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T0s Jack I. Raffel
FROM: T. B. Sutherliend end W. B. Sutheriend
SUBJECT: A New Display Proposal

BACGKCTOUND

During the development of Skeichped, it beceme obvious that the spot-
by-spot displey then in uss on the TX-2 vas imndequate for edvanced appli-
cations. It is now generally accepted that o better display can be built.
Efforts in building better displays have emphesized more speed in line and
curve drawing through Analog Technicues (Lincoln, Data Display, TRH, ete.)
or through Incremental. Digitel Techniques (Digital Bquipment Corp., and
Project MAC). The developments so far have all used the conventionsl
notion of datn transmission to the display frow consscutive registers in

memorY .

PROPOSAL

We propose that a new display control should be built which can take
informetion from non-consecutive registers in memory, The display will
also be eble to store informaticn back into memory. In short, the aiepley
we propos¢ will have many of Ghe properties of m small computer. We propose,

of course, to use some form of high speed antomutic line anﬂ/or curve genera-

tion.

The important nev noticn we are advancing in this pasper is that & nore
flexible display can be tuilt if the display control is given more cazpability.
It 4s, likely thet the control system buillt {o give the displey the extra
capebility outlined here could slso be used with other I-0 units. The propesed
system would be particnlerly ussful for the XEROX unlt.




HISTORY

Bexrt hed the idem for this new type of control during the summer of
1963. The same or similer notioms came to Ivan during a telephone conversation
with Bob Savell during November 1963. At the present time Ivan has a PDP-L
and display system on order which incorporate scme of the more elementary
ideas set forth here. Vhile specifying the system to be purchased from DEC,
Iven realized the tremendous potential of the more flexible displey control
system ocutlined in this memorandum. ©Subsequeant jolnt discussion clarified
our positicn.

DISPLAY SYSTEM A8 A COMFUTER

Let us consider the similarities between s display system and an
ordinary compu'tér. In an ordinary computer, there are some central flip-
flop registers vwhich form the arithmetic element. In a display system, thers
are sone flip-flop registers which contain the ccordinates and other display
informetion. In an ordinary computer, there is a register called the program
counter vhich Tells from which register in memory the next instruction is
to be taken. In = display system, there is a register vwhich tells where
the next datum 1s %o come from. In an ordinury computer, there are many
different instructions which, vhen performed, cauge dlfferent operations
to be performed on the central srithmetic repgistors and the program counter.
In an ordinary spot-by-spot display there iz only one instruction; pomely,
"load the coordinate registers snd flash.”

We propose to build a display control with seversl instructions. Most
of the instructions will be of the "immediste” type vhich require omly
one memory cycle, €.g., TR-2's "RBX, " ém’-i's "L4W". These nev ope-cycle
instructions will load the veriocus registers of the display with or without
intensification, and will therefore serve the function of dats "outpub.”

By storing the data in the same memory word es the instruection to tranesfer

it, we get date transmission at one wemory cycle per transmission.

The "display file" then will consist of a large mumber of immediate _
instructions which load the display's registers. The display will "perfora”




the display file rether than merely recelving date from it. If jJuuwp
instructions appear in the displsy file, the display will perform them also,
so that the display filleé need not be performed In consecutive order. Notice
that & Jump instruction Is really a load immediste instruction, but it is
the "progrem counter" which is loaded.

We propose to include some kind of subroutine capability in the display.
If the display can perfom subroutines, then repetitive portions of the
pictum need only . appea.r in the d_iaplay file once. More imgortant, the
structure of the picture can be reflected in the subroutine structure of

the display file where it can be detected during light pen mtempta. To

take an exsmple from Sketchped: an instance stored as multi-level subroutines
could e&asily be treated elther as a single entity or as its component parts.
Sketchpad is now sble to treat an instance only as a single item, because

to do otherwlse with o straight-through displey file is very difficult.

With subroutining in the display file, the digplay autometically gets
character generation. Estimatess based on the DEC-type 330 incremeﬁta.l
display show that about 400 letters can be displayed, flicker free, using
subroutines. The display file necessary to store subroutines for all the
roman alphabet and mmbers is estimated st about one thousand (1000) 18-bit
words. Since subroulining will be multilsyered, adding subroutines for
simple words will require only a very few registers. The character set is
entirely arbitrary, of course.

The display systom will have some kind of conditional jump ecspsbility.
Suppose, for exampie ,.that a "skip on memory bit" instruction (TX-2's SKM)
is included. Xf the cenbtbral computer arranges for particular bits in memory
to he changed at regular times, then the display can condition its pilcture
on those bits to produce movirg figures. For example, if a particulsr sub-
routine produces a box during even seconds end nothing during odd seconds,
it will form a "blinking box." Agein, if a subroutine draws & succession
of arrowheads whose position is time dependent in three or more phases, The
line of arrows will appear to flow. We are convineced that by putting motion
into computer pictures we can meke thelr meaning puch clearer to an observer.




SCOFE CONSIDERATIONS

The notions outlined ebove have tremendous value for any displey system.
As so far described, It mekes no difference how the display implements line
or circle drawing, or even vhether it has Lline or clrcle capebility at all.
The important idea presented so far 1s that the dlsplay file is & series
of instructions to the display which are performed. At the present {ime,
each instructiion happens to occupy two registers, the one containing the
PSD instruction and the ore addressed by the TSD. Our new concept of display
file usege can be programmed now with existing hardware by doubling the
size of the display file; each spot will have its own individual T3D. With
a spot-by-spot scope however, the subroutining feature is alwost worthless.

As everyone knows, there are better things than a spot-by-spot scope.
At this point, let us distinguish between "line" and 'Vector™ drawing gcopes.
A line scope is one vhich drews e line from s specified start point to a \
specified end point, i.e., the coordinates of the stert and end points are
given explicitly. A vector drawlng scope is one which draws & siraight vector
from a start point in & specified direction for a specified distance. The
start polnt of a vector may be left over ss the end of a previocus vector.
The Aivection and length are commonly specified in a certesian form ( Ax end
).

Let us extend the distinction to circles. A line-type circle scope
will be given a start point (on the elrcumference), the coordinates of the
circle center, snd some indication of the smount of circle to be drawvn. A
vector-type circle scope will be given the start point, initial slope, radius
of curvature and emount of circle to be drewm. The start point agein may v/
be left over es the end point of a previcus vector or circle. The extension {
to other curves is obvious. Larry's scope is a vector-type for vectors and
a line~type for "circles".




THE POWER OF cURROUTTDNES ¢ vector "—Of&J_

How many things a display file subroutine can create depends on the
type of displey unit. TFor an ordinsry spot-by-spot display, a subroubine
can place dots in a fixed pattern at & fixed position on the picture. This
is not very useful. For a display with line (ss distinguished from vector)
draving capability, & subroutine cen draw & line from any preset position
to the given end point of the line, egain not very useful. A displey with
vector (es disbinguished from lime) capebility will be able to draw a symbol
of fixed size and rotstion at geversl arbitrary positions on the screen
with 2 single subrovtlne. This ls sufficiently wseful to werrant implementation.

I¢ & circle or other curve capebility is built into the display, the
speciticaticon of the circle or curve should be relative to an arbitraxy
stercing point. Thet is, one should specify the radius of the circle and
its initiel. slope, rather then specifying the specific coordingtes for the
certer of the circle. It shouvld be falrly easy to formulate curve generators
which use such & reletive specification. If we define as "relative" any
display for which the only specific X ¥ coordinnte specification is a
sturting point, then any relative displesy can generate and arbitrarily
porition symbols by subroutine.

If the displsy includes some kind of scale registers which change the
size of the curves and vectors drawn, then a single subroutine can meke
different sizes of symbols. IF the display contains rotation registers,
then 2 single subroutine can produce symbols at different angles. Ve propose
thut size and rotation be omitted for now.

Totice that in o reloetive dlspley systen a subroutine mey cause a total
nel, displecement of the coordinate reglsters. This is very useful. For
exnmple, the subroutines which displsy the alphebet will include unintensified
motion so that the coordinate reglsters are correchly sst up for the next
letter to be printed. Not oaly is the type set arbitrary, but you get the
"IBM Executive” proportional spacing as well.

Particuler subroutines may do different things during different iterations
or at different times. For example, & particular subroutine might merely




cense & small displacement of the coordinate registers to the right every
Tth time it is used. It will be very useful to be able Lo resd back and
store the finel X ¥ coordinsies after performing such & subroubine. For
exgmple, the small-displascement-every-Tth-use subroutine, combined with an
appropriate store instruction would make it possible to sutomatically
move & line of text slowly across the screen. The kind of slow motion
desired for the program "WINDOW® by L. M. Hantwan, would thus be possible
with almost no load on the central computer.

We propose, therefore, to incluvde in the display control, a store
instruetion. This store instruction will insert the velue of X Y into the
appropriste portion of an instruction of the new losd X ¥ (immediste) iype.
Similar store operations should be swvailable for the other active registers
of the display, e.g., intensiity, ete.

It will be all but impossible to implement this store-itype operation
wvith any analog-scheme vector and curve draving display. We insist, therefore,
'l'-hu.t the display itself must be of the incremental digital type, as, indeed,
we ha.'\re said b%.

We have outlined a great denl of power for this proposed dlsplay.

Fortunately, a grest deal of the power needed is slresdy buillt into the TH-2.
Therefore, the specific egquipment we have in mind will be feirly simple.
In wvhat follows, some atiempt has bean mede to generalize the notion of
"performing” @ dante output £ile to other I0 units. Other input-output equipment
{XEROX) may well profit from such a treatment.

We believe that the following puints should now be clear:

8. The notion of perforsing on outpub file is powerful. It
can be applied o several types of scopes and even othex
L. 0. units.

b. The existing TA-2 herdwars csn be made to perform display
Files in a limited, wastelul Tasghion.

c. Vector-type scopes are preferable to line-type scopes.
Circle and curve draving scopes should aiso be of tue
"vector' (relative) tyoe. |

d. The power of performing a display f:ilé can never be fully
rezlized without a resd-back (store) capability. We must bave
digital incremental scopes for this reason alone, not %o
mention edge detectica, pen tracking and stebility.
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f. The T8D-date register pair 1s a cumbersome format for &
single instruction. An increase of speed, saving of storage,
and relotively simple iwplementation of a "dats channel" wre
possible as cutlined below.

B gy

We propose that & single TX-2 op code be implemented as follows:

The operation is not nadresseble, por indexable, nor deferable.
Configuration bits are used for veriablons end/or dismiss (maybe) The bits
normally devoted to specifying an index register and the address (24 in 211)
are treated os data. The instruction haz the "dismiss and wait" feature
of the TSD.

When the instruction is performed, the 24 (1.1 %o 3.6) bite are trans-
mitted as date to the I.0 unit whose sequence is active. The configuration
bits are elso sent to the I.0. unit to specify how the 24 bits of data are
to be used. The instruction will dismies unless held. When the operation
started is complete (this mey be &t once, in the case of loading the intensity
setting) the fleg wlll again be relsed and the next instruction will be
performed.

HM tbnt:r tlm T?»D in the aiapla!_ seq_uence 83101115. become an input
or store rather than an oulput or load instrucbion. The TSD will plece in
the addressed register a'lispley X ¥ inmediete no flash” with the eurrent
values of the coordinate registers correctly placed. A few miscellaneous
functions such as "Flash curvent position," “Contimme after light per
interrupt,” ete., will be implemented in the I08 instruction.

All the remaining functions outlined for the display will, of course,
using existing TX-2 instructions. Subrcutining is possible, even asrithmetic
operations cen be done at displey time, if desired. The important mew
capability is that the display seguence performs the display file.

DATA CHANNEL

Most of the instructions to be performed in the display file will be
of the displey immediate type. In oxder to gain a speed advantage, & "data




channel” could be inplemented, meebing the following requirements. The datae
channel would be able to keep track of the display sequence program counier
independently from X memory. The data channel would be able to perforn

only the display inmediste imstructions (which use the single newly-defined
op code) by iteslf. If the data were coming from one memoxy (sey U memory)
and the other TX-2 sequences were concerned cnly with other memories, then
the operation of the data chennel would be concurrvent (as contrasted with
interleaved) with the rest of TX-2. Whenever the data channel came to an
instruction it was unable to perform, 1t would raise the flag of the display
sequence for help.

If the date channel is comnecled to a particular sequence, performing
any load immediste instruction would dismiss the sequence and return I-0
control to the data channel. If the dmta channel is not connected, the
central machine would perform the instruction. Thus, the only effect of
the data channel would be to free the central machine from such fregquent
I-0 processing. An identicel displey file (program} will work either with
or without the channel. For exzample, if one wishes to read tape whille
displaying, one will "borrow" the channel from the displey for use with
the tape. Meanwhile, displey will coatimue, but with the central processor
performing all the displsy instructions.

As mentioned sbove, Jump instructions are really load immediate
instructions which loed the program counter. It will probably be easy to
meke the data channel eble to perform jumps. ©Slightly more difficult; but
very useful, would be to make the data channel itself capable of performing
subroutines, perhaps only & single level of subroutining, with help from
TX-2 for more complicated structures. You can get more complicated, if you
wish, but the sdditicnal gains become very small because the number of
instructions of other types is probsbly very smell.

For input rather then output units, the displsy (load) Immediate
instruction should perhsps become a sw‘sr:;re imzediate. Still only one memory
cycle is requirod, but the programmer is glven & respousibility to prelosd
his table with "empty” store instructions. Since the store would affect
only the right portion of the word, & single pre-set date file could be
used for many transfers.
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As we have pointed out, a digital incrementel display will be
necessary to realize the full cepability of the performed display file.

We propose that en initial version of ‘this display should be designed and
implemented as soon as possible. The salient characteristics of the
incremental display are outlined below.

The basic displey should be bullt around counting decoders. Sithey
e Lin-developed display could be used, or the DEC type 330 incrementing
display (about $18K) could be used. The counting decoders should be
10 bits each.

The display should have sa "incremental" mode. The "display imedi te
incremental” instruction would canse the displey to meke six spots, each
edjecent to the previous one. The direction of motion for each spot
would be specified by four of the 24 bits transmitted by the display
immediate instruction. Such direct incremental use of an incremental
display hes been explored by DEC and found to be useful.

The display should have & vector cepability. The vector should be
gpecified as HX and &Y, with each A being 10 bits plus sign, for 1l bits
in ell. The vector capebility could either be implemented with binary
rate multipliers or with digital differentisl techniques. The binary rate
multiplier method is cheaper, but will not generalize %o ecircles.

The display might have circle capebility. The debtails of implementing
circle capability are not a fitting subject for inclusion here. If circle
cepablility i1s not included, at least provision should be made for later
expansion to circles.

We do not feel thet rotation nor size chenge capebility are recessary
in the display. If a need for roitation or size change appears &t a later
time, it can be included then.

Full sdvantege of the digital properties of the displey should be
teken to ease the jobs of pen tracking and edge detection. Whenever the
pen sees light, incrementing of the line or cirele being drawvn should stop
so that the Light pen sequence may note the coordinates which the spot has
reached. A suitable I08 in the pen ceguence should couse incremental
motion to resume. Simlilarly, when incrementing brings the spot to the edge
of the screen, a higher priorily sequence should be called.

9




The displey should be combined with & sultable mormuel intervention
facility. The exact form of the knobs and so on to be provided is
relatively immaterial. At & cost of only money and no design effort, Lincoln
could purchase & carbon copy of the console DEC is building to Ivan's
specifications.

LET US MOVE AHEAD WITE VIGOR

We believe that the display concepts cutlined here, together with the
hardware changes and sdditions necessary to implement them, will constitute
a mejor step forvard. Crudely speaking, we can gein an order of magnitude
in Alsplay capeblility. Arbitrery character (or picture) sets cen be easily
implemented; flaching, winking, moving, flowing pictures can be used; and
the displey Pile (program) does not need to be radically changed to get a
large change in the picture shown. The new system invelves complling a
display program rather than listing a dlspley table. We most strongly
recommend that the essentiels of this proposal be included in the TX-2

program now undervay.

TES:WRS : ot
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MASSACHUSETTS INSTITUTE OF TECHROLOGY

Lincoln Iaboratory

5 October 1964

TO: TX-2 Users

FROM: T. Johnson

SUBJ: Curve Display

Seq. 62, Curve Display, is nov on-line. Enclosed is a draft
of the scope’s operations. At present, circles are not available.
When this las® problem is overcome, an addendum will be circulated

to complete the description of the display's operation.

T, Jo

5/ ik

enclogure




CURVE DISPLAY Ho. 62

The scope is a cartesian coordinate, high speed display with
10 bit precision in the vertical and horizontal axes. Points, lines,
parabolas, hyperbolas and circles can be displayed repeatedly to

maintain a viewable display.

OPERATIONS
IC66230000 Select Scope This instruetion gives a cenetered
(connect) origin. (Other origins arve not aveilable.)
Additional mode selections are accomplished
with the TSD imstruection.
Cmsp T.j T8D copies from T 3 to the scope buffer.
‘ * ‘ * The two 10 bit fields are interprated as
gigned ones complement numbers. However,
x cood. Yy cgod mode | the scope is set so +0 = -0 for continuity.
+49=3.9 2*?‘%;2_1 The mode bits deterrdne whether the X, Y
fields are to be used as coordinates, rates,
radive, or arc length as discussed below.
CONTENTS OF TJ
MODE FIELD ONLY
(bits 1.8-1.1)
[ ToADING MoDEs |
23 display point Used to display a point anywhere on the
scope screen. (also can be used to load
startpoint for any curve - see Mode 3)




display nearby
point (high speed)

Used to display o point within 1/2"

of the last position of the beam when
faster plotiing speeds are required
(30 us/pt compared with 70 us/pt).

Also can be used to load startpoint for

any curve - see Mode 1.

Load Point

Used for loading any startpoint for any
curve. The X; Y coordinates are stored
in the scope for subsequent use in the

display curve modes. The beam is moved to

the specified start point, but mot imtensifli-

Ioad nearby
point

. ST s Tiee. s

For loading curve startpoints within 2V of
the last position of the beam when faster
curve specification is desirable. Normally
this mode does not save any time wher nore
than one TX-2 sequence is rurning. The bean
is moved to the startpoint, but not

intensified.

Load rate
(slope)

For loading the initial rates of curves
(1lines do not require this particular mode).
The X field specified the complement of

u/'dt|th where t is time; the Y field

specifies the complement of dy/dt| initial’
dat X rate

ax/dt " X rate
Thus an infinite slope can be specified

Note slope = = dy/ax.

merely by setting Xm to ® 0.




The magnitude of xrate and Ymbe

determine; among other things; the
initial brightness of the curve (see
curve equations below). Xoate 204 Yoo
are stored in the slope for subsequent

use in the display curve modes.

Load arc length Determines the length of the curve
(time) starting at the initial position and rate.
T (for time period) is stored in the scope

for subsequent use in the display curve mode.

Note the bit fields are different for this

¢ " e v mode only. T (an integer) is split into
time 4o  tods two fields, the least significant bit ocecupies
h.;h.l 2'9'?%_1";. 2.1 and the most significant bit occupies 4.5
Thus, if T is less than 10 bits in length,
bitﬂ hql-hns mt m zeml
Display line The X field specifies the, Y specifies
Yrate“ Thus Mode 2 is by-passed for straight

lines only. A line is displayed from the
last position of the beam. The X & Y component
lengths of the lines are {]{mte)('l')and

{
(?.'mte)._'l‘) respectively. At Maximunm rate,

T = 1'?’058 for a component length equal to

ore scope diameter. The position of the beam
at the end of the line is automatically stored
in the scope for subsequent use as the start-
point for another curve, if desired. The

parametric equations describing the displayed




=

line are:

X = (% (t) + (X ciod.)

rate
¥ = (Yape) (8] + (¥ w00d.)

for 0 &t T
30 Blank line Same as Mode 10, except the line doss not
show on the display.
11 Display parabola The X field specifies the complement

of A; the rate of change of X3 the Y field

ate’
gpecifies the complement of B, the rate of
change of Yra.'ba“ A parabole is displayed
from the last position of ae beam with an
initial rate specified ei:her from a Load
rate mode (#2) or from “ae rote left in the
scope at the end of ancther parabola or
circle. (lines do no: savs rates). Care
must be taken not to allow the rate to build
up above its maximup: by cloosing the right
parameters . For an orthogoral parabola
displaysd at maximum rate on one axis, and a
rate of change of rats (A or B) of 1/h

maximum on the other axis ,' T = 17058 F‘or a

parabola extending over the diameter of the

scope and curving to 1/2 a diameter (with
a slope of one)., With A or B greater than
1/h, the ‘changing rate would grow to large.
The position and rate at termination are
automatically stored for subsequent use if

degired. Tie parametric equations describing
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the parabola are:
X = (A) (%) + (X pate!(t) + (X cood.)
y = (B) (#%) + (¥, )(%) + (y cood.)
for 0.5 t,;: T
NOTE: 4if both A & B # 0, the parabola is
rotated. If A =0 & Ynte = O Vith

(X cood.) & (y cood) = O

v = (B) (£2)

31

. Blank Parabols

Same as Mode 11, except the parabola does

not show on the display.

Display sharp
parabola

Same as Mode 11, except the parametric

equations are: i

X = (K)AY?) + (X)) + (X cood.)

y = (X)) + (¥, )(8) + (¥ cood.)

foro,sta:T

~

wvhere,

: I
,01021 LB

K= 1
.0161610

1~
E62

This allows sharply curved parabolas while A

and B still remain fractions of one.

Blank sharp
parabolas

Sare as Mode 12, except the curve is not

displaved.



T0: ATEX et al
TFROM: Alex Vanderburgh 18 January 1965

SUBJECT: Display package for Tim's Scope

1, A display package for curves, lines, points and characters is
available for use on Scope 62 (Tim's).

2. At the moment it uses 3 CORAL block type mumbers. The block format
is diagrammed on the next page.

3. There are two character display code mmbers:
8. ].O(S)fornomltaxt. Right and Bottom edges are .
detected. Overflow from right is returned to center and
down one. If bottom edge is detected, program jumps to

"OFFB".
b. 3.1( 3) for fast text. — No edge detection.
b, Character codes 71, and 171 (WORD EXAM) give column spacing as

specified by Q4. If curvent position is to the right, i.e.,
if beam must move to the left, it antomatically moves down to
avoid over printing.

Peeudo Cheracter Code 203 specifies a new beam position to be
teken from Quarters U and 2.
Character codes 14-17, Readin, Begin, No, Yes, 63 Black, 67 Red,
Th=TT7, Lower, upper, Stop, Nullify (and 114-117 etc) are ignored.

5 A beam position resete script to nommal. (So does carriasge return.)
6. The program requires 376(8) 'mgu'berd for instructions and 23004

for constants.
Te Pen Stack Controls and multiple scope switching are not yet included.

. o



y - Pen Mode #

| ¢—— Coral Type
———p +— Ring tie . I ERCORNECTING

¢—— Ring start (hen)

Pen Mode Dispatch #

¥
L] | +— Coral Type # ;
_ VE(T'R — CURVE
n = mmber of -.n[-nJ <+—— Pen Stack Data Word
T8D Da
Words T8D Data Worde— last one in
¢—— block ig performed First, and
should be a position word.
Pogition is not rmembered from
block to block.
P Pen Mode Dispatch #
L | 4—— Coral Type CHARLCTER
C =10 or 11 ¢
10 for edge c|c <+—— Fen Stack Dats !
- detection, =1 .
for feate
diﬂpl:; g - Character codes ~ 7 bit numerals.
No edge, Code # 203 indirates new x-y position,
i L —- g;an wbgh and Q2 of same data woid,
can anyviiere in block.
d = ounber of ‘/\/\A Last word is pricessed first and
character N should be & position word — code 203.
vords First word in character area should

contain mumber of characters minus
one, in quarter 3.




