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1. INTRCDUCTION

<

The Starford-~SLAC Video Graphics Terminal ("VS8T") is an
exparimental corputer terminal which is intend2d +¢ provide
low cost, high quality graphics and oprogrammable text
procescsing by taking advantage of the latest memory and
microprocesscr techrology. The basic ctaractzristics of the
terminal and an overview of the interral organiza*ion have
already been described in T1], and the reader is encouraged
to have read +hat docum=2nt before proceeding, This
technical memo is a more detailed description of the
prototype +hat has bes2n conkstructed; logic drawings angd
program listings are included as appendices.

This is NOT intended to be the instruction manual for
the assembly of a “YGT kit", Information as detailed as
logic drawings and pregram listings have been included only
to s=2rve as an example of one approach to the implementation

of such a device. No particular care has bzen taken to
ensure that the infcrmation contained harein 1is entirely
comple+z, corsistent, or corract, kny attempt to

mechanically raconstruct the V5T using this information and
without a thorough understanding of the antire device is
most vigorously discouraqged.

Orz important reason for such advice is that there are
better wavs of implementing many of the idzas incorporated
in the design, There would b2 many things I would change in
the rext version of +the ¥5T; partly because of gained
experience and prartly because even in the short time between
the desiagrn and construction of tha VGT prototyve (Fall 1975)
and now [Spring 197¢) the fast-moving IC technology has
changed enough to affect some decisions made in the course
of +Lke design. "No design is so complete, +that a redesign
cantt improve it." [2].
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2. TUNCTIONAL DVERVIFW

<

The display davice for the VGT is a standard 525-line
television monitor which accepts a single composite sync and
video signal, A fully interlaced display of 482 lines is
generated, and to minimize visible flicker a
long-persistence P39 or P40 phosphor is recommended., On
each of the U462 visible ras*er 1lines +there are 648 dot
positions which can be bright or dark. The ratio of 648 to
482 is avproximately the same as the 4 to 3 aspect ratio of
rost monitors, so tha dot density iz the same in both
coordinate directions (i.,e. a 10-dot by 10-30t box is a
square}) . - ‘ :

Tha VGT operatz2s in either of twn modes: "TEXT MODE®
for text-only displays, and P"GRAPHICS MODE" for displayvs
with both +ext and qraphics. Th2 entire scra2n isg always in
one mode or the otbker, and the mode can be <changed by the
local microprocessor at any time in response to keyboard or
remote computer commards.

The main storage medium in the VGT is a 48K byte randonm
access memorvy whose use depends on the operating mode. In
GPAPHICS rode each of the 212236 {482 x 648 bits visible on
or the screen is revrasentad as a single bit in the RAM,
The local ricroprocessor (her=zafter called the "“CPU"} can
therefore create, erase or modify graphic images by changing
the contents <c¢f & segment of its memory. The software
currently imvlerented simulates the Tektronix U#310-series
termirals [7] and draws vectors and points in response to
commards which are received from ths serial interface.

In TFXT mede cach byvte in the EAF is taken +to be the
AS5CIT codz for 2 character and complstalv specifies the
pattern to be displayed in a small rectangle on the screen,
Fach charac+er position is eight bits wide, so 81 characters
are displayzd in 2 single row. The character height can be
selected to be 13 raster lines (which allows 37 character
rows on  the screen) or 16 raster lines (which allows 30
character rows on +the screent, The standard 128 ASCII
charact=srs are predefinsd by a standard 24 with a 7 by 9
dot wmatrix, which 1is rtositioned within the 8 by 113
rectangle. There is a memory (szparate from the #8K byte
display memory) which can be loaded with up to 256 arbitrary
character vatterns, Each such character can be as large as
8 by 16 dots.



The Intarnals of the VET -4 -

Yuch less memorv is used in TEXT mode to display a
‘'sinqgle cscreenful of information than is used in GRAPHICS
mode. (For 13-lire characters, only 37 x 81 = 2997
segential bytes in memory are used). The rest of the memory
is used %o save text which is not currently being displavyed.
At the start of each frame the CPU can specify both the
character at which +th=2 display is to start and the raster
line within that character which 'is to appear at the top of
the screen., FEv changing those values every fev frames, the
image can he made to scroll at a rate which is controlled by
the CPU, Instantarneous changes of displayed text can also
be mad2 by movina the displav *o another section of memory.
Tn normal use as a computer terminal, text is made to appear
at the bottor of the scraen, existing lines are scolled up
one position, and the *cop line disappeers from the screen.
Eevboard cemmards are used to scroll the text at
user-selectable rates, or to move tc other sections of text.

Devices for compunication with +the external worlad
consist primarly of a Xeybocard and a serial interface
conforming +o PS232C specifications [3)]. Other devices
include an A/D converter for Jjavstick or handheld mouse
input, a Versatec printer interface, and a special rotating
control for scrolling.

3. THE HAPDWART

3A, Gen=ral Organization

Figure 11t of Appendix A is an cvervizw of the hardware
organiza*icr of ths YCT. The terminal mav be considered to
be a combination of +two asvnchronous gemi-independent
processnrs charing a large commOn mencry. The control
processor, which is an INTEL 8080X ricroprocessor, has the
responsibility for managing the conrtents of the large meroTy
which contains +he text and graphics information, and for
comnunicating with *he outside world. . The display
processor, which is z collection of counting registers and
randor logic, is concerned with maintaining the image on the
raster~scan TV monitor by using the data in the memory and,
possihly, one of the two character generators.

The control processor is a conventioral microprocessor
system consistirg of a 16-bit address bus and an 8-bit
bidirectional data bus. The PPOM program m2mories and a



The Tnternezls of the VCET - 5 -

small PRA® for local variables {called the "Local RAM"} can
be accessed only by the CPU and are connected directly to
the CPU busses. Similarly the T/0 devices (kevyboard, USART
for serial communica+tion, and A/D converter) are connected
directly to the CPU-data bus in the obvious way.

The FAM used for the display (the "large RAM") consists
of BRK 8-~bit bytes of 22-pin LK dynamic EAMs (INTEL 2107A-~-4
or equivalent}. Since the microorocessor is the only source
of data for the largas PAM, the data inputs are connected
directly %o +he C°J] data bus. The output of +the BPAM can
also be directed back to that bus when the CPU wishaes to
read from that section of its address space. Ahother
possible destination for the PRAM data is an B-bit
parallesl-load shift register which is used in graph mode for
directly digpldying the memorv data bits as dots on the
video inage.

When the ternminal is in ta2xt mode, the data from the
large FAF must be used as the address of a particular
character in one of the character agernerators. The output of
the character generator 1s then loaded intc another parallel
load shift register and serially +transmitted +o the TV
monitor. Thz data from tha large PAM is only part of the
address for the character generator; the other nmpart <« the
idan*ification o0f *he line within the character which is to
be displayed - is supplied by the four-bit ‘'character row
countex®,

Both the standard (ROM} character generator and the
writable (®AM) character denerator are accessible by the CPU
as a part of its address space., For that purpose, tha CPU
address bus can he multiplexed as the address of the
character generator instead of the combination of large RAH
ontput and character row counter. The data output from the
character genera*ors can then be multiplexed and enabled
onto the CPY data bus.

The address for the large FAM can conme either from the
CPY addre=ses bus, or from a +two-lavel bhank of 16-bit counters
maintained by *he display vrocessor. The initial address
for the counters is specified from +the CPU by an output
insruc+ion ‘tefore the start of each displayed frame. 1Ir
graph mode both counters ar=2 simoly increment2d togather for
esach bvte used for the displavy. Tah =Xt mode the top
countar ("row =addrass  counter™ is ysed to maintain the
address of the firs+t character of the row bheing displayed,
ard the hottom couniar {"character addr2ss counter®) is
incremented as =ach character is being displayed, At +the
end of *he displaved lire, the character address counter is
relnaded from the row address counter so that the rnext
raster lire of the charactar rovw can be displayed. On the
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last raster line of the character row, both counters are
incremented so that the next row of characters from the ®AH
will be outpu*, '

<

3B. The CPYU

Figure A2 is the heart of the control processor. The
CPJ proper consists of the =standard triumvirate - 80R0R
Microprocessor, 3224 Clock Generator, and 8228 Systen
Corntroller. The address bus is buffered for higher drive
capabilitv by 74367 hex buffers (squivalept +o 8097, B8T97).
The -IC% and ~I0W signals are used to enahle one of 8 input
ports or one of 16 output ports for I/0 instructions.

The 8228 version of the Sys:em Controller has a defect
{vhich may bhe eliminated by the newer 8223 version} which
reguires that MEMW¥ or INW cycles be anticipated so that the
ready-line computation can be done early enough. Since the
TPU canno+ always get immediate access to ths large EEM, the
anticipated access causes a flipflop to be set which
withholds *he readv sianal €from the CPU , and it is reset
enly after +hez CPU has bean granted its memory cycle (end of
-CP CE signaly.

The Svstem controller is programmed (using the INTA pin
as an inpu*) so that it will avtomatically supply a BST 7
irstruction in respeonse to intzrrupts, There are threa
possible interrupts: end-of-frame, USART receivar buffer
full, and USART traamitter buffar empty. Th2 end-of~frame
interruv+ occurs at the s+tart of the vertical rztrace, and
must be resat by an outoui signal freonm the 790, The USART
receiver buffer full interrupt is cleared hv reading the
received character, The T3ART transmitter buffer enmpty
interrupt is bhaffered by a flipflon o0 that +he CPO can
acknowledga and <+arn off the interrupt without initiating
another character transmission.

3C. The Display Processor

The *op part-of Figure A3 contains the addressing logic
for the large SAM. The +wo rows of 74197 four-bi+ counters
are th2 row- and character-address counters usad by the
display processor to maintain the address of the character
or bvt2 +to bes displayed,. Thz TUB3 four-hit adder is a
mechanism +o allow the display processor to wraparound to a
non-zaro address afier displaving the last byte (a+t X'FFFF')
in memotTv, 50 that continuous scrolling can be verformed.
The position *¢o which 1%t wraps can be selacted by wiring the
"AY inpute of +he adder; as drawn it wraps to location
yeau00t sce that the 1020 bytes at *+he beginning cof the large
RAX can be usad by the CPU for non-display data.
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The access time of the dynamic RAMs nust be less than
+he display time for B bits of video information, which is
ESD ns. The design allows, however, for the c¢vcle time
(access +ime vlus minimum chip-enable off time) to be
greater than 6%0 ns by having two~way interleaved access,
t+hat 1s, the low-ordar address bit is used %*o select a
particular row of ICs rather than a byte within a given row,
By doina so it is guaranteed +hat no two consecutive
accesses will ba made o the same IC,

The large PAM is organized as three blocks of 16K bytes
sach, and each hlock {correspording to a single PC board ir
the prototyp2) consists of four rows of eight ICs. The
selection loqic for =zachk block (see Pigure A8) has the
property +hat 211 +*he ICs in a single block <¢an be
chip=enablsd ~ fand hencs refreshed) without being
chip-selected, Since +he displav processor makes sequential
accesses *o consacutive memory locations for each raster
line besing displayed, the n2ed +to refresh the dvynamic ERAMs

can be satisfied with very 1little extra hardvare. The
interleaving of memory addresses is constructed so that
adjacent memory locations are in different blocks. To

refresh all th2 ICs, then, it is only necessary *to entirely
chip-enable the block currently beinrg addressed and the
segment which is not involved in +he interlsaved addresses,
The signals which enable the segment refresh are called "Bn
PEPREY and cccur at the 2nd of each character row (every
sixth or seventh raster linel.

The hot+tom half of figure A3 c¢ontaing three subparts
concerned with the accass of the CPFU +to memory: (1) the
address-space decoder for the various memories to which the
cb# has access, [(2) +he conflict resolution logic which
prevents simultaneous acca2ss to the large EAM by both the
CPU and *he display processor, and (3} thsz timing chain
which generates timing signals for CPU access2s to the large
RAM. The CPH +timing for the large PAM differs from that of
+he display processor since it may be a write cycle and
hence he Jonger thkan 650 ns.

Note +hat -he conflict resolution 1logic can be 1in
either of +two nodes, sglectable by the CPU. In normal or
non-"quickrmods", the CPU %is allowed access to the RaM only
during horizental or ver4ical retrace, so that the display
processor is never pravented from retrieving data needed for
the dAisplayv. In "quickmoda" {used, for sxamole, for rapidly
clearing 211 48% bytes) the C2U is allowed access at the end
of anv displav-processor RAM cycle, which causes the display
to get incorrect data for at least one display cycle
(€50nsy. Tf donhe repeat2dly with the scr=en not blanked,
+he interference appears as "snow" covering the displayed
image.
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5}

an. Character fRenarators

<Figure AU d2scribes the path of data from the large RAM
t2 the video monitor. In text mode, the most significant
bit of +*he byte read is used to selsct a character
generator, and +the other seven bits are used as the most
significan* bi+s of the address to the generator, i.e. the
address of +he character bit mask. (For this purpose the UK
bvtes »of static writabls character generator memory can be
considerzd to be +«wo 12B-character generators)., The
low-order address to tha character genervator (the address of
the line within *he character to be displayed) is provided
by the four-hit 74161 counter. This counter, which can be
preload2d by the CPU during vertical retrace, either counts
to +thirteer cor' sixteern depending on the "16=-line moden
signal set by the CPU, It also accounts for the fact that
the video display is fnlly interlesved so that only half the
raster lines of each character row are displaved during each
frame., For example, 1f <+he 1lines of a character are
numbered from 1 to 13, the following segquence of addresses
ars generated hv +he charactar row counter:

First Pranmne Second Frame
1 P
3 u
5 6
7 B
9 10

11 12
12 1
2 3
) 5
5 ‘ 7
g 9
10 11
12 13
1 2
{etc.}

, Note that the counter alterrately divides by six and
savan, The CPU preloads the counter 3Juring vartical retrace
+o specify +the starting line; this "defines" the frame for
the current disvlay as w21l as allowing the entire display
to be shrifted by any numbar of raster linss compared to a
rrevious fram=.
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Th2 visible part of tha raster
525-1line "V  moniter is displaved in 52.8 microsecords,
Since 21 charactzrs are to be displayed on =sach raster line,
8 new character must be provided +to the shift registers
everv 652 nancseconds. Since the data to be lisplayed must
be extracted from the large RAM ({450 ns accass time) and
perhans wused as an index inte a character generator (500 ns
acczss *imz) sSom= form of pip2lining is raguired to maintain

line on a standard U.S.

a steady fleow of characters for the videc disvlav, buring
the tim=s +hat a raster lire iz being generated there are
thr2e charscters simulataneonsly heing processed: {1) the

bit mask for the character currently being displaved is in
the B-kit parallel~-lcad shift register and is heing serially
shifted intc the vidzo streznm, {2y +the chkaracter &5 be
Aisplay=d next 1is 1latchzd in the EAM outru+ latch and is
propagatinag through a character gererator, and (3) the
address of +the next character has been latched into the
adAress latch=as of the FEAM and is being fetched,

The serial data from the shift registers is multiplexed
into the video fata strzam by the Tu152 aultinlexor. In
Gr2P? mnde, the =ourcs 1s always the shifht register which
was loaded directly from th= RAM data la*ch. In TEXT mode,
however, =either th:z shift reqgister a+tachsed +o the BROM
character gererator or +*+h2 shift register at*ached to the
PAM character generator supplies the data, ¢apending on the
high-order bi:t nf +the original character and +he YNO POM
CHAPSY sigral se* by the CPU, Since the decisicr is made at
the second level of +he ovipeline but used at the third
level, the result must be propaqgated with the pipelined
data: 1+ is +he function of the 7474 D-latch whose output
controls the i input of the bit-stream multiplaxcr to record
the decisior made one cycle earlisr.

The 4K FAMS used for the writable character denerator
(EMM SEMT U4200) have static data storage hu*t, urlike the ROM
charactar generator, dvnamic addressipg 1logic. For that
reason the chip-2nable signal wsed by the large RAH ("VID
CE™ is used to derive chip-select for *he UR PiMs, and the
JK flipflce is used “o cuarantes that CPU acczeses to the UK
PAMs will alsc obey ths requirements for minimum chip-select
recovery +ine,

'

ad
td
.

Timing

Figure A5 shows *he logic necessary ¢to generate the
timing signals in the V5T, and Figure A6 displays the
wvav2aforms for a typical rastar 1ine {(WH-TTMING") =and, at
larger scale, for even and odd vidso frames (MV-TIMINGY).
The source for alpost all +timing signals is the 18,4275 MHz
crystal which is used with the BZ224 CPU Clock Gznerator to
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provide & master <clock frequency. The Clock Generator
Aivides the master clock by 9, producing a 2.0875 MHz clock
vhich is used both by the CTU and by the TV Sync Generator
{National MM5320), The master clock is alsoc nultiplied by 2
(using a delayed input to an exclusive-OR gate) and divided
by 3 to produce a 12.285 MHz bit clock., The fact that 648
hit clock pulses £i+ precisely intc the non-blanked part of
the raster lire as defined by the Sync Generator is the
reason that there ara 81 character positions per line.

In zddition *o providing the composite sync used for
the TV nmonitor ("-SYNC™), the Sy¥rc Genarator provides
HDRIVE, VDEIVZE, and BLANK used to darive other needed
control signals. VTIMF is the time during which the screen
is blanked for vertical retrace, PICTURE TIHE is the time
during which information is being adisplaved, and excludes
VTINE as well as the time for the half-raster line at the
top of the screen during everv other frame. PHDRIVE is the
HDRIVE siagnal that occurs only when information is being
displayed.

In order to begin Adisplaying valid data at thz start of
a2 raster line, the first two positions of the pipelire must
be prefilled during the last part of the horizontal retrace
time, This prefetch of two characters 1is started when
HDRIV® erds during horizontal retrace, and the "“PIPE FILL"™
flipflop is used to record comelietion of the pipeline
f£illing. No more bit clocks are generzted from then until
the display is unblanked, at which tire normal operation of
the pipeline occurs until +the next HDFIVE, The last two
characters fetched (the 22nd and 83rd) are never displayed.

In GERAPH mcde the individual data bits displayed must
exactly fill the character space, $o *the normal BIT CLOCK is
used as *he shift register clock. However in TEYT mode a
more pleasing character preporticn is obtained bhy shifting
the data bits sorewhat faster than the normal bit rate,
wvhich results in narrower characters and a larger space
between them. A free-running RC oscillator formed from NAND
gates and synchronized with the BIT CLOCK at the left edge
of +he character space provides the faster clock
(approximately 16 MHz).

£

3F. Serial I/% and Status Logic

Figure A7 contains various CPU peripheral devices, Tvwo
four-hi* latches are used for the miscellaneous rode-setting
signals over which the CP# has control. Note that the CPU
cannot read the s*ate of the latches and must maintain an
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internal copy in ‘order to be able to make single-bit
changes. The 78367 hex buffers are used to put keyboard and
interruot status data onto the CPU data bus when requested.
The keyboard is not latched and does not cause interrupts
since *the CPU can conveniently poll it at the 60 Hz frame
rate. In ordasr to prevent race conditions from the keyboard
strobe sigral, a flipflop is used to record changes in the
strobe which occur between poll intesrvals.

The ‘ranmitter and receiver clock to the USART can each
be supplied either from the leccal baud rate generator or
from the external world wvia the RS232 connector; the
decision is made by two CPU node control bits. The baud
rate generator is the COMS5016 (4] which contains a four=-bit
latch for each «clock and generates its master frequency
using an exernal 5.0688 MHz crystal.

56. T™he lLarge RAM

Figure AB contains the address, chip select, and chip
enable drivers for the large RR¥. There is one such circuit
for each of the three memorv boards. {(Note that the drivers
are INTEL 3210's, which have bheen discontinued and withdrawn
from distributer steock). The ab111+y to chip-select only
one row vhile cnlo-erabllng all foir 4is a requirement of the
memory refreashing scheme :

2H. Opticnal Bells and Whistles

Figure A9 is an example of an analog-to-digital
subsystem which migh+t be used for joystick or handheld mouse
contrel input. The ADT570J A/D converter [ 5] is convenient
in that it contains tri-state bus drivers and hence can be
put directly onto the CPU data bus. The hus drivers are
slow enough, howavew, to require that a wait cycle be added
to the CPU input instruction.

Tigure A10 is an exanmple of a parallel interface €for
external devices. The eight output data bits can he set by
the CPU, and changes are indicated by a 1 microsecond clock
pulse. The eight input bits can be strobed by an input
clock, and are polled by the CPU. We have cornected this
interface . to a Versatec Matrix Printer to get hardcopy in
both TEXT and GRAPHICS mode,
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THE SOFTWARE

<

The interfaces hetween the software and the hardware
consists of +two parts: the U4BX byte RAM used for the
display image, and the I/0 ports. Figure A11 contains a
list of the I/0 ports defined by the hardware shown on the
preceeding logic diagrams, and a map of the address space of
+he CPU.

A complete listing of a version of the VGT software has
been included on microfiche as Appendix C. The software is
entirely written <in assenbler language for the 80B0. The
assemblar vwe use¢ 1s one written at SLAC and +the mnemonics
and operand formats differ somewhat from what is normally
used for +he 8080, Documentation for the SLAT assembler is
available from the Computation Fesearch Group [ 6], but the
two-page summary in Appandix B should provide sufficient
information for reading *he program listing.

The software is not a model of a carefullvy structuregd
and constructed progran. 3y way of apclogy I offer the
following excuses: {1) major sections of it ware written in
very short time, (2) it 1is a direct descendent of the
original VGT progran which Jdictated the overall structure
but Aid not anticipate the complexity of the problem, (3} a
large part of +the grachics software was stolen from a
qraphics program for th= 8008 ard therefore looks like silly
code for an 8180, and (4) parts of the code were written by
tW0 Pprogrammers. (After such an introduction he may have
preferred anponymity, but E@ Prank's ewxcellent contributions
to the software should not go uracknowledged). The software
works fairlvy w2ll, however, and contains a number of very
useful and somevwhat sophisticated features.

About thes I/0 definitions: The softwares in Appendix C
is +hat which was running (at some point) in the prototype
¥GT. The I/0 port numbers for the prototype differ fron
those shown on the logic diagrams, but the names should be
sufficiant to indicatetthe correct correspondence.

¥

At povwer-up time, or when the console reset button 1is
pressed, +he CPU bhegins executicn at location zero,.
Hardware and software initialization is performed, which
sets defaults for all local options. The display menmorvy is
cleared and a screen is displayed which contains the
standard character set, infermation about the current
software versior, and a summary of local command functions.
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After initialization, the program is logically divided
into a foreground or interrupt-disabled section, and a
background or interrupt-enabled section. Interrupts cause a
CALL: to location ¥'38' and wmayvy orignate either from the
USART serial interface or from +the display processor
indicating that a frame has been completed. After interrupt
processing the backdaround program is resumed. If there are
no background tasks to do, the CPU executes +he HALT {really
a WAIT TOR INTERRUPT) instruction., The pin on the CPU which
indicates the WAIT state is used to drive a "CPY BUSYY LED
on the front panel,

The first responsibility of the CPU at frame-interrupt
time is to load the hardware registers which control what is
to be displavyed £for the next €rane. In TEXT mode the
address of the first character to be displayed and the top
raster 1line of the first character row are loaded from the
local RAY and output to the aporopriate hardware registers.
The values are stored into the local RAM as a result of
scrolling comerands or characters received from +the USART.
The +top raster line uced depends on whether an odd frame or
an even frame is to be displayed, and +the CPU reads the
FRAMF status bit to make that determination., In GRAPHICS
mode, the =2ven raster lines and odd raster 1lines of the
image @nave been stored in separate parts of the large RAM,
and the CFY uses the FRAMF bit to determine which is to be
displayed.

Since frame interrupts occur at exactly 1/60 second
intervals, the CPU uses that 1interrupt for a variety of
timing purposes. A real-time clock is maintained and can be
displayed by keyboard command, The keyboard itself is
interrogated only at frame interruots, The cursor wink rate
and the scrolling speeds are controlled by counters that are
decremented at the time the frame interrupt cccurs.

The COMMAND key iz a kevboard shift key which is not
part of the 7-bit ASCII code., When it is depressed the
other keys are interpretéd to be local commands to the VGT
software, Most o©f the COMHMAND functicens, such as text
scrolling or changing the baud rate, are processed
immediately, that 1is, during the frame irnterrupt at which
they were first recoqgrnized. A few of the COMMANDS and all
keys depressed without the COMMAND shift cause a character
to be put in a buffer for processing by the background task.

A USAP™ interrupt <can either indicate that a new
character has besn received or that the transmitter register
has been enp*ied. New characters are put into the "receive
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buffer” for later background processing. If the transmitter
register is empty, the "transmit buffer" is checked for
characters waiting to be senty 1if so another character
transmission is initiated.

The system for which th2 VGT was primarily developed is
an IBM 370 running the text editor WYLBUR [B8]. One of the
more obnoxious aspects of almost all IBM-based terminal
svystems is that full duplex is not supported; you may type
to the <computer only when if is in a reczptive state, or
else suffer loss of characters. On terminals which dontt
have mechanically lockable keyboards the terminal must be
watched for the "prompt string" which indicates that you may
type. To nitigate +this difficulty the  VGT has a
“type—-ahead" mod2 in which it takes tHhe responsiblity to
insure that nothing is sent to +the host computer in its
non-recaptive state. This is made possible since the line
protocol implemented by the host system requires that such a
state be started by a carriage return, control-D, or break
signal from the terminal, and ended by a DC1 sent from the
computer.

The background processing task can be in either of tuo
major states corresponding to TEXT mode and GRAPHICS mode,
In TEXT mode characters are removed from the receive buffer
and inserted into +the large BRAM at the cursor position.
Editing characters (space, backspace, linefeed, carriage
return, horizontal +tabd and vertical tab) are used to
position +the cursor in the appropriate manner. If the
cursor is on the scresn and is azbout to be noved off the
scrzen by such a positioning coammand, +the display 1is
scrnlled (by changirg +*he 1local RAM variable that will be
used bv tha frame interrupt routine) so +that the cursor
remains on the screen., In the normal case that means that a
linefeed which occurs on the last display line causes the
text to scroll up one line,

In GRAPHICS mode the VGT is the closest we could cone
o being a complete Tektronix #4013 simulator [7]. It enters
GRAPHICS moda in response to an “erase page" comranand
(ESC=FF} ¢or a "start vector® conmand {GS}, and the large RAM
(except for +the buffer space) is cleared., The RAM is now
considered to bhe Aivided into 4wo paris corresgondlnq to the
even and odd raster linzs of the dlqnlay.

Within GRAPHICS mods there are tvo sub-modes: ALPHA
mode for receivina text and VECTOR mode (called,
unfortunately, GEAPH mode by Tektronix documentation)y for
drawing vectors. In ALPHA node the <characters to be
display=2d are us2d as an index into *he character generator,
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and the bit mask for the character is transferred into the
large RAM at +the cursor position, Cursor positioning
characters act as in TEXT mode, -except that the 4013
twocolumn wrapvarcound format is used instead of scrolling.

In VECTOR mode +the incoming ASCII characters are
interpreted as the endpoints of vectors to be dravn on thke
screan according to the 4013 convention. The points of the
vector to be drawn are computed (without multiplications or
divisions) with an algorithm which may be represented as
follows: '

Let (PX,PY} be the current position,
Let {X,Y) be the amount by which PX and PY is to change.

Let INCX and INCY be procedure wariables which can have
the values '+PX', '=-DPX', '+PYt, t=-pyY' and vhich
increment or decrsment PY or PV.

INCY:=v4DP¥";
INCY:=v4DY";
IF ¥<0 THEN |
IF Y<0 THEN [

= INCX:='=PX%; 1 "make X positive"
TF Y>X THEN { "ma

INCY:;="-PY'sy ] t"make Y positive"
X not less thar YV
+X; "exchange deltas"
Y := INCY,INCX; 1'“exchange directions"
Dr==%X/2:; "initialize pseundo-dividend"
FOR N:=1 to X [
D:=D+1;
Ir D>) THEN f "nearest Y is one larger®
D:=D=-%;
INCY;

]
INCX:
PUTDOT AT (PX,PY):
)

This procedure generates the dote which are closest +to
+he ideal 1line connecting (PX,PY) =and (PX+X,PY+Y). The
actual irplementation is somewhat optimized for small
. vectors and will dn large vectors in as many as four
separate segments. '
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EXTENSIONS

(2]

Tha software whose listing is included in BAppendix C is
to be viewed as a preliminary version. The following 1list
includes modifications we are certain to make in the future,
as well as other ideas which are 1less certain to be
implemented.

‘ 1. The software is not yet awvare of the wraparound
hardware for display processor addressing, hence there is an
annoving discontinuity in 1lire scrolling at the memory
boundarvy.

2. Tabs do not work fot positiors greater than 80, or
in graph mode.

3. In this version ther: is no software to lecadl the
writable character set, or +to enter characters into the
memory ¥with the most significant bit set, The =standard
8I/50 conventior for alterrate character sets will be used,

4, Software which loads the character set will also be
able to load programs into the same memory, which can then
bz executed locally. There will be interference with the
displayed image in TEXT mode, but not in GRAPHICS mode.
Here's your chance, SPACEWAR freaks!

%. Macros are o be implemented, so that strings of
text can be s2pt *to the host computer with a single
keystroke. The macros will be definable either 1locally or
via host computer commmands.

6. Some users have objected to the 1line scrolling
while <characters are being received because it moves the
text too often for comfortable reading. Thare will be a
page-scroll mode, whersin +text is written starting at the
top of the screen, and when it gets near the bottom a "page
up" scroll command is executed.

7. A reverse horizontal tab is a nice way +to avold
long waits with the bhackspace key depressad.

8. There should be an optioral bell which sounds at a
user-defined column ’ position during kesyboard input, much
1ike on mechanical *ypewriters.
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9., For the system with which we uge the VGT, a reverse
break from the remote computer causes charactars that have
been sent to the computer since the last carriage return to
be 4gnored., It would ba delightful if +the VGT were to
automatically resend those characters when the message
accompanying the break has heen sent.

10. T+ is avwkward that  characters typed when the
type-ahead feature 1is being used are not displayed until
they are sent. One solution is to reserve a single line on
the screen to be used for type-ahead text. A more
sophisticated approach would display all +yped but unsent
lines at <+the bottom of the display araa and separated from
the text which dis normally ihterleaved with computer
resSponses. As the responses are received, the type-azhead
text lines are moved up to the interleaved text area as they
are sent. There <chould perhaps be two cursors on the
screen, one for keyboard input and one for text seant from
the computer.
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APPENDIX B - SUMMARY OF ASSEHBLER FORMAT

<

Notation: Upper case letters must be written as shown,
Lower case letters indicate variable fields to be
substituted: see the KEY at the end.
(x,y,2z} means x or y or z
[x] means x is coptional

Opcode Operands Description

LOD IrT,rrr Register-to~register loads

LOD SP, HL |

LODI r,data Load register from immediate data

LODI r.addr, {£,>}
..LODI . rpl,addr . .

PUSH rp2 -~ "Push orto stack pointed to by SP
POP rpe Pop from stack pointed to by SP
LD A,gaddr Load A from remorv

ST A,gaddr Store A into memory

LD HL,addr Load HL from memory

ST HL,addr Store HL into memory

XCH HL,DE Exchange HL with DE

XCH HL, {(SP} Exchange HL with the top-of-stack
opr T register-to-A arithmatic

ADD HL,rp!? 16=bit addixion to HL

oprI data Immediate data to A arithmetic

oprT addr, {<,>}

ROT ropl ,n] Accumlator rotate/shift

INC fr,rp1}t,n]l Increment register or register pair
DEC (r.rpt}l,n] Decrement register or register pair
JMP [cc, Jaddr Jump

JEP (HL) Jump irdirect

CALL {ce, Jaddr Call subroutine

RET [cc] Return from subroutine

RST m Pestart (CALL 8*m, 0<m<7)

p. dev Input to A from I/0 device

0gT dev Output from A to I/0 device

NoP {n) Null operation n times

HLT Halt factually Wait-for-Interrupt)
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STC
CHC
CHA
DAR ©

ET
DI

rrr

rpi

rp2

data
addr

(<>}

gaddr
opr
zop

ccC

dev

Set carry bit on
Complement carry bit
Complement A

Decimal adjust &

Enable Interrupts
Disable Interrcupts

EEY

one or more registers {a,8,c,D,E,H,L,M}

10D B,C means “lcad B from CY -

L0D BC,HL is equivalent to 1LOD B,H then LOD C,L
M represents the memory location pointed to by HL.

. one register ¢{a,B,C,D,E,H,L,M}

a register pair (BC,DE,HL,SP}
one or more register pairs {BC,DE,HL,AF,PSH)
separated by commas. {AF = PS¥ = A reg and flags)

PUSH BC,DE 1is equivalent to PUSH BC then PUSH DE
PCP BC,DE is equivalent to POP BC then POP DE

is an B-bit constant or expression

i1s a 16-bit constant or expression

is the character < if the high~order 8 bits of the
address are to be used, or the character > 1if the
low=-order 8 bits of the address are to be used,
Mnemonic: viavw them as left- or right-pointing arrows,
a "generalized“ address {addr, (BC), (DE),(HL)}

an arithmetic operation

{ADD,ADC,SUB,SBB,ANA,XRA,ORA,CHNP}

a rotate operation (R,L} for 8~bilt rotates
{RC,LC} for 9-bit rotates

a condition codes (C,¥WC,Z,¥Z,F,M,NS,S,PE,PO,U)
{S=M=siqn bit on, NS=P=sign bit off, U=unconditionally)

a positive integer exreszion or constant indicating
how many such instructions should be generated.

is an 8~bit I/0 device number or expression.
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APPENDIX C - SOFTWARE LISTING
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