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GRAPHI CS PROTCCOL - LEVEL 0 ONLY

I NTRODUCTI ON

Thi s docunent reflects opinions expressed and deci sions reached at
the second neeting of the Network G aphics Goup, held at the
Stanford Artificial Intelligence Laboratory in | ate Novenber 1971

It describes part of a proposed Network Standard G aphics Protoco
for transmtting graphics data within the ARPA network. The
particul ar aspects of the protocol covered in this docunment relate to
the formand content of graphics information sent froma source of
graphical information (an application program say, in the "Serving
Host") to a display package for output to a graphics console (at the
"Using Host"). This will take the formof a sequence of 8-bit bytes,
and will be called the graphics output byte stream In particular,

only the sinplest forms of graphics data will be covered in this, the
first version of this docunment. The next version, already in
preparation, will be nmuch nore conplete. |In any case this is not

i ntended to describe a finished protocol; rather it should serve as a
basi s for graphics experinentation on the network.

Thi s docunent does not include formor content of graphics input
(data sent fromthe Using Host to the Serving Host) nor does it cover
how t he connection is established between the hosts. A proposal for
the former will be generated eventually by this conmmittee; the latter
is the job of the Connection Conmittee (of the Network Graphics

G oup) .

Thi s RFC descri bes the conmands which are available in the protoco
interms of the effect they would have at the receiving (Using Host)
end. Cdearly, sone subroutine package is desirable at the Serving
Host for use by applications package in transnmitting graphics data,
but on this topic this RFC does not intend to coment.

It may be observed by the reader that no facility is specified in
this protocol allow ng the Using Host to report logical errors in the
graphi cs output byte streamto the Serving Host. Such a facility
woul d have to be intergrated with the graphics _input_ byte stream
since it involves nost of the problens related to synchrony of

i ndependent hosts.
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BACKGROUND

The reader shoul d probably peruse RFC 282: "G aphics Meeting Report™
by M ke Padlipsky to obtain sone of the framework surrounding this
di scussi on of network graphics. Also it mght be valuable to nmake
note of the nmodel described in RFC 285: "Network G aphics" by Donal d
Huf f .

LEVEL AND GROUND RULES PERTAI NI NG THERETO

Functions within the graphics protocol will be classified into a
nunmber of |evels depending partly on howdifficult it is to inplenent
those functions. It is intended that any host which clainms to

i mpl ement the functions of level N rmust inplenment all |ower |evels as
well. Thus, it is envisioned that sites will inplement |evels
incremently. Inplenmentations will be inproved as a conti nuing
process to include nore and nore functions, and it is intended that
each inplenmentation will be able to identify its own level to a
graphics protocol at a renote site which is requesting a graphics
interchange. A side result is that each site will be able to
determine its own priorities in commtting programrers to the
graphi cs protocol as opposed to other efforts.

It is also our intention that inplenentation of level Nwll require
no know edge of level Nt1l. Thus a site can inplenment a level in the
(reasonably) firmknow edge that no changes at higher levels will
alter the level inplenmented. At sone tine it may be decided by the
Net work Graphics Group to redefine a | evel which has previously been
firmed up. It is not our intention that this shall happen but one
must recogni ze that the proposed G aphics Protocol is experinental
and may have to be changed.

One further ground rule: a stream of commands and data which is
valid at a given level, K, shall produce "identical" results on any
interpreter of level K or higher. By this we nean that as defined
operations, simlar pictures should result. Aspects of the protoco
which are not strictly defined (at this tine) include character size,
character position relative to the beam how control characters in
text output affect the term nal and what happens when the beamis
moved or a line drawn outside of the logical screen boundary. This
rule forces upwards conpatibility, so that an application witten
usi ng features of |ow nunbered level will still work at sites which
have noved on to inplement higher levels. Additionally, any aspects
of this protocol which are explicitly "left unspecified" in the
det ai | ed operations descriptions below _shall_ be explicitly
specified in any public description of an actual inplenmentation

We now descri be the framework which will be common to all |evels.
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BASI C DATA FORMS

Information in the Network Standard G aphics Protocol will be
expressed as a sequence of 8-bit bytes. A command will consist of a
command byte followed by zero or nore argunents. The sane conmmand
byte will always take the sane nunber of argunments in the same form
The I ength of each argument may be fixed or variable depending on the
ar gunent .

A sinple type of argunent is a "value," which is an 8-bit integer
Anot her type of argunent is a "string" which is a count foll owed by
(count)nunber of 8-bit bytes. |If the count is between 0 and 127, it
is sent in a single byte. |If the count is between 128 and 2**15-1
(** neans exponentiation), it is sent in two bytes with the high
order bit of the first byte set to one. The first byte contains the
seven high order bits of the nunber, and the second byte contains the
eight low order bits. A string is the only type of argunent of a
command which can vary in |ength.

Coor di nat e data engendered consi derabl e di scussion at the second

Net wor k Graphics Group neeting. It was decided that a two-

di mensi onal Logi cal Coordi nate System was required, and each
interpreter for the graphic command byte stream woul d be responsible
for mapping this coordinate systemto physical device coordinates.

It was decided that data in the |ogical coordinate systemwould be in
twos- conpl enent notation, that it would be fractional, that each edge
of the screen would have unit length, and that the origin would
correspond to the center of the screen on the output device. The
vertical (horizontal) edges of the screen of the output device
correspond to the lines X (Y) = -1/2 or X=+1/2-e where e is a small
positive nunber determined by the precision of the fractional data.
Particularly the points (-1/2,-1/2) (-1/2,1/2-¢e), (1/2-e, -1/2) and
(1/2-e, 1/2-e) shall be visible points at the corners of the |ogica
screen. (In the case of a non-square display surface, the

i npl ementer may nmake his own decision, but it is recommended that the
| argest possible square_ area be utilized.) Thus we shall say that
the Logi cal Coordi nate System contai ns points whose coordi hates range
from-1/2 to a little Il ess than +1/2.

Commands which take coordinate data will be available in various
nodes. | n absolute nbde, a position is specified by giving its
coordinates in the Logical Coordinate System |In relative nbode, the
_difference_ between the coordinates of the position and the

coordi nates of the current position must be specified. Thus a
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coordi nate datum which is an argunent for an absol ute node operation
should be in the range -1/2 to +1/2-e, while one for a relative node
operation should be in the range -1+e to +1-e.

Interest was expressed at the second Graphics Goup Meeting in
eventually allowing a very |arge coordi nate space (nany bits of
precision in each fractional coordinate). This is to be done by
permitting the length, in 8-bit bytes, of each coordinate datumto be
set (as a node). It was decided at the neeting that two bytes per
coordinate would suffice for now Thus "e" in the above discussion
is 2**(15) (one in the least significant bit of a 15-bit plus sign
fractional coordinate).

Text data will be transmtted as an argunent of various commands for
di splay on the output device. Network ASCII will be used to
represent characters. At the |owest-levels of the protocol only one

character size will be available -- whatever is "normal" on the

di splay device. |If the device had no "normal" size, 72 characters
per line would be desirable. Later, variable character size may be
i ntroduced.

Al so, at the lowest levels, control characters will be passed al ong
to the device for it to do the best it can. However, the consensus
of the graphics neeting was that at sone reasonably | ow (but non-
zero) level carriage return, line feed, and backspace shoul d be
interpreted to do the right thing.

COVMVAND CCDES

Each command in the graphics protocol will be assigned a non-negative
val ue which will represent this command in the byte stream The

al gorithm whereby val ues and commands are associated is, it turns
out, a very touchy subject. There are five or ten different criteria
for a "best" algorithm each criterion different in enphasis. This
CGordian knot will be cut, in this proposal, by ordering the conmands
approxi mately according to | evel, and then just nunbering them In
addition, if several closely related commands occur at the sane

| evel, sone attenpt will be nade to encode variations of neanings in
terns of bit configurations. Even if some |ater consideration causes
a change in ordering to be proposed, it is this commttee' s feeling
that the nunbering should not be altered. However, until this nmatter
is firmy settled, it is strongly advised that any inplenentation
take into account the possibility of reassignnent of comrand codes.
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PARTI CULAR PROPOSAL FOR LEVEL 0 PROTOCCL

It is proposed that |eve

0 be kept very sinple.

This is so that

i mpl ementation can be quickly acconplished and experinmentation with

t he protocol begun.

accordance with this, the "rule"
i mpl emented only if the output

Anot her reason is that the | east powerful
and even programmabl e terminals should be able to inpl enment
was made that a comrand be
is a function solely of the current

host s
it. I'n

command and the "beam position" current at the start of the command.

In other words the interpreter for |eve
storage for "nodes" or pushdown stacks.
hoped that a very sinple inplenentation wll
per haps one could eventually build a hardware

0 code to one’s own particular termnal’s code

In particul ar,
translator froml eve

Not e t hat

speci al meani ng for the nove,

whet her the visible output

LEVEL 0: COMVAND SUMVARY

The following is a list of comands (and their syntax)in |evel

in the opcode assignnent for |eve
line and dot commands.

the 1 bit encodes absolute versus rel ative data npde,
encodes whet her any visibl e output occurs,
is aline or a dot.

0 need have no interna
Wth this restriction it is
be possible for |evel O.

0, bits 4, 2, and 1 have
In particular,
the 4 bit

and the 2 bit determ nes

Zer o.

Det ai | ed descriptions of these commands follow in the next section

Conmands deal i ng with protocol
Commi tt ee.

(As described in Basic Data Forns,
delta> are two-byte coordinate val ues,

may be added by the Connection
(They currently request opcodes in the range 128 to 255.)

above, <x>, <y> <x delta> and <y
<string>is a count followed

by (count) many bytes and <value> is an eight bit nunber.)

Deci mal Cct al Bi nary

0 0 00000000
1 1 00000001
2 2 00000010
3 3 00000011
4 4 00000100
5 5 00000101
6 8 00000110
7 7 00000111
8 10 00001000
9 11 00001001
10 12 00001010
11 13 00001011

M chener

For mat

Nul |

Erase screen and reset beam
Move Absol ute <x> <y>

Move Rel ative <x> <y>

Draw Absol ute <x> <y>
Draw Rel ative <x delta> <y delta>
Dot Absol ute <x> <y>

Dot Rel ative <x delta> <y delta>
Text <string>

Text R <string>

End of Picture

Escape <val ue> <string>
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LEVEL 0: COVMAND DESCRI PTI ONS

0 Nul I Statenent ("null™)
This statenent has no argunents and no effect, either.

1 Erase screen and reset beamto origin ("Erase").

This command indicates that a new picture is about to be drawn.
It should always be (eventually) paired with a foll owi ng End of
Pi ct ure command.

2 Move beaminvisibly to absolute position

("Mwve Absol ute") <x coordi nate> <y coordi nate>.

Nothing is drawn; the beamis positioned to the specified absolute
X,y position.

3 Move beaminvisibly by relative anount

("Mwve Relative") <x delta> <y delta>.

Not hing is drawn; the beamis shifted by the specified amount in x
and vy.

4 Draw | ine to absolute position

("Draw Absol ute") <x coordi nate> <y coordi nat e>.

Aline is drawn fromthe current beam position to the specified
absolute x, y position.

5 Draw line to relative position

("Draw Rel ative") <x delta> <y delta>.

Aline is drawn fromthe current beam position to the position
delta x and delta y away.

6 Di splay a Dot at absol ute position

(" Dot Absolute") <x coordinate> <y coordi nate>.

The beamis noved invisibly to absolute position x, y and a dot is
di spl ayed there.

7 Di splay a Dot at Relative position

("Dot Relative") <x delta> <y delta>.

The beamis noved invisibly by the specified anount in x and y and
a dot is displayed there.

8 Display text ("Text") <string>.

At the current beam position, display sone characters at the
normal size for the device being operated. <string> consists of a
<count > foll owed by count many characters. |If there is no "normnal
size," choose the size so that seventy-two characters are

di spl ayed per line. The characters in the string are coded in
network ASClII: all codes between 0 and 127 (decinmal) inclusive are
permitted. (At level zero, what happens to control characters is
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| eft unspecified.) Were the beamis, follow ng execution of this
command, is left unspecified, except that another Display Text
command inmedi ately following will append its text to the previous
string. (The use of the TEXT command is _discouraged ; use TextR
instead.) The position of the first character relative to the
initial beamposition is left unspecified.

9 Di splay text and restore beam ("TextR') <string>

At the current beam position, display a string of characters at
the normal size for the device being operated then reposition the
beamto where it was before the command. <string> consists of a
<count > foll owed by count many characters. |If there is no "nornal
size," choose the size so that seventy-two characters are

di spl ayed per line. The characters in the string are coded in
network ASCII; all codes between O and 127 (decinmal) inclusive are
permtted. (At level zero, what happens to control characters is
| eft unspecified.) The position of the first character relative
to the initial beamposition is left unspecified.

10 End of Picture ("Endpic").
Thi s command denotes the end of a new picture. It nust be paired
with a precedi ng Erase conmand.

11 Escape to device specifics ("Escdev") <value> <string>

If "value" is the code assigned (by the Protocol Comittee) to the
devi ce being operated, then transnmt the eight-bit bytes in
<string> (which starts with a <count> indicating the nunber of
bytes) to the device wthout examining them Qherw se ignore
this coomand. |f the device does not accept 8-bit infornmation,
reformat the data in sone device specific way; an exanple would be
throwi ng away the high order bit for a seven bit device, or
gathering 5 8-bit bytes into one 36-bit word, again discarding the
hi gh order bits, perhaps. The action of the bytes in the string
shoul d | eave alone (or at |east restore) any hardware beam
position registers in the device which the interpreter night

concei vabl y depend on

This command really should not be used; it was included at level O
so that specific applications can do node setting and ot her device
specific mani pul ations. For exanple ARDS terminals nmay optionally
have several, independently addressabl e output scopes. The

sel ection nmechani sm changes state only when a particul ar sequence
of ASCI| characters reaches the termnal. Thus ESCDEV woul d be
used to select which scopes(s) is/are to be affected by foll ow ng
commands. (The current state is invisible to the graphics package
at the Using Host.)

Further, suppose that another make of termnal has a simlar
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option, which responds to a different code sequence. This
possibility is the notivation for conditionally ignoring the
ESCDEV command based on the "<val ue>" specified. Gven that a
particular application will only be used to output to either an
ARDS or this second nmake (with the multiple scope option), then
the application could always send two ESCDEV commands, one
applicable only to ARDS term nals, and the other applicable only
to the second nake.
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APPENDI X 1: BNF FOR THE GRAPHI CS PROTOCOL BYTE STREAM

Key to bel ow

Non-terminals are represented in <>

Term nal s which are keywords standing for particular eight-bit val ues
are in capitals.

Term nal s whose meani ng should be clear to the reader are in | ower

case. Note that "enpty_string" neans "zero bytes," and not "a
<string> whose <count> is zero"
<graphi cs output byte streanr ::= enpty_string
| <picture> <graphics output byte streanp
<picture> ::= <new picture stt> <sttgroup> <end stt>
<stt group> ::= enpty_string | <stt> <stt group>.
<stt> ::= <control stt> | <display stt>
<control stt> ::= <escape to device stt>
| <null stt>
<di splay stt> ::= <nove absolute stt>
| <move relative stt>
| <draw absolute stt>
| <draw rel ative stt>
| <dot absolute stt>
| <dot relative stt>
| <text and restore beamstt>
| <text stt>
<new picture stt> ::= ERASE
<escape to device stt> ::=ESCDEV <devi ce code> <string>

<nul | stt>::= NULL
<end stt>::= ENDPIC
<npove absolute stt> :
<nove relative stt> :
<draw absolute stt> :
<draw rel ative stt> :

MOVEA <x coordi nate> <y coordi nat e>
MOVER <x delta> <y delta>
DRAVWA <x coordi nate> <y coordi nat e>
DRAVR <x delta> <y delta>

<dot absolute stt> ::= DOTA <x coordi nate> <y coordi nat e>

<dot relative stt> ::= DOTR<x delta> <y delta>

<text and restore beamstt> ::= TEXTR <stri ng>

<text stt> ::= TEXT <string>

<x coordi nate> ::= <coordi nate>

<y coordi nate> ::= <coordi nat e>

<x delta> ::= <doubl e coordinate>

<y delta> ::= <doubl e coordi nat e>

<coordi nate> ::= singed, _two' s-conplenment, fraction_in_range
-1/2 to less_than +1/2

<doubl e coordi nate> ::= signed, _two' s_conpl enent, _fracti on,

range_strictly between -1 and +1
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<count ::= 7-bit_non-negative_integer
| 15-bit_non-negative_integer_represented_in
"excess_2**15" notation

<string> ::= <count> count_8-hbit_bytes
<devi ce code> ::= <val ue>
<value> ::= 8-bit_integer

[ This RFC was put into nmachi ne readable formfor entry]
[into the online RFC archives by Kelly Tardif, Viagliie 10/99]
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