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NOTE

The status port feature is not available on factory-assembled
video terminal interface cards. If you have a factory-assembled
card, please disregard the discussion of the status port in

this manual.

The Poinorphic Systems video terminal interface card is guaranteed
to work only with these video monitors:

Hitachi WM909V
Hitachi WM972V
Hitachi P-04 with Pickles and Trout conversion kit.
Hitachi P-05 with Pickles and Trout conversion kit.

Sanyo VM4092
Sanyo VM4155

Javelin VM9A

This manual is PolyMorphic Systems part number 810115.

Copyright 1977, Interactive Products Corporation.
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The PolyMorphic Systems Video Terminal Interface (VTI) provides
a complete interface between a microcomputer main unit such as
the PolyMorphic Systems POLY 88 or System 88 and keyboard and
video monitor. It produces a full range of characters, letters,
numbers, and graphics, on a video screen.

This manual describes the operation of the VTI.
1. VTI theory of operation and block diagram.

The principal functional blocks which form the video terminal
interface are shown in the figure below.

The on-board memory is connected in parallel with the keyboard
input port to an array of 1/0 buffers driving the S$~100 data bus.
This allows the transfer of information between the memory and
the data bus or between the keyboard and the data bus.

These data transfers are controlled by logic driven from the
address and control lines. For example, the processor can read
or write a location in memory just as it would with any main
memory =-- it outputs the memory address (16 bits) while signal-
ing a read or a write by the state of the control bus. The six
most significant address bits are compared to the jumper-selected
bits. 1If these bits match, then the remaining 10 address bits
are gated through to select the memory location.

At this time the appropriate bus dcivers are enabled to read from
or write into memory, according to the control bus command. If
the control bus signals neither a memory read nor a memory write,
but rather an input instruction, then the keyboard buffer is en-
abled instead of the memory. Note that the input port address

(8 bits) is the same as the most significant bits of the 16 bit
memory address.

When the processor is not accessing the video terminal, i.e. not
accessing video memory , then the video refresh circuitry takes
control of the memory. The memory locations are scanned by the
control and sync generator, with the memory data being fed into
a character ROM. This read-only memory stores the video dot
pattern of each ASCII character.

The character font is a 7 X 9 matrix, so that each ASCII charac-
ter has 9 memory blocks 7 bits wide in the ROM. Thus, each line
of characters on the screen results from many sequential scans
through a line of memory locations. Each scan increments a coun-
ter, so that the ROM reads off the next line of the dot matrix.
Each clock of 7 bits read from the character ROM is loaded in
parallel into a shift register and shifted out serially. The
signal is then mixed with the video sync signals to form the com-
posite video output.
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Figure 1. Block diagram.

A more detailed view of the card circuitry is shown in the
schematic diagram at the end of this volume. We are now going to
examine the board in some detail to see how it performs its vari-
cus functions. The level of complexity is fairly high; not all
readers will find it useful.

Look at the schematic and note that all the on-board memory, data
latches, and bus drivers are connected to a commen on-board data
bus. We will be referring to the video terminal interface (VTI)
data bus as the on-board bus, and the S~100 bus as the external
bus.

Another point of terminology is sweep vs line. Each character on
the monitor screen consists of a selection of dots in a dot
matrix seven dots wide by nine high, embedded in a field of ten
by fifteen dots (to provide space between characters). So the
monitor picture tube must sweep fifteen times to produce one line”
of characters.

1.2 Symbol generation.

With a high on the BS- (bus strobe) line from IC8 pin 7 to the
MUX strobe lines, ICs 17, 18, and 19 pins 1, the addressed por-
tion of the RAM is continuously sent to the internal data bus in
the refresh mode. Eight-bit display data on the internal data
bus is sampled and held in the latch IC40Q whenever there is co-
incidence (in IC30) of a dot pulse from the dot clock IC29 and

an "end of character" (EOC) signal (tenth dot carry) from the
"dot counter” ICl3. 1In the absence of one in the MSB (most sig-
nificant bit) from the latch, MUXs (multiplexors) IC33 and IC36
pass the seven-dot conversion pattern of this display data from
the character-generating ROM (read-only memory) IC37 to the least
significant bits of the output shift register IC35. When the
eighth bit specifies that graphics are being generated, these
MUXs switch to select all ten bits of the data for the shift reg-
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ister from IC38 and IC39. 1ICs 38 and 39 are, in effect, the
graphics generation ROM.

In the case of non-graphics characters, the first three dots of
every character space are always low to create spaces between
letters. Note that, while the latched data for the nth character
position of the sweep is identical for fifteen consecutive sweeps,
the ROM output may vary in each sweep, according to the additional
addressing from the sweep counter half of ICl5. The sweep counter
is self-resetting after every fifteenth sweep, and this resetting
action is accumulated in the line counter half of IC1S5.

In similar fashion, the dot counter ICl3 is self-resetting every
tenth dot, and its output is accumulated in the symbol counter
IClé. The combination of line and symbol counter outputs de-
termine the address of each individual character stored in the
memory (ICs 20 through 28). Since all of these counters (dot and
character, sweep, and line) are reset by appropriate relationships
to the horizontal and vertical sync (respectively) of the video
raster, the lowest memory address will always contain the record
for the top left corner of the display. Corresponding relation-
ships are similarly maintained between other addresses in memory
and positions in the display field.

1.3 Raster and timing.

Horizontal sync, vertical syn¢, and vertical blanking are timed

by subcounting the absolute frequency system clock. Horizontal
blanking is initiated at the end of sweep by subcounting the
variable frequency dot clock IC29, and blanking is maintained

by a variable-duration one-shot IC34. Varying the "pos" pot
changes the one-shot delay and thus the position in the next sweep
where the display is again unblanked. Varying the dot clock
frequency ("width" pot) changes the rapidity with which the full
line character count will accumulate to initiate horizontal blank-
ing and therefore the distance across the screen that is used for
display.

A crystal-controlled clock is generated by IC45. The clock is
divided by sixteen in ICl and again by thirteen in IC2. A car-
ry on exit from the highest (1l6th) state (all four output bits
= 1, or binary 15) is used to preload a binary 3 into the same
IC2 so that it may again divide by 13. This binary 3 at the
IC2 outputs will therefore last for one-thirteenth of the per-
iod between carries and is passed through IC3a for horizontal
sync.

The same carry triggers the horizontal blanking one-shot. The
carry is also used to clock the 4-bit binary sweep counter {ICl5a)
which is used both to address the character generation ROM and

to signal the line counter (IClSb) every fifteen sweeps that

a new display line is being addressed.

When 16 line counts (16 X 15 = 240 sweeps) have accumulated in
IC15b, the carry resulting from the transition from its binary
15 state to its binary zero state is inverted by ICS5 to set the
vertical blanking flip-flop IC4. In addition to blanking the
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screen, IC4 also enables the 1 of 8 decoder IC1l2., Pin 15 of
IC12 will go low, producing a vertical sync pulse.

This vertical sync lasts for eight blanked sweeps until :
IC15a resets itself and advances the line counter. 1IC3 ANDs
this vertical sync with the horizontal sync carry, so that inter-

ruptions in the wide vertical sync pulse will maintain horizon-
tal sync.

Further subcounts of the sweep and advances of the line counter
accumulate in IC15 until ICl12 decodes the 23rd blanked sweep to
trigger the pulse stretcher IC34. (Line counter = 1 and sweep
counter = 8.) 1IC34 is a very short duration one-shot which term-
inates the vertical blanking (disabling ICl12) and also resets

the sweep and line counters for top of the page addressing. The
subsequent termination of horizontal blanking has the character
counter ICl6 reset to prepare all addressing from the top left

of page as described below.

For 50Hz operation, JMP3, 5, and 6 are jumpered differently.
The vertical sync pulse begins on the 23rd blank line and lasts
for seven lines. The pulse stretcher (IC34) is triggered when
IC12 pin 13 is low and IC1lS pin 9 is high. This occurs on the
83rd blanked line. Each frame contains 323 lines total.

l.4 Symbol and raster synchronization.

Termination of the horizontal blanking one-shot IC34a re-enables
the dot clock oscillator IC2%a but does not unblank the screen.
At this time, symhol count addresses are set to zero, but the data
latch IC40 contains unrelated data sampled with some previous
address. Similarly, the shift register IC35 contains old data.
The screen has been darkened by the dot blank flip~flops of IC32
which have been held set by the horizontal blanking. The symbol
counter IC1l6 MSB is zero and IC4 pin 6 is typically high; there-
fore, IC30-3 is low, presenting a zero to the D~ input of IC32.
IC4 pin 6 goes low whenever BS- goes low to blank the screen
during memory access. It is reset by the next EOC.

After the first ten dots from the dot clock, the shift register
(which is shift-clocked by dots) is emptied and the EOC (end-of-
character) signal from the dot counter ICl3 sends load signals
gated through IC30 to both the data latch and the shift regis-
ter. Since propagation time through the ROMs and MUXs is not
zero, the latch now contains beginning-of-line data, but the
register is loaded with different but still useless data.

The same end-of-character pulses, howéver, have advanced the sym-
bol address in IC1l6 by 1 and have also propagated the zero at the
input of the first DBLK {(dot blank) flip-flop to the second flip-
flop. The ROM and MUX paths present valid first symbol data to
the shift register, so that the second EOC pulse loads first sym-
bol dots into the shift register and second symbol data into the
latch. They also propagate the zero through the second dot blank
flip-flop so that the screen is unblanked for the first symbol
data shifted out of the register by the subsequent ten dots.
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When the 64th end-of-character pulse accumulates in the charac-
ter counter, it loads the data latch with the 64th character

and the register with the next-to-last character. Simultaneous-
ly, the MSB of the symbol counter presents a 1 to the dot blank
flip~flops through IC7a and IC30a, and the next 20 dots shift the
last two symbols out to the video, and the 1 through the flip-
flops to blank the screen in the 65th character position. The
dot clock runs, and the dot and symbol counters keep accumulat-
ing, but the MSB of the character counter maintains its 1 input
tc the dot blank f£lip-flops until either double the number of
symbols is counted or, as normally, horizontal sync and horizon-
tal blanking occur to stop the dot clock, reset the symbol coun-
ter, and reaffirm the dot blank.

Clocked by the sweep counter reset, the line counter will incre-
ment every fifteen sweeps until the vertical blanking process
described above resets the MSBs of the addressing system.

1.5 External bus and keyboard interfacing.

The comparator (IC6) compares the 6 MSBs of the external address
bus with the switch pattern selected for display memory address-
ing.

In the switched condition, RAM address is determined by the ten
LSBs on the external address bus instead of by the combination
of the line and symbol counters used in the display refresh mode.

The BS- strobe enables the line drivers that put internal data
bus information onto the external data bus. If INP+ (pin 46)
is also true, keyboard data latched in IC41 will be sent to the
CPU via the line drivers. The MEMR+ signal, if true, similarly
enables the memory output to the on-board bus. (INP+ and MEMR+
cannot both be true simultaneously.) If MWR+ (pin 68) is high
with BS— low, the line receivers are enabled by IC7s to trans-
fer the external data bus to the internal data bus and write it
into the on-board RAM. Thus, CPU data can be written into or

read from display memory, and keyboard data can be input to the
CPU.

Keyboard data can be latched into IC41 in response to "key
pressed" strobes of jumper selected polarity. The key depressed
condition is shown by a low signal on INT- (IC41 pin 23). The
INT- signal then passes through a buffer (IC31) to the vectored
interrupt jumper section; the resulting signal then passes on

to one of the interrupt pins on the S-100 bus.

2. Option Selection.

2.1 Address location.

The VTI interacts through the $-100 bus as a block of memory and
input port for the keyboard. The memory block can be located at
any address from 0 through 63 K in 1 K increments. Software
written for this product will usually locate it at hexadecimal
address 8800 in systems other than the POLY 88, in which it is
at F800, or the System 88 disk system, in which it is at 1800.
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Set the address as required by matching the appropriate figure
below.

| FB00 . 1800 8800
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2.2 Connect keyboard

Near the upper right hand corner of the video terminal interface
card is the keyboard input port. This port provides a latched
8 bit parallel input capability which interfaces with any ASCII
keyboard. FKeyboards usually indicate a keystrike to the computer
via a strobe line, in addition to the eight parallel input lines.

The signal on this line changes state-- from high to low or from
low to high-- to indicate a keystrike. Hookup varies according

to whether the strobe on your keyboard is "positive going™ (rising
to indicate keystrike) or "negative going" (dropping to indicate
keystrike).

2.2.1 Connector configuration.

The parallel input from the keyboard is designed to come in over
a ribbon cable terminated by a male DIP connector. This plugs
into the 14 pin DIP socket near the upper right hand corner of the
card. The 8 parallel input lines are connected to pins 1 through
8 of this socket (J-1), with 1 being the least significant bit.
Pin 9 carries the "positive going" or "negative going®™ strobe.
Pins 10, 11, and 12 are grounded. Pin 13 is the output from the
optional negative voltage regulator used when the keyboard re-
quires a negative supply. Pin 14 carries +5 volts as the prim-
ary supply for most keyboards. JMP8 allows +8 volts unregqulated
power at Pin 14 if desired.

( ) PolyMorphic Systems keyboard #009010 (keyboard using ESC key
and U, D, R, and L keys to move cursor) requires +5 volts. ©No
modification is required for this keyboard.

( } PolyMorphic Systems keyboard $#009012 (keyboard with arrow
keys for cursor movement) requires +8 volts. Cut the trace
from the center pad to the pad furthest from the regulator on
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the BACK of the card, and insert a jumper from the middle pad of
JMP8 to the pad nearest the regqulator within the area designated
JMP8.

WARNING

FAILURE TO CUT THE TRACE SUPPLYING +5 VOLTS WHEN JUMPERING IN
+8 VOLTS WILL DAMAGE COMPONENTS AND VOID THE WARRANTY.

KD1 —p
KD2 —§
KD3 -
KD4 —
KD S -
KD6 —

2.2.2 FKeypress strobe.

When the processor accesses the video terminal interface with
an input instruction, the state of the keyboard input latch is
transferred to the accumulator. Proper use of the keyboard
requires that the processor must verify two conditions before
using the input data. It must determine that

1) a key has been pressed, and

2) this particular key depression has not been
previously serviced.

These functions are accomplished by making the keypress strobe
information available to the processor.

The keypress strobe line is an additional keyboard output line in
parallel with the data lines. This line signals each depression
by a pulse. This test-function informs the processor that the
necessary input conditions have been met. The keypress strobe
signal is used in one of two ways:

1) The pulse interrupts the processor by setting an
interrupt service latch contained on the input buf-
fer, or

2) the interrupt request latch is made available on
data bit 0 of the status port; the keypress strobe
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is made available on data bit 7.

NOTE: The status port should be accessed no more often than 1000
times per second. More frequent access may cause noticeable
interference to character generation.

2.2.3 Keystrobe Selection.

The key depressed strobe may be one of four types. Attach a
strobe line to a logic probe to determine the type. Poly-
Morphic Systems keyboards 009010 and 009012 are type 1.

1. It may be normally low (below 0.8V), go high (above
2V) when a key is depressed, and return low when it
is released.

2. The keystrobe may be normally high, go low on a key
depresssion, and return high on release.

3. The keystrobe may be normally low, generate a posi-

tive pulse on key depression, and immediately return
low.

4. It may be high and generate a negative-going pulse
on key depression.

If your keyboard is type 2 or 3, the jumper is already configured
correctly.

If it is a type 1 or 4, cut the minus trace from the center pad
of JMP7 and jumper from the center pad to the + labeled pad.

2.3 Optional voltage regulatof.

Provision has been made for the optional negative voltage reg-
ulator required by a number of keyboards. The pads and traces
for this voltage supply are located just above ICs 22 and 23.
This circuit regulates the =-16V supply by means of a resistor
and zener diode stabilized by two capacitors. The four compon-
ents are R14, C29, C28, and D2. The choice of resistor and zener

values depends on the voltage and current requirements of the
keyboard. PolyMorphics Systems keyboards do not require the
negative voltage requlator.

2.3.1 1Installing Optional Voltage Regulator.

The component values of the customer-provided zener keyboard
supply must be calculated. The values depend not only on the
required voltage, but alsc on the required current.

Determine the required voltage and current values by consulting
the keyboard manufacturer or distributor.

The supply circuit is represented by the following schematic (the
component labels have been generalized to avoid conflicts be-
tween different card revisions; see schematic for actual part
designations):
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unregulatedw 2 S < Requlated
-16 to -24 volts Rs CRz T I negative
jT; 7= b T-Cf voltage
=
Rs = Series Registor - Cb = Bypass Capacitor
CRz = Zener Diode Cf = Filter Capacitor

-

The bypass capacitor {(Cb) should be a 0.1lmF or 0.0lmF ceramic
disk; the value is not critical. The filter capacitor (Cf)
should be a 10mF 25-35 volt tantalum with the positive lead to
ground (ground is positive with respect to the negative requl-
ated voltage).

The series resistor (Rs) and zener diode (CRz) are more difficult
to calculate. Two values must be calculated for each part:

resistance and wattage for Rz; voltage and wattage for CRz.

1. CRz voltage. Voltage should equal the required regulated
voltage.

2. Rs resistance. To determine the resistance of Rs, use the
specified unregulated voltage value closest to zero. This is
-16 volts according to bus specifications. Take the difference
between this value and the requlated value.

EXAMPLE: For regulated -12 volts, -12-(-16) = 4 volts.

Divide the remainder by the maximum required current in amps.

EXAMPLE: for 10mA current = 0.010 amps, 4 volts/0.010 amps =
400 ohms.

Use a convenient standard resistance approximately 20 percent
lower than the value calculated above.

EXAMPLE: 400 ohms minus 20 percent = 400-80=320. 320 ohms is
nct a standard value; use 330 ohms or 270 ohms.

3. CRz wattage: To determine the wattage rating for CRz, use
the worst-case current. Assume all the current passes through
the zener (this can happen if the keyboard is disconnected and
the ~16 supply is unloaded).

EXAMPLE: Using Rs = 330 ohms, Iwc = 12/330 ohms - 0.03636 amps.

Now calculate the wattage for CRz.
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s 1
JL R

EXAMPLE: 12 volts x 0.03636 amps = 0.436 watts. Use a higher
wattage than calculated, like 1/2 watt or higher for the given
example.

Install the components. note the capacitors Cf and Cb can be in
either capacitor position-- they are in parallel-- as long as
the tantalum polarity is correct.

2.3.2 Interrupt wiring.

The VTI card as designed is compatible with the PolyMorphic
Systems product line, which uses vectored interrupts. If you
use the VTI in another product, you may need to make a modification:

{ } If you use the card in a system that does not use inter-
rupts at all, cut the trace in the JMP2 area.

{ ) Many systems use non-vectored interrupts. If you use it
in a system with non-vectored interrupts, cut the trace in the
JMP2 area and jumper the top pad to pad PINT- in that area.

Cut trace ilnstail Jjumper

=™ TAEZ. —
T S et T S P —

( }) If you use it in a system that is not a PolyMorphic Systems
product, but that does have vectored interrupts, cut the trace
and jumper to one of the VI pads 0 through 7 in the JMP2 area

as required. .

25 4 Interfacing card to main unit.

PolyMorphic Systems provides a cable set to interface the VTI

to the rear panel of the POLY 88 (separate order; part number
100010). One of the two cables picks up the video output signal
from the two-pin header in the VIDEO OUT and conveys it to the
location of the coaxial connector on the rear panel. The other
interfaces the keyboard port with the D connector on the rear
panel; it includes a parallel mini-card that mounts at the D
connector location. The keyboard cable is terminated with a
male DIP connector that plugs into the video card keyboard port
socket near the voltage regulator.

3. Software.

This software is for use in systems without the PolyMorphic Sys-
tems monitor ROM. The monitor ROM includes a video driver routine.

3.1 Video Typewriter.

Both the input to and the output from a computer is ordinarily
a string of characters, whether it be characters typed in from
a typewriter-like keyboard or output from the computer to a
printer. Not all of these "characters," however, strictly cor-



Page 11 VTI Theory of Operation PolyMorphic Systems

respond to a printed symbol, like a letter. Consider the out-

put to a printer. Some "characters" will cause the printer to

perform some function other than a keystrike-- such as carriage
return or backspace.

The VTI is essentially a block of memory, and at the hardware
level does not distinguish between characters and other func-
tions. Without an intervening program, the VTI would send a
"carriage return” on to the screen as a symbol, rather than re-
turning the cursor to the beginning of the line.

We append to this manual three versions of a program that accepts
a string of ASCII characters and causes them to appear on the
screen exactly as the characters would be printed by a printer.
(The first version is a very complete one for non-POLY 88 users:
the others are shortened versions for POLY 88 users and for non-
POLY 88 users.) "Carriage return" causes the cursor to return

to the beginning of the line, "line feed" causes it to move down
one line, and so forth.

The program includes a keyboard input routine, which puts the
characters you type on the keyboard diregtly onto the screen,
with proper carriage return, line feed, and other functions.

Load the program as written. To use the computer as a "TV type-
writer," connect the keyboard to the parallel input port provided
on the video board.

The program can be used to interpret the output of another pro-
gram which would ordinarily be sent on to a printer, so as to
put the appropriate visual display on the screen.

The first program assumes the user has a defined stack area.
If you have no preassigned stack location, execute an LXI SP,
OFFFH.

Programs ordinarily send a character from the accumulator to a
serial output port in response to the instruction OUT. The

program includes a subroutine called OUT (located at address

1DOCGB in the first version). When called, this subroutine inter-
prets the character in the accumulator as required to put it on

the screen. In converting a program to run with the VTI, substitute
CALL OUT.

Note that the shortened versions of the program do not include

all of the commands below.

VIDEO TERMINAL SOFTWARE - COMMAND SUMMARY
Control Character Function

Home cursor
cursor Right
cursor Left
cursor Up

cursor Down
Erase screen
delete character

Cursor
Controls

“moapom
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Scroll mode set
Page (reset scroll mode)

I Insert/delete mode set
T Text(reset I/D mode)
Mode F auto line Feed mode set
Commands N Normal TTY(reset ALF mode)
S
P

Striking the LINE FEED key advances the cursor one line, except
when the cursor is on the bottom screen line in scroll mode:
then the. cursor remains fixed, and the page scrolls.

CARRIAGE RETURN retreats the cursor to the beginning of the line,
blanking the line from the end unless the I/D mode is set.

3.2 Graphics.

The PolyMorphic Systems VTI includes full graphics capability.
Any or all character locations on the screen can be used in a
graphics display.

When a screen location is part of a graphfcs display, it is sub-
- divided into six parts, thus:

(NOTE: Graphics display uses the entire screen location, in-
cluding the border area that is kept dark to provide space
around other characters.) Bach of the six "cells" of the screen
location corresponds to one bit in the byte stored in the screen
location. The "zero bit" corresponds to cell 0, etc.:

D7 | D6 | D5 | D4 | D3 [ D2 | D1 | DO

Graphics

@ X These select character

X can be a ¥ or 1 without affecting the character,

D7 | D6 {D5|p4a|D3iD2[D1] DO

ASCII

1 These select character
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0 is "on" or "bright," 1 "off" or "dark." Thus, storing 01101010B
(6AH) at a screen location produces this graphic at that location:

///7

Thus 00 or 40 hex (00000000 or 01000000 binary) produce an all-
bright graphic character. 3F or 7F hex (00111111 or 01111111
binary) produce an all-dark graphic character.

Appended below is a chart of all 64 possible graphics characters,
with their associated hex values. Also shown is the ASCII

character set produced by the PolyMorphic Systems video char-
acter ROM.

We also include a "game" program, LIFE, originally invented
by John Conway and popularized by Martin Gardiner in his "Math-
ematical Games" Section of Scientific American in 1970, It

illustrates the power of the graphics capability.

LIFE depicts the birth, growth, and death of a culture of cells.
When a cell has one neighbor or no neighbors in the eight cells
adjacent to it, it dies of loneliness. When it has four or more
neighbors in the eight adjacent cells, it dies of overcrowding.
It survives into the next generation whenever it has two or three
neighbors. So a cell may live for just one generation, or may
live for as long as the culture lives (or anything in between).

A cell is born whenever an empty cell location has exactly three
neighbors. (Cells are trisexual.)

- The game begins with an initial entry, or Divine Creation,of a
seed organism (group of cells). The initial entry can be as
simple or complex as you like. The life cycle of the resulting

culture arises entirely from the nature of the initial entry
given the rules of LIFE.

The following program executes the rules of LIFE on the video
screen in graphics. Load both programs at the addresses indi-
cated. Execute the screen clearing routine at 0F00. If your
system has a stack is not a2lready initialized, set it with an LXI
SP, OFFFH. Then you are ready to load an initial generation (by
using the hex-to-graphic table in appendix D) into memory loca-
tions in the middle of the screen (such as B8Al0OH). When you are
satisfied with your initial organism, execute the LIFE routine

at address zero.



lexidecimal

» 00K

o

02u

03y

04l

osn

o6h

orn

B0 B8 E

Decimal

= B

Graphic (Whita = bright, Black = dark)

09H

1]
GAl

1
oBn

12
ochH

13
obn

14
OEN

15
oFn

I6
100

20
14H

21
150

22
16n

23
[¥1]]

24 2
181 20H
25 13
194 214
2 34
1AH

224
27 35
L1 23K
28 | 36
[[4]] 244
29 37
10H 251
k'] 18
1EH 26H
i 39
YFH 274

Graphic Character

Set

10
2611

11
294

a2
2AH

43
281

4
2CH

45
20k

46
2EH

47
2Fu

T 48

ol

49
3ty

60
3ZH

61
3

52
34

83
isH

84
36H

66
M

66
kLT

57
394

50
2AN

59
3en

60
3cu

61
k1))

62
IEN

63
iFn

p[ o8egq

uotrieiadp 3o AL1o08Yyi IIA

swa3sdg octydaondtod
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PolyMorphic Systems

Video Typewriter Routine-- long version for non-users of PMS monitor ROM.
Hex decimal

Address

a6ang
B3aae
sTetich
3366
G600
Buao
.BaaRs
B339
3808
guaB
waeo
BR62
3ARs
@337
J$auRA
gBad
GUBE
gail
fpEa12
yeis
@Bzxs
Ja3R
B3e3C
yazE
By3F
6042
BE43
BO44
10ue9
4062
4024
1067
1Da%
ip@9
ipaC
103D
41DBE
iD4i¢@
iD43
iD453
iD4ig
1D4nR
iD4D
41D4F
1022
D24
iD27?
1D2y
10z2C
4DZE

21
22
7D
32
21
ES
c3
FB
€3

ve
Fé
Fé
47
cD
78
c9

2R
EB
21
19
47
2A
2

-
L]

FE
CH
FE
CA
FE
CH
FE
Ch
FE
CH
FE
CA
FE
CH

1%
FC

FE
11

€5
11

ge
g8

3"

-1

FC
o8

FF

gs
SC
g5
£5
92
74
95
7C
ec
2i
€4
ES
9¢

295

Op
Code

a0
ic

ic
@e

iD
006

iDp

ic
83

ic

ib
10
ib
1o
i0b
iD

iD

oi100
@110
6129
@130
g148
8150
2B RY)
6176
@ige
o150
0200
8216
a22e
ez23a
6240
8258
8260
a3i@
v2zea
83329
0340
2345
a3358
8368
a37e
82ce
a400
500
1669
iedie
ia2e
iaze
1nda
19356
iaca
1670
i1ien
1i1i@
112e
i1ze
1144
115a
1i€a
1176
118n
1199
1192
1154
120@
121 @

Mnemonic
Instruction

SCRN EQU &soeH
STR EQU 1CFFH
STS EQU 1CFEH
CURS EQU 1CFCH
SEND EQU &CH
LINE EQU 64
CS EQU @FFH
LT EQU 3FH
KED EQU &8H
ORG @@ee

LXI H. @

SHLD CURS
oY A, L

STA STS

LXI H.,LOOP
PUSH H

JNP FF
LOOP EI

JMP LOOP

ORG 38H

IN IN KED

ORI €&H

ORI soH

noy GA

CALL OUuT

noy A€

RET

ORG 1D@@H

OUT LHLD CURS

XCHG
LXI H, SCRN
DRD D
MQoyY E.H
LDA STK
noy n. A
nayY A, E
CFl S€H
JZ HOARE
CFl &5H
JZ FF
CFl 92H
JZ HT
CFl 935H
JZ ¥T
CF1 &CH
JZ ES
CFl &4H
JZ LF
CFl1 9&H
JZ RO

Cdmments

«YIDEQ SCREEN ADDRESS
*STORAGE FOR SYMBOL UNDER CUR
*STORE OUTFUT MODE

#STORE RELATIYE CURSOR LOCATI
*1ST BYTE OF SCREEN END

#*LINE LENGTH *

*CURSOR SYMBOL (RUB 0OUT)
#INE TERMINARTION CHARACTER
*¥XEYBORRD PORT ON VTI

*SET UP NITH CLERR SCREEN
*AND CURSOR AT UPPER RIGHT
#USER MUST DEFINE OWN STACK AR

#RESTART 7
*[NTERRUFT DRIVEN KEYBORRD

«PUT
*PUT
*GET

RELATIYE CURSOR IN D
SCREEN BLOCK RDORESS IN H
ABS CURSQOR LOCATION

«FPUT EBACX CHARR UNDER CURSOR

*CHECK* .

*CTL H FOR HOME

«CTL E FOR ERRARSE

«CTL R FOR RIGHT

*CTL U FOR UF

«CTL L FOR LEFT

*CTL D FOR DOUWN

«CTL X (DELETE CHAR)
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1021
1023
1036
1038
1DZE
102D
iD49H
iD42
1045
1D47
1D4A
1D4C
1D4F
1051
iD54
1056
1D59
1D5C
1DSF
1052
1065
1058
1DER
1DSE
100
1DEE

iD?4

D74
iD?5S
D76
iD?79
iDvC
1D7F
iDze@
1Ds3
1b3=d
1059
ibze
1DSE
1D91
1092
1092
1094
1039
1D3C
iD3S0
1DHHG
iDR1
1DA2
1DA3
10A4
10AS
iCAE

FE
CH
FE
CA
FE
CH

FE &

CH
FE
CH
FE
CH
FE
CR
FE
ca
cx
21
22
c3
24
35
23

-
]

FE

-
[

1z

EB

22
cz
21
19
22
C3
2R
Fé&
22
cz
iE
EE
22
L2
A
iF
bz
22
7

2E
<z

23
7D
ES

g9
Se
94
Bl
-1
BC

c?
92
b2
95
DO

[=]
~

ES
SO
21
45
G&
FC
&F
8
3F

gc
5%
sC

FC
&F
ce

FC
EF
FE
a1
FE
&F

FC
EF
FE

21

(e
"

1D
1D
1D
1D
1D
1D
1D

1E
iE
ag
ic
iE

&¢

iD
io

ic
1E
FF

ic
1E
ic

ic
LE

ic
it
1c

ib

VTI Theory of Operations

1zza
123n
12446
1254
12648
1279
1271
1272
1z&n
1258
1zan

21¢
1220
12239
134@
13358
13&at
2aaa
2aia
2828
caze
2850
2ued
2asra
2usg
2asa
2ia6
2414
212e
21z8
2144
2154
2464
2179
21ien
24i%a
zzan
22490
‘)’)‘.‘g

[ ~¥

223n

2248
22540
22¢8
c27n
2z2¢8
229a

[ RV )

CFI &9H

JZ S1ID

CFIl 94H

JZ RID

CFlI =¢H

JZ SALF

CFl £EH

JZ2 RALF

CFl %ZXH

JZ2 £sC

CFl <aH

JZ RSC

CFI &AH

JZ LF

CFIl &DH

JZ CR

JMF DEF
HOME LXI H, &
SHLD CURS
JMP QUTL
FF LXI H, SCRN
WIFE MV M, LT
INS H

MOY AL H

CFI SEND

JNZ HWIFE

JHF HOME
HT INX D

ECHG

SHLD CURS
JMF OUTL
¥T LXEI H, 6~LINE
DAD D

SHLD CURS
JMEPE OUTL
SID LDAR STS
QrI a41H

STA STS

JHMF QUTL
BS DCX D

%CHG

SHLD CURE
JMP OUT4L
kRO LDAR STS
RAE
JNC
SHAF INX H
HOY AL M
DC¥. RH .
Moy M. A
INX H
HC"r' HJ L
ANI ZFH

E%

PolyMorphic Systems

«CTL I FOR INSERT (SET I(D“

*CTL T FOR TEXT (x 1/

»CTL F FOR FEED (SET RLF)

#*CTL N FQR NORMAL TTY (X ALF

N

*CTL FOR SCROLL (SET SCRLD

#CTL P FOR FRGE (X SCRL)
#*LINE FEED

*CAREIRGE RETURN

#ANY OTHEFR CHREACTER
*HOME CURSOR

=FORM FEED

*LINE TERMINARTIOM CHAR 7FH

#SCREEN END?

*CLERR, GO HOME
*CURSOR RIGHT

«CURSQR UF

#SET I[/D MODE
#FIGHT BIT =1

*CURSOR LEFT

#FUE QUT IF I/D SET

#DEL CHRAR, SHRP LINE IM
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1DRE
1DAE
iDRLC
1DRE
iDE1l
iDE4
ipEs
1DE9
ipecC
1DEF
iDC1
1DC4
1DC7?
iDCH
41DcCC
1DCF
iDD2
i1D05
iD07?
100A
iD0D
iDE@G
1DE2
1D0ES
10ES
iDER
iDEC
iDEF
4DF 0@
1DF3
iDF 6
1DF 9
4DFA
iDFC
10FD
i0DFE
1E31
1E@4
1E3S
1E8%
147
1E3S
1E19
1EaR
1E3E
1E64D
1€406
1E11
1E4Z2
1E414
1E415
1E1%
1E41S

Cz
2E
K-
£3
3A
EE
32
c2
3R
Fé
32
cz
3A
ES
32
c3
2H
Fé
32
cz
3R
EE
32

21
19
3A
17?7
DC
22
c=z
7C
FE
DS
ES
4
21
TE
23
EE

-
2%
EE
7C
FE
c2
EE
as
7a
2z
70
FE
cz

AG

7F
EF
FE
FE
FE
EF
FE
40
FE
&F
FE
EF
FE
&F
FE
28
FE
&F
FE
°F
FE
EF
48

FE
F9
FC
éF

a4

AR

48 ¢

VTI Theory of Operatiomns

b

1E
ic

ic
iE
icC

ic
1E
iC

ic
1£
icC

ic
1E
ic

ic
1E
8o

ic
iD

ic
AE

0
)

iE

iE

)

LRI

7

£ee
Xan
z24a¢
241
242¢
24z
244@
24560
24660
2478
2488
2482
2484
2486
248¢
2498
2509
251 ¢
2529
253¢a
2540
255@e
gl 4 )
pobo I )

N R

25e0

2399
26e8
25180
2628
2638
2644
2656
2688
2E67Te
2680
EEg sl
27418
2729
27328
2748
2768
a7vre
2vee
2500
281a
2212
214
2€1€
2829
2830
2846
28sa

JNZ SWAF

DC¥ H

Myl n. 7FH

JMF OUTL
RID LDR &TS

AN] &FEH

STR &TS

JAP OUT4
SALF LDA STS

ORI 4eH

STR STS

JMFP OUTL
RALF LDA £TS

ANI ©BFH

STR STS

JHMP OUTL
SSC LDA STS
ORI &aH
STA STS

JMF OUTHL
RSC LDA STS

ANI 7TFH

STR STS

JMP OUTYL
LF LXI H.¢64
DAD D

LDA STS

RAL

CC SCRL
SHLD CURS
JMP CQUTL
SCKL nov
CFI 4

RC

PUSH H
LXI D, SCEN

A, H

L¥1 H, SCEN+LINE

SWP MOY AL N
INX H
XCHG
Moy M. A
INX H
XCHG
noyY A.H
CFl SEND
JNZ SuWF
XCHG
nvyl B, LT

LAST nov
INX H
noyY A, L
CFl &
JNZ LAST

nEe

" #SET ALF MODE

PolyMorphic Systems

*RESET [/D MODE
*RIGHT BIT =0

#£ZND BIT LEFT =1

+#RESET ALF NQDE
#2ND BIT LEFT =8

#SET SCROLL MNODE
«LEFT BIT =1

+RESET SCROLL MODE
«LEFT BIT =0

*LINE FEED
*ADDP €4 TO REL CURSOR

*CHECK SCROLL

+#UPDATE CURSOFR LOCRATIONM
#SCROLL ROUTINE

=0FF FAGE?

=IF NOT, DQ NOTHING
«THKE IT FROM THE TQF
#GRAB CHARRCTER

«GET ADDRESS OME LINE UF
*FUT CHRRACTER THERE

#SCREEN FINISHED?
*TAKE NEXT CHRR IF NOT

*BLANK LAST LINE
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1E1E
1E1C
1E1F
1EZ2d
1E24
1EZ4
AE23
1E2¢
1EZH
1E2E
1E2D
1E2E
1Ex1
1622
1E34
AEZS
1EZ6
1E39
1E3R
1EZXE
1EZE
1E3F
1E42

1E435-

1E4%
1E49
1E4C
1E4D
1E4E
1E4F
1ES2
1ESZ
1EDs
1ESS

1E5C.

1E35D
1ESE
1E£1
1E52
1ERZ
1E%4
1EED
1EL7
1Ee2
iE£9
1E£C
1EED
1EEE
1EcF
LETZ
1E73

E4
11
13
cs
IR
iF
DA
is

3E

MM A =T =y e N
[ i RV St AR VO O 4 SN o RN

co

FE
F3
FC
&F

FF

(B
n

(4]
[{M]

[y
LEN]

"'VII Theory of Operations

FF

ic

1E

2 1E

ic

ib
1C
iE
ic

1E

ic
ib

ic
1E

1E

2ges
262
2864
2878
289¢
29ag
2%91@

2aza

=

-

)
0

P DD~

B D 18 10
Lo BB~ R

3
7y
)

-

o
O &
DO

S R R R R R O LU DU PR PUR YR PUN PO PO LA
DD DD D DD DD DO D 0D

[ 3 3 U SO < o O R R o R R R <)
MDD O RALR LR DA

]

4234
424

zso
4260
4270

SLOF

EBACK

GEF LDH

SHFT

FOF H

L¥I 0, 6-LINE
bap b

RET

CR LDH STS

RAR
JC ERCK
MYI M. LT
INE H
MYl A, 3FH
ANAR L
JNZ SLOP
LCX H
MyYI R, aCaH
ANR E

HoY EL.R
LDA STS
RAL

EAL
JC LF
XCHG
SHLD CURS
JMF QUTL
=TS
RAR

CC INSK
Moy M. B
INX D

XCHG

LDH STS
REAL

cC SCRL
SHLD CURS
JME OuUT4
INSE FLSH H
Moy A, M
LDA STE
MOY M. A
INXY H
MOy C, M
MOY M. A
Myl A, ZFH
ANFA L

MOY R, C
JNZ SHFT
Moy M, H
FOF H

FET
aUT1 LHLDE CUES
MOV A, H
HNI =

PolyMorphic Systems

#GET BRCK REL CURSOFR
#MOYE UF ONE LINE
#CARRIARGE RETURN

#[NSERT/DELETE? IF S0, DONW

*SCRATCH END OF LINE

#MAKE 1FH FOR 32 CHAR LIKNE

GO TQ BEEGINMIMNG QF LINE

*CHECK RUTQ LIME FEED
*DEFRULT ROUTINE., CHECK. /1
*INSERT IF NQTED

#STUFF CHRRARCTER
#NCEEMENT CURSQOR

#*CHECK SCROLL
*UPDATE CURSQOR

#MAKE SFHRCE FQR INSERT

#REFLACE CHAR UNDER CURSOR
«MOYE LINE OUT

«}{EEF CURSOR ON SCREEN
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1E?S
1E7¢
1E79
1E?C
1E7D
1E7E
1ES1
1EE3

&7
22
24
i9
7E
32
36
cs

VTI Theory of Operation

FC 4iC

an sg

FF 1C
FF

sSaze
g4
24319
£ara
sacn
&aoa
Siew
£116

nay H, A
SHLD CURS
LXI D, SCRN
DRD D

Hey A, M
STR STR
Myl M. CS
RET

PolyMorphic Systems

*NDEX BY SCREEM RDDRESS
#STORE CHAR UNDER CURSQOR

#STUFF NEW CURSOR SYMBOL
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0c20
F800
QOFC
0040
OOFF
O03F
O0F8
2000
2000
2003
2004
2007
2208
2008
200E
200F
2011
2014
2015
2016
2019
201C
201D
2020
2021
2022
2023
2024
2027
2028
2029
2028
202C
202F
2031
2032
2035
2037
2038
2038
203D
203k
2041
2042
2043
2044
. 2045
2046
2049
204C
204D
2050

2051

000000
00

-000000

00
CD5120
cD200C
00
F630
cD1920
00

73
C30820
2AE020
B

21 00F8
19

00

47

00
3ADF20

00
CA5120
FEBC
00
CA6920
FE3SD
00
CAAG620
00

Q0

70

-3
CD7220
22E020
o]0]
C3C520
20

"2100F8

VTI Theory of Operation

PolyMorphic Systems

For users of PolyMorphic monitor ROM.

MNotes

9 e 3 w@d Fh By

monitor screan,
¥
co zQuU 0C20H
SCRN EQU OFB800H
SEND EQuU OFCH 3
LIME EQU 64D H
CS EQU OFFH H
LT EQU 3FH ’
KBD EQU OF8H 5.
ORG 20Q0H
NOP
AP
NOP
S0P
CALL EF ;
GET: CALL co
soP
ORI 30H 3
CALL PUT H
NOP
HOV A,B
JAP GET
PUT: LHLD CURS H
XCHG
LXI H,SCRil 3
DAD D ;
MOP
xov B,A
HoP
LDA STR H
qov Mg A 3
WOV A.B H
CPI 38H H
NQP
Wi HOME H
CPI 854 :
NOP
JZ FF H
CPI 8CH 3
NOP
dZ 2s
CPI 8DH H
HOP
JZ CR ;
HoP
HOP
DEF 2 Hav ¥,B H
IMX D
XCHG
CALL SCPL H
SHLD CURS
HOP
JP OUT 1
op
FF: LXI H.3CPRM 3

Poly 388 version,

put ASCII characters

s #ksneVIDEQ TYPEWRITER ROUTIIE s seuk

usina wormhole

The video tvoewriter routine 2llows the user to
from the keyboard onto the

first address of screen memory
end addrs of screen memorv
lenath of line on screen
cursor symbol (rubout)

blank

keyboard port location

clear screzen

to mave char ASCII, not arphic
char—then ot on screen

put rel cursor position in D

add to first addrs of screen
memorv

put old char that was under
CUrsor up on screen

now process new char-——
Control~-H char? If ves,

home uUn screen
Control-E? If ves, form fesd

to erase screen
Control-L? If ves, backspace

carriage return? If ves, ao to

CR routine.
increment cursor position

scroll screen

form fa2erd to clear screen




Page 22

2354
2056
2057
2058
2059
2058
205C
205F
2060
2063
2066
2069
206A
2068
206E
2071
2072
2073
2075
2076
2077
2078
2078
207E
207F
2080
2081
2082
2033
2084
2085
2086
2087
2089
208 A
208D
208E
208F F
2091
2092
2095
2097
2098
2099
2094
2098
209C
209F
20A0
20A3
20A4
20A5
20A6
20A8
20A9
20AB
20AC
20AD
20RO
20%1

363r
23

7C

00
FEFC
00
C25420
00

21 0000
22E020
C3C520
18

EB
22E026C
c3c520

IIOOFB
2140F8
00
TE
23
E3
77

cB
C27F20
06 3F
0.0

10

23

D

B7
C29820
El

11 COFF
19

Cco

(010]
363F
23
3E3F
A5

00
C2A620
27

a0

VTI Theory of Operation

W IPE:

HOME:

BS:

SCRL:

StiPs

LAST:

AEA¢
I
10V
10P
CPI
MOP
JNZ
NOP
LXI
SHLD
JNP
nCX
XCHG
SHLD
JMP
Hoe
A0V
CP1I
NOP
RC
PUSH
LRI
LXT
NOP
MoV
IirX
XCHG
A0V
INX
MOV
XCHG
HOP
CPI
NOP
JHZ
MOV
NOP
CPI
XCHG
JNZ
MV 1
NOP
MOV
[NX
MOV
ORA
JNZ
POP
LXI
DAD
RET
Hop
ELA!
INX
"WVI
AlA
HOP
JUHZ
oCX
NP

PolyMorphic Systems
Ao LT

AWH

SEND i end of screen?

I'TPE 3 if not, keeo aoing w/ blanks

H,Q
CURS
OUT!
D

CURS
OUTI

A H
4 i if too half of rel curs pos<4,

$ dont scroll, “cause not at end
o i of screen
D,SCRM 3§ to scroll, move down a line.
H,SCRN+LINE
A

P

A 3 save char at that point

-

H

o s DY

+ A $ out char on screen
H

SEND=-1 at last guadrant of screen?

e

SHP

A,E see if at screen end-64

L 1]

OCOH (beginning of last line)

SWP
Byl

put blank at end of screen

-s

M, B

Iyl

A,L

A

LAST

H
D40=LINE
]

get back rel cursor position

-a

move uo one line

ww

'!-{.,LT
A, 3FH
L
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20B2
2084
20B5
2086
2087
20BA
20BB
20BE
20C1
20C2
20C5
20C8
20C9
20CA
20CC
20CD
20CE
20D 1
20D2
20D5
20D6
20D7
20D8
20D8B
20DD
200E
20DF
20E0
Q000

3ECO
A3

5F

00
214000
19
CD7220
22E020
o0
C3C520
2AEQ20
00

e
£603
00

67
22E020
810

i1 00F8
19

18

Q0
32DF 20
36FF
00

Co

VTI Theory of Operation

BACK:

LF:

QUT 2

STR:
CURS:

VI
ANA
Mov
NOP
LXI
DAD
CALL
SHLD
NOP
Jup
LHLD
NOP
MOV
AMI
NOP
MOV
SHLD
NOP
LXI
DAD
MoV
NOP
STA
VI
0P

DS
DS
END

A, OCOH
£
E,A

H,64
D

SCRL
CURS

OuUT!
CURS

A,H
3

CURS

D,SCRN
D
A

-
—

"l

»

e

L LI TY

PolyMorphic Systems

go to beaginning of line

»eep cursor on screen

save char where going to out
cursor=-—-store char in 3T}
put cursor symbol on screen

char under cursor
rel oposition of cursor



Page 24

ge0a

2938
293A
89 3C
88 3F

iDoa

1pé3

1D26
1Da@7
1pas
1pe@s
1DgE
1DOF
1p12
1D13
1D14
1pl17
i1pis

n1l9
1D1B
1D1E
1p2a
1p23
1D2s
1Dp28

Fgag
AAFC
pa49
9@FF
A@ 3F
@eF8

paa9
C3491D

BBF8
F688
CDaB1D
C3061D

1Dan

31491D -

CD391D

FB

76
C3061D
2AB41D
EB
21AQF8
19

47
3AB31D
77

78
FE88
CA451D
FE85
CA391D
FE8C
CA4E1lD
FE8D

~ VTI Theory of Operation

.
*
*
*
*
*
*
*
*

& M NP ME WO NG WP Wy ™

SCRN
SEND
LINE
CsS
LT
KBD

O\. - wme wp

ET:

START:

wl WE We wE W mp

£t =e =2 ~e =

OCP:

d
(wr}
H

VIDEO TYPEWRITER ROUTINE

EQU
EQU
EQU
EQU
EQU
EQU
IDNT
ORG
JMP

when keyboard

ORG
IN
ORI
CALIL
JMP

ORG
LXI

CALL

El
HLT
JMP
LHLD
XCHG
LXI
DAD
Mov
LDA
MOV
MOV
CPI
JZ
CPI
JZ
CPI
JZ
£

The video typewriter routine allows you to
put ASCII-character input from the keyboard
onto the monitor screen.

gr8eaH
QFCH
64D
8FFH
3FH
aF8H
2,0
a9
START

me N8 WB %@ ws we

interrupt

@38H
KBD
80H
PUT
LOOP

d wmy WE "I Wy

1DG2H
SP,1Da@@H

initialize stack pointer.

FF

Enable interrupts--when
location 38H jumped to.

LOOP
CURS

-

H,SCRN

. w8

w)

B,A
STR
M,2
A,B
88H
HOME
85H
FF
8CRH
BS
8DH

W M NE NG WG " NP wg W Wy

AR SRt R s AR R R LSRR S X E RS F R E SRR R RS R SR TR

* % % % % % ¥

KERAKRA TR AR RRERRREA AR AR ARk hhhhhkadhhkdik

first addrs of screen memory
end addrs of screen memory
length of line on screen
cursor symbol (rubout)

blank

keyboard port location

received, location 38H jumped to.

PolyMorphic Systems

when you get interrupt, get char

KBD and put in A. ORI w/ 8@H

to make char ASCII, not graphics

char--then put on screen
get another char

keyboard interrupt received,

put rel cursor position in D

add teo first addrs of screen
memory

put old char that was under
cursor up on screen

now process new char--
Control-B char? If yes,

home up screen

Control-E? If yes, form feed
to erase screen

Control-L? If yes, backspace
(move cursor left)

carriage return? If yes, go to

NOTE: Some operating systems,
like the POLY 4.0 monitor, initialize stack pointer.
this is so with your system, eliminate this instruction by
changing all 3 bytes to zeros.

1E

from
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1D2A
1D2D
1D2E
1D2F
1D3%
ip33
1D36
1D39
1D3C
1D3E
1D3F
1D49

1D42
1p45

1D48
1D4B
1D4E
1D4F
1D59
1D53
1DS6
1D57
1D53
1D5A
1p5B
1DSE
1p61l
1D62
1D63
1D64
1D65S
1D66
1Dé67
1D68
1Dé6A
1DéD
1D6E
ip7a
1D73
1D74
1D76
1D77
1D78
1D79
1D7A
1D7D
1D7E
1D81
1p82
1D83
1D85
1D86
1p8s
1p89
1p8cC
i.D8D
1D8F
1D932
1p91
1D94

CA831D
78

13

EB
CD551D
22B41D
C39E1lD
21006F8
363F
23

7C
FEFC

C23ClD
210990

22B41D
C39E1D
1B

EB
22B41D
C39E1D
7C
FE24
D8

E5
1160F8
2143F8
7E

23

EB

77

23

70

EB
FEFB
C2611D
7B
FECE
C2611D
EB
#63F
70

23

7D

B7
C2761D
El
11COFF
19

ca
363F
23
3E3F
AS
C2831D
2B
3ECE
A3

5F
214249
19

VTI Theory of Operation

DEF:
FF:

WIPE:

HOME :

BS:

SCRL:

SWP:

LAST:

CR:

BACK:

LF:

Jz
MOV
INX
XCHG
CALL
SHLD
JMP
LXI
MV
INX

 mov
CPI
JNZ
LXI
SHLD
JMP
DCX
XCHG
SHLD
JMP
MOV
CP1
RC
PUSH
LXI
LXI
MOV
INX
XCHG
MOV
INX
MOV
XCHG
CPI
INZ
MOV
CPI
INZ
XCHG
MVT
MOV
INX
MOV
ORA
INZ
POP
LXI
DAD
RET
MVI
INX
MVT
ANA
JNZ
DCX
MVT
ANA
MOV
LXI
DAD

PolyMorphic Systems

CR ; CR routine.

M,B ; increment cursor position

D

SCRL ; scroll screen

CURS

QUT1

H,SCRN ; form feed to clear screen

M,LT

H

A,H

SEND ; end of screen?

WIPE ; if not, keep going w/ blanks

H,q ;: home up screen by

CURS ; reinitializing rel curs pos to

ouTl ; zero. Then put on screen

D ; back space

CURS

ouTl

A,H

4 ; 1f top half of rel curs pos<4,
; not end of screen: dont scroll

H

D,SCRN ; to scroll, move down a line.

H,SCRN+LINE

A,M ; save char at that point

H

M,A ; put char on screen

H ; one line up

ALH

SEND-1 ; last quadrant of screen?

SWP ; if not, keep going

A,E ; see if at screen end-64

ACcon ; (beginning of last line)

SWP

B,LT

M,B

H

ApL

.

LAST

H ;7 get back rel cursor position

D,9~-LINE

D ; move up one line

M,LT

H

A,3FH

L

CR

H

A,0CB8H ; go to beginning of line

E

E,A

H, 64

D
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1D9s
1D%8
1D9B
1DSE
ibal
1DA2
1DA4
1DAS
1DAS8
1DAB
1DAC
1DAD
1DB@
1DB2

1DB3
lDB4

CD561D
228B41D
C39E1D
2AB41D
7C
E693
67
22B41D
1100F8
19

7E
32B31D
36FF
Cco9

VTI Theory of Operation

ouUT1:

’
STR:
CURS:

CaLL
SHLD
JMP
LELD
MOV
ANI
MOV
SHLD
LXI
DAD
MOV
STA
MVI
RET

DS
DS

SCRL
CURS
ouTl
CURS
A'H
3
H,A
CURS
D, SCRN
D
A'M
STR
M,CS

E wy mp

- ae

PolyMorphic Systems

keep cursor on screen by
keeping least 2 significant
bits of most significant byte

char under cursor
rel position of cursor
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For Users of the PolyMorphic Monitor ROM:

VIDEO GRAPHICS CURSOR WITH LIFE
Requires 4K of RAM Beginning at 2099 Hex

To use this software, execute 2000 hex. You are now in the "move" mode.

Use the cursor control commands to place the cursor at a desirable starting
location. Use the "W" printing control once to allow the deposit of white
squares. Use the cursor control commands to “"draw" on the screen. If

you want to erase a square or squares, depress the "B" key once and mani-
pulate the cursor across the square you wish to erase. The "B" command
actually prints black squares, so don't cross white squares you want to
keep. If you want to move the cursor without affecting the display,

press the "M" key once.

KEYBOARD COMMANDS KEYBOARD COMMANDS
FOR CURSOR CONTROL FOR PRINTING CONTROL
u
Z‘K\ T ,zl M = Move Cursor
j~4—= CURSOR—>=R W = Print White Squares
3*(/J:\Nk4 B = Print Black Squares
D (or erase white squares)

The cursor control commands can be used in succession -- for exampie,
pressing the "U" key five times will "draw" a white line upward from the
original cursor location.

When you wish to execute LIFE on the present graphics display, press "X".
The number of generations will be displayed in the upper-right corner
of the screen.

If you wish to exit LIFE and modify its present state, press "E". You
are now back to the original graphics cursor mode with the last LIFE
generation intact. You can modify the existing pattern and execute LIFE
with the resulting pattern. :
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VTI Theory of Operation

PolyMorphic Systems

LIFE WItH GRAPHICS CURSOR FOR 4.9 MONITOR ROM

20499
2EB9
9C20
9@2E
F8OG
gcac
2400
294842
P24
2829
aaao
2348
aa23
2280
28a9
2893
2006
20808
200A
2408
298cC

46D
2810
2011
2814
2017
2818
2918
281D
2829
2823
21124
2327
2928
2829
2027
2028
282¢C
282E
29349
2833
2936
2839
203A
2838
2qg3C

43D
203E
28489
2843
2846
2849

CBLEQLI

219823
3E28
PE@S
77

23

D
C2pA29
gF
D29829
218029
ES
218022
3688
21COF7
11cp28
c3pcaga
7€

2F

12

23

13

7C
E687
FE@5
C223260
21Cco28
11ca23
7E

12

23

13

7C
FE2E
C2392¢
118022
A128F8
218922

ORG
TADD1  EQU
WHO EQU
TAD1 EQU 1o
VADD EQU QFB8@0H

KBUF EQU @CHCH

4~ MADD EQU “2490H
.- SADD EQU “2988H

MAD EQU 24H

~ SAD EQU 29H
- LINE EQU 64

TADD EQU.2388H
TAD EQU 23H
CADD EQU 2280H
JMP SETUP -
LXI H,TADD
MVI A,28H <°
MASK:MVI C,08H
TABLE:MOV M,
INX H

DCR C

JNZ TABLE

RRC

JNC MASK

LXI H,SADD
PUSH H

LXI H,CADD
MVI M,88H

LXI H,VADD-40H
LX1 D,SADD-49H

LOOP:
CONTIN:
ChHA
STAX D
INX
INX
MOV
ANI
CPI
JNZ
LXI
LXI
SWAP:MOV A,M
STAX D

INX B

INX D

MOV A,H

CPI SAD+5
JNZ SWAP
LXI D,CADD
LXI
LXI

JMP
MOv

H
d 3

48
LOOP

Ll om

ade

d,CADD

30000
I 2E00H

pC29H

2EH
:VID

EO BLOCK ADDRESS

; KEYBOARD INPUT BUFFER ADDRESS

KBDT
A,M

H,SADD-40RH 4t
D,MADD-48H

1l

B,VADD+28H 4\

sMASTER COPY ADDRESS

;SLAVE COPY ADDRESS

;1ST BYTE OF MADD

;1ST BYTE OF SADD

;LINE LENGTH

:TABLE (MASK & SCRATCH)

:1ST BYTE OF TADD

;COUNT ADDRESS (GENERATIONS)
;START OF GRAPHICS CURSOR

;SET UP MASK TABLE

;FIRST MASK FOR TABLE

:GETS EIGHT SPOTS

:IN TABLE.

;THEN MASK FOR NEXT LOWER BIT
;GETS THE NEXT EIGHT.

:SAVE SLAVE ADDRESS

;FOR USE IN LOOP.

;LOAD CADD WITH OWN

:SECOND BYTE TO START COUNT.
:SET UOP FOR SWAP FROM

:SCREEN TO SLAVE WITH SLOP.
ST ads ;

;COMPLEMENT FOR TRUE LIFE
:STORE ON OTHER COPY.

:NEXT

:SPOT.

:CHECK

sLAST THREE BITS OF 1ST BYTE
:FOR END

:OF COPY PLUS SLOP.

:SWAP SLAVE

:TO MASTER

;WITH SLOP

;UP TO HERE.

:SET UP FOR COUNT

;IN UPPER RIGHT OF SCREEN
;WATCH THE ZERC AND CARRY!!
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,JIFE WItH GRAPHICS CURSOR FOR 4.0 MONITOR ROM

264C 6B MOV L,E

204D 23 COUNT:INX H sNEXT SIGNIFICANT DIGIT

2804E @B DCX B s NEXT DOWN ON SCREEN

204F C25320 JNZ NOINC “:r :ZERO FLAG TO INCREMENT

2852 34 INR M

2053 1A NOINC:LDAX D ;ARE WE TO END

2854 BD CMP L ;OF COUNT (STORED AT CADD)?
26855 DASEZ28 JC REP & :YES

2858 3EBA MVI A,0BAH ;NO, CHECK FOR

2854 BE CMP M :DECIMAL CARRY IN ASCII.
285B C2612¢ JNZ HERE ' :NO

265E 3EBY REP:MVI A,dB@H ;YES, ZEROC THAT DIGIT

2968 77 MOV M,A sAND REPLACE MEMORY.

2881 7E HERE:MOV A,M +GET MEMORY

2862 92 STAX B ;AND VIEW IT

2063 D24D29 JNC COUNT ;UNTIL ALL DIGITS ARE VIEWED.
2866 2B DCX H ;CHECK MOST SIGNIFICANT DIGIT
2867 BE CMP M ;AGAINST NEXT MOST.

2868 CA6D28 JZ2 THERE ;BOTH ZERO? EXIT.

2868 EB XCHG ;NO, INCREASE

286C 34 INR M +END OF COUNT.

286D 21BF23 THERE:LXI H,MADD-LINE-1 =~

2874 1623 MVl D,TAD ;GET IN POSITION FOR TABLE.
2872 P1ED28 BYTE:LXI B,INST ;PSEUDC QP LIST

2875 9AA BIT:LDAX B ; LOAD PSEUDO OP.

2876 OF RRC ;CHECK RIGHT BIT FOR

2877 D28D20 JNC ROT ;CELL CHECK FROM SAME BYTE
287A BF RRC ;NO. NEXT BYTE?

2878 D289249 JNC ONE ;YES

247E FEFO CP1 OFOH :NO. ALL NGHBRS DONE THIS BYTE?
2880 D29F28 JNC DONE ;YES.

2883 113Dpa9g LXI D,LINE-3 ;NEXT LINE ON 3X3 MATRIX
2p86 19 DAD D ; INCREMENT BY LINE-2

2887 1623 MVI D,TAD ;BY LINE-3+1, SINCE WE NEED
2889 23 ONE:INX H ;A +1 ANYWAY

288A E63F ANI 3FH ;GET RID OF 2 MSB'S.

2080 = RLC ;ZERQ CARPRY BTIT ANT

2G8D 1F ROT: RAR ;GET IN POSITIC.

2088E 83 INX B ;FOR THIS AND NEXT PSEUDO OP
2868F 5F MOV E,A :2ND BYTE FEEDS MASK TABLE
2898 1A LDAX D ;LOAD MASK FOR BIT

2891 A6 ANA M _ sAND CHECK IT ON THE MASTER
2992 CA7528 JZ BIT ‘ ;NO LIFE, NEXT BIT

2095 EB XCHG :BRING DOWN SCRATCH

2896 3EG7 MVI A,87H ;ADDRESS TO STORE NEIGHEOR
24898 AS ANA L ;COUNT CODED BY BIT #

2899 6F MOV L,A

209A 34 INR M ;COUNT ONE NEIGHBOR

2898 EB XCHG :GET MASTER COPY

289C C37520 JMP BIT - sAND GET NEXT BIT IN BYTE
289F @1BFFF DONE:LXI B,@-LINE-1/.;GO BACK TO BYTE

29A2 @9 DAD B ;THAT WE'RE WORKING ON

208A3 1EB@ MVI E,Q : ZERO SCRATCHPAD BYTE #2
28A5 E3 XTHL ;MOVING ON TO SLAVE COPY.
2086 97 : LOAD:SUB A ;ZERO A SO WE CAN

28A7 12 STAX D ;ZERO NEIGHBOR COUNT

20a8 79 MOV A,C ;GET INVERTED BIT MASK
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LIFE WItH GRAPHICS CURSOR FOR 4.0 MONITOR ROM

2829
“0aA
-0AD
280AE
20AF
2080
280B2
28B5
2086
20B7
2088
2089
2088
20BE
28BF
28Co
28C1
20C2
209C5
28C8
206C9
28CA
20CC
29CD
20CE
20D1

3D2
28D5
29D6
20D%

28DC
20DD
20E@
292
2GES
29E6
20E9
20EA
29ED
29EF
29F1
20F3
28F5S
20F7
20F9
20FB
28FD
20FF

161
2183
21485
2187
21489
2108

oF
D2C5260
4F

1C

1a
FEB2
CAAG620
79

Ab

77

1A
FE@3
C22629
79

2F

86

17
C3a620
21COFF
23

E3
3E28
BC

29
C27220
El
212929
ES
1120F8
c32324

Fe
3A6DAC
FE45
C2R92°
-

c32B21
Fl
C32620
C465
c470
D@71
87a4
88A8
C8AC
CC45
84A4
2868
88A8
C84cC
ACCC
3854@
BO34
5474
94D4

RRC

JNC NEXT
MQV C,A
INR E
LDAX D
CPI ©2H
JZ LOAD
MOV A,C
ANA M
MOV M,A
LDAX D
CPI 03H
JNZ LOAD
MOV A,C
CMA

ADD M
MOV M,A
JMP LOAD

NEXT:LXI B,@-LINE ).

INX H
XTHL

MVI A,MAD+84H

CMP H

DAD B

JNZ BYTE
POP H

LXI H,SADD
PUSH H

LXI D,VADD
JMP LOOP

KBDTST: PUSEH
LDA
CPI
JNz
PCP
JMP
POP
JMP
INST:DW 65C4H
DW 78C4H
DW 71D@H
DW @A487H
DW OA888H
DW @QACCS8H
DW 45CCH
DW 0A484H
DW 6828H
DW PA888H
DW 4CCBH
DW OCCACH
DW 5830H
DW 34BOH
DW 7454H
DW @D494H

OVERZ2:

:COMING IN BFH AND ROTATE
;GOT ALL BITS?
;NO, REPLACE MASK
;AND COUNT BIT NUMBER
;GET # NEIGHBORS OF THAT BIT
;IS IT TWO?
:YES, CELL STAYS THE WAY IT IS
:NO, SO
;KILL CELL ON
:SLAVE COPY
:HOW MANY NHBRS AGAIN?
;ARE TBERE THREE?
s YES, GOOD WE KILLED IT.
sO0PS, GOT TC RESURRECT IT
:BY INVERTING THE MASK
;AND ADDING
:REPLACE SLAVE
;UPDATE NEXT BIT IN BYTE

> ;0P ONE, WHICH IS5 UPPER
s INCREMENT SLAVE ADDRESS
;FOR PROPER INITIALIZATION
;END COF SCREEN?

;COMPLETE ONE UP
;SCREEN NOT OVER, NEXT BYTE
;: LEAVE
;SADD ON STACK
:FOR NEXT TIME. SET UP TO
;SWAP SLAVE TO SCREEN
:ON EACH SUCCESSIVE LOOP.
s KBDTST CHECKS THE KEYBOARD FOR "E"
; (EXIT COMMAND) AND IF SO JUMPS INTO
;WARMSTART OF GRAPHICS CURSOR
PSW
KBUF+1
IEI
OVER2
PSW
MODIFY
PSW
CONTIN

LD ; PSEUDC OPS CODE 48

;SPECIAL CASES:EIGHT

s NEIGHBORS FOR EACH OF
;S1IX CELLS PER BYTE
sRIGHT TWO BITS OF

:EACH PSEUDO OP INDICATE
;WHETHER NEXT NEIGHBOR IS
;IN THE SAME BYTE AS
;CURRENT NEIGHBOR, OR IN
:NEXT BYTE, OR NEXT LINE
;IN 3X3 MATRIX OF
sNEIGHBOR BYTES

s NEXT THREE BITS CODE
;CELL WHOSE NEIGHBORS
sWE ARE COUNTING, IN
sREVERSE ORDER



Page 31
LIFE WItH GRAPHICS CURSOR FOR 4.8 MONITOR ROM

218D
218F
2111
2113
2115
2117
2119
211B
211D
211E
2121
2123
2124
2126
2127
2128
212B
212D
2138
2132
2133
2134
2135
2136
2139
213C
213E
2140
2143
2145
2148
214B
214C
214D
214F
2152
2155
2150

2157
2158
215A
215D
215F
2162
2164
2167
2169
216C
216E
2171
2173
2176
2178
2178
217D
2189

5878
B831
5034
5474
5878
8F2D
8C38
9839
FF
2100F8
3E8C
84
367F
23

BC
C22421
BED6
11682E
3E@l
12

27

13

D
23221
2128FA
2600
367E
CD208C
F680
CD4B21
C34021
4F

7E
E640
CAS5721
CD1522

™
s

-~
-~

79
FEDB8
CA2422
FEDS
CCBA21
FEC4
cCcc92l
FED2
CCcD821
FECC
CCE@21
FED7
CCEB21
FEC2
CCED21
FECD
CCr421
FEBI]

VTI Theory of Operation

DW 7858H
DW 31BS8H
DW 3450H
DW 7454H
DW 7858H
DW 2D8FH
DW 388CH
DW 3998H
DB OFFH

SETUP: LXI #,VADD

MVI A,0CH
ADD H
WIPE: MVI M,7FH
INX H
CMP H
JNZ WIPE
MODIFY: MVI
LXI D,TADD]
MVI A,l
TABLl: STAX
RLC
INX D
DCR C
JNZ
LXI H,VADD+022
MVI B,08
MVI M,7ER
LOOPl: CALL
ORI
CALL
JMP
OUT1: MOV
MOV A, M
ANI 488
JZ COMP
CALL MASK1
XBR M
MOV M,A

COMP: MOV A,C
CPI 0ODS8H
JZ CLNO
CPI OD5H
cz Urp
CPI 8C4H
CZ DOWN
CPI OD2H
CZ RIGHT
CPI ACCH
CZ LEFT
CPI @DVH
CZ WHITE
CPI 8C2H
CZ BLACK
CPI 6CDH
CZ MOVE
CPI @BlH

C,6
D

TABL1
8H

WH@
B2H
ouTl
LOOP1
C,A

PolyMorphic Systems

sREMAINING THREE BITS
;CODE MASK FOR NEIGHBOR
;IN SAME FORMAT

;WRITTEN BY BRIAN WILCOX

; KEYBOARD INPUT WORMHOLE
;GETS COMMAND CHARACTER

; NEXT COMMAND

; COMMAND INTERPRETER
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IFE WItH GRAPHICS CURSOR FOR 4.0 MONITOR ROM

2182

85
4--5.87
218A
218C
218F
2191
2194
2197
2198
2198
219C
219D
219F
21A0
21A3
21A5
21A6
21A7
21A8

21AA

21AB
21AD
21B8
21B2
21B3

B4
21B5
21B7
21B8
21B9
21BA
2188
21BD
21C2
21C1
21C2
21C3
21C4
21C7
21C8
21C9
21CA
21cc
21CF
21D0
21p1
21D2
21D3
21D6
2107

28
21D9
21DA
21DB
21DC
21DD

CCF921
FEB2
ccpo22
FEB3
cco722
FEB4
CCBE22
CD1522
A6
CAA321
2F

A6
F640
77
C3a721
3EBF
A6

77

78
E660
cs8
E640
C2B521
3E40
B6

77

c9
3EBF
A6

77

c9

78
E602
c2¢221
a4

co

gs

o5
11COFF

114900
19
€9
73
27
3F
1F
47
D8

LA EET R A |

CZ ONEl

CPI 8B2H
CZ TWO K
CPI 0B3H

. C% THREE

CPI @B4H

Cz FOUR
CALL MASK1
ANA M

JZ LITE

CMA

ANA M

ORI 40H

MOV M,A

JMP BACK

N by S R R T

LITE: MVI A,@BFH

ANA M

MOV M,A
BACK: MOV A,B
ANl 60H
RZ

ANI 40H
JNZ BRITE
MVI A,40H
ORA M
MOV M,A
RET

BRITE: MVI A,@BFH

ANA M
MOV M,A
RET
UP: MOV A,B
ANI 2
JNZ
INR B
RET ‘
HEREl: DCR ~
DCR L
LXI D,B-LINE
DAD D
RET
DOWN: MOV A,B
ANI 3
Jz
DCR B
RET
THER1l: INR
INR B
LXI D,LINE
DAD D
RET
RIGHT: MOV A,B
RLC
CMC
RAR
MOV B,A
RC

HERE1l

L]

THERI1

A M AN b p bt AT e bl
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21DE
21DF
21E0
21£1
21E2
21E3
21E4
21ES
21E6
21E7
21E8
21E9
21EB
21EC
21ED
21EE
21F9
21F2
21F3
21F4
21F5
21F7
21F8
21F9
21FC
21FF
2260
2283
2206
2287
220A
229D
220E
2211
2214
2215
2216
2217
2218
221B
221D
221F
2221
2397
2223

2224
2227
2228
222A
222D
222E
2239
2233
2234

23

c9

78

a7

3F

1F

47

D@

2B

c9

78
F660
47

c9

78
F629
E6BF
47

c9

78
E69F
47

c9
CDBA21
copg21
)
CDBA2l
CDEB21
co
CDCY921
CDE@21
ce
CDC921
CDD821
c9

78

r7

1E
D21D22
ce683
E61F
162E
5F

1A

c9

2100F8
[ae
FEAQ
cag3zn
7E
E688
C43722
23
c32722

VTI Theory of Operation

INX H

1FH

PolyMorphic Systems

gp

A,B

RET
LEFT: MOV A,B
RLC
CMC
RAR
MOV B,A
RNC
DCX H
RET
WHITE: MOV A,B
ORI 69H
MOV B,A
RET
BLACK: MOV A,B
ORI 28H
ANI OBFH
MOV B,A
RET
MOVE: MOV A,B
ANI 9FH
MOV B,A
RET
ONEl: CALL
CALL RIGHT
RET
TWO: CALL UP
CALL LEFT
RET
THREE: CALL DOWN
CALL LEFT
RET
FOUR: CALL DOWN
CALL RIGHT
RET
MASKl: MOV
RLC
R&akR
JNC CLEAPFR
ADI 3
CLEAR: ANI
MVI D,TAD]
MOV E,A
LDAX D
RET

CLNO: LXI

CLNO1: MOV
CPL
JZ
MOV
ANI
CNZ
INX
JMP

:THIS ROUTINE KILLS THE GENERATION
:COUNTER WHEN JUMPING INTO A MODIFIED
;LIFE SO THE COUNTER DOSN'T BECOME LIFE

H,VADD

a,L

49H sEND OF FIRST LINE

2903 +BEGINING OF LIFE PROGRAM
AN

894 :IS IT GRAPHICS? IF NO

BLANK ;PUT IN GRAPHICS BLANK
H
CLNO1
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LIFE WItH GRAPHICS CURSOR FOR 4.0 MONITOR ROM

2237 362F BLANK: MVI M,3FH
239 €9 RET
gooea END

PolyMorphic Systems
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pany
BB
B30
saag
Be80
31360
1aea
Bsaeg
saag
r’3Ea
BEas
BBes
3847
30688
a@ge9
WEGAR
36D

B &
B m

OO0 IO VI Y1)

& RS G
rgivd 1
(7,8

&
&
[T
o

ie

(Y

B 30 VI < O] :ﬂ vy} =| g B X
FTIREERE S DS S SRS
N S T P U TR P P S L PR U (L (N
MWRDO D dMUASWNWDO D

23
3E
GE

e
]

23
ab
c2
GF
02
2%
ES
241
36
24
i1
7E
2F
12
22
i3
7C
E¢
FE
ca
21
14
7k
i2
23
-
vC
FE
cz
11
61
21
LE

g
24

@

a?

83

648

e
28
ce
co

37
L]

65
2
cg
ca

a0
22

&0
40
9

62

121"

89

02
o1
&7

a?

glsl
S g

“»
L

15
81
e2

61

VTI Theory of Operation

PolyMorphic Systems

For Non-Users of PolyMorphic Monitor ROM:

ei100
81190
gize
@139
gi486
gi15a
gié6e
155 Rrgs
p47S
giga
6185
gi9a
[5 ped 5 25
pzig
g22a
gz238a
B249
az2s5@
8254
a2sé
a25¢g
azea
az?voe
azen
az2g2
82354
aze6
azes
g2sa
az9e
8224
B29E
azss
azaa
a3ia
a312
azi4g
az1i1e
azig
azzu
9324
Bz26
a3x2a
azx44a
a3Isa
s ey N3]

LIFE

YADPD EQU E8u@H
MADD EQU B=00H
SADD EQU agooH
MARD EQU &3H
SAD EQU @8H
LINE EQU &4
TADD EQU OZOBSH
TRAD EQU B2H
CRDD EQU @1S8H
LXI H, TRDD
MYI A, 286H
MASK MYI C, @SH
TABLE MOQY M, &
INX H

DCR C

JNZ TABLE

RRC

JNC MAsSK

LXI H, SADD
PUSH H

LXI H., CARD
MYI N, €8H

LXI H, YADD—-4@&H
LXI D, SRDD~—-48H

LOOF MOY AR, M
CHA

STAX D

INX H

INX D

MOV A, H

ANI 7
CPL S
JNZ LOOF
LXI
LX1
SWAF Moy
STHRHX D
INX H
INX O
Moy AL, H
CFI SRD+S
JINZ SWHF
LXI D, CROD
Lx1
LX1
moy

A. N

H, CRDD
L. E

H, SRDD-4aH
D, MADD-46H

&, YADD+4aH

«¥IDEO BLOCK RDDRESS
*MASTER COPY RDORESS
*SLAYE COFY ARDDRESS
«1ST BYTE OF MADOD.

*1ST BYTE OF SRDO

#_INE LENGTH

*TABLE (MRSK & SCRRATCH)D
#1ST BYTE OF TRDD
«COUNT RDORESS (GENERATIONS)
«SET UP MRSK TRELE
*FIRST MASK FOR TARBLE
*GETS EIGHT SPOTS

«IN- TABLE.

+*THEN MASK FOR MEXT LOWER BI
*GETS THE MEXT EIGHT.

+#SAVE SLAVE ARDDRESS

*#FOR USE IN LOOP

*LORD CRDD MITH OUN

*SECOMD BYTE TO START COUk..
*SET UP FOR SHAF FROM
*SCREEN TO SULAYE MHITH SLOP.
«GRAB CHAR., BEGIN MRINMN LOQOP
*COMFLEMENT FOR TRUE LIFE
«STORE ON OTHER COPY.

*MHEXT

*SPOT.

«CHECK

«LAST THREE BITS QOF 1ST BYTE
#*FQR END ’

«(OF COPY PLUS SLOP.

«SUAP SLAYE

*TQ0 MASTER -

#3ITH SLOF

*UF TQ HERE.

*«SET UP FOR COUNT

*IN UFFER RIGHT OF SCREEN
*IATCH THE ZERO RND CARRY
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e W,

nad4y 23 @278 COUNT INxR H *HEXT SIGNIFICAHNT DIGIT
48 GE 63sg DCX E *NEXT DOMWM ON SCREEN
349 £2 4D 686 @290 JNZ NOINC *ZERDQ FLAG TO INCREMENT
aad4C 34 488 INE M
w340 4R B4416 NOINC LDAX D *AFE WE TO END
‘Bad4gE BD g428 CMP L *0F COUNT (STORED AT CADD>?
3O4F DA 58 098 @428 JC OUT *YES '
aBs52 2E BA 6448 NVl A, BBRH *MQ, CHECK FOR
1354 BE 8458 CMP M «DECIMAL CARRY IN ASCII.
BESS C2 SB 68 ©468 JNZ HERE *NO _
-3358 3E B9 578 0OUT MYI A, aBgH *YES, ZERO THRT DIGIT
3aSA 77 6588 MOY M, R #AND REFLACE MEMORY.
335 7E @590 HERE MOY A.M #GET MEMORY
3BSC a2 8eg8 STAX B *AND VIEHW IT
AESD D2 47 69 64180 JNC COUNT #JNTIL ALL DIGITS ARE VIEMED.
uBase 28 a&ez28 DPCX H #CHECK MQST SIGMIFICANT DIGIT
w361 BE . 0628 CriF M #*AGAINST MEXT MOST.
3362 CA 67 B8 @a&40 JZ THERE #*BOTH ZERQ? EXIT.
w3EsS EB 8650 XCHG =*NO, IMNCREASE
g6 34 - geén  INR M *END OF COUNT.
sas? 24 BF 82 1049 THERE LXI H, MADD-LINE-1
BacaA 16 @2 1658 NMY'I D. TAD #GET IN POSITION FOR TARBLE.
#asC 841 D6 88 18660 BYTE LXI B, INST *PSEUDO OF LIST
ARSFE BH ia<sa BIT LDAX B *L_ORD FPSEUDO OP.
#a?7a GF 11689 RRC *CHECK RIGHT BIT FOR
aa?d D2 &7 08 44416 JINC ROT *CELL CHECK FROM SAME BYTE
nav4 gF iiz2g RRC #NQ. MNEXT EBYTE?
- B3@a7S D2 €3 88 4438 JNC ONE *YES
@378 FE F9 1146 CFl @FaH #NO. ALL MGHBRS DONE THIS BYT!
BAYA D2 99 283 44548 JNC DONE #YES,
3?0 44 2D @9 4478 LEI D, LINE-Z #NEXT LINE ON 3X3 MATEIX
aasa 19 iig8a DROD D #INCREMENT BY LINE-2
B3RS 16 B2 119a MYI D,..TAD *BY LINE-3+1. SINCE MWE NEED
Bag3 23 1246 OME INX H *A +1 ANYUWAY
anéd ES IF 1245 ANI ZFH #3ZET RID OF 2 MSB‘S.
HIrSE 87 1226 RLC «ZERQ CRERY BIT AMD
ang? AiF 26 ROT RAFR *GET IM POSITION
HRSS B2 1249 [INX B #FOR THIS AMND NEXT PSEUDC OF
BAS9 SF izsa MOY E.R #*2ND BYTE FEEDS MASK TABLE
FASH AR 1268 LDAX D +#LORD MASK FOR BIT
BAZE A 1278 ANA M *AND CHECK IT ON THE MASTER
BE3C_CA £F BB 4286 JZ BIT #NQ LIFE. MEXT BIT
aRsSF EE 256  2CHG #BRING DOUN SCRATCH
aaIa IE 67 1z06 MYID A. @7H #ADDPRESS TO STORE MNEIGHEOR
#A92 AS 13148 FANA L *COUNT CODED BY BIT #
a9 EF 1329 MOV L. A
aEgd4 24 1230 INE .M «COUNT QME MEIGHBOR
3295 EE 12448 ¥CHG #3ET MASTER COPY
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POOOOMITIIT22IDID2DITIITITOOLONW

m
VWOUWNREMNODIVONEWRNREROITOOWR

3aCC
WAk
BRroDa
3aD3
BaDeE
naDe
waDA
3o C
3AaDE
ABED
BREZ
BaE4
HAES

BRER’

&F
BF

517

EF

82
AY

az
A9

A3
Ca

B
20
€5
78

e d
]

A4
H2
AC
45
A4
62

Ag

25
EF

a9

B89

09

12
FF

VTI Theory of Operation

1x50
1364
1378
1375
1380
i1z96
i4a0
1410
142@
14=@
144¢@
145¢
146é8
14789
14&9
1490
15106
i152¢@
15489
155@a
1564
1579
1584
159a
1€1a
169
144
16éa
1679
1é&89
169a
i7aa
i171i¢a
o W B
ren
172
i174@
1824
1848
1850
p ol
1870
1880
1g9a
196a
i19i@
1929
19z@

NEXT

JMF EIT

DONE LXI E, -LINE-1

DAD E
MYl E, &
XTHL

LOAD SUE A

STAX D
oY R, C
RRC

JNC NEXT
MoY C,RA
INR E
LDAX D
cP1 @2H
JZ LOAD
Moy R, C
ANA M

MOY M. A
LDAX D

CPI @3H
JNZ LOAD
MOY A, C
CMA

ADD M

Moy M. A
JMF LOAD
LXI B, @-LINE
INX H
KTHL

MYI A, MAD+O4H
cMP H

DAD E

JNZ EYTE
POF H

LXI M, SADD
FUSH H

LXI D, VADD
JMF LOQF

INST DW &€5C4H

DM
bu
Du
bu
oW
D
DU
oUW
DuW

THC4H
TibaH
af4&7H
GREZSH
GACCEH
S$SCCH
aA4&4H
ESTEH
GASETH

PolyMorphic Systems

#HAND GET NEXT BIT IN BYTE
G0 BACK TCQ BYTE

«THAT MWE’RE MHORKIMNG ON
#2ERQ SCRATCHFRD BYTE #2
#«MOVYING OMN TO SLAVE COPY..
*ZERQ A SO WE CAN

«ZERQ NEIGHBOR COUNT

#GET INVERTED BIT MASK
*COMING IN BFH AMD ROTRTE
«G0OT ALL BITS?

#NQ, REPLACE MASK

*AND COUNT BIT NUMBER
«GET # NEIGHBORS OF THRT BIT
*IS IT THQ?
*YES,
*NQ, SO

*KILL CELL OM

*SLRAVE COFY

#HQOLW MAMNY NHBRS AGRIN?
*ARE THERE THREE?

*YES, GOOD HWE KILLED IT.
*QQPS, GOT TO RESURRECT IT
#BY INVERTING THE MASK
#AND ADDING

#REFPLACE SLAVE

*UFDATE NEXT BIT IN BYTE
*UUF QOME, WHICH IS UPPER

# [ MCREMENT SLRVE RADORESS
*FQR PROFER INITIALIZRTIONM
#*END QF SCREEN?

*COMFLETE ONE UP
«SCREEN NOT QVER,
#LEARVE

*SADD ON STACK
*FOR MNEXT TIME. SET UP TO
*SWRF SLAVE TO SCREEN
QN ERCH SUCCESSIVE LOOP.
«FSEUDO OPS CODE 48
*SPECIAL CRSES: EIGHT

#NE IGHEQRS FOR ERCH OF
*SIX CELLS FER BYTE
*RIGHT THO BITS OF

#*EACH PSEUPO OP IMDICARTE
#WHETHER MNEXT NEIGHEBOR IS
#IN THE SHAME BYTE RS
«CURRENT MEIGHBOR, OR IN
=NEXT BYTE, OR NEXT LINE

MEXT BYTE

CELL STRYS THE WAY IT IS
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BBAER C: 4C 1948 DN
BWAEC AL CC 1956 DuW
HAEE 3B 59 1968 DU
H3F0 BO 24 i137va DU
aBF2 54 74 1989 DU
3BF4 94 D4 199¢ DuW
B3Fé6 S8 7¢ 2paa DM
BBFE8 BE 31 zeie DWW
BBFR S8 324 20926 DUW
3OFC 5S4 74 2a38 DuW
Bw3FE 58 ?2 26848  DW
3166 8F 2D 2059 DUW
31982 8C 38 2068 D
3184 98 39 2979 DWW
3196 FF 209 DB

Screen clearing routine

HSSM(CLEAR) BFOB

afFen 24 B8y 93
wFB3 36 7F
BFBS 22
afFas ?C
HFBR? FE 8C
aFe9 C2 4
BFaC 76

(PO
&5
mn

VTI Theory of Operation

4CCEH
@CCACH
SaxoH
34EEH
7454H
gD454H
7685&H
LEEH
34SaH
T454H
PESSH
2DSFH
38ECH
399SH
6FFH

PolyMorphic Systems

#[N 3IX3 MATRIX OF
*NE1GHBOF BYTES

+#NEXT THREE BITS CODE
*CELL WHOSE NEIGHBORS
#WE ARE COUNTING, IN
*REVERSE ORDER
*REMRINING THREE BITS
*CODE MRASK FOR NEIGHBOR

#IN SAME FORMAT

1gae LXI H, $Sa8H
ivie LOOF M¥Y!I M. PFH
122 INX H

iz MOV R H

1048 CFI &ecCH

19358 JNZ LOOP

ivee HLT
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ASC1I Character set
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AF PACKAGE
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