stichting
mathematisch |
centrum MC

AFDELING INFORMATICA IW 202/82 AUGUSTUS
(DEPARTMENT OF COMPUTER SCIENCE) :

D.S.H. ROSENTHAL, J.C. MICHENER, G. PFAFF
R. KESSENER & M. SABIN

THE DETAILED SEMANTICS OF GRAPHICS INPUT DEVICES

Preprint

kruislaan 413 1098 SJ amsterdam

BIBLIO I HEEK MATHEMATISCH CENTRUM
AMSTERDAM




nted at the Mathematical Centre, 413 Kuwislaan, wdam.

. Mathematical Centre, founded the 11-th of Febs 1946, is a w
1§t Anstitution aiming at the promotion of pure matics and .
Wications. 1t 48 sponsored by the Netherlands G wnt through
herklands Onganization fon the Advancement of Pw xanch (Z.W.0.

Categories and Subject Descriptors:
{ [Computer Graphics]: Graphics Utilities
sraphics packages; 1.3.6 [Computer Graph-
© Methodology and Techniques — device
>pendence; interaction techniques

leral Terms: Standardization



Detailed Semantics of Graphics Input Devices
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'he concept of virtual input devices, enunci-
by Wallace, has been the accepted basis
producing device-independent interactive
hics systems. It was used by GSPC for
Core System, and it underlies the draft
national standard GKS.

Juring the recently concluded technical
w of GKS, the input facilities became a
. of contention. The discussions revealed
y inadequacies in the virtual input device
ept, and were finally resolved using a
ed and extended model of input, which is
:nted here by some of the participants in
liscussions. Examples are included, show-
how the GKS facilities derive from the
el, and the Core’s “STROKE” device is
to show how the model controls future
1isions to GKS. The model is also used to
iibe the other differences between the
t facilities of the Core System and GKS.
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There is a theory which states that if
ever anyone finds out exactly what the
Universe is for and why it is here, it
will instantly disappear and be
replaced by something even more
bizarre and inexplicable.”

“The Restaurant at the End of the
Universe” by Douglas Adams

1 a considerable basis of earlier
5,2,8], Wallace enunciated the concept
rtual input devices[10] as a means
by interactive graphics applications
be insulated from the peculiarities of the
devices of particular terminals, and
)y become portable. The idea was that
splications programmer had available a
of virtual input devices, the only visible
. of which was the type of the value they
ed. Thus, if a position were required, a
FOR device would be selected, if a char-
string were required, a STRING device
be selected, and so on. '

om the start, it was evident that the pure
1 device concept was inadequate. Virtual
's needed other visible aspects, control-
letails of the operator interface such as
1g. This logical device concept formed
isis for the GSPC Core System([9], and it
Iso used by the initial versions of the
international standard GKS[3]. During
ecently concluded technical review of
by a working group of the International
ards Organisation, the input facilities
1e a bone of contention. Criticisms of
versions of GKS concentrated on:

The precise data types to be returned
by the different classes.

The different levels of detail at which
different kinds of input behaviour were
specified.

The lack of uniformity among the
different logical device classes as to the
details of their behaviour.

The lack of clear distinction between
the concepts of:

P

— Simulating a logical device using
particular types of hardware.

— Prompting an operator for input.
—  Echoing an operator’s actions.

—  Acknowledging an operator’s gen-
eration of events.

The difficulty of relating any of these
“output” concepts to logical input dev-
ices.

became clear that these problems were all

lated to deficiences in the underlying model
" input, and the discussions were finally
solved by a refined and generalised concept
" logical input devices, which is described
slow.

The Model

An application program obtains input from
number of logical input devices, divided into
asses according to the type of data obtained.
ypical classes are LOCATOR, VALUATOR, PICK,
4OICE, and STRING.

1. Application Program Use of Logical Input
evices

At the highest level, a logical input device
either accessible to the application program,
" it is inaccessible. Initially, all devices are
accessible. If a device is to be used for
put, it must first be acquired, that is, a con-
:ction must be made between the identifier
1own to the application program and the
iternal name(s) for the physical device(s).
nce this connection is made, the device
:comes accessible and interactions may take
ace using the device. The device may also
: released, breaking the connection between
€ identifier and the physical devices. The
svice is then inaccessible until it is re-
:quired.

There are three generally accepted ways in
hich application programs can obtain data
om logical input devices; they are known as
fferent modes of operation:

In SAMPLE mode the application pro-
gram invokes a function to obtain the

_ current logical data value from the dev-
ice.




In EVENT mode the operator’s actions
create events, records of the logical
data value of the device at a specific
moment in time; the system preserves
these records in one or more event
queues , the contents of which the appli-
cation program can process at its con-
venience.

In REQUEST mode the application pro-
gram invokes a function permitting the
operator to adjust the logical data value
of the device and then indicate that the
value is satisfactory; the function waits
until this has been done and then
returns the value.

tially, when acquired, a device is in
iST mode. When a device is in REQUEST

but is not currently the subject of a
iST function invocation, the device is not
ble to the operator. This corresponds to
1as been called a disabled state, although
‘m seems to be dropping from use.

logical input device is taking part in an
stion while the device is in SAMPLE or
* mode, or while the device is the subject
'EQUEST function invocation. The term
d has been used for this device state.

te that the definitions of these modes
;0 two concepts, the current logical data
and specific moments in time at which
rerator indicates that the current value is
tant. These concepts are described more
n the next section.

Aeasures and Triggers

| logical input devices, being abstrac-
are considered to be “simulated” by an
nentation, even if the mapping from
al device(s) to a logical device is quite

The simulation of a logical input dev-
s two major parts, the measure part and
gger part. The measure part determines
the operator controls the logical data
and the trigger part determines how the
or indicates that the current value is
tant.

€ measure part of a logical input device
7 active when the device is taking part in

| interaction. At these times, an independent
easure process is (conceptually) in existence
at uses the states and ‘changes of state of
irious physical input devices to control a log-
al data value (the device’s measure)
ypropriate to the logical device’s class. It is
srmitted that a single physical input device
multaneously affect the measures of several
gical input devices; nevertheless, the measure
'ocesses are still considered distinct.

The trigger part of a logical input device
sponds to changes in the state of physical
put devices either by remaining quiescent,
* by firing. When the trigger of a logical
put device fires, it sends a message to the
easure process for the device. The effect of
e signal depends upon the mode of the dev-
e, and is explained below.

Several logical input devices may have
eir trigger part in common. Whenever any
“the devices sharing a particular trigger part
e taking part in an interaction, a single
igger process for that trigger is (conceptu-
ly) in existence. The firing of the trigger sig-
s all the appropriate measure processes. It
a requirement that a single operator action
use the firing of no more than one trigger.
aus, in contrast to measure processes (which
ust be unique to a logical device), it is nor-
al for trigger processes to be shared between
gical devices.

When a measure process receives a signal
om the trigger process of its logical device,
e actions it takes depend upon the device’s
ode as follows:

In REQUEST mode, the measure process
returns its data value to the application,
and then dies.

In SAMPLE mode, signals from triggers
are always ignored. The application
may obtain the data value from the
measure process whenever it pleases.

In EVENT mode, the measure process
attempts to add an event record, con-
taining its identification and data value,
to the appropriate input queue. Other

s invisible internal state may change.




measure processes using the same
trigger process may also be attempting
to add records to the same queue at the
same time. The resulting group of
simultaneous event records must either
all be added to the queue, or none must
be added to the queue. If the measure
processes fail to add their events to the
queue, input queue overflow must be
reported for that queue.

-oups of simultaneous event records are
:d as such; when an event record is
ued, the application must be able to dis-
whether more events in the same group
n in the queue.

\ttributes of Logical Input Devices

hen accessible to the application pro-

a logical input device has certain
cteristics or attributes that distinguish it,
seneral fashion, from other logical input
:s of the same input class. Depending on
uticular graphics system, some attributes
e under application control, while others
have been fixed by the implementor.
of the attributes of logical input devices

Current mode of operation.

How the implementation simulates the
logical device using physical devices.

How the operator is informed that a
measure process has come into
existence, and thus that its associated
physical devices are available for mani-
pulation. This is called the prompt.

How the operator is informed of the
logical device’s measure (its logical data
value). This is called the echo.

How the operator is informed of a
significant firing of the input device’s
trigger; this is called acknowledgement .
A significant trigger firing is one satisfy-
ing a REQUEST function invocation, or
adding events to the queue,

An initial value, of the type appropriate
to the class, for use by the device’s
measure process when it comes into
existence.

- . A switch turning echo on or off.

The attributes may also contain extra
formation used, for example, by particular
mulation, prompting and echoing techniques.
ote, however, that the device’s measure is
>t considered an attribute.

4. The Life Cycle of an Input Device

It is now possible to outline the sequence
' operations that corresponds to a specific
gical input device taking part in a interac-
on:

- A measure process is created for the
device, and its value is set to the initial
value in the device’s state.

- If the trigger process for the device is
not in existence, it is created.

- The operator is prompted for input,
using the selected technique.

- If the echo switch in the device’s state
is on, echoing is commenced, using the
selected technique.

- As the operator manipulates the physi-
cal input devices, the trigger may fire,
causing the appropriate one of the set
of actions outlined above, depending on
the device’s mode.

- If a trigger firing is significant, it is ack-
nowledged.

- Eventually, either because in REQUEST
mode the trigger fires, or because the
device leaves SAMPLE or EVENT mode,
the measure process dies.

- When a trigger process has no measure
processes, it also dies.

Applying the Model to GKS

As an example of the use of the model, we
ke the input facilities of GKS[7]. A funda-
iental concept of GKS is the workstation [4], a
dllection of input and output facilities,
eated as a unit by the application program,
rming a single logical channel of communi-
ttion to the user. An application may drive
lany workstations, several of which may sup-
ort one or more logical input devices. How-
rer, there is a single event queue shared by




rkstations.

ch logical input device is treated as part
particular workstation, and is acquired
leased as its workstation is opened and

The attributes of each logical device
1t of the Workstation State List for the
ponding workstation. The application
m name for a logical input device
a below as ID) is a pair, thus:

station identifier, Device identifier>

e implementor of the workstation selects

ch logical device a single technique by
it is simulated using the available

are. The implementor may provide

nt simulations as different logical dev-

| the same class, but GKS does not per-

€ application program to change indivi-

imulation techniques.

sKS Modes

| GKS logical devices can operate in
of the three modes, REQUEST, SAMPLE,
EVENT. By default, devices are in
3ST mode. Given this and omitting some
,, the set of input functions becomes at

Operations on the device’s attributes:

INITIALISE <class>(ID, INITIAL VALUE)
SET <class> MODE(ID, MODE)

Input directly from the device:

REQUEST <class>(ID, VALUE)
SAMPLE <class>(ID, VALUE)

Input from event queue:

AWAIT EVENT(ID, CLASS)

Examination of most recently awaited
event record:

GET <class>(VALUE)

Detection of simultaneous events:

INQUIRE MORE SIMULTANEOUS EVENTS(FLAG)

1 interaction with a device starts when-
REQUEST <class>, or SET <class> MODE

with. MODE=EVENT or MODE=SAMPLE, is
invoked. At this point, the measure process is
(re-)created and initialised to the value from
the workstation state list.

3.2. GKS Device Classes

GKS provides five device classes, LOCA-
TOR, VALUATOR, CHOICE, PICK, and STRING.
The Core System, following Wallace, considers
BUTTON more appropriate as a primitive input
class, than CHOICE. The Core System provides
an additional class, STROKE, which is used
below as an example of how the model con-
trols possible extensions to GKS.

3.2.1. LOCATOR

Both GKS and the Core use a two-stage
process to transform from the world coordi-
nates used by the application to the individual
device coordinates used by each display.
Coordinates are first transformed to a single
space shared by all devices, called normalised
device coordinates (NDC) by the
window/viewport transformation. Then each
workstation has a private transformation from
NDC to its own device coordinates.

Wallace originally suggested that LOCATOR.
devices returned a position in device coordi-
nates. The Core System’s LOCATOR devices
return a position in NDC. The application
eventually needs a position in world coordi-
nates, since these are used for output. The
difficulty in providing world coordinates lies in
selecting the window/viewport transformation
whose inverse is to be applied. Consider an
application in which a view of a drawing, a
part of a symbol library, and some menus
share the screen. Each was created using a
different window/viewport transformation; the
operator’s actions may require the application
to change any of these views, and thus to re-
establish an appropriate transformation for
drawing them.

The transformation to be used cannot sim-
ply be that active for output, which must be
set according to output requirements, and
changed even while devices are in EVENT
mode. The Core System’s NDC locators
avoid this problem, leaving it to the applica-




-select an appropriate transformation.

(S takes an alternative approach, pro-
multiple window/viewport transforma-
referred to by an index. For output,
splication selects one using its index.
nput, the application arranges the
)rmations in a priority order. When a
al locator returns a coordinate, the
ation transforms it back to NDC, and
-ansforms to world coordinates by:

Scanning the list of transformations in
decreasing priority order, until the
NDC position lies inside the viewport
of a transformation.

Using the inverse of this transformation
to provide a world coordinate value.

Returning as the measure both the
world coordinate value and the index of
the selected transformation.

is way, the locator itself selects an
yriate transformation. In the example
if the locator’s device coordinate posi-
ss within the part of the screen showing
awing, the drawing’s window/viewport
rmation will be used. If it is in the part
1ig the symbol library, the library’s
yrmation will be used. The application
which was used, because the index of
nsformation used is part of the measure.
ieral, there will be enough transforma-
©0 assign one to each part of the screen
;, so that they will only need to be
:d infrequently. In any case, there is a
t transformation that cannot be
:d, in effect returning NDC if no other
yrmation can be found.

VALUATOR

{S provides a classical VALUATOR class,
measures are real values in ranges
ed on a per-device basis by the applica-

ed normalisation transformations, since they
m to normalised device coordinates.

.3. CHOICE

GKS provides a CHOICE class, whose meas-
es are either integers up to a device-specific
1t, or an indication of “no choice”. No
oice might, for example, be a state in which
- buttons on a button box were depressed.
i€ class is intended to provide a “menu”
pability, and has potentially complex
plication-controlled prompting techniques,
‘luding the display of a menu consisting of
ings or the primitives in a segment.

4. PICK

GKS provides a PICK class, whose meas-
es are either segment name and pick
:ntifier pairs, or an indication of “no pick”.
> pick might, for example, be a state in
uch the light pen was not pointing at any
tectable segment.

.5. STRING

The measures of GKS STRING class devices
¢ (possibly null) strings of characters. The
erator is presented with the initial string,
d a cursor at an application-specified posi-
m within it. Replacement of characters
irts at the cursor position, and may extend
¢ string up to an application-specified max-
wm length.

. A Possible STROKE Device Class

GKS does not provide a STROKE device
1ss. However, using the model it would be
sy to design one. The design would proceed

three stages. First, omitting some details,
e functions required are:

ITIALISE STROKE(ID, INITIAL VALUE)
T STROKE MODE(ID, MODE)

QUEST STROKE(ID, VALUE)

MPLE STROKE(ID, VALUE)

T STROKE(ID, VALUE)

Secondly, the data type appropriate to the
1ss is determined. The measure of a STROKE
vice is a (possibly null) string of positions in
xrld coordinates, and a normalisation
insformation number. The coordinates of
e returned polyline are re-transformed by
e inverse of the window/viewport transfor-




n of highest priority in whose viewport
1 lie; the index of this transformation is
f the value.

cause their measures are both values
ng from a sequence of operator actions,
'ROKE class behaves analogously to the
G class, in that it takes an initial stroke
cursor position within it. Replacement
okes starts at the cursor position and
xtend the polyline up to an application-
ed maximum. Details such as whether
dividual positions of the stroke are trig-
by distance, time, or operator action,
1ow the operator “rubs-out” erroneous
ons, are left to the workstation imple-
.

'rompting and Echoing

ie details omitted from the descriptions

concern prompting and echoing. For
class, GKS defines several prompt/echo
ques. At least one very simple technique
be supported for every device. When a
: is initialised, a particular prompt/echo
que is requested, and appropriate
ietric information is supplied. These
ites include an echo area, which the
que may use to display the prompt or
and a data record containing device- and
nentation-specific information such as
-ay of strings for a CHOICE device using
ienus.

Jifferences Between GKS and the Core

though they are conceptually similar,
are some detail differences between the
facilities of GKS and the Core. The
is equally useful for describing the
though in this section we only describe
fferences.

cause the Core has no workstation con-
t has explicit functions for acquiring and
ng logical input devices, for example
LIZE_DEVICE. Note that this does not
le an initial value for the device; the
has individual functions for setting par-
- attributes of logical input classes, and
lly classes for which an initial value set-
unction is provided are LOCATOR and

ALUATOR.

The Core recognises only SAMPLE and
/ENT modes. Each device class operates only
. one mode; LOCATOR and VALUATOR in
\MPLE mode, and PICK, KEYBOARD, BUTTON,
id STROKE in EVENT mode. The measure
id trigger processes are created by an
VABLE_DEVICE invocation, and destroyed by
DISABLE_DEVICE invocation.

Facilities are provided to associate one or
ore LOCATOR or VALUATOR devices with a
vice in an “event” class. An association
stween a device in a “sample” class and a
svice in an “event” class in effect creates a
:w logical device, operating in event mode,
hich has the measure of the “sample” device”
1d the trigger of the “event” device.

An group of associated devices share the
me trigger (that of the “event” device) and
' generate a group of simultaneous events.
nlike GKS, the Core combines all the
ports in a group of simultaneous events into
single complex report; the firing of a single
igger can place at most one report in the
leue.

In GKS, the creation of groups of associ-
ed devices is the preserve of the workstation
iplementor. Facilities to provide application
mtrol over associations would require the
Idition of two new functions (and the
irresponding inquiries) to GKS:

’SSOCIATE(ID1, ID2)
[SSOCIATE(ID2)

1e effect would be to disconnect the measure
“device ID2 from its trigger, and to connect it
the trigger of device ID1 until it was dissoci-
ed. When the trigger of device ID1 fired, the
sulting group of simultaneous events would
mtain an event from device ID2.

‘tis thus in the class of the “sample” device.




lications of the Model

:ause there was otherwise no exit from a
ST except by supplying a valid value,
irovides a “break” facility. This permits
rrator, when REQUESTed for a value, to
to supply one. It provides, among other
lities, an easy way for the operator to
e “end-of-input”.
other implication of the model may
on the current discussions of graphics
device interfaces. The model now
that the essential preliminary to any
yperation is an output operation provid-
initial value of the appropriate type.
strongly encourages a symmetric
ch to incorporating input into a virtual
definition, insisting that the responses
nput devices are similar to output com-

s symmetry is enhanced by the observa-
1at the prompt/echo information now
s in effect as the attributes of an input
ve, modifying its visible appearance in a
ation-dependent fashion.

1clusion

ce it was proposed, the concept of vir-
put devices has been extremely useful,
as also attracted severe criticism([6,1]
among others, one of us. Although this
model answers some of these attacks,
:damental problems brought to light by
tics are still present. Nevertheless, it is
hat the time is not yet ripe for a stan-
whose role is to codify existing good
e, to incorporate a more radical
ch to input.

expect that the generalised and reju-
d concept of logical input devices will
. the basis for the device-independence
ractive graphics applications for some
srable time. However, now that they
| more robust and detailed target, we
welcome renewed attention from the
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