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This article presents a taxonomy for the user-visible Awmdow manager is a software package that helps

parts of window managers. It is interesting that there the user monitor and control different contexts by
are actually very few significant differences, and the separating them physically onto different parts of one or
differences can be classified in a taxonomy with fairly | more display screens. At its simplest, a window manager
limited branching. This taxonomy should be useful in provides many separate terminals on the same screen,
evaluating the similarities and differences of various each with its own connection to a time-sharing com-
window managers, and it will also serve as a guide for | puter. At its most advanced, a window manager supports
the issues that need to be addressed by designers of
future window manager user interfaces. The advan-
tages and disadvantages of the various options are aiso

many different activities, each of which uses many win-
dows, and each window, in turn, can contain many
. . iffe kinds of information in ing text, graphics,
presented. Since many modern window managers different . sof.m ormation including te t srap
allow the user interface to be customized to a large | and even video Window managers are sometimes imple-

degree, it is important to study the choices available. | mented as part of a computer’s operating system and
sometimes as a server that can be used if desired. They
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® cd
tmp)> cd Zusr
usr> cd Zusr/mizc/ ,X/man
jman>
mani/ man3/ man8/
jman> cd mani
manl>
X.1 resize,.l xdpr. ximpv, 1 . xtrek,1
biff.1 wm, 1 xdvi, 1 xinit,1 xrefresh,i  swd,1
bitmap.1 xclock. 1 xfax.1 xload.1 xset. 1 aelninfo.l
keycomp.i  xcolors,i xfd,1 xrwm, § xshell, 1 soum, 1
pikapix,1  xdemo,1 xhost, 1 xperfmon,1 xterm,i sawud, §
man1) 11
total 181
-rw-r--r-- 1 misc 16591 Apr 30 20:25 X.1
-rw-r--r-= 1 misc 2188 Apr 30 20:25 biff,1
-rw-r--r-- 1 mise 13633 Apr 30 20:25 bitmap,1 —_—
-rw-r--r-- 1 misc 5648 Apr 30 20:25 keycomp.1
~rw-r--r-~ 1 misc 3516 Rpr 30 20:25 =+ 4.
~rw-r--T-- 1 misc ég;g Apr I350 §0:25 spice
-rw-r=-r-- 1 misc 1 Rpr 30 20:2%5 ~Jul- .
i1 1 mise 5145 fpr 30 20:25 20-Jul-B7 11:15 Daniel, Klein@sei,cmu, edu Changing the TOC
-rw-r--r-- 1 misc 2421 Apr 30 20:26
et 1 mise €711 Aer 30 20:26 I;;Glgﬁutc:go"::rzhe #::ure and table contents in the regular contents, and
~rw-r=-r-- 1 misc 1023 Apr 30 20:26 *
-rw-r--r=- 1 misc 2736 Apr 30 20:26 ®odiFy(TableCounter, Table "Contents™)
-rw-r--r== 1 misc 1783 Apr 30 20:26 " . "
rrm 1 mise 2671 fipr 30 20126 WModify(FigureCounter, Table “Contents™)
-rw-r--r-- 1 misc 1526 Apr 30 20:26 -
1 1 misc 3805 fipr 30 20126 1 haven”t tried it, but it looks like it should wi
-rw-r--r-- 1 misc 2311 Apr 30 20:26
~rw-r--r-~ 1 misc 4360 Apr 30 20:26
-rw-r--r-- 1 misc 10720 Apr 30 20:26
-rw-r--r=- { misc 3472 fpr 30 20:26
-rw-r--r-- 1 misc 5002 Apr 30 20:26
1 misc 1053 Rpr 30 20:26
1 misc 2151 Rpr 30 20:26
-rw-r--r-- 1 misc 6411 Rpr 30 20:26
-rw-r--r-- 1 omisc 27590 Apr 30 20:26
~rw-r--r-- 1 misc 742 Apr 30 20:26
-rw-r=--r=-- 1 misc 2367 Rpr 30 20:26
-rw-r--r-- 1 misc 4192 Rpr 30 20:26 JEr e B
~rw=pr--re- 1 muc 9263 Rpr 30 20:26 spice/usrx1/dzg/odyssey’
-rw-r--r-- i om 2654 -’“l 9 13:57 Lrgpice/usrxi/dzg/odgssey’ (]
mmi) xwd -out /bup/wd dump

Figure 1. An example of a typical screen using the X window manager* with overlapping windows. Some

windows have title lines (the top-left window’s says *

‘xterm #2”’). The background, where there are no win-

dows, is gray. The small windows at the bottom are icons.

can even be implemented by individual application pro-
grams or programming environments.

Window managers have become popular primarily
because they allow separate activities to be put in phys-
ically separate parts of the computer screen. The user of
a computer is frequently shifting focus from one activity
to another, including such small shifts as changing from
editing one file in a text editor to editing another, and
such large context shifts as changing from compiling a
program to reading mail.

Before window managers, people had to remember
their various activities and how to switch back and forth.
Window managers allow each activity to have its own
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separate area of the screen (its own “window”). Switch-
ing from one window to another is usually very simple.
This physical separation is even more important when
the operating system allows multiple activities to oper-
ate at the same time (“multiprocessing”). For example,
in Unix, the user can compile one file at the same time
a different file is being edited. On a conventional termi-
nal, if the compiler process outputs any data, it is con-
fusingly interspersed with the editor’s display. If the two
processes request input at the same time, the user may
give the input to the wrong program. Window managers
help with these problems by providing separate areas in
which each process can perform input and output.
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Another advantage of window managers is that they
provide a higher level interface to the mouse, keyboard,
and screen, and therefore can support much higher qual-
ity user interfaces. For example, the window managers
on the Star'? and Macintosh® help support the meta-
phor that using the computer is like doing operations on
a physical desk. This higher level interface can also make
application code more portable from one machine to
another, since the same window manager procedural
interface can be provided on different machines. This
was an important motivation for the development of the
X window manager.*

Today there are a large number of window managers
in existence from many companies and research groups,
and more are being created all the time. In surveying
these window managers, it became clear that there are
many similarities between all of them, and the differ-
ences can be characterized on a small number of differ-
ent axes. (This survey was started at the Alvey MMI
Workshop on Window Management.”) Most of the
ideas seem to have originated at the Xerox Palo Alto
Research Center, including windows in general
{(Smalltalk®), pop-up menus,” icons (Tajo®’ and Star"?),
and tiled windows (Cedar!®"). Of course every window
manager has its own original aspects, but most of the
important features of the user interfaces of window
managers do not seem to vary markedly.

With the advent of the X window manager,* which is
rapidly becoming a de facto standard, the study of the
user interface component is becoming more critical.
This is because X and many other modern window
managers allow the user interface to be changed, while
still maintaining the same application interface. User
interface designers therefore are faced with not only a
choice for the user interface of their application, but also
for that of the window manager. It is therefore important
to focus on the different choices in the user interface
component of window managers. This article presents
a taxonomy of the choices used in existing window man-
ager user interfaces, along with some advantages and
disadvantages of each choice.

(At the time of this writing, Xerox, AT&T, and Sun had
just announced a portable window-manager user inter-
face called “Open Look,” which apparently will be
implemented on multiple-window managers, including
X *and NeWS." Open Look, which is based partially on
the user interface of the Xerox Star, is designed to match
the ease of use of the Macintosh, and thereby make Unix
systems more user friendly)

Definition of terms

The previous section defined “window managers”
and discussed the reason they are so popular. This sec-
tion defines some related terms that are important for
understanding how window managers work.

A window manager can be logically divided into two
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layers, each of which has two parts. The base layer imple-
ments the basic functionality of the window manager.
The two parts of this layer handle the display of graphics
in windows and access to the various input devices
(usually a keyboard and a pointing device such as a
mouse). The primary interface of this layer is to other
programs, and it is called the window manager’s appli-
cation or program interface. The base layer is not dis-
cussed further in this article. The other layer of window
managers is the user interface. This includes all aspects
that are visible to the user. Sometimes the base layer is
called a window system, reserving the name “window
manager’’ for the user interface layer. Since this article
deals only with the user interface layer, the term “win-
dow manager” is used here.

The two parts of the user interface layer are the presen-
tation, which is composed of the pictures that the win-
dow manager displays, and the operations, which are the
commands the user can give to manipulate the windows
and their contents. Figure 1 shows windows that demon-
strate different aspects of the presentation, including
patterns or pictures for the area where there are no win-
dows, title lines and borders for windows, etc. Examples
of the operations that may be provided for windows
include moving them around on the screen and specify-
ing their size.

One very important aspect of the presentation of win-
dows is whether they can overlap or not. Overlapping
windows, sometimes called covered windows, are a fea-
ture allowing a window to be partially or totally on top
of another window, as shown in Figure 1. This is also
sometimes called the desktop metaphor, since windows
can cover each other like pieces of paper can cover each
other on a desk. (There are usually other aspects to the
desktop metaphor, however, such as presenting file oper-
ations in a way that mimics office operations, as in the
Star office workstation."”) The other alternative is
called tiled windows, which means that windows are not
allowed to cover each other. Figure 2 shows an example
of tiled windows. The advantages and disadvantages of
each are discussed below. Obviously, a window manager
that supports covered windows can also allow them to
be side by side, but not vice versa. Therefore, a window
manager is classified as covered if it allows windows to
overlap.

Another important aspect of the presentation of win-
dows is the use of icons. These are small pictures that
represent windows. They are used because there would
otherwise be too many windows to conveniently fit on
the screen and manage easily. When a window is not in
use, it can be removed and replaced with its icon, and
later conveniently retrieved when needed. Figure 3
shows examples of icons from some different window
managers. The section on icons discusses the options
available for icons in more detail.

An important aspect of window managers is how the
user changes which window is connected to the key-
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Figure 2. A screen from the Cedar'®"

window manager. Windows are ‘‘tiled”’ into two columns. There is a

row of icons along the bottom. Each window has a fixed menu of commands below the title line.

board. Although there will typically be multiple win-
dows, there is usually only one keyboard for each user.
Therefore, only one window at a time can be attached
to the keyboard. This window is termed the listener, since
itis listening to the user’s typing. Another term for this
window is the input (or keyboard) focus. Older systems
called the listener the “active window” or “current win-
dow,” but these are poor terms, since in a multiproces-
sing system, many windows can be actively outputting
information at the same time. Window managers provide
various ways to specify and show which window is the
listener.

Most window managers use some form of pointer,
which is an input device that returns a 2D value used to
identify locations on the screen. Pointing devices are
typically used for specifying window size and position,
for selecting characters in an editor, for drawing lines in
a graphics program, and for transferring a picture (such
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as a map) into the computer by specifying points (this last
use is called digitizing). Examples of pointing devices are
light pens, electromagnetic tablets with pucks or pen-
like styli, touch-sensitive surfaces (touch tablets or touch
screens), trackballs, and mechanical or optical mice.™
Since the most popular pointing device for window
managers is a mouse, the term mouse will often be used
in this article to mean pointing device.

Light pens and touch screens are used for pointing
directly at the screen, but with the other types the user
moves a device on the desk or on a special surface, and
a small picture, called the tracking symbol or cursor, fol-
lows the movement on the screen. In many window
managers the picture for the cursor can be changed, but
a common picture is an arrow pointing to the upper left.

Pointing devices usually have one or more buttons. For
example, there are typically one to three buttons on the
top of a mouse. Some window managers allow the user

IEEE Computer Graphics & Applications
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Figure 3. Examples of icons from different systems: Sapphire,’® Macintosh,’ X,* Cedar,'” and Star." Some of
the X icons contain the actual text displayed in the window in a tiny (unreadable) font.

to press two or three times quickly to specify additional
commands. This is called multiclicking (for example,
pressing twice quickly is double-clicking). Window
managers may also support holding down keyboard keys
(such as the shift key) while pressing a mouse button.
This is often used to modify the button’s meaning.

The window manager versus add-ons

To compare window managers, it is first necessary to
establish the boundaries of discussion. A window man-
ager provides the basic service of managing different
windows on the screen, as defined above. In many sys-
tems, however, other services are also provided, and
these are often classified as part of the window manager.
By providing these services in a central place, the system
promotes consistency and makes applications easier. To
compare the window managers of these different sys-
tems, however, it is important to classify which aspects
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are being compared and which are considered add-on
services. This section discusses some of these add-ons
so that the rest of the article can concentrate on the win-
dow manager portion itself.

Some common add-ons are the following:

—

a typescript package (handles user typing)

2. entire editors

w

a graphics package for output {also called the imag-
ing model

. menus of various kinds
. forms (also called dialogue boxes)

. scrolling mechanisms

NSOy O s

. general tool kits (which usually include menus,
forms, and scrolling mechanisms)
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