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A Network G aphics Loader
MOT| VATI ON

The facility described herein will permt renote users on the ARPA
network to obtain graphics output fromprograns they wite for the
Evans and Sutherland Line Drawi ng System Model 1 (LDS-1) |ocated at
the DMCG conputer. Also, users at that conputer can enploy the
facility to do graphics on their ARDS and | MLAC consol es.

I NTRODUCT! ON

The Graphics Loader on the Project MAC Dynani ¢ Model i ng/ Conput er
Graphics PDP-10 is for use with the E&S LDS-1 display. Display
prograns can be shipped to it and executed repeatedly. The out put,
whi ch would normally be visible at the PDP-10 installation, is
transmitted to the originating site in digital form

Corrections and alterations to display prograns can be transmitted so
that the bulk of the program need be sent only once. Any data or
paraneters whi ch vary may be sent whenever they change

The originating site may request to have any part of its program or
data transmitted back to it fromthe Gaphics Loader. Wth this
feature it is possible to debug a display programwhich is
incorrectly nodifying itself.

In order to sinmplify the Graphics Loader, it is assuned that the

di spl ay program shoul d occupy a contiguous bl ock of core starting at

| ocation 1000 octal (i.e., it has been assenbl ed absolutely), that
its first executable instruction is at the sanme place, and that, when
one frame is complete, it junps to location 777 octal

The E&S LDS-1 has the capability of witing into nenory the

coordi nates of endpoints of the line segnents which would be visible
to a user sitting at the LDS-1 display device. A register called the
Witer Address Register (WAR) is used to indicate an area of nenory
to contain these coordinates. Various subnbdes are avail able for
output to menory, but for the subnode of greatest interest, "Scal ed
Coordi nates to Menory" node, each "visible" |ine segment causes two
words of coordinate data to be stored. The contents of the WAR are

i ncremented for each word stored.
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For each execution of the display program the G aphics Loader sets

t he proper output node (suppressing output to the cathode ray tube at
the DGSD nachine), initializes the WAR before execution and saves the
final value of the WAR after execution. Thus it is easy for the

G aphics Loader to transmit to the user only the "visible output" of
the di splay program

DESCRI PTI ON OF REQUESTS FROM THE REMOTE USER PROGRAM

Request are in the formof 36 bit words. The first word of a request
is interpreted as two 18 bit fields. The left half contains a nunber
i dentifying which of six operations is being requested. The right
half is either a node or is ignored, depending on the requested
operation. (If the left half is not a valid operation nunber, an
error nessage is sent and the next word is considered to begin a new
request.)

Dependi ng upon the operation requested and upon the node, one word of
argunent data may or nmay not be read. This word is (also) treated as
two 18 bit halves. The interpretation of the hal ves depends on the
operation. In the description of individual operations, the |eft
half will be called Al; the right half will be called A2 (standing
for Argunents 1 and 2).

Error checking of the argunents is performed next. |[If an error
condition is present, error information is sent to the user program
at the originating site and the G aphics Loader prepares itself for
the next conmand. |If no error condition is present, an acknow edgi ng
message i s sent unless the Suppress Acknow edgenment node prevails.

For certain requests, the operation is perfornmed before the

acknow edgenent is transmtted.

For those operations involving a transfer of display program
information (either to or fromthe Gaphics Loader), this transfer is
done next, after the error checking of argunents has been perforned
and after an acknow edge nessage has been sent.

This done, the Graphics Loader reads the next conmand.
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SPECI FI CATI ONS

0.

The valid operations are currently:

SETUP i ndi cated by an operation nunber of 1
EXECUTE i ndi cated by an operation nunber of 2
TRANSM T i ndi cated by an operation nunber of 3
UPDATE i ndi cated by an operation nunber of 4

FLUSH connection indicated by an operation nunber of 5

MODESET i ndi cated by an operation nunber of 6
An invalid operation nunber is an error condition (condition nunber
0).
The SETUP request.
The node field of the first word is ignored. SETUP requires an
argunent word. The arguments Al and A2 are both treated |ike

| engths, so both nust be non-negative nunbers. |f they are not,
error condition 2 is recognized.

1A If A1l is _strictly__positive_, then this request describes a
whol e new di spl ay program and any previous display program
fromthis user is to be forgotten. |In this case, Al is the

total length of the display program exclusive of the area to
be addressed by the Wite Address Register (WAR). A2 is the

Il ength of the area to be addressed by the WAR  As such, A2
must be at least twi ce the greatest possible nunber of visible
line segments to be displayed. (If the LDS-1 progranmer feels
sure of hinself, he may set up his own "WAR area" and set his
own "Qutput To Menory" nodes. He would not need to use the A2
paranmeter at all.)

An acknow edge nessage is sent (unless suppressed; see
MODESET). Then the display programis read (which consists of
(Al) words).

1B. If AL is _zero_ then this request is for a change in the length
of the area to be addressed by the WAR. A2 contains the new
length. A2 may be larger or smaller than the current |ength of
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the area. |If no previous 1A type of SETUP request has been
processed, error condition 1 is recognized. Oherw se an
acknow edge nessage is sent (unless suppressed, see MODESET).

(This request would typically be used if an initial estimte on
the nunber of words required were too low. Error condition 5,
descri bed under EXECUTE may be indicate a |l ow estimate.)

2. The EXECUTE request.

The EXECUTE request does not take a paraneter word, but the node
field is used to specify the nunber of tines that the "EXECUTE
action" is to be performed. (This "action" is described in detai
following this paragraph. Briefly, it is a single execution of the
display program) |If the node field is zero or negative, then one
EXECUTE action is perfornmed. Wenever an error is encountered during
a multiple EXECUTE, the iteration is inmmedi ately stopped. This way,
the status of the display programafter the error is not destroyed,
and no flood of error nessages is ever sent, only a single one.

The EXECUTE action is as foll ows:

If no previous SETUP request has been processed, error condition
nunber 1 will be recogni zed.

An attenpt is made to seize the E&S LSD-1 display processor. (If a
previ ous EXECUTE has succeeded in seizing it, then this will also
succeed. |If sonme other user of the DMCG machi ne has control of the
di splay processor, this will fail and error condition 4 will be
recogni zed.)

The di splay programis now executed. The environnment at the
begi nni ng of execution of the display programis given in Appendix 1

If a previous execute failed in a way indicating a progranm ng error
in the display program (error conditions 6,7 and 8), then an SETUP or
an UPDATE request nust be executed before another request will be
processed.

(I'f no SETUP of UPDATE is given before another EXECUTE, then error
condition 3 is recognized.)

If the LDS-1 runs for two seconds without causing an interrupt or
junping to the "finish" location (the word before the origin of the
di splay progran) then it is assuned the programis running away. The
LDS-1 is stopped, and error condition 6 is recognized. (A SETUP or
an UPDATE is required before another EXECUTE is permtted.)
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If the LDS-1 stops because too nmany output words are stored (i.e., if
t he WCR becones positive or zero), error condition 5 is recognized.
The nunber of output words nade available to the user is as specified
by A2 of the npbst recent SETUP request.

If the LDS stops in any manner other than either those described
above or by junping to the word before the origin (the "finish"

| ocation), then error condition 7 is recognized. (A SETUP or an
UPDATE is required before another EXECUTE is pernmitted.)

If the LDS-1 stops by junping to the finish |ocation, then the val ue
of the WAR at the tinme determ nes the anount of output in the "WAR
area" which the user may have access to.

If the WAR has been altered so that it contains an address snaller
than its initial value, then the effective value of the WAR is its
initial value. |If the WAR contains a value greater than the address
of the end of the area for output, then a WCR stop error is imtated
(the effective value of the WAR i s the maxi num al | owed by SETUP and
error condition 5 is recognized). The situation in which no error is
recogni zed will be called a "normal stop".
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Summary for Normal Stop

Oigin |
----- D N |
| | o
| D splay Program | - <--1f WAR here, it is set to here. _
| (. |
dmmm e e e ae e + | |
|
Qo m e m e e e e e e e e e e e e e e e e e e e e +
S +_|
| | o
| WAR out put area | - <--1f WAR here, it is left alone.
| (.
B +_|
o e o e e e e e e e e e e e e e +

- <--If WAR here, it is set to here, +
| and error condition 5 is
| recogni zed

If no error condition is recognized for an EXECUTE request, an
acknow edge nessage is sent (unless suppressed; see MODE SET). The
_effective_ value of the WAR is saved for later use in determ ning
how nuch out put the display programgenerated, but it is saved only
for normal stops and WRC positive stops.

After normal stop, if Auto-TRANSM T node is set (see MODESET, bel ow)
then a TRANSM T request is sinulated (using the argunents specified
in the MODESET request which initiated Auto- TRANSM T node).

O herwi se the next request is begun.

3. The TRANSM T Request.

Transmit takes one argunment word and decodes the node field, except
in special cases. Normally Al indicates the nunber of words of

di spl ay program and/or output (in the WAR area) which are to be
transmitted (possibly after data fornmat conversion as indicated by
the node field). A2 indicates the starting address of the block of
data to be (converted and) sent.
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Special Case: |If A2 is zero, the node and Al are ignored. In
this case an acknow edge nessage is sent (unless suppressed), a
I ength word (containing 1) is sent (36 bits - left half word
equals 1, right hal fwrd equals zero) and then a word
containing the origin address for display prograns. (This
address shoul d al ways be 1000 (octal); it might have to change,
however, and this nmechanismis provided to pernmit the user to
determine what its value is.)

The normal case is when A2 is non-zero.

If there has never been a SETUP request, error condition 1 is
recogni zed. If the node field is non-zero or 1, or if Al is
negative, or A2 is less than the origin (but not zero), or Al +
A2 is greater than the current "effective value of the WAR'
(read on), then error condition 2 is recognized.

The "effective value of WAR' always points to the word beyond
the I ast word of output fromthe LDS-1. Before the first
EXECUTE request, it points to the word after the end of the

di splay program (indicating that zero words have been output).
EXECUTE requests effect the value in various ways (dependi ng on
error conditions, etc.) as described previously. The effective
WAR val ue is also changed to correctly reflect the effect of
SETUP requests, which can change the size of the WAR area (type
1. B), and UPDATE request, which can increase the size of the

di spl ay program causi ng the whole WAR arla to be shifted.

If the paraneters are correct, an acknow edge nessage is sent
(unl ess suppressed; see MODESET).

If Al, the nunber of words to be reformatted (possibly) and
sent, is zero it is understood that the block of words to be
processed starts at A2 and terminates with the [ast word
before the effective WAR value. (Thus the nunber of words to
be processed is "the effective WAR val ue ni nus A2".)

If the node field of the first word of the request is zero then
no reformatting will be done: an exact copy of the core inage
will be transmitted. |If it is a one, then the bl ock of words
to be processed is _assuned_ to contain the coordinates of end
poi nts of a sequence of |line segnents. (The odd nunbered words
(starting counting with one, not zero!) are assuned to
represent _set-point_ data and the even-nunbered words are
assuned to contain drawto data. (Note that this is consistent
with LDS-1 "Scal ed Coordinate to Menory" node _as_ _long_ _as_
_no_ _dots_ _are_ _displayed_!!) The line segnents are recoded
in ARDS format, five seven-bit ASCI|I characters to a word, with
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the right nost bit of each 36 word unspecified. The last word
may contain null ASCI| characters (all zero) to fill out the
wor d.

The first word transmitted (after the acknow edge nessage, if
any) has a left half of 3 and a right half of: 0 (for exact
core imge) or 1 (for ARDS fornat).

The next word has a left half equal to the nunber of words
which follow and a right half of zero. For ARDS format, this
is the number of words after reformatting (of course).

Unl ess zero words are to be transnmitted, the next words are the
data request.

Note that the follow ng sequence of requests could be used to
simply convert line data (in the correct format) to ARDS
fornat:

(The notation "A ,B" stands for a 36 bit word whose left half
has the value "A" and whose right half has the value "B".)
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Est abl i sh network connection

SETUPR, , 0 ; start

2n,,0 ; data representing "n" line
; segnments foll ow

F-- - - - - + _

| | |

| | - 2n coordinate pairs

| | |

oo +

TRANSM T, , 2 ; request ARDS transm ssion

0,, 1000 ; convert and transmt the
; whol e "progrant

FLUSH, , 0 ; signoff

4. The UPDATE request.

The UPDATE request allows a portion of the display programto be
altered and also allows the end of the display to be extended (to

i nclude nore data perhaps). The node field of the first word of the
request indicates the nunber tines the EXECUTE-action_is to be
performed if the UPDATE request is successful. The UPDATE request
takes an argument word which is simlar to that of TRANSMT (i.e., Al
is alength and A2 is an address).

If no SETUP request has previously been executed error condition 1 is
recogni zed

If A1l is negative or if A2 is less than the origin of the display
program error condition 2 is recognized.

If AL + A2 is greater than the end of the display program then the
I ength of the display programis increased to equal "Al + A2 -
origin". The WAR area renains the sanme length as before, and its
contents are shifted to their new |l ocations. The "effective WAR
val ue" (see TRANSM T) is increased by the amount of increase in

di spl ay program | ength.

M chener [ Page 9]



RFC 186 A Network G aphics Loader 12 July 1971

An acknow edge nessage is sent (unless suppressed) if no error
condition is recognized (and if no problemw th core size linitation
arises). Also, the flag which is set by severe error conditions
encount ered duri ng EXECUTE requests, is cleared by successful UPDATE
requests.

The next "Al" words are read and stored in consecutive |ocations
starting in location "A2". If Al is zero, no words are read.

If the node field of the first word of the UPDATE request is
positive, it is taken as an iteration count for a multiple EXECUTE
request. O herwi se, the next request is read fromthe Network.

5.  The FLUSH request.
The Flush request takes no argunents and ignores the node field of
the first word of the request. No acknow edge nessage is sent. The
networ k connection is broken and the process destroys itself.

6. THE MODESET request.
The nmode field of the first request word is decoded first. If it is

zero or less, or if it is greater than (currently) 6, error condition
2 is recognized

6A. If the node field is 1, then acknow edge nessages and ASCI
error nessages are not to be suppressed.

6B. If the node field is 2, then acknow edge nessages and ASCI
error nessages are to be suppressed.

6C. If the node field is 3, exit fromAuto TRANSM T node. (See
6D.)

6D. If the node field is 4 or 5 whenever an EXECUTE has a nor nal

stop, a TRANSM T request is to be autonmatically perforned.

The nmode field for the transmit is to be 4 less than the node field
for this MODESET request. One (nore) word is read fromthe network.
It contains the argunments for the TRANSMT. (That is, the word is
saved and used when the TRANSM T operation is performed. The val ues
of the argunments are checked at that tinme, not during the MODESET
request.
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Suppose a display routine cal cul ated and saved a different 3

transformation matrix each tine it was executed. (It
m ght be progranmed to nake an obj ect appear to rotate.)
the routine typically would want to set up the matrices and then "l et

di men

er rip" with ten or twenty (or nore) executions.

as fo

si onal

I | ows:

SETUP,

, 0

+-->| engt h, , 2000

8 wor

M chener

MODESET, , 5

0,, 1000+l engt h

EXQ , 10

UPDATE, , 20

8, ,address of matrix

I
ds -

new matri x

| ength of display pgm
| arge out put area

auto transmt in ARDS node
argunents for transmt
nmeani ng "current contents
of output area"
execute 10 tines, sending
the data each tine
update, then execute 20 tines
argunents for update, to

change a matrix

The user of

This could be done
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The out put fromthe Graphics Loader for this exanple would be as
fol | ows:

ACKNOW_EDGE set up, set up : (See description of ACKN
; for format in word)
ACKNOW.EDCE nodeset , nodeset
ACKNOW_EDGE transmt, exq
output,,1 ; output in ARDS node
lengl,, 0
|
- data
| _
ACKNOW.EDGE transmt, exq
output,,1
leng2,,0
|

- data

(intotal, there are 10 sets of output.)

ACKNOW_EDGE updat e, updat e
ACKNOW.EDGE transmt, update
out put,,1
I engll, , 0
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(intotal, there are 20 sets of output.)

ACKNOW.EDGE MESSAGES

These nessages are each a single 36 bit word. They can be suppressed
dynanically by the MODESET request. The left half of the 36 bit word
identifies the fact that it is an acknow edge nessage by containing a
1. The right half is further divided into two 9-bit fields
(quarters). The right 9-bit field (within the right half word)
contains the opcode field of the I ast request sent by the user. Thus
i f an UPDATE request was received last, this field is a 4.

The left 9-bit field (within the right half word) contains the nunber
of the action actually being performed. This differs fromthe opcode
of the last request received only for Auto TRANSM T node and when a
positive node field is given in an UPDATE request (which is an
EXECUTE count).

Possible pairs of these fields are given below. Note that Auto
TRANSM T node sends only one acknow edge nessage whi ch indicates both
successful execution of the display program _and_ correct paraneters
for the TRANSM T operation
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Currenyly Most Recent Coment s:
Executi ng: Request

Recei ved
SETUP SETUP ; Sent before data words are read
EXQ EXQ ; Never sent in Auto-Transmt node
TRANSM T EXQ ; Only sent in Auto-Transnit node.
TRANSM T TRANSM T
EXQ UPDATE ; Never sent in Auto-Transmt node
TRANSM T UPDATE ; Only sent in Auto-Transnit node.
UPDATE UPDATE ; Sent before data words are read
MODESET MODESET ; When setting up Auto-Transnit node,

; this is sent before the argunent
; word for TRANSMT is read
Not es:

1) A MODESET request which suppresses acknowl edge nessages is
never acknow edged. One which pernmits acknow edge nessages is
al ways acknow edged.

2) Requests which read data words (certain SETUP, UPDATE and
MODESET requests) send acknow edge messages (unl ess suppressed)
_before_ reading the data words.

ERROR MESSAGES

These nessages contain one or nore words. |f acknow edge nessages
are suppressed, then only one word is sent. (The assunption was nade
that brevity of response would also be desired for error nessages if
it were also desired for nornmal output.)

The first (or only) word contains a left half of 2. (ldentifying
this as an error nmessage). The right half contains the nunber of the
error condition recogni zed; these nunbers are sunmarized bel ow

If the long formof the error nmessage is being used, additional words

are sent, the first contains a positive count of the renaining words
inthe left half and zero in the right half. Wrds follow ng the
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count word contain five 7-bit ASCI| characters per word (the | ast
word may end in null characters) which spell out a descriptive error
nmessage. These messages are sunmari zed bel ow

Error Condition Nunber Error Message
0 UNRECOGNI ZED OPERATI ON CODE
1 PREVI QUS SETUP REQUI RED
2 I NVALI D MODE OR OPERAND FI ELD
3 PREVI QUS EXECUTE FAI LED
4 DI SPLAY PROCESSOR OCCUPI ED
5 QUTPUT AREA OVERRUN
6 DI SPLAY ERROR: TWDO SECOND TI ME OQUT
7 DI SPLAY ERROR: | MPROPER DI SPLAY STOP
8 DI SPLAY ERROR: MEMORY PROTECTI ON VI OLATI ON

QUTPUT FROM TRANSM T

Thi s output consists of an identifying word (left half of 3, right
hal f containing O for inage node and 1 for ARDS node), a count word
(left half indicating the nunber of words following this word, right
hal f of zero) and zero or nore data words in whatever data fornmat the
first word indicated.
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Appendi x 1

The environment at the begi nning of execution of the user’s display
programis as follows:

This LDS-1 is in program node.
RAR/ Oigin of user’s program
WAR/ First word of a block of core at least as long

as requested via SETUP operations. This block
i Mmediately follows the last word of the display

program
PC/ Oigin of user’'s program
SP/ Address of first word beyond the end of a 200

(octal) word area of conbined data sink and
control register stack.

P1/ Unspeci fi ed.
P2/ Unspeci fi ed.
DSP/ First word of a 200 (octal) word area of
conbi ned data sink and control register stack.
UR/ Unspeci fi ed.
RCR/ Unspeci fi ed.
WCR/ M nus one plus the negative of the length of the

"WAR area" as specified in the nost recent
SETUP request.

D R Stop on WCR positive.
Do not stop on Hit.
Matrix Multiplier inactive.
"Overlap" permitted.
Two di nensi onal node.
Do not "Do Twi ce".

RSR/ Unspeci fi ed.

SK/ 0, except for bits not under program control
like the stylus "Z" coordinate bits.

NEXT/ Unspeci fi ed.

M chener [ Page 16]



RFC 186 A Network G aphics Loader 12 July 1971

SAVELB/ -3777,,-3777

SAVERT/ 3777, ,3777

VI EW.B/ -3777,,-3777

VI EVRT/ 3777,,3777

W NDLB/ -3777,,-3777

W NDRT/ 3777, ,3777

| NSTLB/ -3777,,-3777

| NSTRT/ 3777, ,3777

NANE/ Unspeci fi ed.

CDI R/ Scal ed Coordi nates to Menory

Curve node inactive.

M nimum effort inactive.
Solid, not dashed |i nes.
Sel f nobde inacti ve.

H TANG Unspeci fi ed.
SELI NT/ Unspeci fi ed.
Matrix Miltiplier/ Unspeci fi ed.
Oigin of program-1/ (Shoul d be junped to when the

di splay programis finished.)

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