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NETWORK GRAPHI C ATTENTI ON HANDLI NG

1.0 I NTRODUCTI ON

Di scussi ons of network graphic protocols have thus far primarily
dealt with protocols for the description of graphic data to be

di spl ayed. RFC 86 proposed a Network Standard G aphic Data Stream
(NGDS) which woul d serve to convey graphic i nages expressed in the
Net work Standard Display List (NGDL). RFC 94 expanded on this
proposal, and pointed out sone shortcom ngs of the original schene.
RFC 125 also replied to RFC 86 with comments and extensions, but also
recogni zed that a protocol for graphic display alone is insufficient
to support an interactive graphic system

1.1 TOPI CS COVERED

The present paper addresses itself to this requirenment. The process
of attention handling is briefly described, various graphic
configurations are discussed, input devices are surveyed to identify
the types of data which they produce, and an attention protocol is
suggest ed.

1.2 VI EWPAO NT

It should be nmade clear at the onset that the discussion which follow
will be fromthe viewoint of a graphics user or a graphic
application programserving one or nore users. Qur concernis with
third-l1evel protocols only. W assune the network i s capable of
delivering arbitrary bit streans fromtermnal to graphic application
program but don't care how this is acconplished.

2.0 ATTENTI ON- HANDLI NG

In order to denonstrate the need for an attention protocol, we nust
first define what is neant by "attention" and "attention-handling."
We therefore begin by borrowing the definitions given in a recent
survey of this area(l)
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2.1 DEFI NI TI ON

Graphic attention handling refers to the processes and techni ques
wher eby human inputs to a conputer graphic systemare serviced. An
attention event, or sinply "attention," is a stinulus to the graphic
system such as that resulting froma keystroke or |ight pen usage,
whi ch presents information to the system Servicing includes
accepting or detecting the hardware input, processing it to determne
its intended meaning, and either passing this information to a user
routine or taking sone _immediate_ action related to the display
and/or its underlying data structure, or both. The enphasis is on
"imediate." Attention-handling is not intended to include any
detail ed, application-oriented processing which the attention
information may indicate is to be performed. Thus, attention
handl i ng may be consi dered separately from any particul ar
appl i cation.

2.2 | NDEPENDENT FROM DI SPLAY CONSI DERATI ONS

Not only may attention handling be considered separately from any
application, but attention generating hardware nmay be consi dered
separately fromdisplay hardware. Otentines, it is only
coincidental that they cone in the sane package. |I|ndeed, in sone
configurations an input be processed locally (by the ternminal) to
provi de the appropriate response. For exanple, a keystroke may or
may not cause a character to be displayed on a terminal, and the

| ogi ¢ causing the display may or may not be local (within the
termnal). The keystroke m ght be i mediately displayed locally, as
in the case of an al phanuneric display terminal which buffers
keystrokes and transnits nessages of many characters or it night be
transmtted to the host conmputer and "echoed" back for display as in
tel etype-like term nals.

The question is not limted to such sinple input devices as
keyboards. So-called "intelligent termnals" with integrated
programuabl e | ogi c or even conplete small conputers can process nore
sophi sticated attentions locally, and even alter a local distillate
of the central (host) data structure without central know edge. This
rai ses the problemof insuring that the display and the graphic
application programdo not get "out of sync," and requires a nore
expressive protocol fromterm nal to host processor
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3.0 SYSTEM CONFI GURATI ONS

We now turn to a consideration of the evolution of system
configurations for conmputer graphics. Qur intent is to denpnstrate
that just as display generation has evolved fromthe output of device
dependent codes to a generalized protocol, so too should attention
generation evol ve.

3.1 STAND- ALONE CONFI GURATI ON

Figure 1 illustrates the stand-al one graphic configuration which was
the first and is still the nbst comobn. As we have stressed, input
and output are entirely independent, and are shown as separate
devices. In this configuration, display code generation and

i nterrupt processing are both done within the graphic application
programin the host processor. The graphic application is very
devi ce- dependent.

3.2 STAND- ALONE CONFI GURATI ON W TH STANDARDI ZED FORNMATS

The significant conceptual change occurs when the input and out put
processors are renoved fromthe graphic application program The
graphi c application programthen generates output and accepts input
in a generalized form as illustrated in Figure 2. The inportant
fact to note is that in order to acconmodate additional (different)

i nput and/ or output devices, only these input/output processing

routi nes nmust be replaced or altered. G aphic application prograns
may be designed w thout regard to which particul ar processing routine
will be used. So far as the application programis concerned,

devi ce-i ndependence has been achi eved.
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Figure 1 Stand- Al one G aphic Conf
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i guration

I NPUT DEVI CE

Figure 2 Stand- Al one Configuration with Standardi zed | nput and Qut put
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3.3 NETWORK CONFI GURATI ON

VWhen the stand-al one configuration with standardi zed formats is

i npl emented on a network, the organization illustrated in Figure 3
results. 1In the network configuration, the graphic application
program and the input and output processors nay be in different
hosts. The standardized formats become network standards, and now
any using host with input/output processors conformng to the
standard can access the graphic application programin the serving
host. The network is transparent to the graphic configuration

3.4 NETWORK CONFI GURATI ON W TH | NTELLI GENT TERM NAL

The case of an intelligent graphics termnal configured in the
network is illustrated in Figure 4. Here, input and out put
processors are located within the termnal itself. The using host
serves only to connect the terminal to the network, and in the case
of a terminal IMP, is dispensed with altogether. Any type of
intelligent ternminal may access any graphic application programif
its (the termnals) input and output processing routines conformto
the network standard. As before, the network is transparent to the
graphi ¢ configuration.

Figure 3 Network Configuration (Oritted due to conplexity)

Figure 4 Network Configuration with Intelligent Termnal (Oritted due
to conplexity)

4.0 | NPUT DEVI CES

We now turn to a survey of graphic input devices as suggested in RFC
87. The survey will concern itself with the characteristics of the
attention informati on presented when the device is used (rather than,
for exanpl e, human factors considerations).

W wish to stress at the onset that we consider all devices

equi valent in capability. By this we nean that with appropriate
programm ng, any device can sinulate any other device. Throughout
the survey we will illustrate typical data conversions which nmght be
performed, and at tines discuss how various devices may be simul at ed.

It is convenient to consider the characteristics of classes of

devices. Information about particular comrercial devices may be
found in reference 5 and el sewhere. Table | presents a device class
sunmary.
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4.1 PUSHBUTTONS

Perhaps the first and nost primtive class of input devices is the
pushbutton, which presents sone uni que code to the system when
depressed. In the sinplest case, the code is equivalent to the
know edge that the button has been pushed, and may be just a flag.

Beyond t he basic pushbutton, nore advanced key devi ces have been
designed in a variety of ways. For exanple, each key may be
associated with a single bit in a word or with a conplex pattern
(character or byte), nmultiple keys may or may not be able to be
struck sinultaneously (if so, their codes being conbined in sone
defined way).

The salient feature of the function key is that it presents two
pi eces of information to the system the fact that a keystroke has
occurred (which may be inplicit), and sone unique code related to it.

More el aborate keyboards, be they teletypes or solid state devices
with el aborate "overlays", are nerely special cases of function keys.
They present the sane information, attention source plus a unique
code. The fact that such a code may be associated with a displayable
character is at this stage only incidental

Si nce keyboards permit the entry of arbitrary codes, particul ar
sequences of codes nmay easily be defined to simulate other devices.
If local logic permts, codes may be accurul ated until a conplete
sequence is entered and then be reformatted to exactly the sane
format as the device being sinulated woul d have produced.

Poi nting devices such as light pens and tablets may be sinul ated by
associating particular keys with screen directions (up, down, right,
left) and using themto position a pointer on the screen face. This
facilitated on terminals with a hardware connection between keys and
cursor synbol .

4.2 ANALOCG DEVI CES

The next nobst basic class of input devices are those which consist of
analog to digital converters. These include sinple shaft encoders,
mouse and trackball. These devices all produce a digital output
proportional to an analog input, in this case, the rotation of a
shaft. Several of these inputs may be presented together, as in the
case of the nouse and trackball.
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These devices all present as input a device identification (which may
be inplicit depending on the hardware nethod of input) together with
a nunber of digital codes fromthe same nunber of anal og devices.

The length of the code is arbitrary and may or may not relate to such
measures as the maxi mum raster count of the display screen

Anal og devices are often used as pointing devices by using the input
to control the novenent of a cursor on the screen face. This mnethod
is superior to the use of a keyboard, since very smpoth and rapid
nmovenent may be obt ai ned

4.3 TABLETS

A tablet consists of a flat surface on which (X, Y) position may be
indicated with a stylus. |If position changes can be registered
rapi dly enough, arbitrary curves may be digitized by tracing them

There are a variety of devices utilizing a variety of techniques
conmprising this class. Included are such diverse techni ques as

vari abl e resi stance, variabl e capacitance, and ultrasonics, to
mention a few of the devices on the market. The surface may be

hori zontal or vertical and nmay even be superinposed on the screen
itself. A variety of styli have been used, including the operator’s
finger. A device (the Lincoln Wand) has al so been denonstrated which
may be manipul ated in space to yield a position in three dinensions
(XY, 2).

These devices all present a device identification (which may be
inplicit), and a position value, which is npbst often a coordinate
pair, but which may be a triple.

4.4 LI GHT PEN

Li ght pens are devices which relate the occurrence of an attention to
the tine in the refresh cycle when a particular point is illunm nated
on the screen. The display generators are generally stopped when the
attention occurs, to permt either the display list "P" register or
the (X Y) beam position registers, or both to be presented as
attention data. Oten tinmes this is not enough, as what is desired
is some val ue which serves to identify the i mage which the pen
detected. |In such cases |ocal hardware and/or software is utilized
to obtain this information, which may be as sinple as a single
identification code or as el aborate as a geneal ogi cal push down |i st.
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Li ght pens present as input a device identification (which may be
inmplicit) and at |east one of the followi ng: nenory address, (X Y)
position, itemidentification

Li ght pens may be used to sinulate keyboards by displaying "light
buttons" on the screen associated with particul ar physical buttons.
Detecting on a light button is logically equivalent to pushing the
rel ated key.

4.5 | NTERNAL ATTENTI ONS

Internal attentions are stimuli arising not from operator action, but
fromvarious sources within the ternminal such as a screen edge
violation (overflow) or a progranmed trap. Such attentions present
information in nuch the same way as the operator input devices

al ready discussed. This information consists of an attention source
identification (equivalent to device identification, and which may
again, be inplicit) and appropriate data, which, for the two exanpl es
given, will generally be a nenory address.

Programred traps are often used to permt node changes (e.g., enable
or disable light pen operation) during the execution of the display
list. Edge violation might occur when an image is being relocated in
response to operator input. W nust provide for describing such
attentions, since then cannot always be handled locally in the

term nal

4.6 LOGE CAL ATTENTI ONS

We nmay generalize the concept of an attention froma stimulus froma
physi cal source to a logically generated stimulus resulting from sone
program condi ti on which may or may not cause an interrupt.
(Progranmed traps were classified as internal attentions because, by
definition, they cause an interrupt or set a hardware flag). Logica
attentions are generally "input" by setting a software flag which
sonme control program can periodically inspect. For exanple, |ogica
attentions may be designed to detect when a software-defined edge
viol ation occurs (of a region less than full screen) or when a |ight
button is picked. There is no general formfor the information
generated by logical attentions, since they are progranmmabl e, rather
t han hardwar e-bound. The best we can do is to say they consist of an
identification and appropriate data. Actually, |ogical attentions
nmost often sinulate physical attentions, and so each may be placed in
one of the classes already descri bed.
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TABLE |
I NPUT DEVI CE SUMVARY
DEVI CE EXAMPLES

Tel et ype
Function Key with Overl ay

TYPI CAL QUTPUT

1 Character
1 Character and

June 1971

overl ay code

Buf f ered Keyboard n Characters

A/ D Converter Shaft Encoder delta a
Mouse (delta a, delta b)
Tabl et Rand Tabl es and (XY)
Li ncol n Wrd (XY, 2
Li ght Pen Li ght Pen P (menory address)
Li ght Pen (XY
Li ght Pen and Local Software |tem Name
Li ght Pen and Local Software |tem name stack
I nt ernal Pr ogram Trap P (menory address)
Screen Overfl ow P (menory address)
Logi cal Attention Any of the above Any of the above

5.0 I NTELLI GENT TERM NALS

As has been indicated, the question of what data results from which
inputs is conmplicated when "intelligent term nals" are considered.

An intelligent termnal has the ability to nodify the data presented
by the input device hardware. 1In a sense then, all of the outputs of
an intelligent termnal may be considered as |ogical attentions. The
| ogi cal conplexity of such attentions nay be very great indeed. For
exanpl e, such a term nal night be programred to perform sketching
functions, so that the net effect of a keystroke and a light pen hit
m ght be the deletion of a portion of the picture together with sone
coded nessage to the effect. A technique has even been devel oped
which permts the light pen operator to sinulate the use of a shaft
encoder by twisting his wist which holding the pen over a tracking
synbol (7).

Sone intelligent term nal systenms have been devel oped which permt
the termnal operator to nodify the picture and the | ocal data
structure independently.(2) Thus, the need for a very expressive
protocol fromtermnal to central conputer beconmes apparent, so that
notice of such local processing may be conmunicated to the centra
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pr ogr am
6. 0 NETWORK PROTOCOL GUI DELI NES

We now suggest a format for a (third | evel) network protocol from
terminal to serving host which is sufficiently open-ended to permit

any type of attention to be conmmunicated. It is not the intent here
to formally propose such a protocol down to the level of "this bit
nmeans that." When such details are decided, a Network Standard
Attention will have been defined.

The attention protocol has three basic el enents: device
identification, data identification, and data.

6.1 DEVI CE | DENTI FI CATI ON

The device identification field nust be sufficiently large to permt
the unique identification of any TYPE OF DEVICE in the network. |f
two or nore identical input devices exist at different nodes in the
network, it is not necessary to distinguish anong themin this field.
However, if a keyboard, for exanple, has keys which are logically
different, such as typewiter keys and function keys, the distinction
shoul d be nade in the identification field, rather than requiring an
analysis of the data. Further, if two different devices are

| ogically equivalent, as a physical keyboard and Iight buttons, they
may be so treated by NOT having identification codes different from
each ot her.

Somewhere in the network (and possibly at each host supporting a
graphic application) a table should be kept of the input device types
and their characteristics. It may be convenient to organize the
device identification field so that a subfield identifies the device
CLASS, as discussed previously

6. 2 DATA | DENTI FI CATI ON

The device identification field is intended to contain a description
of the data field which follows. Information which m ght be provided
here includes nunber of units (bits, words, bytes) of data which
follow, qualitative description of the data (character code, nenory
address, cartesian coordi nates, itemnane, etc.), and data format
information. It may be desirable, for the sake of unifornmity, to
include this informati on even when it is sonewhat redundant.
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6. 3 DATA
Lastly conmes the data itself (perhaps an anticlimax at this point!)
whi ch, as should be clear by now, may be of arbitrary |length and
organi zati on.
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