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Some Factors which a Network Graphics Protocol nust Consider

After reading sonme of the RFC s on a network graphics protocol it
seens that many are not providing general enough mechani sns to handl e
attention handling, picture structure, and other higher |evel
processes involved in interactive graphics.

Therefore for what it is worth I am sending out these rough
i ntroductory notes which contain ideas that | think any network
graphi cs protocol nust come to grips wth.

The network graphics protocol should allow one to operate the nost
sophi sticated systemw th nore general data structures and concepts
than those described in these notes and allow very sinple systens to
function al so.

| nt roducti on

It is our contention that, if conputer graphics is to be widely
useful, the graphics terminals nust be just another type of term nal
on a tinmesharing systemw th mninal special privileges. 1In these
brief notes we outline the basic features which we feel nust be
avail able in a graphics support package to allow easy interactive
graphi cs application progranm ng.

I f one examines the types of tasks in industry, governnent and

uni versities which can avail thenselves of tinmesharing support from
graphi cs consol es, one can estinate that the large majority can
effectively utilize quite sinple terminals such as those enpl oyi ng
storage tubes. | would estimate 75% of the required termnals to
fall in this class. Another 15-20% of terminals may require higher
response and some sinple realtine picture novenent, thus requiring
sinple refresh displays. The remainder of term nals are needed for
hi gh payout tasks requiring all the picture processing power one can
make available. In this talk we are not considering support for this
latter class of applications.

MAI N ASSUMPTI ONS AND REQUI REMENTS FOR SYSTEM DESI GN

The main assunptions and requirenments underlying the interactive
graphics are the foll ow ng:
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1) The user of the graphics termnal should be just another
ti meshari ng system user.

2) The graphics software support should interface to existing
timesharing prograns.

3) The software support should allow technicians, engineers,
scientist, and business anal ysts as well as professional
progranmers to easily create applications using a graphic
t erm nal

4) The software support should easily allow use of new term nals
and types of terninals as they cone on the market.

5) The software support shoul d be expandabl e as experience
indicates new facilities are required.

6) The software support should be portable fromone tinmesharing
service to anot her

7) Sonme form of hardcopy should be avail abl e.
MULTI LEVEL MODULAR APPROACH TO SYSTEM DESI GN

If one wants to create as systemwhich is easy to use by

i nexperienced progranmers and ultimtely non-programers, one needs
to provide powerful problemoriented aids to programwiting. One
has to start with the prinitive machi ne | anguage used to conmand the
graphi cs system hardware and build upward. The phil osophy of design
chosen is the one becom ng nore conmon in the conputer industry,
which is to design increasingly nore powerful |evels of programm ng
support, each of which interfaces to its surrounding |evels and
builds on the lower levels. It is inportant to try to design these
levels nore or less at the sanme tine so that the experience with each
will feed back on the designs of the others before they are frozen
and difficult to change.

One can recogni ze five basic |evels:
1) The basic system | evel:

This | evel provides facilities for use of the termnal by the
assenbl y | anguage programrers.
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2) The probl em progranmm ng | anguage | evel:

This | evel of support provides powerful facilities for
interactive graphics progranm ng fromthe comonly used higher
| evel progranmi ng | anguages.

3) The picture editor or draw ng system

This | evel of support allows pictures to be drawn and |inkage
to these pictures and application prograns.

Dat a managenent support for interactive progranm ng:

This | evel of support is to provide facilities to aid creation
and mani pul ati on of data structures relating data associ at ed
with the pictures and the application

5) The application programlevel:
A REVI EW OF TERM NAL HARDWARE CHARACTERI STI CS OF CONCERN TO THE USERS

There are two basic kinds of general purpose cathode ray tube display
systens avail able on the present narket. Wthin each class there are
alternate fornms and techni ques of inplenentation which we do not

di scuss here. One type is called a "refresh display". The other
type is called a "storage tube display". The refresh display nust
keep repainting the picture on the screen at rates of from 20-60
times per second. Conmands which instruct the systemhow to draw the
picture are stored in a nenory. The storage tube display on the

ot her hand, through its internal nethod of construction can maintain
on the face of the display a picture for practical purposes,
indefinitely once drawn.

REFRESHED DI SPLAYS

There are limts to how nuch informati on can be drawn on the face of
refreshed display before the tine required to paint it forces the
refresh rate below a critical value and the picture appears to
flicker. This quantity of information is a function of the type of
phosphor on the tube face, the speed of display systemin draw ng
lines and characters, and the anbient light [evel in the room
Refresh display systens range in cost upwards from $10,000 to severa
hundred t housand dollars. Refresh displays, because the picture can
be changed every few nilliseconds by sinply altering its conmand |i st
(often called a display file or display buffer), allowthe picture
parts to be noved on the face of the screen either under operator
control or conputer control. Cbjects on the screen can be

sel ectively erased wi thout affecting other objects on the screen.
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These characteristics nake refreshed displays suitable for a w de
range of applications.

STORAGE TUBE DI SPLAYS

St orage tube based di splays can display a | arge amount of infornmation
without a flicker, and generally cost under $20,000. Present systens
suffer fromsone linmitations, however. They cannot be sel ectively
erased. |If an object is to be noved or deleted fromthe screen, the
entire screen nust be erased and then the new picture can be redrawn.
Because this type of display generally operates over a conmmunication
line, the speed of the Iine may seriously restrict the amount of
interaction if much erasing and redrawing is required. The graphics
sof tware concepts to be described can be used with both a storage
tube and refreshed display, although sone features are only
appropriate to the refreshed type of display. The inportant point is
that new storage tube technologies insure that this class of ternina
will be with us a long tine.

| NPUT DEVI CES

It is necessary to allow a console user to conmunicate with the
graphics system This is done through a keyboard and through
speci al i zed graphic input devices, the Light Pen, the Tablet, the SR
"Mouse", and the "Joy Stick". These latter devices enable a console
user to point to vectors and characters displayed on the CRT and to

i nput position information to the graphics system

Conpari son of the G aphics Input Devices -- Analog Conparitors

The Joy Stick, Muse, and Tablet are similar in that they both
generate a two di mensional position address without the aid of the
di spl ay processor, but cannot be directly used to identify

di spl ayed objects. The light pen-display processor hardware

conbi nation and its associ ated software, on the other hand, can
easily sense and identify displayed vectors and characters but
does not generate directly any position data. A "tracking cross"”
programis used to obtain the position data for the light pen. To
obtain the pointing capability for the Joy Stick, Muse, and

Tabl et, we can use a pair of anal og conparitors which generate
interrupts when the beamis drawn on the CRT lies within a
rectangul ar "view ng wi ndow' in nmuch the sane way that the |ight
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pen generates interrupts when a beamis drawn under its circular
viewi ng area. These conparitors sense the x and y axis drive
vol tages of the di splay anal og bus.

A conparator will generate an output signal when the drive voltage
is between two Iimts which may be set using special display
processor conmands. \Wen both conparitors generate a signal

si mul t aneously, the output voltages on the anal og buss correspond
to a beam position within the rectangul ar view ng wi ndow. The
position of viewing windowis set based on the position of the
pen, Mouse, or Joy Stick.

We can al so use software to sinulate the effect of hardware
conmparators. Hardware conparators cannot be use with storage tube
di spl ays and, therefore, a software sinmulation is required. This
simulation is discussed |ater in these notes.

The light pen can be used only with a refreshed display. The

ot her types of devices can be used with present storage tube

di spl ays and refreshed di splays. They are used with storage tube
di spl ays whi ch have hardware which produces on the screen a dot,
cross or other cursor, indicating the x, y position of the device.
The reason one can nove this cursor around it that the cursor is
creat ed using special techniques to avoid its storing on the
screen.

USER SOFTWARE REQUI REMENTS

The

user requirenents on a tinesharing system based interactive

graphics systemare the foll ow ng:

Wat son

1) The user should have avail able a | anguage for creating a
computer representation of the picture to be displayed. This
| anguage shoul d all ow nore conpl ex pictures to be built up from
si npl er structures.

2) The conputer representation of the picture nust allow easy
identification of picture parts when pointed at or "picked" or
"hit" with graphical input devices such as |ight pen,
el ectronic pen-tablet, Joy Stick, SRl nouse, or other supplying
X, y information.

3) The computer representation of the picture nust allow Iinking
of picture parts with data about these parts appropriate to the
application using the terminal. There should be an appropriate
dat a managenent systemfor use with interactive application
pr ogr ammi ng.
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4) There nust be sonme way of conmmunicating events taking place at
the ternminal in real-tinme, such as picking objects with the
light pen, with the application programrunning in the
ti mesharing system

5) The user should be able to save and restore pictures from one
consol e session to the next.

6) If possible, the user should be able to use the display as a
stand-al one terminal or in conjunction with a teletype or other
typewiter termn nal

7) The user should be able to do sone graphic programr ng by
drawi ng directly at the console.

The choice of an appropriate data structure for picture
representation sinplifies the handling of requirenents one to five.
It is this data structure that we consider now in nore detail.

Pi cture-Rel ated Structures

If a picture displayed on the console had nmeaning only in the

physi cal position of its lines and characters, the system woul d be
little nore effective than an easily erased piece of paper. To
significantly enhance the capabilities of the system we nust be able
to express rel ati ons between di splayed entities. A line is nuch nore
than just a line when it represents a boundary or a part of sone nore
conplex unit. Such units in turn may be related in a simlar way to
hi gher level units. Furthernore, we may wish to create picture

el enents that nay be used repeatedly so that a change in the one
master copy will be reflected in every use of that copy.

To illustrate the useful ness of this picture-subpicture relationship,
we shall consider the three houses of Figure 1. Wile the two types
of houses differ in appearance, it is obvious that they have picture
el enents that could be drawn by a designer of prefabricated houses
and that the designer wi shed to incorporate a new standard w ndow
unit into all houses. The use of conventional pencil and paper
techni ques woul d require that he redraw or overlay each wi ndow on his
diagramto reflect the changed conponent. |f the wi ndow were,

i nstead, drawn by the graphics systemw thin a common subroutine,
only that one naster copy would have to be nodified in order to
change the appearance of every reference to that kind of w ndow on

t he di agram
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Nodes and Branches

To facilitate the discussion we will introduce the terns "node" and
"branch”". A node is a formof picture subroutine that may cause the
di splay of lines and characters and may al so call other nodes. The
subroutine call is called a "branch". Nodes may al so be thought of
as representing Pl CTURES or SUBPI CTURES and the branches to these
nodes as uses or instances of these subpictures.

Directed Graph Structure

The nodes and branches forma directed graph. The branches contain
positioning information indicating the beam|ocation to be used by
the called node. This location is relative to the position of the
node in which the branch is made. This use of relative beam
positions allows the user of the systemto create subroutine
structures that nmake nmultiple branches to common nodes. Branches may
al so set other display paraneters such as intensity and character
size. A subroutine calling structure appropriate to the requirenents
of our hypothetical designer is shown schematically in Figure 2.
Nodes are shown as circles and branches are shown as connecting
lines. The picture of the house is conposed of wall unit and roof
SUBPI CTURES. The wall wunit is in turn conposed of subpictures.

Node and Branch Display Paraneters
Branches may contain the setting of paraneters which will be in

ef fect when the called node is executed. The paraneters which nay be
set are the beam position to be used (relative to the current beam

position, i.e., a displacenment value), intensity, character size,
line type, visibility, (the display of vectors and characters may be
suppressed), "hitablility" (whether or not vectors and text may be

"vi ewed" by devices such as the light pen), and blinking.

Codi ng within nodes may nodify only the parameters controlling
position, intensity, character size, and line type to be used by
subsequent display coding or branches. It is not necessary that a
node or branch specify every paraneter. For those paraneters other
than position, the systemallows a "don't care" option; the paraneter
setting in effect when the node or branch is executed will be

retai ned and used in this case.
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Identification of Graphic Entities with G aphic | nput Devices
Structural Hits

A consol e operator or application program may nodi fy, add, or
del ete branches to any of the nodes as well as add new nodes.
To allow a consol e operator to mani pul ate any branch in such a
structure, we have inplenmented a "structural hit
identification" schene. To illustrate the follow ng

di scussion, we refer the reader to Figures 1 and 2.

A view ng device, such as a |light pen, can respond only to the
i ndi vi dual vectors or characters displayed on the screen. At
the time a vector is drawn under the viewi ng area of the |ight
pen, an interrupt is generated and, if enabled, will be sent to
the central conputer. Even though the sane node is used to

di splay the eight windows in the diagramof Figure 1, we can
tell which wi ndow and house is being pointed to by exam ning

t he sequence of branches taken to arrive at the w ndow

di spl ayed at the time of interrupt. |[If the console user points
to the right hand wi ndow of the m ddl e house of Figure 1
(marked with an asterisk *) an exami nation of the subroutine
return addresses in the push down stack woul d show that the
current "w ndow' node had been arrived at via the dotted |ine
path shown on the network of Figure 2.

There remai ns the question "Are we pointing at a wi ndow, at a
wal |, at the house, or at all three houses?" The |ocation of
this structural hit depends on how many branches are counted in
exam nation of the return addresses before one stops to
consider to which branch that return junp points. This is

anal ogous to counting a fixed nunber of levels fromthe ends of
the graph structure. This nunber of junps is set using
reserved keys on the keyboard, one increnenting and the other
decrenenting the Iimt. By manipulating these keys and
pointing to various displayed objects with the light pen, it is
possible to point to any branch in the network of subroutine
cal l s.

Al'l information concerning the path in the node-branch network
taken to arrive at any displayable coding is contained in a
push down stack. Return junps are stored in the stack by the
subroutine calls to nodes. These junps when executed will
return the processor to the next instruction after the call

A greatly sinplified version of the display coding used to

generate the picture and tree of Figures 1 and 2 is shown in
Figure 3. The labels a through d on the diagramrepresent the
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address of the subroutine calls which cause the display of the
subpicture hit by the viewing device -- in this case the right
hand wi ndow of the second house. The returns fromthe called
subroutines are stored in the push down stack as junps to the
| ocation following the calls. The routine RETURN woul d nerely
execute POP instructions which ultimtely will cause the
execution of a junp instruction previously placed in the stack
by the calling branch, thus returning control to the calling
routine. The stack is shown in the condition at the tinme of
the hit on the right hand wi ndow of the middle house. Note
that by counting 3 junps upward (downward in the diagram in
the nenory containing the stack, we will arrive at the junp
pointing to a structural hit at (b) in Figure 3, the call to
nodel 120.

Consol e Qperator Feedback

The consol e operator nust be informed of where he is pointing
in the network of nodes and branches. This is acconplished by
flashing all displayable coding below the structurally hit
branch when a vector or character is viewed. This flashing is
a doubling of the intensity at 2 to 8 cycles per second. In
addition, a list of the names of all nodes and branches taken
to arrive at the vector or character viewed is displayed in a
corner of the screen. The nane of the branch selected is

i ntensified sonmewhat brighter than the other nanes.

CGenerating an Attention

Wat son

After the operator has confirnmed the correctness of his choice,
he need only terminate the viewin order to generate an
attention on the desired branch. This is done by releasing the
button on the light pen or lifting the pen fromthe Tablet. A
button on the nouse will performthe sanme function. |If the
structural hit is not correct then the operator could nove the
vi ewi ng device to a new area.

A term nation of the view on a blank area of the screen wll
result in the generation of a "null" attention. This attention
returns only position data; no structural data is generated.
The significance of this attention is determ ned by the
application program

The above di scussion assunmed a refreshed di splay and use of a
light pen, but it greatly sinplifies interactive graphics
programming if the above concepts can be inplenented no nmatter
what type of display or graphical input device is being used.
This in fact can be acconplished as discussed | ater.
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THE GRAPHI CS LANGUAGE

For the purpose of discussion we assunme that the graphics | anguage
statenents are a set of subroutine calls, although a nore

sophi sticated syntax could be inbedded in the host progranm ng

| anguage. The statenents required are:

1)

2)

3)

4)

5)

NAM NG

Subroutine calls for creation and mani pul ati on of the picture-
subpi cture data structure.

Subroutine calls to generate displayed pictures and picture
parts such as |lines and characters.

Subroutine calls to input information about events or
"attentions" occurring in real tine at the console.

Subroutine calls to mani pul ate picture paranmeters such as line
type, (solid, dashed, dotted, etc.), brightness, character
size, and so forth.

Subroutine calls to performutility functions such as saving
and restoring pictures fromdisk files, initiating the display
and so forth.

A nunber of different nanming conventions are required to nmeet system
and application progranmer needs.

The Di splay Pointer

Wat son

Nodes and branches in the system are nanmed by assigning an
integer or array location as an argunment in the call used to
create them The system places in these variables a nunber
whi ch points to the physical |ocation of the branch or node
position in the picture-subpicture data structure. W cal
this nane the DI SPLAY PO NTER As long as the user does not
change the contents of these variables he can refer to
particul ar nodes or branches in various subroutines by use of
these integer variables as argunments. |In other words, to the
user, the nane of a picture or subpicture can be thought of as
the variable used at the tine of its creation. Such a nam ng
schene is clearly required if pictures or subpictures are to be
mani pul at ed by the programrer.
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The Light Button Code

Additional identification is useful to the application
progranmer in order to sinplify his progranm ng task. A user
has no control over the nunber assigned by the systemto a

Di splay Pointer. There are situations in which the user would
like to associate a particular known nunber with a branch. One
conmon exanple is in the use of "light buttons". A light
button is a di splayed object that the user wants to be able to
point at in order to conmand the controlling application
programto do sonething. A light button is commonly a string
of characters form ng an English word or words, but could be
any picture. Wen the user picks or hits the Iight button,
information identifying the object nmust be transmitted to the
ti mesharing application program The program nmust then branch
to an appropriate statenment or subroutine to performthe
operations required to execute the command. The D spl ay

Poi nter uniquely identifies the object hit, but because its

val ue is not under the programmers control, witing the code
necessary to test it against the various D splay Pointers
considered legitimate to be hit at this point in the programis
tedious. If, however, the application progranmer knew that at
this point only objects with identification nunbers 20-28 were
legitinate to be hit, then testing to see that one was in this
range and branching by use of a conputed GOTO sinplifies the
progranmmi ng of flow of control. Oten one does not need uni que
identification of an object, but wants to performa certain
action if any object in a class of objects is hit.

The above need for identification is satisfied by allow ng the
application progranmer the ability to assign a nunber, not
necessarily unique, to a branch. This nunber is called the

Li ght Button Code. This code can be used in any way the
programmer desires, but is nost conmmonly used, as its nane
inplies, as a code identifying light buttons. This nunber is
sent to the application programalong with the Display pointer
of the object hit on the screen with a graphical input device.

The Back Poi nter

We indicated earlier that it is required in interactive graphic
progranming to be able to associate application oriented data
with picture and subpicture objects on the screen. The data
may be stored in many kinds of data structures depending on the
nature of the application, exanples being arrays, lists, trees,
etc. W neet the need by associating with each branch one word
whi ch could contain a pointer to the appropriate spot in the
application data structure containing the data associated with
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the branch. W call this word the Back Pointer. The
application progranmer can in fact store any code he desires in
this word and use it in any way desired, but its compn use as
a pointer back into a data base in the application program
dictated its nane.

For exampl e, consider an application which would allow a

chem cal engineer to draw a chenical flow sheet on the screen
and then input this flow sheet into a process cal cul ation
system There will be various synbol -pictures on the screen
representing basic process units such as heat exchangers,

m xers, colums, and so forth that can be copi ed and positioned
on the screen. These units will have to be connected together
by streans. The units and the streans will have nanes and data
associated with them describing their contents and properties.
Further, the node-branch structure. while visually indicating
to the user what units are connected together and how, does not
necessarily have the connecting information in a formeasily
handl ed by the application program

The continuity is best represented by a data structure using
sinple list processing in which each unit and stream has a

bl ock of cells associated with it containing data for it and
poi nters containing the connectivity infornation. Wen a
branch is created to position and display a unit, it wll
contain in the Back Pointer a pointer to the bl ock of data
associated with it. The block of data will probably contain
the Display Pointer for the associated branch so that one can
go fromthe picture to the data block or fromthe data block to
the picture. For exanple, one may point at a unit for the
purpose of deleting it. dven the Back Pointer of the unit

hit, one can find its associated block and return that block to
free space. One can then follow the appropriate chain of
pointers to the blocks for the streans connected to the unit.
In these bl ocks one has the Display Pointers for the branches
di spl aying the stream and can then delete it fromthe node-
branch structure, thus making it disappear fromthe screen.

An additional formof nane is to allow the programrer to store
an al phanuneric string with each branch or node. This form of
nane is not required for nost applications, but can be useful
with the picture editor.

To review, each node and branch has associated with it a unique
identifier named by the user and called the D splay Pointer

its value is assigned by the system Each branch has two
addi ti onal pieces of information which can be assigned to it by
the programmer, called the Light Button Code and Back Pointer.
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G ven a Display Pointer for a branch, the programer can obtain
the Light Button Code or the Back Pointer for the branch.

G ven a Light Button Code or the Back Pointer, the progranmer
can obtain a Display Pointer for a branch with such a code.
This display pointer may not be unique if several branches have
t he sanme Light Button Code or Back Pointer. The above nam ng
and identification inventions have proven to be easy to
understand and yet conpletely general and easy to use.

COORDI NATE SYSTEMS

W now consi der the question of a coordinate systemw thin which to
descri be picture position. The actual display generation hardware in
a termnal has a fixed coordi nate system (comonly 1024 by 1024 units
on a fixed size screen with the origin 0,0 in the left hand corner or
center on the screen). Utimtely, the user wants to work on a
virtual screen nuch larger than the hardware screen and wants to
consi der the hardware screen as a wi ndow that he can nove around to
view this virtual screen. Further, pictures are to be capabl e of
bei ng constructed out of subpictures as in the exanple of Figures 1
and 2. To be able to acconplish the latter and allow future
expansion to allow the former, the foll owi ng coordi nate system
conventions are used.

Each node has its own coordi nate system \When a node A is created,
the picture-drawi ng CRT beamis assuned by the programrer to be at
the origin of the node’s coordinate system Wen a node is used
within a node B by use of a branch, the positioning of node Ais
relative to the beam position in the coordinate system of node B
Al'l nodes are positioned relative to each other by x, y positioners
in the corresponding branches. Wen a picture is actually to be

di spl ayed, one node is indicated to the systemas the initial or

Uni verse Node. This initial node is positioned absolutely on the
screen and all other nodes appear relative to this one as specified
in the branches pointing to them This schenme is required to give
the flexibility and generality required in the picture-subpicture
tree.

Logi cal Conpl et eness of QOperation Set

Thr oughout the system design one should try to follow the

phi | osophy of incorporating a |logically conplete and consi st ent

set of operations. |In particular, for each call that sets a val ue
there should be another call to fetch the value. That is, for
each operation there is an inverse operati on whenever it is

meani ngful to have one. W see a need for a basic systemw th the
calls as primarily primtives. One can incorporate calls that
could be created by the programmer fromother calls, when it is
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felt that usage would warrant the expansion. W would expect a
l'ibrary of higher level routines in the | anguage.

It is beyond the scope of these notes to go into all the calls
requi red except to indicate a few basic ones. For structure
creation, one needs to be able to create a node or branch, delete
a branch, add a new branch to a node at run tine.

One needs to be able to specify beam novenents in nodes and pl ace
text in nodes with the nornal wite-fornat statements of the host
progranm ng | anguage. This latter point is very inportant for
easy programm ng.

One needs to be able to set and test paranmeters and convert one
formof name into others

We di scuss Attention handling in nore detail because of its
i mportance in making interactive programing easy.

Attention Handling

The user sitting at the console is operating in real tinme wile
the application programis operating in timesharing tinme. At any
poi nt where the user nay perform some operation at the consol e,
the application program may not be running. A nechanism nust be
created to comuni cate between the user and the application
program The design of this nechanismis very inportant and nust
be carefully considered. There are many different operations that
one mght want to provide the user at the console. A basic

nmechani smis di scussed which will allow others to be added in the
future. Wen the application programgets to a point where it is
expecting input fromthe termnal, it issues a call and passes an

array as an argunent. The Attention handling nmechani sm di sm sses
the programuntil an event is reported fromthe console. The

i nformati on passed back to the application is the type of event
whi ch occurred and other relevant information for that event.

On refreshed displays a comon input device is the light pen. The
i ght pen has a physical field of view of about a 1/8-1/4 inch
circle. The nost common use of the light pen is to point at an
object to be hit or picked. The logical field of view seen by the
user is a branch in the node-branch structure. The picture drawn
by the structure below the branch is blinked to give feedback to
the user about what object he is going to hit or operate upon.

The level in the structure at which the logical viewis given can
be set under program control or adjusted by the user fromthe
keyboard. When the user obtains feedback indicating the correct
object is in view, he then presses a button on the light pen to
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generate an Attention. He is said to obtain a "structural bit" at
a branch at the level in the node-branch structure set by the
application programor by hinmself. Wen the hit occurs,
appropriate information is then entered into the Attenti on queue
as described bel ow

The ot her type of graphical input device conmonly in use on both
refreshed and non-refreshed di splays, such as el ectronic pen-
tablets, Joy Sticks, SRI Muse, etc., produce x, y position
informati on which is fedback to the screen as sonme sort of cursor
such as a dot or a cross. It is difficult, if not inpossible,

wi t hout special hardware to provide the kind of feedback possible
with the light pen, but structural hits can be generated by the
use of special hardware or software. These devices require the
application programrer to set the appropriate level for an
expected hit.

The level of a structural hit is counted up fromthe bottom of the
node- branch structure. A hit at level 1 is the |owest branch
presently in view A hit at level 0 is a hit on an individua
vector or group of characters. Only special prograns, such as a
picture editor, are likely to obtain hits at |evel O.

The Attention type obtai ned when one gets a structural hit on a
branch returns the following information: The information
returned in the array is that required by the application program
the Display Pointer, the Light Button Code, and x, Yy, information.
The x, y, information returned is not the absolute X,y pen
position because this would not be of use on this type of hit.

The x, y information returned is the physical beam position just
bef ore execution of the branch which was hit. |f one wants the
physical | ocation of the node origin to which the hit branch is
connect ed, one executes another call to obtain the branch

positi oner and adds these values to the correspondi ng val ues
obtained fromthe hit. Gven the D splay Pointer, one can obtain
the Back Pointer or other paraneter values associated with the

gi ven branch call.

The attention type obtained when a hit is generated, but no object
isin view, is now discussed. This type of attention is called a
null attention. 1t is used frequently to position objects on the
screen. The only information returned in the array is the

absol ute screen coordi nates of the position on the screen of the
graphi c input device or cursor. This information can be converted
into relative information for placenment in a branch positioner or
for increnmenting a branch position when an object is being noved.
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O her calls are required to obtain information about other
branches which are related to the one hit, and to perform ot her
functions.

STRUCTURAL HI TS FOR STORAGE TUBE DI SPLAYS

The final topic is to consider howto obtain structural hit
i nformation using a storage tube display or device which only gives
absolute x, y screen informtion.

The problemis to take an x, y coordinate pair and deternine if the
user is or is not pointing at an object on the screen, and if he is,
which object. Wen a hit is generated with the Iight pen, the

di spl ay processor halts and the controlling conmputer can gain access
to the return addresses in the push down stack and to the instruction
| ocati on which generated the Iine or character causing the hit. Use
of the Joy Stick, Muse, or tablet is conpletely asynchronous with
the display for refresh displays and the hit occurs after the draw ng
has taken place for storage tube systens.

The brute force approach to the problemwould be to sinulate
execution of the Display Buffer and cal cul ate sone neasure of

di stance between every line and the x, y coordinate of the hit. This
approach would be too tinme consuming and is not feasible. A second
approach and one commonly used is to have the progranmer define a
rectangl e surroundi ng each object on the screen. Then one deternines
whi ch rectangle the cursor was in and that determ nes the object hit.
Thi s approach requires extra effort by the programer, and only works
wel |l if the node-branch structure is one | evel deep, there are no

di agonal lines as nodes, and no objects have overl apping rectangles.
These severe restrictions elinmnates this approach from serious

consi deration

A third approach would be to break the screen into small squares or

rectangl es of a size such that it is unlikely a line fromnore than

one picture object would pass through the square or rectangle. Then
we woul d record for each square the Display Pointer of the | owest

| evel object branch passing through it. This approach would require
consi derabl e system space and woul d take nmuch tine to deternine what
rectangl es each |ine passed through.

The fourth approach and the one we reconmend is to split the screen
into horizontal and vertical strips. Wen the call to D SPLAY is

gi ven, the system nmakes one pass through the node-branch structure
and mekes a list of the Display Pointers for the | owest branch having
a node with a line or character passing through or in each horizonta
or vertical strip.
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This cal cul ati on can be nade qui ckly because the system can easily
obtain the start and end points of a line. One then can quickly
determ ne which strips the end points fall in, as well as the
internmediate strips crossed. Wen a hit is generated, the x, y
information is converted to horizontal and vertical strip nunbers.
The Display Pointers for each of these strips are intersected to see

if a coomon Display Pointer exists. |If yes, this is the D splay
Pointer for the object hit. |If not, then a null hit is generated.
Choice of strip width decreases the probability of multiple hits
resul ting.

The above process yields the Display Pointer of the | owest branch in
the tree in view, but one nay want to obtain informati on about ot her
hi gher branches in view This is acconplished by creating, not only
the strip lists described, but by parsing the node-branch structure
at the sane tine into a table containing an abbrevi at ed
representation of the tree and the screen x, y coordi nates existing
at each branch. The strip lists do not actually contain D splay

Poi nters, but pointers back into the parsed representati ons which has
the Display Pointer, x, y coordinates, and the structure level for
each of the branches. The parsed representation is a linear list of
the branches encountered as the program wal ks through the node-branch
graph. Gven the hit at the | owest |evel one can deternmnine al
branches passed through fromthe top node to the hit branch by an
upward search of the graph representation

Every tinme a branch is deleted or a new branch is added, one needs to
nmodi fy the screen, nodify the representations and the strip lists.

For refresh displays, the picture can be changed i medi ately and the
strip lists and representations nodified at the tine of an attention
call. For a storage display, erasing and redraw ng the picture on
each deletion can be slow, if many del eti ons are going on, and nay be
unnecessary.

There are three approaches to performng these functions in storage
tube systens:

1) Erase the screen on each deletion and reconpute the picture,
strip lists and graph representati ons on each del etion and
addi ti on.

2) Keep a list of each D splay Buffer change and performerase if
necessary and redraw or make an addition when an attention cal
is encountered. This is a feasible approach because it is only
at this point that the screen and structural hit information
need to be up to date.
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3) The third is to allow control of screen changes and ot her
updating by special subroutine call. The reconmended approach
uses a conbi nati on of the above. Adding information to the
screen should occur at the time of the new branch call
Del etions and nodifications of the representation and the strip
lists occur only at the tinme of an attention call. Routines
shoul d al so be provided to give the progranmer control over
thi s redraw nmechani sm

Experi ence with the above nmechani sm has shown it to be quite
fast and not to noticeably degrade response tinme. One minor
difficulty has been encountered when a horizontal or vertical
line of an object is on the borderline of a strip. Sonetines
this results in a null hit being generated if the cursor is on
the wong side of the borderline. A check can be made for this
condi tion and audi o feedback can be given to the user with the
bell in the termnal to indicate a correct or erroneous hit.

| NTERFACE TO THE Tl MESHARI NG SYSTEM OF A REMOTE M NI COMPUTER DRI VEN
DI SPLAY

Al t hough the graphic systemis locally controlled by a mniconputer,

t he user does not have to worry about the mini. Application prograns
are witten for the tinesharing conputer only. The graphic system as
a whol e behaves as a terminal of the tinmesharing conputer. This
feature is inportant because no matter how powerful the graphic
systemis, it nust be easy to program and use before useful
applications can be inpl enent ed.

Because no one wants to operate over a communi cation |ine, one needs
to conmpress the information sent to the renote system This is
acconpl i shed by conpiling a central node-branch structure in the
central conputer and only sending mniml character strings to the
renote conputer representing those subroutines calls that need to be
conpiled into a Display Buffer in the renote conputer for display
refresh. In other words, a snaller renote version of the graphics
systemresides in the renpte miniconputer. Sinple schemes for
coordinating the Display Pointer in the renote and central machi ne
have to be devi sed.

CONCLUSI ON

W feel that the above concepts are central to creating an

i nteractive graphics support systemfor use with a tinmesharing
system The key concepts are those associated with the node-branch
structure and the structured hit. The topics of a picture editor,
dat a managenment system and basic | evel support are also very

i nportant, but beyond the scope of this lecture.
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Figures 1, 2. and 3, are available in both .PS and . PDF versions.

[This RFC was put into nachine readable formfor entry]
[into the online RFC archives by Lorrie Shiota, 10/01]
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