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Abstract

In this paper we present a prototypal file manager, VEN-
NFS, that is designed to overcome some of the limitations
of the current desktop interfaces, that are strongly based on
hierarchical file systems. VENNFS allows users to place
documents and categories on a plane so that files may be-
long to multiple categories at once, where proximity on the
plane can represent similarity and time filtering is allowed.

1 Introduction

In this paper we present a novel interface that is designed
to help the user overcome some of the limitations inherited
by the classical hierarchical file system. In fact, common
desktop metaphors are based on top of hierarchical file sys-
tems that have become, far from being a help, a heavy her-
itage for any system that manages user’s interactions with a
computer.

Hierarchical file systems are, indeed, a natural, efficient
and economic way to organize data; nevertheless, their
structure restricts possible innovations aimed at making in-
formation retrieval as efficient for users as it is for machines.

Historically, when user interfaces moved away from
command-line interfaces and began to offer windows and
desktop metaphors, users were quite happy because of their
proved ability to reduce the time to learn the interface: not
a list of, often unpronounceable, words but few, coherent
and simple tasks with a pointing device (i.e. a mouse) on
a “desktop”. The choice of a desktop as metaphor is par-
ticularly effective since it refers to the common everyday
work in an office. i.e. something that it is easy to relate
to. The huge revolution of personal computing is directly
related also to easiness of user interfaces and, therefore, we
are not so ingenuous as to renegade the crucial importance
of such interface.

Nevertheless, we would like to propose the view that the

desktop metaphor is doomed to be a way to disguise a hi-
erarchical file system that offers to users the capability to
classify a document in one, and only one, “folder” (i.e. one
position within the hierarchy). Both multiple categories and
relationships among categories are ruled out by this kind
of interface. In a way, while surpassing in many ways the
visionary view of computing provided by Vannevar Bush
in 1945 [3], the contemporary revolution of personal com-
puting falls short (in terms of user interfaces) in reaching
the smoothness of the interface toward data envisioned by
Bush’s Memex.

Our proposal. The prototype we present here, VENNFS,
can be considered a first step toward presenting an interface
that reflects also the multidisciplinary work and scope that is
offered to users by currently available technology. In fact,
current storage devices allow personal computers to hold
tens of thousands of user files and, at the same time, the
“digital era” (i.e. ubiquitous hardware devices like PDAs,
cell phones, digital cameras, etc.) makes extremely easy to
generate quite a few files, even for moderately technology-
oriented users.

VENNFS allows the user to place documents and cate-
gories on a plane allowing files to belong to multiple cate-
gories at once, by using well-known and intuitive Venn di-
agrams to represent graphically each category. Placement
on the plane allows users to use proximity (between cate-
gories and files) to represent closeness and similarity. Fi-
nally, VENNFS also offers filtering files by time (i.e. by
the date when file was last modified). VENNFS is smoothly
interfaced with the underlying (hierarchical) filesystem: it
allows exporting to the file system as well as load/save.

Organization of the paper. In the next section we de-
scribe the problems generated by hierarchical file systems
and some related visualization systems. Then, in Section 3
we present the technique and the prototype and we conclude
with Section 4 with some final remarks.
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2 Hierarchical file systems

Limitations of the current organization of file systems
are well-known [12, 15]. Hierarchical file systems were de-
signed when technology offered storage devices that hold
few megabytes of data. In the meantime, disk density has
kept a quick growth: until 1988, it was increasing yearly
by 29%, to reach a yearly increase of 60% until 1996 [9]
and approaching a 100% per year later on [8]. As a matter
of fact, this growth looks even faster than the well-known
Moore’s law [14] for semiconductors.

Some solutions were proposed by software manufactur-
ers. Among the possible solutions, we name the “Object
File System”, where files are not necessarily hierarchically
organized and relay on a layer of data storing borrowed by
database technology. Object file systems were considered
by Microsoft [16]: an Object File System was part of the
“Cairo” operating system (later become Windows 95). It
was planned to be based on an SQL layer that would fa-
cilitate heterogeneous access to files. The idea was aban-
doned, probably because of concerns over having different
products lines for different file systems. Now, some sneak
previews of upcoming releases from Microsoft suggest that
such a feature, named WinFS (Windows Future Storage),
may be included in future versions.

File systems Visualization. Since number and size of
files stored on hard disks has increased so much, research in
visualization [19] has shown several attempts to ameliorate
the problems raised by the dimension of these (hierarchical)
file systems.

Visualization of a hierarchical file system was a motivat-
ing factor for Treemaps [18] that in the last decade was used
in different contexts. The technique visualizes recursively
a hierarchy by splitting a fixed amount of screen space into
rectangles and alternating horizontal and vertical directions.
Information Slices [2] offer a series of cascading semicircu-
lar disks. Each disk represent several levels of the hierarchy
and the user can have two disks shown at the same time.

Several 3D visual metaphors were also proposed. With
Information Pyramids [1], subdirectories are small plateaus
visualized above a larger one (the common parent directory)
with side that is proportional to the number of files or to
the files size. The overall impression is that the pyramids
grow as the hierarchy is descended. As an application for
3WPS, a 3D Web-based Process Visualization framework, a
3D filesystem browser was built [13]. The 3D scene is built
on-the-fly in VRML and can be navigated remotely with a
VRML browser.

In our opinion the main limitation of these tools is that
they provide an alternative, sometimes nifty, way of visual-
izing a hierarchical file system without providing extended
capabilities to user.

One of the few attempts to move away the desktop
metaphor by providing extended capabilities is LifeStreams
technology [6], used by commercial products like Scope-
Ware [17]. The main idea is to leverage on the sense of time
of computer users: the most important (and searched for)
documents are the most recent ones. In a way, the desktop
is arranged more like a diary of activities and related docu-
ments, by offering also textual search within the documents.
While aimed at the same problems we are tackling, Scope-
ware does not fully address the issue of multiple categories
and relationships between documents.

3 VENNFS

Our goal is to propose a technique and a prototype to
graphically organize files on a plane in such a way that (1)
each files can belong to multiple categories, (2) proximity
on the plane of files/categories can be used by the user to re-
late information and (3) filtering by time is possible. In our
opinion, by offering to users these 3 characteristics, VEN-
NFS can extend the traditional desktop metaphor based on
hierarchical file systems.

3.1 Main features

Multiple Categories. Our goal is to solve the problem of
documents that belong to several aspects of our work and
that, therefore, should be placed into several folders at once.
The technique we used is based on Venn diagrams [21]. Let
C be a collection of n simple closed curves drawn in the
plane: then C is an independent family if the intersection of
any combination of the interior or the exterior of each curve
is non empty. If each intersection is connected and there are
finitely many intersections, then C is a Venn diagram.

Visualization of Venn Diagrams is simple and intuitive
up to three sets: the construction outlined by Venn in his
paper for higher number of sets is quite not intuitive, though
more symmetric drawings were found more recently [5]. In
general, anyway, as the number of sets increases, so does
the visual complexity of the figure.

Therefore, we choose to restrict the visualization tech-
nique only to ellipses that represent categories (i.e. sets)1.
With ellipses, it is possible to represent all the intersections
of up to 5 sets but construction for 4 and 5 sets are rather
complicated [7]. We argument that this restriction does
not represent a noticeable limitation to the average user but
makes the tool quite simpler and immediate to use.

A final remark is needed: symbolic links offered by file
systems do not represent a suitable solution to our problem
since they represent a solution for a single document and
the approach is neither systematic nor visual (i.e. intuitive).

1In this version of the prototype, ellipses cannot be rotated. Rotation
will be introduced in the next version.
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Moreover, links are difficult to trace back from the original
document and therefore it is complex to change the folder
which the document belongs to: all the links pointing at the
document should be changed at once.

Relating by proximity. By placing the documents on an
easily navigable plane (see next subsection), we facilitate
the user to set data relationships as spatial relations by rep-
resenting closeness of argument (between categories as well
as between documents) by means of proximity in the plane
provided by VENNFS. In a way, we encourage the user to
leverage on his own spatial abilities, by placing related cat-
egories close to each other. An interesting consequence of
using distance to relate documents is that filtering by argu-
ments is implicitly obtained by zooming on the region and
zooming in/out to get at the desired level.

We may say that, by using VENNFS, the user can draw
the environment represented by the (unstructured) corpus
of his/her own documents, place documents into (possibly
multiple) categories and relate categories by proximity: the
task of information retrieval for the user is made easier by
building a cognitive map [20] of this environment. Since the
environment is created by the user himself, the internalized
analogy in the human mind of the physical layout (created
by using VENNFS) becomes easier to grasp. In a sense, one
may see VENNFS as a way to make a cognitive map of its
documents explicit and browseable.

Since it is known that the identification of landmarks
helps the navigation [4] as well as learning and memoriz-
ing [10], VENNFS also allows to place landmarks (diamond
symbols � that do not correspond to files) on the plane. Nav-
igation aid is provided by the list of landmarks (shown on
the left panel) that allows the user to reach quickly each
landmark by double-clicking on landmark’s label.

An interesting characteristic is that the 2-dimensional
plane offered by VENNFS looks (to the user) “infinite” and
without clear boundaries (i.e. it stretches as far as the user
wants) but, at the same time, by using the overview function
(described later), it is easy to move to a viewpoint that allow
to encompass all of it within one sight.

Notice that, unlike other techniques (see for example
[18]), no space-filling strategy is used since we relay on the
distance as an additional instrument for the user to relate
between categories/documents.

Filtering on file time. Since accessing data is usually per-
formed by task, usually documents accessed recently are
probably going to be accessed again soon. The importance
of the “time” coordinate is well recognized in commercial
products (see Scopeware [17]).

Therefore, VENNFS, first, provides an indication of how
recent is the file, by using an easily interpretable metaphor:
recent (i.e. recently accessed) files are “hot” (i.e. red) while

old files are “cold” (i.e. blue) with intermediate colors to
represent intermediate age.

Then, it is important to allow filtering over the time by
showing only the files whose last modification date is below
a given date. The filtering is obtained by moving a slider
between the date of the oldest file and the date of the newest
one.

3.2 A presentation of the prototype

Several important functionalities are briefly de-
scribed here (for more details, see VENNFS website
http://isis.dia.unisa.it/projects/vennfs).

Figure 1. VENNFS’s start-up.

As VENNFS starts, after the splash screen, the initial
screen shows an empty “desktop” on the right , a left
pane (with three tabbed panes) and few simple menus (see
Fig. 1). The tabbed panes on the left are “Overview”, that
allows navigation and placing/jumping to landmarks, “Fil-
ter&Zoom”, that offers filtering by time, and “Details” that
offer information (as well as editing) about categories and
documents. These three tasks obey to Shneiderman task
by data type taxonomy [19], as well as fully reflecting his
Visual Information Seeking Mantra “Overview first, zoom
and filter, then details-on-demand”. The menus offer set-
ting preferences (“VennFS”) and exporting to a hierarchical
file system (“HFS”).

Creating categories and adding files. Creating a cate-
gory is done by tracing on the plane with the right but-
ton. The result is an ellipse with default color and name:
the color and the names of the category that is selected
(showing a small movement by a smooth animation) can be
changed in the “Detail” tabbed pane (see Fig. 2) and push-
ing the “Apply” button.

Files (as well as directories) are added by simply drag-
and-dropping them on the corresponding set. Each file is
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Figure 2. The three tabbed panes: Overview (left), Filter
(center) and Details (right).

represented by a small square, that is colored depending on
its relative age, among the files currently inserted. Both for
category creation and file adding, VENNFS asks for confir-
mation with Accept/Cancel buttons.

Navigation: zooming, overview, landmarks. The cate-
gories are placed on a plane and the camera (i.e. user’s point
of view) can move along the plane but also along its orthog-
onal to allow an overview of a larger part of the plane.

Navigation is possible with several tools. First of all,
by “grab-and-move” with mouse middle button, one can
move in any direction. Then, a category can be selected
by double-click and the point of view is moved so that the
category is in the middle of the screen and the camera is
at the same distance from the plane as when the category
was created, in order to preserve the context that was shown
when the user created the category. Zooming is allowed
by using the mouse wheel. A particularly useful tool is the
zooming-by-context: the user can select a rectangular area
on the plane and the camera is moved so that the area is
shown at full size.

Then, an overview button is provided with a home icon
(shown in Fig. 2 (left)) that allows to move the point of
view so that all the categories can be viewed together on
the screen. To allow a (primitive) focus+context aid, we
added a back button (that, in this version, works only after
an overview) to go back at the camera position before the
“Overview” was requested.

Landmarks can be placed anywhere in the plane: they do
not correspond to files and have a label. By typing the label
in the “New Landmark name” textbox (in the “Overview”
tabbed pane, in Fig. 2 (left)) and pushing “Add landmark”,

the user can, then, click on the plane to place the landmark
and its label is shown in the “Landmarks list”. It is possible
to quickly navigate to the landmark by double-clicking on
the landmark name in the list.

Filtering. By the “Filter&Zoom” tabbed pane (Fig. 2
(center)), files can be filtered on their last modification time,
by using the slider whose extremes show the oldest modifi-
cation time and the most recent one among the files inserted
in all the categories. Filtering makes the little square that
represents each file fade away.

Exporting to the file system. VENNFS allows a certain
degree of integration with the underlying file system. In
fact, it allows exporting the current categories and files on
an ordinary (i.e. hierarchical) file system: categories are re-
placed by directories, files are links to the actual file and
files belonging to multiple categories are present in each
category (as links). It is also possible to save/load the cur-
rent diagram. The export operation occur in the directory
that can be set in the “Settings” panel by the VennFS menu.
In the same panel, the user can set the length of the file-
names written on the plane.

3.3 Implementation details

VENNFS was developed and tested in Microsoft Win-
dows 2000/XP on an ordinary PC with an OpenGL 1.3 ac-
celerated graphic board (such as ATI, NVidia, etc.).

In Fig. 3 we show an example of VENNFS. Several cat-
egories, meaningful for a PhD student in Computer Graph-
ics, are shown with few files. Notice that ellipses represent-
ing the categories are smaller than they would be in reality,
since we wanted to present all of them in one screenshot. In
Fig. 4 we show how the details for categories and files are
shown.

Graphic boards and OpenGL. Graphics boards cur-
rently offer a substantial amount of machine cycles to per-
form tasks that used to be performed by the processor itself.
Moreover, some effects (like alpha-blending) that were rele-
gated to special-purpose software (entertainment, CAD) are
now available (for free) on our everyday personal computer
via a graphic board.

In VENNFS we exploited such new features (alpha-
blending, scaling, camera effects, smooth transitions etc. . . )
so that the interface offered is more dynamic and support-
ive toward the users. As an example we can cite VEN-
NFS’s “smooth zooming” effect [19] used to change context
(switching among categories) without disorienting the user.
Also “category selection” is visualized by using a smooth
animation (offered by the graphics board).

Exploiting graphics hardware also allows to solve (by
hardware) classical geometrical problems [11]. In VENNFS
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Figure 3. Several categories (with a certain overlap) are built around the landmark “Computer Graphics”. A paper on Path Tracing
(PathTracing.pdf) belongs to two categories: Montecarlo e Global Illumination. Also notice how files that belong to OpenGL
category are “closer” to the “Development” landmark, that is also close to files relevant to programming.

we used graphics hardware to perform the “category selec-
tion” without using additional data structures: picking calls
(like glPickMatrix()) offered by OpenGL [22] allow
our program to get all the sets under the point clicked by the
user.

4 Conclusions

We may say that, as users left the command line to em-
brace a WIMP (Windows, Icons, Menus, Pointing devices)
interface, they were given the capability of accessing a hi-
erarchical file system from multiple windows at once. Now,
our VENNFS extends and facilitates management of files
that belong to multiple categories, helps user orientation
among numerous documents and allows filtering on de-

mand.
Being superimposed (as an interface) to a hierarchical

file system our tool allows the user to place in each cate-
gory only those documents that are really meaningful i.e.
that contain information and not only data. In fact, often
several auxiliary files (like log files, backup copies, etc.)
are automatically created with the “master” document and
placed into the same folder: their explicit presence can only
distract the user from his/her task since their role is deter-
mined/needed by the software and not by the user.

Future work. The prototype VENNFS is currently be-
ing modified in order to offer smoother interactions with
users. Version 1.0, described here, as well as any new ver-
sion, some documentation and examples are available on
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Figure 4. The details shown for a category and for a file
selected on the list.

http://isis.dia.unisa.it/projects/vennfs.
Among the characteristics currently under develop-

ment, we are working to allow cut&paste facilities,
files/categories moving from one place to another (as well
as changing the size of categories), a fully fledged history
and more intuitive details-on-demand on a file by interact-
ing on its graphical representation.

While polishing up the prototype, we will be consider-
ing further extensions of VENNFS in three dimensions and
by using arbitrary shapes (not only ellipses) for the cat-
egories. Another possible extension could be to include
evocative images in the background, that can help orientat-
ing the user in placing categories and files. Several appeal-
ing perspectives can be foreseen along these directions, as
well as potential problems in the complexity and usability of
the interface. It can be also interesting to provide VENNFS
functionalities in a cooperative setting, allowing to create a
shared repository of files that can be accessed from a remote
location, maybe through a standard web browser.
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