focusis at the point
where Missouri, Kentucky, and Tennessee meet. Notice the infelicity in northern Idaho.
The crossing lines result from the fact that the database represents the western edge of
Idaho as a single segment a ong the state of Washington; the eastern edge comprises many
small segments. This problem would go away if our system mapped every point in each
edge, or had the database represented the western edge of Idaho by multiple small (and
colinear) segments. See Section 4.5 for more details.

14
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Figure 12: Fisheye views of the nearly-symmetric graph from Figure 7 using a polar
mapping. As in Figure 8, the left column uses a focus in the northwest, and the right
column uses a focus in the southeast. The distortion increases from top to bottom: In the
top row d = 1.46, in the middle row d = 2.92, and in the bottom row d = 4.38. The
thickness of each edge varies with the sizes of the verticesit joins.

15



Fisheye Style Parameters

Type: @& Graphical O Semantic Vertex Size
Mapping: @ Cartesian O Polar

Distortion

APl Coefficient
APl Exponent

VW Cutoff 0.57

Vertex Style

Shape: O Rectangular @& Circular
Interior: @ Hollows O Solid
Details: © On @ Off

Data File: | packages/fishey DagData

Figure 13: The control panel of our prototype system.

6 ThePrototype System

Our system displays a fisheye view of a user-specified graph, and updates the
display in rea time as the user moves the focus by dragging with the mouse.
The graph is displayed in one top-level window and the control panel, shown in
Figure 13, is displayed in another top-level window. The control panel has sliders
and numeric type-in field that allow the user to control of the value of the distortion
factor d in Equation 6, the coefficient ¢, exponent e, and vertex scaling factor s
in Equation 8, and a cutoff point at which vertices and their incident edges should
no longer be displayed. The coefficient ¢, the exponent e, and the vertex scaling
factor s control the effect of the API of the vertices on the non-geometric part
of the transformation, while d affects the geometric part of the transformation.
The combined effect of these parameters on the graph in Figure 1 isillustrated in
Figures 2— 6.

The prototype is implemented in an event-driven style. Each time the user
moves the mouse while the button is held down, the system computes the new
focus position. The position, size, and detail of each vertex are then computed,
and the bendpointsfor the non-straight lines are mapped. Using the minimum and
the maximum vertex size, the system computes the visual worth of theverticesina
scalefromOto 1. Next, for each edge, if the visual worth of both of itsend vertices
are greater than or equal to the cut off point, then the edge is painted on the screen.
The vertices are then sorted in the non-decreasing order of their visual worth, and
those vertices whose visual worth is greater than the cut off point are then painted

16



in the non-decreasing order just computed.

The prototype system is able to maintain real time response on a DECstation
5000 for graphs of up to about 150 vertices and about 350 edges, such as that
shown in Figure 2. Computing the fisheye transformations takes an insignificant
amount of time compared to the time required for painting the graph.

7 Logical Fisheye Views

Our work follows from the generalized fisheye views by Furnas [5]. We will call
thistype of fisheye views as logical fisheye views as the latter seems more appro-
priate to us. Furnas gave many compelling arguments describing the advantages
of fisheye views. The essence of Furnas's formaism is the “degree of interest”
function for an “object” relative to the “foca point” in some “structure.” Our
notion of “visua worth” (see Equation 4) is nearly identical to Furnas's degree
of interest. The difference is that we have (thus far) described distance as the
Euclidean distance separating two vertices in a graph, whereas Furnas defined the
distance function as an arbitrary function between two objectsin a structure. Our
framework supports logical fisheye views by recoding the distance function used
explicitly in Equation 4 and implicitly by Equations 1-3.

For instance, consider the graph in Figure 14 and the graphica fisheye view of
itin Figure 15. Thedistance between verticesistheir Euclidean distance. A vertex
isdisplayed only if itsvisual worth is above somethreshold, and its position, size,
and level detail are computed using Equations 1, 2, and 3, respectively. A “logica”
fisheye view of that same graph, with the same focus, isshownin Figure 16. Here,
the AP is as before, but the distance function not geometrical; it is the length of
the shortest path between avertex and the vertex defining the focus, as proposed by
Furnas [5]. Noticethat in the logical fisheye view, each vertex iseither displayed
or omitted; there is no explicit way to vary size and level of detail. This causes
both space and time discontinuity in the information space, vertices appear and
disappear from the view as the viewer changes focus. In general, discontinuities
disturb the orientation of the viewer, and make navigation more difficult [10].

Recently Koike proposed atype of logical fisheye view, caled a“ Generaized
Fractal View,” that keeps the total number of nodes constant, and this constant can
be set by the user [7]. The utility of this method has not been established yet.
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8 Other Related Work

Furnas cites a 1973 doctoral thesis by William Farrand [4] as one of the earliest
uses of fisheye views of information on a computer screen. The thesis suggests
transformations similar to our cartesian and polar transformations, but provides
few details.

In 1982, Spence and Apperley [13] developed a technique called the Bifoca
Display for visualizing office information. Briefly, in their system the workspace
is a set of information items positioned in a horizonta strip. The display is a
combination of a detailed view of the strip and two distorted views, where items
on either side of the detailed view are squashed horizontaly into narrow vertical
strips. The Bifocal Display is the conceptual ancestor of the Perspective Wall
system described below.

At CHI '91, Card, Mackinlay, and Robertson presented two views of structured
information that have fisheye properties. The perspective wall [10] maps a large
linear information baseinto a3-dimensional visualization. The center panel shows
detail, while the two side panels, receding in the distance, show the context. The
cone tree [11] displays a tree in 3-D with each node the apex of a cone, and
the children of the node positioned around the rim of the cone. Nodes close to
the synthetic camera appears larger than those nodes far away from the synthetic
camera, thereby providing afisheye effect. Thetreeisalso rendered with shadows,
and transparency, and the tree can be rotated to bring nodes of interested to the
front of the view with smooth animated movement. Cone tree displays however
look cluttered as the number of nodes go beyond a couple of hundred, so other,
specialized, views of large trees may be more appropriate [8].

Also for viewing large amounts of data, it may be fruitful to combine fisheye
views with hierarchical abstraction. For example, related nodes in a graph can
be combined to form cluster nodes, and the member nodes of a cluster node can
be thought of as the detail of the cluster node, as donein the SemNet system [3].
Our framework of Section 3 allows oneto combinefisheye viewswith hierarchical
abstraction simply using a more sophisticated F3 function than we used.

Indeed, a recent experiment by Schaffer et. al. compared fisheye views to
traditional zooming on a hierarchically clustered network [12]. Subjects were
given a problem that required them to navigate a network and to reroute some
edges. The study found that using fisheye views significantly improved a user’s
performance. Userscompl eted thetask faster and with fewer unnecessary traversals
in the structure.
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We are aware of oneformal study that i nvestigated the efficacy of using graphi-
cal fisheye views (without hierarchy and clustering) rather than scrolling azoomed
image was done by Hollands, Carey, Matthews, and McCann [6]. Subjects |ocated
stations, selected optimal routes, and constructed optimal itinerary between sta-
tions on some imaginary subway network. The results of the study favors fisheye
views only slightly. The fisheye viewer used in the study moved the focal point
to the center in abrupt motion causing disorientation. We believe that repeating
the experiment using our prototype system would favor fisheye views more signif-
icantly for two reasons. First, our prototype eliminates the disorientation problem
by preserving the focus position and by updating the view in real time with smooth
transition between successive views. Second, our system provides the user with
more flexibility for controlling the view. For example, the viewer can control the
distortion factor, the vertex-size scale factor, contribution of the API towards the
visua worth, and the visual worth cut off point.

9 Summary

We fed that the graphical fisheye viewsisapromising techniquefor viewing large
structures. Our magjor contribution is to introduce layout considerations into the
fisheye formalism. This includes the position of items, as well as the size and
level of detail displayed. These are computed as a function of an object’s distance
from the focus and the object’s preassigned importance in the global structure.
As we pointed out, our framework encompasses logical fisheye views of arbitrary
structures (by changing the interpretation of “distance”).

It isimportant to realize that we do not claim that a fisheye view is the correct
way to display and explore a graph or any other structure. Rather, it is one of
the many ways that are possible. Discovering and quantifying the strengths and
weaknesses of fisheye views are challenges for the future.
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@ S0

Figure14: A graphwith 100 vertices and 124 edges. All edges point downwards. The API
of each vertex isrelated to itsdisplay level (e.g., theroot has the highest API of 8, node 33
has an API of 4, and node 86 has an API of 2).
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our prototype system and al so of this paper.

System and Videotape Availability

The prototype system described in this paper isimplemented in Modula-3 and is
available via anonymous ftp from gat ekeeper . dec. com It islocated in the
directory pub/ DEC/ Mbdul a- 3/ r el ease/ vbt apps.

You can find out information about Modula-3 in the Usenet news group
conp. | ang. nodul a3. If you do not have access to Usenet, you can be added
toarelay mailing list by sending a messageto n8- r equest @r c. dec. com

A videotape showing the prototype system in action is available upon request.
Send electronic mail to n8-r equest @r c. dec. com and request SRC Report
#84b. Be sureto specify what format VHS you prefer, NTSC, PAL, or SECAM.
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