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The principal designer of the Sapphire window manager
talks about its icons and user commands
in this tutorial on the screen aflocation package.

The User Interface for Sapphire

Brad A. Myers

University of Toronto

gapphire {(the Screen Allocation Package Providing
Helpful Teons and Rectanguiar Environments) is a very
powerful window mansger running on the PERQ persons]
workstation.t The PERQ has & high-resolution screen and
special hardware to display graphics quickly. Sapphire was
designed to support program development in the Accent?
multiprocessing operating system. Companies ((GEMs) that
purctiase PERQs may also use Sapphire in their final pro-
duots, so unlike sueh other window managess 3s Star,? Sap-
phire must be general purpose and highly flexible. Sapphire
is now used by quite 3 large comemauity at PERG Systems
Corporation, Carnegio-Mellon University, and elsewhere,
o It supports a full implementation of the covered window
- paradigm (where the rectangular windows can overlap Jiks
' picces of paper on & desk), which 3s deseribed in another
arficte.* In Sapphire, windows can cover each other and can
extend off the screen in any direction (and may be extirely
ofiscresn).

All window managers can be logically divided iato three
functions: (1) the implementation of the low-level graphics
primitives (which includes’ preventing graphics from
shiowing through covered portions), {2) the presentation of
piopures to the user by the window manager (such as win-
dow titie tines and icons), and (3) the operations that allow
the user to mamipulate windows. The latter two fuactions of
& window manager are collected under the heading User fn-
terface. Thiy article presents the user interfuace of Sapphire
and explains why it is novel and appealing. First, however,

some background matecial i3 incladed for those who are not

o famiBiar with window managers,
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Background

Personal workstutions. Interest in window management
systerns bss expanded with the proliferstion of personal comx-
puters. Personal workstations are personal computers that
are used by only one person at 3 time but provide far more
power than typical home computers. A personal workstation
will ususlly have s processor that can cxecute ovwer ong
million instructions per second, a hard disk that can hold over
20 million bytes of data, 4 memory of at least one million
bytes, some number of input/output options, such as RS-232,
Ethernet, IEEE 488, floppies, eic., and 2 high-performance
screen that is capable of graphics. Most personal workstations
currently use high-resolution Wit-map scyeens {abowut 800 %
1000y where cach point on the screen (called 2 pived) is
associuted with one bit of memory. Bach pixel can be cither
on or off (white or black). Many personal workstations have
somwe sort of bardware that allows screen operations to yun
swiftly, and some offer color screens as an option.

Most personal workstations yun an operating systern, such
as Unix,* that allows the user to run a number of different

obs (sometimes called processes) at the same time. For ¢x-

ample, the user might specify that 3 compilation should con-
tinue to run (in the background) while the user enters the
editor to work on a different file. Even with the high perfor-
mance of a personal workstaiion, there will unfortunately
always be jobs that cannot be processed instantly (l.e., fust

.. enough so the user does not notice the delayy. With

multiprocessing the nser does not have 1o wait idly for jobs
to be finished, o Bme can be used more effectively.
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Window managers, If a user nins more than one pracess
in Inost conventional systems, the input and output from the
various processes can be confusingly intermixed on the
sereen. For example, the outpwt from one process may ap-

- pear while another process is listing a file and be missed en-

tively, or the output night appear while runaing & screen
editor o1 a graphics program and thereby mess up the screen.
When two processes request input at the same time, theuser
may give the input to the wrong program. A window manager
solves these problems by simulating several terminals on the
same physical soreen. The input and output for the different
“virtual terminals” 1s kept separate by the window manager.
Bach of the virtual teeminals is called a window. This i 2
simplification, howsver, since windows aré also vsad in many
other ways. There are several kinds of window managers,
differentiated by where they allow windows o be and how
the user congrods the windows. Al have as their basic goal
allowing the user io control a number of separate activities
more easily.

Since there is only one keyboard, but mitiple windows,
it is clear that there must be some way to identify where typ-
ing is directed. Some window managers call the window ac-
cepting jupnt the gorive window, bt this is often confusing,
since many windows rnay be actively displaying output at
the same time in such window ruspagers as Sapphice.
Therefore, in our system we coinied the term Listener to refer
to the window accepting typiug, since it 3s ““hstening’ to
the keyboard. The user is provided with mechanisms for
changing the Listener so it is possible to tafk to any process.

The covered window paradigm. Almost al} witidoyw
managers require that windows be vectangular, A very sim.
ple window manager might divide the screcn hos rizentally
and/or vertically into some rumber of sections of fixed sizg,
The next level of complexity {s to have a number of variubie.
size windows that are not allowed to overlap. For example,
the Cedar enviroument® feora Xerox PARC CSL allows wig.
dows to be any height that fits on the screen in two verticy
columns, This technique has several advantages: It can yeadily
creats windows and control their placement awtormnatically,
and it can implement graphic operations more easily. A prob.
lem in 8 nonoverdapping system is that it may be difficul
for the user to-get a window big cnough to present sufficiens
contextaal information to ascomplish the task easily. Imaging
rying to edit 3 file when you are only allowed v see three
or four lines at z tivae! Even i it 15 possible to change 4 wip-
dow's sive and location, the user may feel severely restricted,
siice windows cannot be oveddapped.

Several window managers allow the windows 10 overlap
on the soresn. The windows caw be thought of as pisees.of
paper, and the screen can be thought of as a desk.” Thus 4
window may be oo fop of ansther window, just as oae picce
of paper may be on top of another picce of paper. The win.
dow that is behind is covered by the window on top, and
the parts that are underncath the top window do not shiow
through (see Figure i), There is & total ordering imposed
on all the windows where windows higher in the order cover
windows that are {ower. Windows that do not interact ame
still ordered. The top window is not covered by any win-
dows, and the window that 15 most covered is sald to beon
the bortom. Windows may wso extend off the screen in any
direction, with the parts not o the screen simply not show-
ing. The covered window paradigm was developed at Xerny
PARC for DLisp” apd Smalitalk.®

The advantage of this technique is that there can be 4
nutnber of large windows that would not all fit on the screen
if they were tequired to be side by side. The user can thon
rearrange these windows as needed to wake the window of
interest visible, The disadvantages are that the coversd win-
dow scheme s fairly difficult to implement, and the sereca
may become cluttered if there are lots of windows. Clearly,
a window manager implementing a covered window
paradigm can simulate one without covered windows, if the
user. prefers.

Manipulatien. For a covered window scheme to be nsed
easily, theuser must be able to manipulate the windows readi-
fy. At a minimo, ths oser should be able to brifig a specified
window, which may previously bave been covered by athet
windows, to the top. The user must also have some way of
specifying which window should be the Listener. Othier
opergtions that ave vseful are the ability to move a window
arcund the screen, to change ity size, and to send it o the
bottom, The last is often used to locate & window that 3s totally
coveréd by other windows. The typical way to find the win-
dow in many window systems is to send other windows fo
the bottom until the desived window appears on top.

Some window managers require that the Listener window

Figure 1. Three Sapphire windows. Window W3 is covering win-
dow W2, and both windows W3 and W2 are covering W1 Wiison
the “boltom” and W3 is on the “top.” W2 has.a gray border to
show that it is the Listener (accepting user inpat). :

always be on top. From an implernentation point of view,
this is not mecessary. If the window manager supports out-
put to windows that are covered, allowing the Listener to
be covered presents no additional difficulty . The user muight
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have the Listener window full screen, for example, yet want
w0 wopy s information from some other, sialler, win-
= dow, The smatier window conld then be hrought 1o the top
for mspection, while jyping continued 1o the Listener, which
svould gow be partially covered.

Display. Oue of the difficult things fo buplement in a
covered window system is the display of text and graphics
in windows that are partially covered. The covered window
system must ensure that the text and graphics for one win-
dow wre not displayed 10 the parts that are covered by other
windows, Some systetns handle this problemt by requining

tire visible portions onto the screen. This regnires that the
display operations be done twice, once to the offscreen buf-
fer and then once o the screen (for portions that are visi-
ble). To avoid this overhead, Sapphire and the Blit terminal*®
divide the sureen window into rectangles that may be cither
covered or visible. For the visible rectangles the output is
directed to the screen, but for the covered rectangles the out~
put s {optionally) directed to an offscreen buffer. This off-
screen buffer i then used to regeneyate the picture i the win-
dow becomes uncoversed.,

Pointing device. Most personal workstations come with
some forn of pointing device, which s 4 two-
dimensional vaipe that allows the user to dentify Jacations
on the screen by simply pointing to thern. The pointing device
may alse be used for specifying window size and position,
for identifying characters in an editor, for drawing itnes in
& graphics program, and for transferring a ploture (such as
a map) fnio the computer by specifying points (this is called
diginizingy. Examples of pointing devices {see Figure 2} are
Bgbipens, elsctromagnenc tablets, touch-sensitive surfaces,
and mechanical or optical “mice.”™! Light pens are used by
pointing directly to the screen, but the user moves the other
devices on the desk or ona special surface, and 8 symall pic-
mre (the acking symbel), follows the movement on the
sereen. Some touch-sensitive surfaves are sctually mmovated
directly on the soreen, but these usually have tacking sym-

that the windove getting output never be covered. Other
systems, such as the Lisp Maching,® handle this by sending-
ail the nutput to special offscreen buffers and then copyiag

bols too. In many personal workstations the picture for the
cursor can be changed, but 8 comunon pICtre 18 an wrrow
pointing to the uppey left (Numwber 1 ia Figure 7).

Many poluting devices can be operated in two modes: ab-
solute and relative. In absolute mode the position of the point-
ing device on a special suriace specifies where the tracking
symbol will be on the screen. For example, if the pointing
device is in the upper left corner of the surface, then the track-
ing symbaoi will be in the upper left corner of the screen.
In relative mode the actual position has no imeaning; only
movemests ave oportant, Thus, no matter where the track-
ing symbol {s, putting the pointing device on the surface and
moving it in sowe direction will move the tracking symbol
by @ propurtional amopat in the same direction. Relative
mode is preferred by many users, since only u portion of
the surface needs o be wsed {or accessibie).

Such devices as yaice can only provide relative wode. Ab-
solute mode, bowever, is necessary for digitizing and other
applications. A device that provides absolute mode can
simuiate relative mode fairly easily in software.

Pointing devices often have one or more buttons. (There
are typically ong to thrse buttons on a mouse.) Blec-
tromagnetic {ables come with a pen {called a styluy)y with one
buttor (pressiag down on the pen tip i3 iterpreted a8 o bt~
ton pushy or & three-to-25-button puck {see Figure 2J. The
buttons on these devices are usually pressed by the sser to
iell the computer that the currert position of the poiating
device should be interpreted in some wiy. & common way
to ientify a window, for example, is to move the pointing
device until the tracking symbol is over the desired window
and then press one of the buttons.

Icoms, Bven with the operations specified abave, it is
sometimes dufficelt to roanage 3 large number of windows,
The screen gets clottered, and finding a desired window is
very difficult. feons were fost used as 8 way of representing
& window by Nerox in the Star.® The Apple Lisa'? and Macin-
tosh use fcons in ossentinfly the same manner. The window
seems to have been “shouak ™ down until only i3 icon is visi-
ble. {In Sapphire the fvon and the window exist at the sarae
time, as will be explained tuter. This differs from the opera-
tion of icons ir the Star and Lisa.) The icons at Xerox and

Figure 2. Examples of different pointing devices. Thesz gre aot.drawn to scale. The first is a typical three-button
raechanical or optical mouse. The second is a stylus on an eleciromagnetic tablet, and the thivd is a four-button puck,

which operates on the same type of tablet.
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Apple are typically little pictures, about the size of a postage
stamp, that atiempt to represent picforially the precess rag-
ning in the window {see Figure 3). For example, a mail pro-
gramt might be represented by a picture of 4 maitbox. Whea
finished with the mail progran, the user gives a conumand
that sbrinks the mail progrant’s window down to its icon,
The window is no longer on the screes, and the Hitle icon
is neatly put out of the way st the edge of the screen. When
the mail program is needed again, the user golnis fo the icon
for the mail program (using the pointing device) and gives
some conumand. Icons can also represent such static objects
as documergs, and moving ose of these to a process icon
causes the process to operate on the object. Icons heip users
understand Bow {o operate the system biecause they are
metaphor of the real world. Saving a file in a directory i
presented as puiting a > ‘docurment” icon ina iolder” icon
in g ““file cabinet™ icon. As explained balow, Sapphire views
icons differently and has greatly expaaded their functionali-
ty. so they can be used for multiple process monitoring, as
well as for window control.

Presantation of Sapphire windows

Windows in Sapphire usually have title lines and bordegy
(see Figure 1), Application progearus mmay create windinwg
without sither, but the borders are useful for showing whegs
the windows ate, and the tite lines ave useful tor displaying
status informutivn. For example, in a maltiple divectory
system sueh as Unix the title lae might contain the cumrent
directary. A window muaning the compiler might have the
version number of the compiler and the name of the file be.-
ing processed displayed in the title line. The title line is showy
in reverse video at the top of the window (Figure 1)

It is important that the user be able to easily determing
which window s the Listener. Other systems simply iden-
tify the Listener by which window contains the tracking sym-
bad. Since Sapphire does not change the Listeaer when the
pointing device & moved, some graphic methad is needad,
Sapphire shows the Listener by changing the border from
3 single hairline to two hairlines surrounding a gray drea {see
W2 in Figure 1). Many other systemns show she Listener by

Figure 3. Samples of icons used in the Apple Macintosh computer.
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niply Wighlighting the tide Hue in some manney, bug this
hes the disadvantage that if the entive top of the Listenex’s
window Is covered or offzereen, there is no visible indicn-
tion. Also, highlighting the entire border seems to make the
Listener easier to find when scanning the screen. Another
advantage of highlighting the border rather than the title line
is that alrsost all windoves will have borders, but aq applics-
tion may create a window without a title line if no status in-
formation 1§ necded {and Sapphire does allow thiz). In s
case, you still want to know if the window is the Listener
or aot.

loons

The icons in Sapphirc are very different from the icons
tee Lisa or the Star. fcons were introduced on the Star primari-
1y to make the operations oa the computer seem more like
the corresponding operations in the office envivonment, and
thereby make the system easier for the nadve gser to learn.
Consequently, the wcons are pictures of the operations they

epresent. The Lisa uses jcons in the same way. This has
# aurnber of severe hmitations. First, many operations do
not have obvions pictorial representations. Some pictares may
be ambigaons, hard fo understand, or even offensive to some
users. In addition, while such representations as these icons
may help the novice leam the systern, they may actually
hinder the expert vser.'* lcons in Sapphire do not atiempt
i enforce 4 unified analogical view of the syste, altbough
application programs that use Sapphire may use icous in this
HELYIN

The icons in Sapphire were designed with an eatirely dif-
ferent goal in mind. Sapphire’s icons are fntended to enhance
the user's productivity when executing muliiple tasks con-

currsntly. As was explained abhove, users will often multi-
task o increase their efficiency. Hawever, people sasily lose
track of what they are doing and nced aids to help plan,
monitor, and control the various tasks operating at fhe same
time. Therefors, the icons in Sapphire present six pieces of
information dbout the process being run, as well as two picces
of tnformation abont the status of the window (see Figare 4).

Process name. First, there is the process name {this is (d)
and (b} in Figure 4). The application program may optionally
replace this with some othee useful sames. Thus, the icon
for a compiier might ase ““C-Foo” when compiling a file
titled Foo, rather than just “"Compiler”’

Progress bars, In the icon there are also two “percent
done progress bars™ {these are (), (f), and (i) in Figure 4.
Progress bars function like the giant thermometers used to
mark progress in chasty drives. They give the user enough
information at a quick glance to estimate how much of the
task has been complefed. These are kept up to date by the
application program (or by the system for certain operations),
50 the user can always check how far along the process is.
For example, a compiler can report how far it is through
the file. The first progress bar (&) and (i) in i‘igura 4} is
used by the application program and is repeated in the title
line of the window underneath the text (Figure 5). The se-
cound progress bar {see (f) in Figure 4), which appears only
in the icon, is used for such aggregates as cofmand files,
1o telt how much of the entire job has been completed. A
formal study has shown that users prefer systerns with pro-
press bars

Most applications can caleulate or estimate what percen-
tage of the work has been completed, buot for those that can-
nat, Sapphire provides “‘random progress,”” which shows
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that work is progressing by continually XORing vertical Jines
at random places along the progress bar. This displays a con-
tinuafly changing pattern that shows that the program is pro-
vessing, but is not confused with normal progress. In Figure
4, {1} shows raudom progress.

Progress bars have proven to be an extremely helpful user
jaterface feature for a number of reasons: They mwke the
users feel better about the system because it is abvious that
the program s making forward progress on requests and has
not gotten into an infinite Joop. Many systems preseat a
“busy’” picture, such as an hourglass, clock, or a Buddha
{for patience}. to show that they are computing, but since
this 1s statie, it does not show that the program hagnot crashed
o ko swiftly it i progressing toward é’(.vmplenon. Indepens
dent of any other advantages, this lowering of the user’sanx-
iety is an important beaefit, Users can also use the progress
information to estimate when jobs will be completed so they
can schedule their time more effectively, sither in other come
pater tasks or in off-computer activities. Thus, users may
be aore productive when provided with progress
information.

A major coraplaint about progress bars is that'it is too dif-
ficuit for applications programs to compute what percent of
the job they have completed. In the PERGQ POS operating
systern, S however, experience has shown that most apglica-
tions can provide this information with ondy 2 little work.
Since the display & very jow resolution, an approximation
is all that is needed. Bstimates of progress can usually be
ealculated based op the aroouat of au input file that bas bees
read, for example, and (possibly) henustics based on past
performance. In some cases operating systems can provide
useful information that will allow progress to be computed
and displayed

The last three pleces of process information provided by
Sapphire are shown as pictures in the icon. One picture tells
whether there has been an error in the last activity, another
tells when the process is waiting for user input, and the third
is reserved for specific application-defined attention signais.
The actual pictures used (sce Figure 4) are a bug {(a), a
keyboard (b, und an exclamation poiat {¢3, but these can
easily be changed by the user or application {see **Corporate
Identity for feonic Interface Design . . . 77 by Aacon Mar-
cus on p. 24 of this issue). The pictures are present when
the conditions are irue and absent when they are false. The
attention signal might be used, for example, by a mail pro-
gram to report that new mail has amvived. The visuad signals
are nonintrusive, unlike an auditory beep, so the user can
igaore them, but they are easy wses i desired. Another ad-
vaniage aver 3 beep is that if the user chooses 1o postpone
handling a condition, the picture stays on the screen as a
reminder that it should be handled eveniually.

Windosw status. An icon uiso displays two pieces of infor-
mation about the status of the window. Firsi, the barder of
the icon for the Listener is bighlighted in the same manner
as the window itself (iu Figure 4, icon 2 corresponds 1o the
Listener). Second, the icon displays 3 small picture if the
window has been moved entirely off the screen (see () in

igure 4).

Although the icons are amall (84X 64:pixels each), they
are easy to inierpret, aad the information i disi;:ﬂayed in &
convenient manner. The user can simply scan the icons to

deduce the stafe of the entite corppuier and casily see which
processes require attention. OF cougse, if the default info;.
mation described above Is not appropriate for some processes,
arhitrary pictures can be displayed in the con (aswas done
by two processes in Figure 5). Inthis way, the wons of fhe
Star or Lisa can be simulated by Sapphire.

feon window. In almost all other window taanagers with
icons an icon appeass whea a window is removed fron the
screen. Thas the window either is displaved or has been
shrunk down so that osly the icon sbows. I Sapphire,
however, it seems clear that we want icons for all windosws
displayed at all times, since they provade so mwuch wieful
information. There is e logical difference betsveen a win-
dow that {s totally covered by other windows and one tihg
15 offscreen; both are invisible to the user. Therefore. wons
in Sapphire are visible for all windows. A window may sai
be removed from the screen in Sapphire by simply moving
it so that it is totally offscreen {see pext section). The icons
are therefore associared with a window rather than an alier
native representation for it

Since the icons and the windows they represent can be o
the soreen at the same the in Sapphice, it might be difficul
to specify whether sach gperations as “move™” shonld operate
on an icon of on its windovw. To alleviate this problem. Sap-
phire groups all fcons together in one window. Thus, the icons
a8 & group can be moved atound or removed altogether if
the user does not ke fcons. The fvon window van be covered
by other windows, and its size and position can be changid
1 the same manger 23 any other window.

The icons in the fcon window are nof rearsanged except
anuses comanmd, Thus, when a window is deleted, s icoa
is delesed, but the hole is not Blied until annther window is
created. Users will probably remember which window goes
with which icon by position, so 3t is inportant not to rear-
cange the fcons without the oser’s permyission, Of course,
there arc also commands to ddentify the icon for a window
and the window for the icon if the user forgets, This wili
be discussed later.

User interface

There are 3 number of rade-offs 1o be considered in design-
ing a window mapager. For exawmple, the larger the icons
are, the more information they can display, but then thers
is less scresn space for windows, Simitarly, the user inter-
fave must balance a number of competing goals.

One of the goals of Sapphire s to provide a rich and powee-
fud user inferface without restricting the nser interfase of ap-
plications runping under it. This is important, since the user
will be giving commands to the application progeam far more
often than to the window manager. Sapphire will be used
to support many differant types of applications with different
requirements for input and output, Therefore, Sapphire,
unlike most other window managess, dogs not reserve any
of the buttons on the peinting device exclusively for use by
Sapphire. Any button pressed ur released inside the Listener
window is sent to the application rutning in that window.
To give window-manuger commands for a window, the user
must press @ button in the title lee or in the jcon for that
window.
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Input devices, Sapphire is also designed to run with 2
aumber of different input devices, one of which is a one-
button stylus. This provides two constraints. First, all opera-
tions have 10 be possible with one buiton, and second, the
point position cannot be used to determine which window
is the Listener. This latter restriction arises from the fact that
the pointing device returns randor positions when the pen
is removed or laid on the tablet. If the position were deter-
mined simply by the position of the tracking symbol, then
characters would be haphazardly given to different windows,

A simifar problem arises with mice or pucks when the
device is accidentally bumped and the tracking symbael travels

into ancther window. The user right not notice and could*

thus give the wrong command to the wrong prograi
Sometimes applications also need to know the tracking sym-
bol position, even when it 13 outside the window. Therefore,
{n Sapphire the user must take an explicit action by pressing
a button in a window to change the Listener; just moving
the tracking symbot is not ¢nough. The press that changes
the Listenier is not sent to the application program, since this
might cause some undesired action.

Another advantage of requiring an explicit press is that
the pointing device can then be used in absolute or relative
modes by different windows. As was explained above, ab-
solute mode is necessary for digitizing. but relative mode
is preferred by most users for other applications. ¥f the cur-
rent mode is relative, and then a window that uses absolute
mode becomes the Listener, the tracking symbol will jump
to the absclute location that is specified by the current posi-
tion of the pointing device. This may well be outside of the
current Listener’s window, but this causes no problem for
Sapphire.

Ageelerators. A further important goal of Sapphire is to
make the most common window manager operations very
easy to specify. A single button press should be sufficient
to give the most common commands. On the other hand, we
want to provide a large number of different operations. to
imerease the functionality of the system. Many window
managers use “‘pop-up menus’’ for giving communds. These
are small menus that appear when a button is pressed (see
Figure 6). The user picks an operation from the memu, and
then the mepu disappears, restoring the picture that was
undernsath. The advantage of pop-up menus is that they do
not take any screen space when not in use, but a disadvan-
tage is that choosing an item takes a number of steps: first
a press to get the meny, then a search to find the correct item
in the meng, and finally a selection of that item. Pop-up
menus also fend to be computationally expensive, o it may
take a noticeable period of time before the menu appears.
Experience has shown, with PERQ Sapphire and at Xerox.*®
that experts will be happy to memorize special “‘accelerators’”
to avoid using ‘pop-up menus whenever possible. Sapphire
provides accelerators, in addition to pop-up menus, it a man-
ner that is easy to fearn and remember. The keystroke model!”
suggests that these accelerators will speed up expert
performance.

The commands available with a single button.press in Sap-
phire (the accelerators) include top, bottom, moving a win-

dow, and changing its size. Another provided operation:is -

an editing session. The user can define whether “*full screen™
leaves the icons visible or not. When a window is made full
screen, its old position and size are saved so the window can
easily be returned to its original place. Similarly, there is
acommand to move the window entirely off the screen. This
can be used to prevent the screen from getting chuttered with
windows that are net in use, It also makes the window com-
putations less expensive, since offscreen windows are not
considered. A comynand using the icon brings the window
back to its original place on the screen.

Assignment of commmands. The title line of a window 13
divided horizontally into three sections: left, middle, and
right. Since title lines are typically about five inches across,
each section is about 144 inches and is therefore easy to hit
with the pointing device. The left and right sections have
the same functions, since windows are often covered on one
side or the other. The most common pointing device for Sap-
phire has three buttons, so we have 3 (buttons) X 2 {areas:
feft-right and center) == 6 (functions) available on the title
Hue. The actual assignment of commands to locations can
be defined by the user. This is useful for a number of reasons.
Fiest, it allows lefi-handed people to put the major commands
under their index finger (when the puck or mouse is moved
from the right to the left side, the primary button changes
from the index to the ring finger). Another advantage is that
wovices can define all buttons te provide the same function
{e.g., pop-up menu} angd thereby avoid confusion until they
are comfortable with the system. The best reason for allow-
ing this flexibility, however, is simply that different people
want to operate in different ways. For example, some peo-

Psgure 5.A pup 2 meny oves a backgmurﬁd oia direcfary ite,tmg

making a window full screen. This might be used, for ex-
< The commmand BELP will be expeuted,

ample, when more contextual information is desived during
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ple would {ike “top™ and “*Listener™ to bappen wgether,
while other people prefer these operations to be performed
separately.

Default assignments, The default assignments of opera-
tions are 33 follows: On the ends of the title ine are (1) top,
(2) bottom, and (3) pop-up menu, The pop-up menu pro-
vides all of the comunands that can be given directly from
the title line, so a novice can always find commands easily.
In addition, it allows users with a stylus (one button) (o {ssue
all communds, The pop-up menn also includes the command
“help™ witich generates 8 window in the center of the screen
explaining all commands. The pop-up enu contains @
number of additional comands; ncluding some for such
process conteol as abort, suspend, aad create new shell

In the center of the tile line the more esoteric fonctions
are provided: (47 move/grow, (5) il sereen or back from
full screen, and {6) offscrecn, Adter selecting ““moveigrow,”
the user then selects a position on the window to move or
grow from, The corners are grow points, and the sides have
bath move and grow points. Appropriate feedback shows
which operation will be performed. as described below., Since
windows jn Sapphire may be moved partislly offscreen in
any direction, it 1s pecessary to be able to move them from
any side. it is also useful fo be able to grow 2 windnw from
different points if the user is trying to align one window with
other windows. During the move and grow operations, and
alse during window creation, hairlines are displayed to show
the outline for the window so that the user can place it ac-
curately. This feedback also makes it gasy to identify what
the system expects the user o do.

The icons are too small to have three areas, so we 3w
limited to three functions total (one for each hutton). One
button perforrag “top™ and “Listener”’ and “*back fom off-
screen” all at once. Another button provides a pop-up meny
with all of the commands, and the third brtton identifies the
window that corresponds to the icon. This is accornplished
by blinking the window and the deon, and draving Hnes from
the corners of the icon to the comers of the window. If the
window is covered, the lines show where the covered win-
dow would be if it were brought to the top, so the vser can
sead the appropriate windows to the boitom to make i visi-
ble. OFf course, the user can simply bring the window to the
top using the first icon corumand. Agaip, 8 user with 4 one-
button stylus can perforny these operations using the pop-up
meny,

Feedback., With all of these different functions, it seems
clear that the user will noi aiways remember which bation
will result in which action. In Sapphire there is o simple
method, which doss not penalize the experts, for showing
the operation that will occur. When a batton is pressed, the
tracking symbol changes to a picture that shows the opera-
tion that will be performed (see Figure 7). I this is the desired
operation, then the button is simply released. i this is rot
the desired operation, then the user can move the tracking
symibol around to the correct place Gf i the title line) or
move it away before releasing to abott. Thus the expert can
siraply press and release without waiting for the preture, and
the novice can check wd] operations before exeputing them.

Some systems provide an “‘undo’” connnand, so novices can

execute a command and then undo it if it was the wrong one.

Users prefer knowing in advance what command they wil
execnte, however, 50 Sapphire provides feedback before
commands are¢ exenuted. All commands can easily e
reversed or abotted in Sspphire, so-a special “undo” is not
needed,

While performing such multistep tusks a5 growing a wine
dow or chousing from 2 pop-up menn, Sapphire adso displays
an appropriate teacking symbol picture. This can be nsed,
for example, to verify whether 2 *“move™ or a “grow™ will
be performed. The tracking symibol picture srambiguousty
shows the user what to do, which reduces the confusion ang
difficelty. Also, the user can always abort these operations
by hitting # keyboard key, so the user iy aever stusk in a
mode without knowing how to leave.

The default tracking-symbol pictures that are used were
drawn by the author and a graphic artist {see Figure 7), but
they can easily be changed. For example, other versions of
the pictures are shown i Aaron Marcas's article on p. 31,

Keybouard comynands. For some reuson there are a
numbey of psople who prefer not to use a pointing device.
Therefore, all commands in Sapphire are also available from
the keyboard. Since there are a number of commands, we
nse a special prefix key (that does not have a standard ASCH
interpretation). This avoids the problem of taking maay kevs
away from application programs. The keyboard commands
are also wsefol if the pointing device is broken, or if some
process has reserved it or changed the tracking in arbitrary
ways. For example, Sapphire allows applicatios programs
to specify that the tracking shoudd be on 4 goid or restricted
within a specified box or turted off altogether, This makes
the operating system more efficient, since the application pro-
gram does not have to wait in a busy-loop, monitoring the
pointing device. However, since the prefix hey {which can
be changed by users} remms the tracking to the standasd
default, we have ensured that users van always give com-
mands either from the keyboard or the pointing deviee.

Most keyboard conumands operate on the current Listener.
Some cominands, hwwever, are glohal, For example, one
of the keys on the PERQ keyboard 15 labeled “Help.” and
this provides help for Sapphire 3f typed after the prefix key.
Anather global command displays the icon window if it has
been moved offsereen dr covered.

To designate different windows as the Listener using the
keyboard, there are a pair of commands that change the
Listener to another window in a certain order. Currently,
there is 2 ring of windows ordered temporally by the time
they were last the Listener. The window that was the last
Listenar is previons fo the current Listener, with the win-
dow previous to that before it (see Figure 8). Thus, you can
go o the previons Listener with one cormmand. I the usey
is aperating on a pair of windows, for example, this makes
it casy to switch back and {orth. When new wiadows are
created, they are put at the “end” of the ting, which is just
after the current Listener {see Figure 8). Thus the user can
change from the current Listener 1 the most recently created
window with one commmand; just move forward ia the
Listensr ring. This will be useful when the user canses n new
window to be wreaied and then wants to operate on this
vindow,

Although this order is very appealting, it has a serious prok-
lem. When the Listener is changed from the current Listener
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to the previous Listeney, the old cusrent Listener becomes
the previous, and the old previous Listener 15 now the cuy-
rent. (This is more easily understood by reference o Figure

groblem coones for smovang forwaed, Theretore, thers s
be a made, when the user is changing the Listensr, that wili
allow access to all the windows, This mode iy been 4 prob-

lem in practice, so we are investigating other orders for the
Listener ring. The most obvious alternative order s to sz
the arder of the windows ia the jcon wingdiow.

8.3 Thus, the windows have switched places and the con-
mwand Cprevious” will just oseiliate between the p two win-
dows, and no other windows can ever be accessed. The sane

. f &%

Figurs 8. The Listener tng. W1 s the current Listensr: The previous Listener was W2, so giving the “pravigus-

Listensr command will raove from Wi 1o W2 Listener bafore W2 was W2, sta. Window W was nevdy created and

ras never been Listener 5a i i at the “engd” ol the ring. The command Yarward Listeasy” frorm W1 wilf get to W6,

When windows are created; they are added “foarward” from the surrent Listener {eg., between Wi and W86 in this

sase) M W4 is made the current Listener: ihan L will he removed frony the ving (so forward from W5 is W3, and

previens o W3 is WS sndd then gadded belween Wi aad W6, Whean usiag the "previsus-ddstenes” eommand o
- -move around the ring, 2 mode s naeded to prevent W and Wi from just repeatedly swapping places.
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Gonclusions

Sapphire incorporates a number of innovations in window
manageraent and user interface design. Icons in Sapphire are
used in 2 aovel way to esbance the gzer’s productivity when
doing several tasks concurrensty. Eight picces of siatus in-
formation are shown i the ivon, so the user can easily telt
whether the process running in the window has gotten an
SYTOY O Wanls altention and what percentage of the task bas
been corapleted. This allows the user o mongor and cons
irol multiple processes miore easily.

The user interface of Sapphire provides full functionality
from both the pointing device and the keyboard and is sasy
ie and powerful operg:s

for the novice while providing simp
tons for experts. All commands are available from pop-up
menus, but accelerators allow the most common comrunands
fo be exeonted with @ single button press. The picture in the
tracking symbol changes to show the operation that will be
performed. This user tnterface promotes experimentation,
since there is always appropriate feedback, angd it is always
possible 1o abort an operation once it has been started. This
flexibility and power has been provided in a way that does
uot restrict application programs to a particular style of in-
teraciion or 4 predefined analogic view of the systern,

Sapphire (v currently in use by a growing community af

people in different ficlds. FEven though sorme of its features
are not yet extensively wsed, the overall consensus is on-

thustastivally positive. Sapphire is continvally being mndified
based on user feedback, as we discover how to make it even
casier to use. B
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