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Figure 1-1. SDK-85 System Design Kit
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The MCS-85 System Design Kit (SDK-85) contains
all the parts with which you can build a complete
8085 microcomputer system on a single board, and
a library of MCS-85 literature to help you learn to
use it. The finished computer has the following
built-in features:

e High-performance, 3-MHz 8085A cpu (1.3 us
instruction cycle)

e Popular 8080A Instruction Set
e Direct Teletypewriter Interface
e Interactive LED Display

e Large Wire-Wrap Area for Custom-Designed
Circuit

¢ System Monitor Software in ROM

You can assemble the kitin as little as 3 10 5 hours,
depending upon your skill and experience at building
electronic kits. Only a 5 Volt power source capable
of delivering 1.3 Amperes is then needed to make
the computer operate, using its built-in display and
keyboard. If you wish to interface a Teletypewriter
to the SDK-85, you will also need a —10 Volt power
supply. After you have completed the basic kit,
you may expand both memory and {/0 by adding
more RAM-1/0O or ROM-1/0 devices in the spaces
provided for that purpose. Other spaces are allocated
for bus expansion drivers and buffers that allow you
to address and use external devices located either
in the wire-wrap area of the board or off the board.
You can, for example, access up to 64K of external
memory via the expansion bus.

CHAPTER 1
DESCRIPTION

SDK-85 SPECIFICATIONS

Central Processor

CPU: 8085A
Instruction Cycle: 1.3 microsecond
Tey: 330 s

Memory

ROM: 2K bytes (expandablie to 4K bytes)
8355 or 8755

RAM: 256 bytes (expandable to 512 bytes) 81565

Addressing: ROM 0000-07FF {expandable to OFFF
with an additional 8355 or 8755) RAM 2000-
20FF {2800-28FF available with an additional
8156)

Input/Output

Parallel: 38 lines {expandable to 78 lines).

Serial: Through SID/SOD ports of 8085. Software
generated baud rate.

Baud Rate: 110
Interfaces

Bus: All signals TTL compatible.
Parallel 1/Q: All signals TTL compatible.

Serial 1/O: 20 mA current loop TTY.
Note: By populating the buffer area of the board,
you have access to all bus signals which
enable you to design custom system expan-
sions into the kit’s wire-wrap area.
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Interrupts

Three Levels: (RST 7.5) - Keyboard Interrupt
(RST 6.5) - TTL Input
(INTR) - TTL Input

DMA

Hold Request: Jumper selectable. TTL compatible
input.

Software

System Monitor: Preprogrammed 8755 or 8355
ROM

Addresses: 0000-07FF
I/0: Keyboard/Display or TTY (serial 1/0)

Literature
Design Library (Provided with kit):

e SDK-85 User’'s Manual

e Microcomputer Systems Databook
e MCS-85 User’s Manual

e 8080/8085 Assembly Language Programming
Manual

Physical Characteristics

Width: 12.0 in.
Height: 10 in.

Depth 0.50 in.
Weight: approx. 12 oz.

Electrical Characteristics (DC Power Required)

Vee: 45V + 5% 1.3A
Very: —10V £ 10% 0.3A

(Vrry required only if teletypewriter is to be con-
nected to the kit)

Environmental

Operating Temperature: 0-55°C

Figure 1-2. Finished Computer
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2-1 GENERAL

Don’t unpack your parts yet. Do a little reading
first, and you may save yourself time and expense.

The metal-oxide-semiconductor (MQS)
devices in this kit are susceptible to static
electricity. Do not remove them from
the protective, black foam backing sheet
until you have read the precautions and
instructions in paragraph 2-4.

This manual was published only after the assembly
of several kits by a number of persons of varying
experience. In this chapter you will find virtually
everything you need to know to put together your
MCS-85 System Design Kit.

There are suggestions for laying out an efficient
work area. All of the tools and materials you need
are described in a checklist. There is a complete
and detailed parts list. Basic assembly and soldering
techniques are reviewed. Following the step-by-
step assembly instructions in this chapter, you
can’t go wrong.

If you're an experienced kitbuilder, you already
know that it’s not a bad idea to read through this
entire chapter first, before starting the job. That

CHAPTER 2

HOW TO ASSEMBLE THE KIT

way, there won't be any surprises later. Take your
time. Don‘t rush, and don't skip over quality-
checking each step you perform. Desoldering,
removing, and replacing just one DIP component
because it was not oriented properly when first
installed will cost you more time than double-
checking all of them. Your objective is surely to
produce a working computer, not to win a race.

2-2 GETTING ORGANIZED

Before starting work, it's a good idea to plan and
organize your workplace. Be sure you have room
to accommodate this book, lying open, and also
the circuit board, along with tools and the hot
soldering pencil. Unless you have the cordless,
battery-powered soldering instrument, you'll want
to arrange its cord out of the way to keep from
accidentally pulling the soldering pencil off its
holder. A muffin pan, an egg carton, or some small
boxes could be used to sort parts into, if you don‘t
have the traditional plastic, compartmented parts
boxes. It might be helpful, too, to write the part
values and reference designators on small cards as
you sort them, and put these with the parts for
quick identification. Arrange everything within
comfortable reach, and you’ll do the job guickly
with little chance of errors.
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2-3 SELECTING TOOLS AND

MATERIALS

PHILLIPS
SCREWDRIVER

These tools and materials will be required to
assemble the kit:

O  Needle-nose pliers
O  Small Philtips screwdriver
C  Small diagonal cutters
00  Soldering pencil, not more than 30 watts, .

with extra-small-diameter tip. (1/16 in. isn't N EneSE e

too small.} You should also have a secure

holder for it, SOLDER
0 Rosin-core solder, 60:40 (60% tin), small A

diarneter {.05 in. or fess) wire n

Note: Soldering paste is not needed. The

solder will contain sufficient flux.
O  Volt-Ohm-Milliammeter DIAGONAL SOLDERING
CUTTERS PENCIL L

It is also useful to have the following:

O Soldering aid, with a small-tipped fork at one
end and a reamer at the other, to help in i
coaxing component [eads into holes and 3
manipulating small parts.

O o

|
|
If you should happen to make a soldering error and !‘
have to remove solder from joints, the job will be
made much, much easier if you have the following:

VOLT-OHM-MILLIAMMETER

O  Solder sucking device, either the bulb variety
{shown} or the pump variety DESOLDERING

O Large-area desoldering tip for your soldering SoLoER
pencil, to spread heat over several leads of an suézsa
IC device at the same time

O  Length of copper braid to sop up solder like a
sponge

. pp R SOLDERING
COPPER BRAID AlD

{WICK}

Note: It isextremely difficult to remove DIP
components using just a soldering
pencil.
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2-4 UNPACKING AND SORTING
PARTS

The MCS-85 System Design Kit is shipped skin-
packed on a card that includes a conductive
backing to protect its metal-oxide-semiconductor
{MOS) devices from static charge. Don’t remove the
four larger-size Intel devices from the foam backing
until you have completed all of the instructions in
this chapter and are ready to place them on the
board. As a further protection against possible
damage, these four devices are to be installed in
sockets, rather than soldered on the board.

With a knife or sharp-pointed scissors, slit the film
around the edges of the small-parts bags in the
lower left corner of the skin-pack and remove
them. First, open the bag of hardware and check to
be sure you have:

O 9 rubber feet @
0O 9 Nylon spacers, 7/16 in. long

O  9screws, 3/4in. long

O 18 Nylon washers

O 9nuts

Don‘t remove the other components
from the skin-pack. The black foam
backing is an electrically conductive
material that protects the integrated-
circuit devices from static electricity as
well as from physical damage to their
leads and ceramic substrates.

Underneath the two bags of small parts and
hardware will be found:

O Red plastic window {covered with protective
paper)
0 Two strips of double-coated adhesive tape

RED PLASTIC
WINDOW
{FILTER)

ADHESIVE
TAPE

23



Next, open the bag of electrical parts and sort
them out by type and value, Give yourself plerty
of unobstructed work space and try not to let tiny
parts skitter away from you. The bag should yield
the following:

Resistors, 1/4 Watt

—

O 8 24 Ohm {red- R11, 14, 17, 20,
yellow-black) 23,26, 27, 30

o 1 47 Ohm (yellow- R5
violet-black)

o 1 200 Ohm {red- R33
black-brown}

O 6 270 Ohm (red- R10, 13, 16, 19,
violet-brown) 22,25

o 2 1k {1,000) Ohm R4, 31
{brown-black-red}

o o1 1.6k Ohm {brown- R3
blue-red)

a1 2.7k Ohm {red- R6
viclet-red)

O 9 3k Ohm {orange- R7,9, 12, 15, 18,
black-red) 21,24, 28, 29

a 3.9k Ohm {orange- R8
white-red)

O 4.7k Ohm {yeliow- R2
violet-red)

0 51k Ohm {green- R32

brown-orange)

Resistor, 1/2 Watt

—

100 Ohm (brown- R1
black-brown)

a 1

Resistors, 1 Watt

=) —

[ 200 Ohm {red-black- R34
brown)
O 1 430 Ohm (vellow- R35

orange-brown)

Capacitor, tantalum

e I

o o1 22 uf, 15V C1

Capacitor, mono

a 2 1guf 25V Cb, 20

Resistor Color Code

Resistors are commonly identified by means
of a code using color bands. Each color repre-
sents a number.

The first three bands employ the color code
below:

Black 0 Green 5
Brown 1 Blue 6
Red 2 Viplet 7
QOrange 3 Gray 8
Yellow 4 White 9

The fourth band indicates percentage
tolerance of the resistor value.

First significant digit
Second significant digit
Number of following zeroes

Gold = 5%; silver = 10% tolerance

24




Capacitor, ceramic

a 7
Transistor
O

)

104

0.1 uf €11-186, 18

16 2N2907 transistors Q1-16

Crystal, clock

O

1

6.144 MHz Y1

Besides the small-parts bags, the skin-pack contains:

d

4

40-pin DIP {dual in-line package) sockets
for the four large integrated circuits in-
cluded in the kit

[0 6 alphanumeric LED ({light-emitting diode}

displays

DS1-6

S1-24

Note: It's a good idea to check all switches
with the ohmmeter before installing.
If one is bad, you’li save a lot of work.

Large, 40-pin ICs (integrated circuits)

o 1 8085A microprocessor (cpu)

O 1 8365 (or 8755) ROM (read-only
memory) with 1/0 (input/out-
put) ports

o 1 8155 RAM {random-access, read-

write memory) with 1/0 ports
and timer

O 1 8279 keyboard/display interface

A1
Al4

A16

A13

25



Small, 16-pin [Cs

O

2-5

1 8205 address decoder Al10
1 7415156 scan decoder Al12

Large-scale integrated circuits are fragile!
Dropping, twisting, or uneven pressure
may break them, The discharge of static
electricity can destroy them internally.
Leave them embedded in the conductive-
foam backing sheet until ready to install
on the board. MNever press down hard
uapon, twist, or bend the larger devices.
Touch the exposed metal traces of the
board with your hand before inserting
one in its socket. The soldering of large
devices directly on the circuit board is
not recommended.

A REVIEW OF BASIC
ASSEMBLY AND SOLDERING
TECHNIQUES

The steps to producing a professional quality
assembled circuit board are:

1.

2-6

Have your work area organized before starting
work, and keep it that way. (See paragraph
2-2.} Sort all parts into bins, cups, trays or
boxes so they will be easily located by value
when needed.

To prepare a part for soldering, bend its leads
carefully with needie-nose pliers to make the
part fit exactly the way you want it to.

/zr,_/ ;T
It is good practice to orient color-coded resis-
tors so that the codes are readily read, top-to-

bottom or left-to-right, and to form the
leads of parts with values printed on them so
that the values are legible after assembly.

Fit each part in place and see that no undue
stress is placed on the lgads. Double-check and
be sure you have the correct part inserted in
the correct holes, properly oriented. Don‘t
trim leads before soldering.

When ready to solder, be sure your soldering
pencil is hot enough to melt solder quickly.
Then turn the board face-down on your work
surface. |f necessary, hold the parts you are
about to solder in place while turning it over
so they won't fall out, and place something
under the hoard ta hold the parts in position
while you solder on the back surface of the
board. Some people prefer to crimp the leads
to hold the parts in place. That’s all right, too.

Bring the point of your soldering pencii into
contact with the pad to be soldered, simulta-
neously also touching the lead.

At once, touch the end of the solder wire to
the pad and lead, opposite the pencil tip. The
amount of time required to meit the solder
will depend upon the amount of foil surface
there is on the board to carry away heat by
conduction. The smallest pads will heat up in
less than a second with a 25- or 30-watt
pencil; large, ground-plane areas may require
over five seconds,

The instant you see and fee! the solder start to
melt, withdraw the solder wire from the joint.
Only a tiny drop of solder is needed to make a
good joint.

The instant you see the solder draw into the
hole, become shiny, and spread smoothly over
the surface of both pad and lead, withdraw
the soldering pencil. It will take only a
moment for this to happen after step 7.

Don't reheat a joint unless there’s something
wrong with it: not enough salder, too much
solder {causing a "'bridge” to an adjacent pad
or trace}, or a "cold solder joint,”” which



appears dull on the surface or does not
surround the lead completely and fill the hole.

A little rosin from the solder core,
remaining on the board, does no harm.
Don’t try to clean it off.

Note:

10. Clip off the excess length of lead that projects
beyond the solder “bead,” within 1/8 inch of
the board. Save cut ends to use for strapping
optional connections. (See paragraph 3-2.}

WARNING

Avoid eye injury when clipping excess
lead ends. Hold lead end as you clip it,
so it can't fly up in your face.

There are two important conditions that govern
good soldering technique. They are:

1.  Use no more heat than absolutely the mini-
mum that will make a solid joint.

2. Use enough heat to cause solder to flow into
the hole in the board and around the lead
that’s being soldered into it.

These conditions are both met simultaneously and
easily only if you are careful, have the proper tools,
and arrange your workplace so that the circuit
board can lie flat while you apply steady, firm {(but
not hard} pressure with the soldering pencil without
slipping. A small-diameter soldering tip is a must!
Likewise, small-diameter solder wire is essential to
achieving satisfactory results.

Do not apply soldering paste to the work.
Fluxing is not required in printed-circuit
soldering, as the boards and component
leads are plated or tinned to prevent oxida-
tion of the copper.

Note:

Always inspect carefully for cold solder joints,
solder bridges, or (perish the thought!} lifted traces
after each soldering operation. A good way to
check for solder bridges is to hold the newly-
soldered connection up to a light. If you can’t see

light between the soldered pad and any adjacent
pads or traces that aren’t supposed to be connected
to it, it might be well to slip a solder-sucker or wick
over the lead under examination, quickly remelt
the solder and draw off the excess.

2-6 ASSEMBLY PROCEDURE

Follow these instructions in order and make a
check mark in the box opposite each step when it
is completed.

O  First, place the board on your work surface,
lettered side up.

O Install the nine rubber feet. Eight go around
the edge of the board, and one goes near the
middle of the board, to the left of the key-
board and display area. At each location, press
a nut into the recess in a rubber foot, string a
washer on a screw, and insert the screw
through the hole in the board from the top.

Place a spacer, then another
washer on the screw, then
place the nut and foot on
the end of the screw, and
tighten, with the screwdriver,
just enough to hold the foot
firmly.




Install capacitor C1 near the top edge of the
board.

Solder C1 in place. Clip excess lead ends.

WARNING

Avoid eye injury. Hold lead ends as you
clip them so they can’t fly up at you.

Assembly of TTY Interface Area—

0

O

2-8

Install a 100 Ohm, 1/2 Watt resistor (brown-
black-brown) at R1.

Install a 4.7k Ohm resistor (yvellow-violet-red)
at R2.

Install a 1.6k Ohm resistor {brown-blue-red)
at R3.

Install a 1k Ohm resistor {brown-black-red} at
R4.

Install a 47 Ohm resistor (yellow-violet-black)
at RS.

Instalt a 2.7k Qhm resistor (red-violet-red) at
R6.

Solder the six resistors in place, then clip their
excess lead ends.

Install a 1 uf capacitor at C5, and solder and
clip it.

Install a 200 Ohm, 1 Watt resistor (red-black-
brown) at R34.

Install a 430 Ohm resistor {yelow-orange-
brown) at R35.

Solder these two resistors in place, then clip
their excess lead ends.

Install transistors Q1 and Q2, and solder and
clip them.



Assembly of Processing Area

The processing area includes the clock crystal,
address decoder, cpu, RAM-1/0 and ROM-1/Q areas,
and related components.

|

Instali the crystal at Y1, with its leads bent so
that the device lies flat on the board in the
space outlined for it.

Take a piece of scrap wire trimmed from a
component previously mounted on the board.
Bend it into the shape of a staple. Install it
over the crystal, to hold it firmly in place.

Solder the four connections just made,

Install the 8205 address decoder at A10 and
solder it.

Install three DIP sockets, crimping the corner leads
of each to hold in place, at:

3 A11, for the 8085 cpu.

d

Al14, for the PROM [(ROM}-1/O device, an
87565 or 835b.

O
O

ne

L]

A16, for the RAM-1/0 device, an 8155,

Solder the three sockets in, and check carefully
for solder bridges.

L= - -
[ F——— ADDRESS
§ ¢13 fRio DECODER 7

" KEXBOAR
-~
LGt

LOC OB0GH —QFFFH

87551 83551 ‘ g
FORTS BH--BH }

RESET

[ BISS

LOC 2800H — 28FFH

SINGLE
STEP

PORTS Z8H-2DH

| [ [£]e]
FOR1 7BN _
— »

PORT TAH 17 18 19

LK - SUBS51 EXApA
MEM REG

HEXT EXEC
R33 . .

FOAT 20M

FIMEM Q317 14

29



(]

Install a 3k Ohm resistor {orange-black-red) at

R7.

Install a 3.9k Ohm resistor (orange-white-red)
at R8.

Solder these two resistors and clip off their

lead ends.

Install three 0.1 uf ceramic capacitors at:

Oo0oooogaadg

O

2-10

ci11

C12

C13

Solder them and clip off excess lead length.
Install a 1 uf capacitor at C20.

install a Tk resistor (brown-black-red) at R31.

Install a 51k resistor {green-brown-orange) at
R32.

Install a 200 Ohm resistor {red-black-brown}
at R33.

Solder these four components in place and
trim their leads.

O Ci16
o c18
a

install 0.1 uf ceramic capacitors at:

Now soider the capacitors you have installed,

and clip off their excess lead ends.

I R —_— AODRESS
l_u_\ cRysTAL ¢ [Rio DECODER 1 ’—KE"BO
. : . ) X il
6144 e 8205 i
MHZ 12 ]
. : ol
. e A =
VORT | ) e - CPU . Al3
W N . 7. . Q
BT 4 \/ 8085 I KEYBCAR
L I r LG
- H
.
ORT B |—.
" Tl *
= PROM [ROM}1:0 -
FoRT 8 8755 183551
- b LOC QOQOH — OFFEH 23 G4
5 ?_\.'I
- | PORES O--3 s et
. 5E 7w
P )
I 8 . c
B <k
7! s |as _ g [
h i
[ B7S5 8355 “BPa 3
T g () LOC GB00H—QFFFH ' |
e 32 - FORTS BH—BH a ]
. .
POAT 23H
15 16 L8
_J i E_=RaM 110
FO’NI HE 8155
_ LOC 2000H - 20FFH
f PORTS 20H—25M
EH] - !
e *

A7
I a155
LEIC 2800H — 28FFH
ot PORTS 28H—20H SINGLE Go
roRT 2EH | o _ STEP
— -
1
SO 1ah 17 18 19
L0
- AL SuBsT EXAM
i MEM REG
PORT 29K ka1
#32
TIMERA JUT 1
s “3 NEXT EXEC
L ]




Assembly of Keyboard and Display Area

Find where the row of resistors, R9 through R30,
go. Install eight 3k resistors {orange-black-red) at:

O 0oDbDbaoogaad

0 O

R9

R12
R15
R18
R21
R24

R28 (Careful—the location pattern changes
herel!}

R29

Now solder all eight resistors in place and clip
their excess lead ends.

Josts BS aure | AL T Z |
. . [ L
H

DEE - |——KE'I’BOARD AND DISPLAY ———e

)

" ja DISPLAY DRIVERS 4
o3 04 as Qe o7 QB -= ']
L i ?’“\ ?”\ e ? Q’ ~a7
N N NP - TN 3. AN Ry
E& X =5 B3 o o
I-. ! I] Ll . i
b I i k]

h 1 : . o
C\‘ES?--- BN ETNET By B,
a12~_ 013\ ol4* g
] & h ? 6 < ais r--—D‘{%ﬂ [—

—ed f J
i
o
|
L B ‘ L
L I —
56 |
- — DISPLATS
VECT
RESET TR C o ! F
SINGLE 8 w
STEP so H L A e
SUBsT EXAam a4 5 & 7
MEM REG SPH sPL PCH POl
NExT EXEC o | 2 f
o

25 o MLSISE
26 A1T ) SCAN DECODER
4 Lot
i 5
- =)
213
8279
} KEVBOARD DISFLAY COWTROLLER
LC 1500H
1900H

325
- -

KevBoARD ¢

SELELN o
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Install six 270 Ohm resistors {red-violet-brown) at:

A7 joata’BUS supr M 1881 T pag e i
. i o ‘L
[n
g R10 2OEE | (—— KEYBOARD AND DISPLAY
7 ‘ oy
O R13 o8 : i M‘t:)- SN Brooem |
J b C o
—_— . =
O R16 | — a3
0 I~
- J B2rg
U R19 | | © Y KEVBOARD BISPLAY CONTROLLER
| N .
a  R22 1Y N : 525
—_— * Nt
[j R25 — KE\"TB?Y&RD 2
o SELECT i
O Solder these six resistors and clip their excess ' o 1p DISPLAY DEIvERs . o
al [#2) k] Gh ar +]] - -
CaRE e M T A R L
Iead ends' “ /'E E\"/E E E:‘: §§ ég'\ . §g\_..'§
1 . ol ey o
N ]1ﬁﬁri-[m" T H ! z
2 A
i : S IUR
_/"".:EE T E:_":_‘ 8- E =T ata
GO Y e g
- |- p —l b »
_ f | ! :
3 ! . H i H .

‘ H ; ;
! i R

[ 13 |
[t - HSPLAYY - —_—
VELT
RESET Tk C o £ f
- SINGLE 8 M
step co H ' N ’
sumsT EXam 4 5 I 7
. MEM REG SPH spi ACH et
2
NEXT EXEC o | 2 H
. °

212



Install eight 24 Ohm resistors {red-yellow-black) at:

O oD oogaad

a o

R11
R14
R17
R20
R23
R26

R27 (Again, note the change in location
pattern.}
R30

Solder these eight resistors and clip their
excess lead ends.
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Install fourteen 2N2907 transistors in two rows.
Position the seven transistors in the top row so that
their indexing tabs point upward and to the left, at;

Ooo0Doaoao

a3
Q4
Q5
Q6
a7
Qa8
Q9

Position the seven transistors in the bottom row so

that their indexing tabs point down and

to the

right, at:

Oodoocononao

2-14

Q10
Q11
Qiz
Q13
Q14
Q156
Q16

Press all of the transistors down to about
1/8 inch from the surface of the board. Let
them stand approximately straight up. Then,
turn the board over and solder all of their
leads in place and trim the lead ends.
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O  Install one of the 40-pin DIP sockets, for the
8279 Keyboard-Display Controller, at A13,
and solder it in.

0O Install the 74L51586 scan decoder at A12, and
solder it.

Be careful to orient the six alphanumeric LED
displays so that the decimal points are even with
the bottom of the digits and install at:

o DS1

O D52

O DSs3

O DS54

O DSs

O DS6

Note: [f these components are provided with fong,
wirewrap leads, yvou will probably find it
easiest to insert, solder, and clip them one
at a time because of crowded quarters. The
order shown above with the board turned
bottomside up will be most convenient for
you if you hold the soldering pencil in your
teft hand. If you solder right-handed, you
may prefer to work from DS6 to DS1.

Note: Don’t install the red filter over the display

yet. It's a good idea to wait until after final
assembly and checkout to do this, on the
remote chance that you might have to
remove one of the character displays.

Instail two 0.1 uf ceramic capacitors at:

o C14

o Ci5

01 Solder the leads and clip them off close to the
board.
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2-16

Install the twenty-four pushbutton switches
that make up the keyboard. Be sure each
button is rightside up and in its proper position
before soldering.

The easiest method of doing this is to insert each
button in its turn, bend its leads over on the back
of the board to hold it in place, and go on until all
buttons are in place, then solder al! of them in one
pass, with the board lying flat on the work surface
and weighted down to make sure the switches are
uniformly held firmly against the front surface of
the hoard. :

DRESET O WS Oc¢ Oo DOe @OF

SINGLE 8
L step O Go Oy oy g A Oe

SUBST EXAM 4
U mem Ugeg  Dsen

5 6
Usp  Upey DOper
DNE)’(T DEX-EC 0o o1 g2 O

O All soidered in place



CHAPTER 3

FINAL ASSEMBLY AND CHECKOUT

3-1 GENERAL

Now that most of the components are soldered on
your circuit board, it's time to give your handiwork
a quick visual check to make sure all of the devices
are oriented correctly. The notched ends of the ICs
should all be toward your left, and the decimal
points of the LED displays should be at the bottom
line of the characters.

It is recommended that the basic kit computer
be checked out using the procedure in this chapter
before adding any external options such as tele-
typewriter or expansion memory. It is well for you
to have the assurance that you have a working cpu
and display-keyboard before you add peripherals
to your system. It is therefore recommended that
you first wire the strapping options in Table 3-1
for the 8355 {or 8755) ROM-1/0 that was furnished
with the kit {and contains the SDK-B5 System
Monitor). Then install the strap in Table 3-2 for
keyboard aperation, and in Table 3-4 for the basic
kit without expansion memory. (See paragraph 3-2.}

Paragraph 3-3 tells you how to hook up power to
the MCS-85 System Design Kit, and paragraph
3-4 tells you how to start it up and see if it's
working right. The subsequent paragraphs list the
add-on options you can use without inventing any
new circuitry on the board or off.

3-2 STRAPPING INSTRUCTIONS

The MCS-85 Systern Design Kit will accept 835b
or 8755 ROM-1/Q devices at positions A14 and
A15. These different devices are not completely
electrically interchangeable, so you must make the
strapping connections in Table 3-1, appropriate to
the type of device in each socket.

To make a strapping connection {jumper), bend a
short length of bare wire {such as the excess lead
end cut from a resistor) to fit between the two
holes you wish to strap together, insert the ends
of the wire in the holes, and solder them. Then
clip the remaining excess ends, just as you did with
the components. When you install a jumper and
solder it, be sure it doesn’t touch any intervening
traces or pads.

IMPORTANT: For normal operation of the SDK-
85, it is mandatory to strap the following:

One of the three options in Table 3-1.
One of the two options in Table 3-2.
The two jumpers listed in Table 3-3.

A=

Either basic kit operation or ane of several
expansion options listed in Table 3-4.

The keyboard-teletypewriter selection function may
be done with a miniature printed circuit-board
mount, single-pole, double-throw switch, $2b, not
furnished in the kit, or may be strapped with
wire. Table 3-2 lists the connections. Table 3-3
lists keyboard strapping connections always made.

Tables 3-5 through 3-10 fist all of the bus and port
expansion connector pinouts. Table 3-11 lists
suggested connector types.

33 POWER SUPPLY WIRING
{See Figure 3-6.)

Connect a +5 Volt, regulated power supp!y with its
positive output at the +5V POWER SUPPLY point
on the board. A 6-pin Molex connector will fit the

fText continues on page 3-4.)
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TABLE 3-1
ROM/PROM STRAPPING
Device 8356 8755 8755A
Location | Figure 3-1|Figure 3-2a|Figure 3-2b
A14
{The SDK-85 Strap Strap
Monitor No Straps 2829 29-30
RAC:!:} Required Strap Strap
31-32 32-33
TABLE 3-2
TELETYPEWRITER-KEYBOARD
STRAPPING
TELETYPEWRITER KEYBOARD ?’i’/////////////%
Figure 3-3 Figure 3-4 i
i :
Strap 22-23 Strap 23-24 Y, ]
i pH :ﬂ/j//‘“/’%‘////
:‘ ::! A//////////////// %
TABLE 3-3 et i

DISABLING UNUSED KEYBOARD
CONTROLLER FUNCTIONS

]
z
%
¢
#

Figure 3-5
Always strap 9-10.
Always strap 11-12.

Note: These two straps not usually removed,
since the MCS-85 System Design Kit w n
d h SHIFT CONTROL P ) 2
kg:: r:: it:vzeyboard.otl'hese straps 7 ,
have no effect on operation of the 7 77 I
corresponding key functions on a 7 /////gfég’////
teletypewriter or other ASCI! terminal 2 // //
that is connected to the TTY interface. 7 A Y
They are provided for your use if you . P ¢%%///
wish to modify the SDK-85's key- “AYEY i /
board functions and replace its moni- G, ////////{////// //

tor software with your own.

32 Figure 3-2b Strapping Connections for 8755A PROMS
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hole pattern on the board {see p. 3-13 for the part
number}. If you are going to use a teletypewriter,
connect a -10 Volt power supply with its negative
output at the -10V point on the board. Connect
the positive side of the —10 Volt power supply to

the GND bus.
CAUTION

Do not turn on power until instructed to do so.

3-4 INSTALLING LARGE
IC DEVICES

When you’ve finished all soldering operations on
the board and are ready to fire it up, then it's time
to plug in the large ICs. Once more, please make
note of the precautions for handiing these large
MOS devices. '

(Text continues on page 3-6.)

TABLE 34
BUS EXPANSION STRAPPING
AUGMENTED KIT
BASIC KIT WITH EXPANSION
M_EMORY {(Figure 3-8)
(Figure 3-7) {Also See Paragraph 3-7.)

RST 6.6 Strap 3-6 Strap 3-4 if no input is connected to
J1-20. Leave 3, 4, and & not strapped
if input is to be supplied for this
restart function.

HOLD Strap 6-8 Strap 7-8 if no input is connected to
J1-14. Leave 6, 7, and 8 not strapped
if input is to be supplied for this
function,

INTR Strap 20-21 Strap 20-21 if no input is connected
to J1-18. Leave 20-21 not strapped
if input is to be supplied for this
function,

Memory Leave 25-26-27 unstrapped. Strap 25-26 if all memory locations

Address are external, i.e., addressed via bus

Locations expansion drivers.* {See Figure 3-9.)
Strap 25-27 to enable the bus expan-
sion drivers only when the upper 32K
memory locations (8000H-FFFFH)
are addressed. {See Figure 3-10.}

is strapped.

*Note: No devices may be installed in positions A13, A14, A15, A16, and A17 if this option
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CAUTION

Large-scale integrated circuits are fragile!
Dropping, twisting, or uneven pressure
may break them. The discharge of static
electricity can destroy them internally.
Leave them embedded in the conductive-
foam backing sheet until ready to install
on the board. Never press down hard
upon, twist, or bend the larger devices.
Touch the exposed metal traces of the
board with your hand before inserting
one in its socket. The soldering of large
devices directly on the circuit board is
not recommended. If your Kit is pro-
vided with 8766 EPROM, do not remove
the opaque sticker covering the window.
Ultraviolet radiation including sunlight,
can erase the monitor software contained
in the device.

[nspect each IC to see that its leads are reasonably
straight. (It's okay for the device to be a bit bow-
fegged.) The forked end of the soldering aid is a
good tool for straightening bent leads. Carefully
place an IC on its intended socket, oriented pro-
perly, with one row of its pins resting lightly in
the socket holes. With your fingers or with the sol-
dering aid, gently tease the other row of pins into
their socket holes. Be sure no single pins have es-
caped. Once all pins have started, press down
gently with fingers or with something flat to seat
the device in its socket.

Each device must be oriented properly in its socket
or it won't work. Every DIP device made has either
a notch of some kind or a dot at one end. On the
SDK-85 board, each notch or mark must face to
the left. The markings on the board indicate this
orientation. They also show which device type
goes where. (See the pictorials on pages 2-9 and
2-15.)

3-6

3-5 STARTING THE FIRST TIME

Once you are certain that all parts are properly
installed, the correct strapping options are soldered,
and the power supplies connected, you are ready
to start your MCS-85 System Design Computer.
Clear the surface of your work table of any tools
or wire that could come in cantact with the under-
side of the circuit board and short it, and be sure
there aren’t any wire clippings on top of the board
by accident.

Peel the coverings from the red window and lay it
on the display. {Don’t stick it down yet.)

Energize the +5 Volt power supply.

Press the ] button on the keyboard. The display
should respond by reading out *“— 80 85."

if the above readout appears, go on to Chapter 4 of
this book and try out each button and function.
Verity that each command produces the specified
result, and that all segments of each 7-segment
character display light.

Once you know the displays are all working right,
peel the backing from the two strips of double-
sided tape and use them to stick the red window in
place.




3-6 WHAT (F IT DOESN’T?

If there is no response to the command,

O Use the multimeter to check for the presence
and proper polarity of +5 Volts on the board.

O Check all of the strapping connections, and
be sure they are in the right places for the
configuration you chose.

O Check carefully the seating of each and every
pin of each of the four large 1Cs. Be sure no
pins have accidentally bent over and missed
the socket.

00 Go back over the Chapter 2 assembly proce-
dure and scan and check off ali of the com-
ponent values and all of the solder connec-
tions.

O Check the orientation of all semiconductor
devices.

1 Inspect for solder bridges or loose sotder
joints.

If all devices are properly soldered or firmly in
their sockets and still there’s no result, it can be
presumed that there is a bad part somewhere. The
keyboard switches can be checked using the multi-
meter, as mentioned in Chapter 2. I all switches are
closing positively when pressed, and opening when
reteased, further effective troubleshooting can be
accomplished if you have a duai-trace oscitlascope
of at least 5 MHz bandwidth, or a logic analyzer.

O Pin 37 of cpu A11 (8085) should show a
clock output of 3.072 MHz (326 ns period).
I it doesn’t, there’'s something wrong with the
8085 or the crystal.

O Pin 30 of A11 should have a positive-going
pulse about 160 ns wide every us or 50. This
is the ALE pulse that indicates that the cpu is
executing instructions.

O Pin 1 of address decoder A10 {8205) should
pulse. |f not, your 8085 is probably bad.

O If pin 1 of A10 pulses, check pin 15 of A10. If
A10-15 doesn’t follow A10-1, or has bad out-
put voltage levels, the 8205 is either bad or in-
stalled wrong.

O  Ifallelse fails, cali the Intel Service Hotline and

describe the results of the foregoing procedure.

The numbers are:

(800) - 538-8014 when calling from out-
(800) - 538-8015 side California

(800) - 672-3507 California only

Note: The Service Hotline is available to pro-
vide limited support to help you get
your kit running. If we can’t help you
over the phone, you may be directed
to return your kit to us and we'll fix it
for a flat fee and send it back 1o you.
The Service Hotline is available Mon-
day through Friday, between 8 AM
and 3:30 PM, Pacific time.

IMPORTANT: The Service Hotline /s not able
to provide help to you in writing programs for
your kit or in making hardware modifications.
Please rely on the documentation provided with
your kit for assistance.

TABLE 35
INTERFACE CONNECTOR J7
PIN ASSIGNMENTS

PIN MARKING ASSIGNMENT
1 - Open
14 - Open
P — Open
15 — Open
3 — Open
16 - Open
4 - Open
17 - Open
b — Open
18 - Open
6 — Open
19 — Open
7 - Ground
20 - Open
8 - Open
21 — Open
9 - Open
22 - Open
10 - Open
23 — Open
11 — Open
24 RX— Receive Return (-}
12 RX+ Receive (+)
25 TH— Transmit Return (-}
13 TXA+ Transmit (+}
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37 CONNECTING A
TELETYPEWRITER

If you wish to use a teletypewriter with your
SDK-85 computer, connect it at Interface Con-
nector J7 as shown in Table 3-5. You may use either
a male connector or a female conpector. (See

Table 3-11.) Only four pins of this connector
are assigned for Teletypewriter use: the remain-
ing pins may be wire-wrapped to serve any
function you choose.

TABLE 3-6
BUS EXPANSION CONNECTOR J1 PIN ASSIGNMENTS

ASSIGNMENT PIN PIN MARKING ASSIGNMENT /0
GND 1 2 — OPEN —
GND 3 a4 CLK Buffered CLK 0
GND 5 8 S1 Buffered S1 O
GND 7 8 S0 Buffered SO 0
GND 9 10 ALE Buffered ALE 0
GND 11 12 HLDA Buffered HLDA 0
GND 13 14 HOLD Buffered HOLD |
GND 15 16 INTA/ Buffered INTA 0
GND 17 18 INTR INTR r
GND 19 20 RST 6.5 Buffered RST 6.5 |
GND 21 22 RST Buffered RESET OUT 0
GND 23 24 RST IN/ RESET INPUT [
GND 25 26 D7 Buffered D7 /O
GND 27 28 Buffered D6 i/0
GND 29 30 A Buffered D5 170
GND 31 32 g Buffered D4 /0
GND 33 34 E Buffered D3 170
GND 35 36 a Buffered D2 170
GND 37 38 Buffered D1 1/0
GND 39 40 DO Buffered. DO 1/0
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TABLE 3-7

BUS EXPANSION CONNECTOR J2 PIN ASSIGNMENTS

ASSIGNMENT PIN PIN MARKING ASSIGNMENT 1/0
GND 1 2 RDY READY [
GND 3 4 WR/ Buffered WR 0
GND 5 6 RD/ Buffered RD 0
GND 7 8 10/M Buffered 10/M 0
GND 9 10 A15 Buffered A15H 0]
GND 11 12 Buffered A14 0
GND 13 14 Buffered A13 0
GND 15 16 Buffered A12 8]
GND 17 18 Buffered A11 8]
GND 19 20 Buffered A10 0
GND 21 22 2 Buffered AQ 0
GND 23 24 QE Buffered A8 0
GND 25 26 e Buffered A7 0
GND 27 28 Q Buffered AB 0
GND 29 30 < Buffered A5 0
GND 31 32 | Buffered Ad 0
GND 33 34 Buffered A3 0
GND 35 36 Buffered A2 O
GND 37 38 Buffered A1 0
GND 39 40 AD Buffered AG 0
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TABLE 3-8
I/0 PORT CONNECTOR J3 PIN ASSIGNMENTS

ASSIGNMENT PIN PIN MARKING ASSIGNMENT
P1-6* 1 2 ] Pi1-7
P1-4 3 4 P1-5

PORT 1
P1-2 5 6 P1-3
P1-0 7 8 ] P1-1
PO-6 9 10 1 = PO-7
PO-4 11 12 PO-5
PORTO |
PO-2 13 14 PO-3
PO-0 15 16 J o r PO-1
P9-6 17 18 7 P97
P9-4 19 0 P95
2 PORT 9
P9-2 21 22 P9-3
P9-0 23 24 _ PY-1
P8-6 25 26 *l P8-7
P8-4 27 28 P8-5
PORT 8
P8-2 29 30 P8-3
P8-0 31 32 J P8-1
GROUND 33 34 GROUND

*Note: 1. Pn-m stands for PORT n Bit m (e.g. P9-6 means PORT 9H Bit 6).
2. Ports 0 & 1 are Ports A and B of 8355 {A14).
3. Ports B & 9 are Ports A and B of 8755 (A15).
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TABLE 39

1/0 PORT CONNECTOR J4 PIN ASSIGNMENTS

ASSIGNMENT PIN PIN MARKING ASSIGNMENT
P23H-4 1 2 "| P23H-5
P23H-2 3 4 PORT 23H P23H-3
P23H-0 5 6 J P23H-1
P22H-6 7 8 7] P22H-7
P22H-4 ‘9 10 P22H-5

PORT 22H
P22H-2 11 12 P22H-3
P22H-0 13 14 ] P22H-1
P21H-6 15 16 7 P21H-7
P21H-4 17 18 P21H-5
PORT 21H
P21H-2 19 20 P21H-3
P21H-0 21 22 . P21H-1
OPEN 23 24 OPEN
GROUND 26 26 GROUND
Note: Port 21H is Port A
Port 22H is Port B of 8155 (A16).

Port 23H is Port C
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TABLE 3-10
1/0 PORT AND TIMER CONNECTOR J5 PIN ASSIGNMENTS

ASSIGNMENT PIN PIN MARKING ASSIGNMENT
P2BH-4 1 2 _l P2BH-5
P2BH-2 3 4 PORT 2BH P2BH-3
P2BH-0 5 6 ] P2BH-1
P2AH-6 7 8 = P2AH-7
P2AH-4 9 10 P2AH-5

PORT 2AH
P2AH-2 1 12 P2AH-3
P2AH-0 13 14 _ P2AH-1
P29H-6 15 16 ] P29H-7
P29H-4 17 18 P29H-5
PORT 29H
P29H-2 19 20 P29H-3
P2SH-0 21 22 i P29H-1
Timer QUT 23 24 TIMER Timer In
QUT/IN
GROUND 25 “ 26 GROUND

Note: Port 29H is Port A

Port 2AH is Port B of expansion RAM 8165 {A17),
Port 2BH is Port C
Timer is on the same 8155 (A17).
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TABLE 3-11

SUGGESTED CONNECTOR TYPES

REFERENCE FUNCTION NO. OF MFR. MFR'S.
DESIGNATION PINS PART NO.
J1 Bus Expansion 40 Spectra Strip 800-576
J2 Bus Expansion 40 Spectra Strip 800-576
J3 1I/0 Ports 34 Spectra Strip 800-579
J4 /O Ports 26 Spectra Strip 800-583
J5 [/O Ports and Timer 26 Spectra Strip 800-583
J6 Not Used
J7 TTY Interface 25
Female ] Optional AMP 206584
Male AMP 206604
— Power Supply 6 Molex Model No. 1261
Recepticle 03-09-1064
Plug 03-09-2062
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4-1 WHAT IT DOES

The things you can do with the basic SDK-85 kit
are:
e Examine the contents of all memory and reg-
ister locations

e Deposit program steps or data in RAM or

register locations
& Execute subroutines

command

programs or upon

e Reset {start} the monitor upon command

e Interrupt and start operation at a location
you specify upon command

You may select either the keyboard and display on
the board or a teletypewriter as the console device
by operating a switch or by placing a jumper wire
at the appropriate place on the board. (See Chapter
3.} Keyboard/display operation and teletypewriter
operation are described separately in the following
paragraphs.

Two of the keyboard buttons continue to function
in teletypewriter mode, as well as in keyboard/dis-

play mode. These are the [es] and the |55 keys.

4-2 THE BUTTONS AND DISPLAYS

Keyboard/display operation is done by pressing
keys on the keypad. Responses are displayed either
by echoing the key pressed or by prampting you
with a message or prompt. When the [=] button is
pressed, the monitor is ready to accept commands.
For numeric arguments, the valid range is from 1
to 4 hexadecimal digits for address information and
1 to 2 hex digits for register and memory data.

Longer numbers may be entered, but such numbers
will be evaluated modulo 218 or 28 respectively,

CHAPTER 4

OPERATING INSTRUCTIONS

i.e., only the last four or the last two digits en-
tered will be accepted.

As noted, the number system being used in the
SDK-85 is the hexadecimal, or base-16 number
system. Table 4-1 lists the hexadecimal, decimal
{base 10}, and binary (base two) equivalents. The
table also shows how each hex digit will appear in
the seven-segment LED displays.

TABLE 4-1
NUMBER SYSTEMS
LED
HEX | DECIMAL | BINARY | DISPLAY
0 0 0000 [l
1 1 0001 /
2 2 0010 =
3 3 0011 <
4 4 0100 L
5 5 0101 -
6 6 0110 A
7 7 0111 1
8 8 1000 H
9 9 1001 =
A 10 1010 =
8 11 1011 k=
C 12 1100 r
D 13 1101 i~
E 14 1110 F
F 15 1111 .
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Whenever the monitor expects a command, the dis-
play shows a dash (“-~") at the left edge of the
address field (possibly along with an error mes-
sage). When the monitor expects a parameter, a
decimal point will be displayed at the right edge of
the field into which the argument will be placed. A
parameter will be either an address or a byte of
data which is used during the execution of a
command.

In the descriptions of the command modes, upper
case letters and numbers enclosed in boxes repre-
sent keyboard keys. Words or phrases in lower case
enclosed in brackets <>’ describe the nature of
the command parameters you may input.

The {} in the Format Statement indicates an op-
tional argument.

Reset:

The key causes a hardware reset, and starts
the monitor. The message “-80 85" will be dis-
played across the address and data field of the dis-
play if you are in display-keyboard mode. If in
teletypewriter mode, the sign on message SDK-85
VER X.X" will be printed. The monitor is ready to
accept a command after a reset, and saves no infor-
mation about the state of any user program before
the reset,
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Substitute Memory:

<address> E}(<data>)@(<data>) e

The substitute memory command allows you to
read the contents of ROM memory and to examine
and maodify the contents of RAM memory
locations,

The address argument denotes the contents of the
memory address to be examined, and may be from
1 to 4 hex digits. If you enter longer numbers, only
the last 4 digits entered are used}. As soon as the
number is terminated by the @ key, the contents
of that location are shown in the data field, along
with a decimal point at the right edge of the field.
Entering a new number will cause that number to
be displayed in the data field; however, the con-
tents of the memory location will not be changed

until an or @ key is pressed.

Pressing E will place the contents displayed in the
data field into the displayed memory address. Then
the address and contents of the next higher mem-
ory location will automatically be shown. Pressing
will place the contents displayed in the data
field into the memory address displayed in the ad-
dress field, and will also terminate the command.

Pressing while the address FFFF is being dis-
played will cause address 0000 to be displayed.



Whenever the command changes the contents of a
memory location, it also verifies that the change
has occurred correctly. |f the contents of the loca-
tion do not agree with what the new value should
be (i.e., if the memory location is in ROM or is
nonexistent}, an error message is generated.

SUBSTITUTE MEMORY EXAMPLE 1

Usingto list the first few Monitor
locations:

KEY ADDR DATA
[o] 0000.

0000 3E.
[*1] 0001 00.
[=1] 0002 32.
[=] 0003 Q0.
= _

SUBSTITUTE MEMORY EXAMPLE 2

Using to enter a small program:

KEY ADDR DATA
0002.

[o] 0020.

0200.

[¢] 2000.

[=] 2000 *x
2000 03.
[€] 2000 3E.
2001 %
2001 04,
2001 47.
[ 2002
2002 ac.
2002 CF.
[ _

NOTE: ** represents unpredictable values.

After loading the above program, use [&]
again to go back and check locations 2000-
2002 to see that they contain:

CORRESPONDING
8085 ASSEMBLY
LANGUAGE

ADDRESS DATA INSTRUCTIONS
2000 3E MVI A, 47H
2001 47
2002 CF RST 1

This program will load the A register with the
number 47 and jump back to the monitor.
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Examine Registers:

<reg> [ (<data>) [*] (<data>) . . .

The examine cammand allows you to display and
modify the contents of the 8085 CPU registers.
Pressing the key blanks both the address and
data fields, and displays a decimal point at the right
edge of the address field. At this point, you must
press a register key {register names are denoted by
legends on the keyboard). Any other key will gen-
erate an error response.

If a register key is pressed, the name of the register
will appear in the address field, and the contents of
the register will appear in the data field, along
with a decimal point at the right hand edge.
Entering a number will cause the number to be
displayed in the data field; however, the contents
of the register will not be changed until an or
key is pressed.

Pressing will place the contents displayed in the
data field into the register named in the address
field, then will display the name and contents of
the next register in sequence (See Table4-2). Pressing
[#=] will place the contents displayed in the data
field in the register named in the address field, and
will also terminate the command.

Pressing@while register PCL is being displayed
has the same effect as pressing [ox] .

The format for the | register is the lower 4 bits of
the accumulator following execution of a RIM
instruction. A 1" in an interrupt mask field de-
notes a masked condition, A ‘0" must be entered
to use that interrupt.

The format for the | register is:

7 4]

I MMM
E |7.5]|6.5|55

h T
‘— INTERRUPT MASK

0(o0o|o0|o

INTERRUPT ENABLE FLAG

4-4

TABLE 4-2
REGISTER DISPLAY SEQUENCE

KEY/DISPLAY

CODE REGISTER

CPU reqister A
CPU register B
CPU register C
CPU register D
CPU register E
CPU flags byte
interrupt mask
CPU register H
CPU register L

SPH most significant byte of
stack pointer

mm Qo oOW>

- T =

SPL least significant byte of
stack pointer

PCH most significant byte of
program counter

PCL least significant byte of
program counter

The flag byte contains the 8085 CPU's condition
flags.

The format for the flag byte is:
7 0

s|zix|8|x|r|x]|c

t

CARRY

PARITY

AUX CARRY
ZERO

SIGN

X = UNDEFINED

For more information about the 8085’s flags and
interrupt mask feature, consult the MCS-85 User’s
Manual.



EXAMINE REGISTER EXAMPLE 1

Using to initialize the 8085's stack pointer
to 20C2:

KEY ADDR DATA
SPH o
SPH 02.
(o] SPH 20.
SPL *x
SPL oc.
SPL c2.
-

EXAMINE REGISTER EXAMPLE 2

Using -to examine the contents of the
8085's Registers:

KEY ADDR DATA
o

(2] A *x,
L2 b * ¥
c *e
g -
c .
=] ‘ .
| -
v H -
-
SPH
SPL =,
PCH *
PCL

NOTE: ** represents the contents of the

register whose name is in the address
field of the display.
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Go:
(<address>)

Pressing the E| key causes the contents of the pro-
gram counter (PCH and PCL} to be displayed in
the addressed field, along with a decimal point at
the right edge of the field. The program counter is
available for change, and any number entered (a
number is optional) becomes the new contents of
the program counter.

Pressing the [™| key transfers control of the CPU
to the address in the address field {contents of the
program counter). Before the transfer of control,
the address and data display fields are cleared, and

an ‘E is displayed at the left edge of the address
field.

Pressing any other key butgenerates an error
message.

The monitor regains control of the CPU only after
a or after execution of an RST 0, RST 1, or
JMP 0 instruction in program.

IMPORTANT:

Note that because of the way the GO and SINGLE
STEP commands are implemented in the Monitor,
and wiII not work unless the 8085’s stack
pointer is pointing to an existing portion of RAM
memory. |T at any time these two commands don't
seem to be working, set SPH to 20 and SPL to C2
using . then try it again. (Locations 20C2 to
20FF are reserved for the monitor program, there
fore the stack pointer must be set to 20C2 or lower
50 as not to interfere with the monitor.)

4-6



GO COMMAND EXAMPLE

Now you can execute the program you en-
tered in Example 2 of the|&]command.
First, check to make sure the 3- location pro-
gram is in memory, then the program will be
executed.

KEY ADDR DATA  COMMENTS
0002.

(o] 0020.

[2] 0200.

[o] 2000.

2000 3E. MVI A, 47
2001 47.

= 2002 CF. RST 1

_

R * %

0002.

[o] 0020.

[o] 0200.

[o] 2000.

- 80 85

NOTE: **** denotes “don’t care” values

Recall that this small program loads the A
register with the number 47 and restarts the
monitor. To verify that the A register now
holds 47 and to get more practice using [H] ,
try the following sequence:

KEY ADDR DATA COMMENT

(2] A 47. A reg now
holds 47.

A 00.

- Now A holds
0

0002.

[0] 0020. Run the small
Program again

(o] 0200.

[0] 2000.

-8 85

A 47 Now A holds
47 again

Now try placing other values in location 2001
using and use to execute the program
again, seeing how those values are loaded into
the A register after execution.
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Single Step:
(<address>) [=] ... [

Pressing thekey causes the contents of the
program counter (PCH and PCL) to be displayed
in the address field of the display along with a deci-
mal point at the right hand edge of the field. The
data field contains the contents of the address
denoted by the contents of the program counter.
The program counter is made available for change,
and any number entered (2 number is optional)
becomes the new contents of the program counter.

Pressing the ]E key causes the CPU to execute the
one instruction pointed to by the program
counter. After execution the monitor regains con-
trol of the CPU, and the address and data fields
show the new contents of the program counter
{address of next instruction to execute) and con-
tents of the byte addressed by the program
counter, respectively. The decimal point is turned
on at the right hand edge of the address field, indi-
cating that the program counter is available again.

If the E] key is pressed, no instruction is executed.
The address displayed in the address field is made
the contents af the program counter and the single
step command is terminated. You may now exam-
ine or modify registers and memory locations to
verify program execution. Pressing the key
takes you back to the single step mode, and sub-
sequent pressing of the E[ key allows you to con-
tinue, instruction by instruction, through your
program.

4.8

Single stepping is implemented in the SDK-85
hardware by repeatedty interrupting the processor.
Since interrupts cannot be recognized during the
El and DI instructions of the 8088, single step will
not stop at either of these instructions.

SINGLE STEP EXAMPLE

Single stepping through the SDK-85 Monitor.
This is what you should see on the display:

KEY ADDR DATA
0008.

[r] 000b. E1
frev] 000C. 22
000F. F5
0010. E1

To resume full speed operation at this point,
do the following:

=
0010. E1
- 80 85




Vector Interrupt:

The key is similar to the key in the respect
that it takes control away from the monitor and
gives it to another program. The interrupt key
causes immediate recognition of RST 7.5 interrupt
and control passes to location 3C in the monitor.
This location contains an unconditional branch to
instruction location 20CE in user RAM. You may
place any instruction you wish in Locations 20CE
thru 20D0 {e.g., a branch to a keyboard interrupt

routine), The monitor does not regain control with-

out specific action (acommand, or a RST 0,
RST 1, or JMP O program instruction). In branching

back to the monitor, unless the RST 1 instruction is
executed, the monitor loses all past information
about the user program.

Since an interrupt is recognized by the hardware,
the monitor cannot clear the display; thus the dis-
play may remain unchanged after interrupt.

IMPORTANT: Two conditions must be satisfied
for the Vector Interrupt feature to be enabled:

1. Interrupts must be enabled (by executing an
El instruction).

2. RST 7.5 must be unmasked {mask reset by
the SIM instruction or by modifying the
[-Register}.

Program Debugging — The Use of Breakpoints

Along with the “cold start” reset caused when the
button is pressed, the monitor also implements
a “warm start” procedure. Execution of an RST 1
instruction will cause the monitor to enter this
"warm start’’ routine. The monitor will display the
same message as a {*—80 85’), but all registers
and user memory will be preserved in the state they
were in at the time of execution of the RST 1. No
system reset or initialization will be performed.

By placing RST 1 instructions at key RAM loca-
tions where you want to examine the CPU status,
you can break from your program and then exam-
ine and set memory locations and registers, or
single-step a portion of your program,.

To resume execution of the user program, press
. The PC value of the next instruction appears
in the address field of the display. Then press []
1o continue execution.

Ervor Conditions — IHegal Key

If a key is pressed which is illegal in its context
{e.q., a command key is pressed when the monitor
is expecting a number}, the command is aborted
and an error message is generated. This message
takes the form *“—Err’, displayed in the address
field. The monitor is then ready to accept a com-
mand. The error message will be cleared when a
command key is pressed. Therefore, you can cancel
a command before you press or E by pressing
any illegal key instead.

Memory Substitution Errors

If the substitute memory command determines
that the contents of a memory location were not
changed correctly (i.e. location is in ROM or is
nonexistent), the command is aborted and an error
message is generated. This message also takes the
form “—Err”, displayed in the address field. The
monitor is then ready to accept a new command.
The error message will be cleared when a command
key is pressed.

4-3 TELETYPEWRITER OPERATION

Console Commands

This portion of the SDK-85 menitor communicates
via a teletypewriter (console}. Operation consists
of dialogue between the operator and the monitor
in the monitor's command language. After you
press the button on the SDK-85 keypad, the
monitor begins the dialogue by typing a sign-on
message on the console ("MCS-85 Kit”'} and then
requests a command by typing a prompt character
{**.”). Commands are in the form of a single alpha-
betic character specifying the command, followed
by a list of numeric or alphabetic parameters.
Numeric parameters are entered as hexadecimal
numbers. The monitor recognizes the characters 0
through 9 and A through F as legal hexadecimal
digits. Longer numbers may be entered, but only
the last four digits will be retained.
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The only command requiring an alphabetic param-
eter is the “X” command. The nature of such
parameters will be discussed in the section explain-
ing the command.

Use of the Monitor for Programming and Checkout

The monitor allows you to enter, check out, and
execute small programs. It contains facilities for
memory display and modification, 8085 CPU regis-
ter display and modification, program loading from
the console device, and program initiation with a
breakpoint facility. In addition, the key on the
keyboard may be used to initiate your own key-
board interrupt routine.

Command Structure

In the following paragraphs, the monitor command
language is discussed. Each command is described,
and examples of its use are included for clarity.
Error conditions that may be encountered while
operating the monitor are described on page 4-13.

The monitor requires each command to be termi-
nated by a carriage return. With the exception of
the 'S and ‘X" commands, the command is not
acted upon until the carriage return is sensed.
Therefore, you may abort any command, before
entering the carriage return, by typing any illegal
character {such as RUBQUT).

Except where indicated otherwise, a single space is
synonymous with the comma for use as a delimiter,
Consecutive spaces or commas, or a space or
comma immediately following the command letter,
are illegal in all commands except the X' com-
mand {see below).

Iterns enclosed in parentheses *’{ )} are optional.

Display Memory Command, D:
D <low address>, < high address>>

Selected areas of addressable memory may be
accessed and displayed by the D command. The
D command produces a formatted listing of the
memory contents between <low address> and
<high address>, inclusive, on the console. Each
line of the listing begins with the address of the
first memory location displayed on that line,
represented as 4 hexadecimal digits, followed by
up to 16 memory locations, each one represented
by 2 hexadecimal digits.

Program Execute Command, G:
G (<entry point>)

Contral of the CPU is transferred from the moni-
tor to the user program by means of the program
execute command G. The entry point shauld be an
address in RAM which contains an instruction in
the program. If no entry point is specified, the
monitor uses, as an address, the value on top of
the stack when the monitor was entered.

G COMMAND EXAMPLE

G2000
Control is passed to location 2000.

D COMMAND EXAMPLE

D9, 26

0009 EF 20 E1 22 F2 20 F5
0010 E1 22 ED 20 21 00 OO0
0020 Db C3 3F 00 C3 567 01

22 F4 20 21 ED 20 F9 C5

4-10



Insert Instructions into RAM, [:

| <address>
<data>

Single instructions, or an entire user program, are
entered into RAM with the | command. After
sensing the carriage return terminating the com-
mand line, the monitor waits for the user to enter a
string of hexadecimal digits {0 to 9, A ta F}. Each
digit in the string is converted into its binary value,
and then loaded into memory, beginning at the
starting address specified and continuing into se-
quential memory locations. Two hexadecimal digits
are loaded into each byte of memory.

Separators between digits (spaces, commas, car-
riage returns} are ignored; illegal characters, how-
ever, will terminate the command with an error
message (see page 4-13). The character ESC or ALT-
MODE ({which is echoed to the console as “$"')
terminates the digit string.

| COMMAND EXAMPLE 1

12010
112233445566778899%

This command puts the following pattern into
RAM:

2010 11 22 33 44 55 66 77 88 9%

Move Memory Command, M:
M <low address>>, <high address>>, <destination>

The M command moves the contents of memory
between <low address> and <high address> inclu-
sive, to the area of RAM beginning at <destina-
tion>>. The contents of the source field remain
undisturbed, unless the receiving field overlaps the
source field.

The move operation is performed on a byte-by-byte
basis, beginning at <low address>>. Care should be
taken if <destination> is between <low address>
and <high address>>. For example, if location 2010
contains 1A, the command M2010, 201F 2011
will result in locations 2010 to 2020 containing
“1A1A1A . ..", and the original contents of mem-
ory will be lost.

The monitor will continue to move data until the
source field is exhausted, or until it reaches address
FFFF. I|f the monitor reaches FFFF without
exhausting the source field, it will move data into
this location, then stop.

| COMMAND EXAMPLE 2

12040
123456789%

This command puts the following pattern into
RAM:

2040 12 34 56 78 90

Note that since an odd number of hexadeci-
mal digits was entered initially, a zero was
appended to the digit string.

M COMMAND EXAMPLE

M2010, 204F, 2050

64 bytes of memory are moved from 2010-
204F to 2050-208F by this command.
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Substitute Memory Command, S:

The S command allows you to examine and op-
tionally modify memory locations individually.

S <address> (<data>}

The command functions as follows:

1.

Type an 5, followed by the hexadecimal ad-
dress of the first memory location you wish to

examine, followed by a space or comma.

The contents of the location are displayed,

followed by a dash {—).

To modify the contents of the location dis-
played, type in the new data, followed by a
space, comma, or carriage return. [f you do
not wish to modify the location, type only
the space, comma, or carriage return. The
next higher memory location will automati-

cally be displayed as in step (2}.

Type a carriage return. The S command will

be terminated.

TABLE 4-3
X COMMAND REGISTER IDENTIFIERS

IDENTIFIER REGISTER
CODE
A Register A
B Register B
C Register C
D Register D
E Register E
F Flags byte
I Interrupt Mask
H Register H
L Register L
M Registers H and L com-
bined
S Stack Pointer
P Program Counter

S COMMAND EXAMPLE

52050 AA- BB-CC 01-13 23-24

Location 2050, which contains AA, is un-
changed, but location 2051 (which used to
contain BB) now contains CC, 2052 (which
used to contain 01) now contains 13, and
2053 (which used to contain 23} now con-
tains 24,

Examine/Modify CPU Registers Command, X:

Display and modification of the CPU registers is
accomplished via the X command. The X command
uses <register identifier> to select the particular
register to be displayed. A register identifier is a
single alphabetic character denoting a register,

X {<register identifier>)

as defined in Table 4-3.
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The command operates as follows:

1.

Type an X, followed by a register identifier or
a carriage return.

The contents of the register are displayed {two
hexadecimal digits for A, B, C, D, E, F, I, H,
and L, four hexadecimal digits for M, S, & P),
followed by a dash (—}.

The register may be modified at this time by
typing the new value, followed by a space,
comma, or carriage return. |f no modification
is desired, type only the space, comma, or
carriage return,

If a space or comma is typed in step (3), the
next register in sequence will be displayed as
in step 2 {unless P was just displayed which
case the command is terminated). If a carriage
return is entered in step 3, the X command is
terminated.



5. If a carriage return is typed in step {1} above,
an annotated list of all registers and their con-
tents is displayed.

Note: The bits in the flag byte {F) and inter-

rupt mask (1) are encoded as follows:

The format for the F register:

7 0

op

X | P X| €

A A Jt
CARRY

PARITY

AUX CARRY
ZEROD

SIGN

X = UNDEFINED

The format for the | register:

7 0

TImlm| ™
¢ |0 10[0]¢l5[65/55

L INTERRUPT MASK

INTERRUPT ENABLE FLAG

For more information on the B085’s inter-
rupt masks, please consult the MCS-85
User's Manual,

MNote:

Program Debugging — Breakpoint Facility

The monitor treats the RST 1 instruction (CF) as
a special sequence initiator. Upon execution of an
RST 1 instruction the monitor will automatically
save the complete CPU status and output the sign-
on message “MCS-85 Kit” to the console. You may
at that time display the contents of the CPU status
register by initiating an X" command. After
examining the machine status and making any
necessary changes you can resume execution of
the program by inputting “’G’" and Carriage Return
on the conscle. You can step through large por-
tions of your program by inserting RST 1 instruc-
tions at key locations.

Error Conditions — Invalid Characters

Each character is checked as it is entered from the
console. As soon as the monitor determines that
the last character entered is iHegal in its context, it
aborts the command and issues an '** to indicate
the error.

INVALID CHARACTER EXAMPLE

D2000, 205G*

The character G was encountered in a param-
eter list where only hexadecimal digits and
delimiters are valid.

Address Value Errors

Some commands require an address pair of the
form <low address>, <high address>. If, on these
commands, the value of <low address> is greater
than or equal to the value of <high address>, the
action indicated by the command will be per-
formed on the data at low address only. Addresses
are evaluated modulo 216, Thus, if a hexadecimal
address greater than FFFF is entered, only the last
4 hex digits will be used. Anather type of address
error may occur when you specify a part of
memaory in a command which does not exist in the
hardware configuration you are using.

In general, if a nonexistent portion of memory is
specified as the source field for an instructicon, the
data fetched will be unpredictable. If a nonexistent
portion of memory is given as the destination field
in a command, the command has no effect.
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5-1 OVERVIEW

This portion of the SDK-85 User’s Manual should
provide you with sufficient knowledge to write
programs to exercise the basic system as well as
providing capability to use the basic kit as a nu-
cleus around which you can build larger systems.

Figure 5-1 is a functional block diagram of the
SDK-86. The components enclosed in dashed boxes
have places in the SDK-8b printed circuit board,
but these are not needed for a minimum system
and are not included in the kit. In addition, some
control lines have been omitted from the block
diagram for the sake of simplicity. The full SDK-
85 schematic diagrams have been incfuded in an
appendix for your reference.

The text to follow describes each of the elements
in the system:

5-2 SYSTEM COMPONENTS
The 8085 CPU & The System Buses

The 8085 CPU is an evolutionary enhancement of
Intel's industry standard 8080A. It is 100% soft-
ware compatible with the 8080A while offering the
benefits of single power supply, higher integration,
higher performance, and improved system timing.

The 8085 CPU is fully described in the Intel®
MCS-85TM User's Manual so a detailed description
will not be repeated here.

As the system block diagram shows, the 8085
derives its timing inputs directly from a crystal.
In addition the 8085 drives the system with con-
trol signals available on-chip. No additional status
decoding circuitry is required for most small- to

CHAPTER 5
THE HARDWARE

medium-sized systems. The 8085 multiplexes its
data bus with the low 8 bits of its address bus.
The 8155 and 8355/8755 Memory |/0 components
in the kit are designed to be compatible with this
bus structure, precluding the need for external bus
latches.

Four vectored interrupt inputs are available in
addition to the standard 8080A-type interrupt.
There is also a serial input and serial cutput data
line pair that is exercised under program control to
provide the SDK-85s simple teletype 1/0.

The basic clock frequency of the 8085 in the kit is
3.072 MHz ({internally divided by 2 from the 6.144
MHz crystal input).

The 8155

The 8155 is a highly integrated chip designed for
compatibility with the 8085’s bus structure. It con-
tains 256 bytes of static RAM memory, 22 pro-
grammable 1/0 lines, and a 14-bit timer/counter.
The function of the 8155 is described in detail in
the {ntel MCS-85 User’s Manual.

One 8155 is included with the SDK-85 kit and
space for another has been provided on the circuit
board. The RAM memory in the 8155 is available
for storage of user programs as well as for tempo-
rary storage of information needed by system
programs.

The 8155's timer is used by the SDK-85 monitor’s

Single Step routine to interrupt the processor fol-
lowing the execution of each instruction.
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The 8355 & 8755

The 8305 and 8755 are two more chips specially
designed for compatibility with 8085 systems. The
8355 contains 2048 bytes of mask programmed
read only memory (ROM) and 16 1/Q lines. The
87565 has an identical function and pinout to the
8355, but contains ultraviolet erasable and repro-
grammable read only memory (EPROM) instead of
the ROM.

The SDK-85 contains either one 8355 or one 8755
that is programmed with the systern monitor.
Space for a second 8755 or 8355 has been allocated
on the PC board.

The 8279

The 8279 is a keyboard/display controller chip
that handles the interface between the 8085 and
the keypad and LED display on the SDK-85 board.
The 8279 refreshes the display from an internal
memory while scanning the keyboard to detect
keyboard inputs. The 8279 is described in detail
in the MCS-85 User’s Manual.

The 8205

The basic SDK-85 also contains an 8205 chip {one-
out-of-8 decoder) that decodes the 8085's memory
address bits to provide chip enables for the 8155,
the 8355/8755, and the 8279.
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TABLE 5-1

8205 CHIP ENABLES

OQUTPUT ACTIVE ADDRESS RANGE SELECTED DEVICE
CS0 0Q00-07FF 8755/8355 MONITOR ROM (A14)
Cs1 0800-OFFF 8755/8355 EXPANSION ROM {A15)
Cs2 1000-17FF N/C
CS3 1800-1FFF 8279 KEYBOARD/DISPLAY CONTROLLER {A13)
CS4 2000-27FF 8155 BASIC RAM (A16}
CSbh 2800-2FFF 8155 EXPANSION RAM (A17}
CS6 3000-37FF N/C
CS7 3800-3FFF N/C

AXX = IC# on schematic diagram in Appendix

N/C = not connected — avilable for user expansion

SDK-85 MEMORY
ADDRESSING

5-3

Each memory/l/O chip in the basic SDK-85 System
of Figure 5-1 is enabled by a signal coming from
the 8205 address decoder. Table 5-1 lists each chip
enable output accompanied by the address space
over which it is active and the SDK-85 device that
is selected.

Note that the 8279 is really an-input/output device
that is communicated with by the B085 as though
it were a series of memory locations.

The above chip enable table can be expanded to
form a memory map that illustrates the active por-
tions of the SDK memory {see Figure 5-2}. Using
the terminology of Figure 5-2, the basic SDK-8b
with no additional memory/1/O chips provides the
memory blocks marked MONITOR ROM and
BASIC RAM. You must confine your programs
to a subset of the space available in the BASIC
RAM, the remainder of BASIC RAM being required
for monitor storage locations. A list of the monitor-
reserved RAM locations is provided in Table 5-2.

Note that RAM memory locations 20C2 through
20D0 are places for jump instructions pointing to
the places in memory for the computer to go
following the execution of an RST 5 instruction, an
RST 6 instruction, an interrupt signal on the
RST 6.5 input, etc. If you do not use any of these
instructions or interrupt lines, then this RAM area
is available for other pragramming.

When you add an expansion 8155 in the space pro-
vided on the SDK-85 board, the RAM locations
shown in Figure 5-2 as EXPANSION RAM are
made available for programming. The monitor
reserves no space in the EXPANSION RAM, so
all 256 locations are available for programming.

An extra 8365 or 8755 device when plugged into
the appropriate spot on the board gives you pro-
gram memory space in the area denoted EXPAN-
SION ROM in the memory map.

The areas marked “FOLD BACK” in Figure 5-2
indicate address space that is unused, but unavail-
able for expansion, because these locations are
multiple mappings of the basic locations.
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TABLE 5-2
MONITOR-RESERVED RAM LOCATIONS

LOC. CONTENTS
20C2 User may place a JMP instr. to a RST 5 routine in )
locs 20C2 — 20C4.

20C5 JMP to RST 6 routine Loaded

20C38 JMP to RST 6.5 routine (hardwired user interrupt) by

20CB JMP to RST 7 routine user

20CE JNMP to “VECT INTR"” key routine J
20D1-20E8 Monitor Stack {temporary storage used by monitor)

20E9 E Register )

20EA D Register

20EB C Register

20EC B Register

20ED Flags

20EE A Register

20EF L Register r storage for user register images

20F0 H Reqister

20F1 Interrupt Mask

20F2 Prog. Cntr. — Low byte

20F3 Prog. Cntr, — HI byte

20F4 Stack Ptr. — Low byte

20F5 Stack Ptr. — Hi byte }

20F6 Current Address

20F8 Current Data
20F9-20FC Output buffer & Temp Locs.

20FD Register Pointer

20FE Input Buffer

20FF 8155 Command/Status Register image

54




MEMORY ADDRESS

FFFFL

MEMORY SPACE WHERE l
EXPANSION BUFFERS el

ARE ENABLED
8000
?FFFl
L/
porg OPEN e
ACTIVE 8205
3000 CHIP ENABLE
2FFF
EXPANSION RAM (FOLD BACK)
2900 _ €s5
28FF EXPANSION RAM
{256 LOC.)
2800
27FF
BASIC RAM {FOLD BACK}
2100 csa
20FF BASIC RAM
2000 {256 LOC.)
1FFF 1900 - KEYBD/DISPLY CTLR
COMMAND LOC. cs3
1800 - KEYBD/DISPLY CTLR
1800 DATA LOC.
17FF
OPEN (2K) ] cs2
1000
OFFF
EXPANSION ROM {2K) } Cs1
0800
07FF
MONITOR ROM (2K} } CS0
0000

Figure 5-2 SDK-85 Memory Map

Any of the areas marked "OPEN" in Figure 5-2 are
free for expansion. You may mount extra memory
chips in the wire-wrap area of the SDK-85 board
or on other circuit boards. The 8205 address
decoder has 3 uncommitted chip select lines to
allow the addition of three 2048-byte memory
blocks without additional decoding circuitry.

If you want to expand on the basic SDK-85 you
don’t have to stick to the multiplexed-bus MCS 85
memory/1/0 family. Mounting pads are present on
the circuit board that accommodate an 8212 latch
for address/data bus demultiplexing. To provide
the current drive capability to operate much larger
systems, spaces are also allocated for another 8212
to buffer the unmultiplexed half of the address and
five 8216 buffer/drivers to buffer the data bus, and
control signals. The function of these components
is described in detail in the 8085 manual. The func-
tional positioning of the optional latch, buffers,

and drivers in the SDK-85 system structure is
shown in Figure b-1.

IMPORTANT:

As Figure 52 indicates, the optional expansion
buffers leading to the SDK-85 board’s prototyping
area are enabled only over the address range
8000-FFFF. If you desire to use any of the "OPEN"
expansion areas shown in Figure 52 (enabled by
the 8205 chip selects), you will have to become
famitiar with the SDK-85 schematics at the back
of this manual and implement custom modifica-
tions to the SDK-8b circuitry.

5-4 INPUT/OUTPUT PORT
AND PERIPHERAL
DEVICE ADDRESSING

As mentioned before, the 8155 and 8355/8755
that come with the SDK-85 Kit have on-board
input/output ports. These ports are accessed using
the IN and OQUT instructions of the 8085. Each
individual port being referenced has a unigue 8-bit
address. Table 5-3 contains all the port addresses
for an expanded SDK-85 containing two 8155’
and two 8355/8755°.

Please consult the MCS-85 User's Manual for the
use of the various special purpose registers referred
to in the table {Direction Registers, Command/
Status Registers, etc.}, and for complete instruc-
tions for exercising the memory-1/0 chips {8155/
8355/8755).

Hardware Note: The timer/counter of the first
8155 {RAM) is dedicated as a timer. It is hardwired
to receive the 8085’s system clock {3.072 MHz
CLK) as its count input. This timer is used by the
keyboard monitor's SINGLE STEP function, so
you should beware of timer conflicts if you desire
to count and use the SINGLE STEP function at
the same time. {See paragraph 6-2.)

Accessing the 8279 Keyboard/Display Controller

As was mentioned in the memory addressing sec-
tions, the 8279 is a peripheral chip that is selected
using memory-mapped 1/0. Table 5-4 shows the
two memory locations that are used to communi-
cate with the 8279. Consult the MCS-85 User’s
Manual for detailed operating instructions.
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TABLE 5-3
SDK-85 1/0 PORT MAP

PORT FUNCTION

00 Monitor ROM PORT A
01 Monitor ROM PORT B

02 Monitor ROM PORT A
Data Direction Register

03 Monitor ROM PORT B
Data Direction Register

08 Expansion ROM PORT A
09 Expansion ROM PORT B

0A Expansion ROM PORT A
Data Direction Register

(0]:] Expansion ROM PORT B
Data Direction Register

20 BASIC RAM COMMAND/STATUS
Register

21 BASIC RAM PORT A
22 BASIC RAM PORT B
23 BASIC RAM PORT C

24 BASIC RAM Low QOrder Byte
of Timer Count

25 BASIC RAM High Order Byte
of Timer Count

28 EXPANSION RAM
COMMAND/STATUS Register

29 EXPANSION RAM PORT A
2A EXPANSION RAM PORT B
2B EXPANSION RAM PORT C

2C EXPANSION RAM Low Order Byte
of Timer Count

2D EXPANSION RAM High Order Byte
of Timer Count

The data format for character bytes being dis-
played by the 8279 is one bit corresponding to
each of the seven LED segments plus one bit for
the decimal point. Figure 5-3 shows the bit
configuration.

5-6

MSB Lse 8279 DISPLAY
RAM QUTPUT

Az Az [ Aq1[Ag[ B3| Bz | By | Bp j-—— DESIGNATION

d c b a dp. g f o —— SEGMENT

Figure 5-3 Data Format

The hardware is designed so that writing a zero into
a bit position turns on the corresponding LED
segment.

Example: a "'4"” would be represented as
1001 1001 = 99 {Hex)

These are six active LED displays availahle for use.
They are configured in a four-place address field
and a two-place data field as in Figure 5-4.

ADDRESS FIELD DATA FIELD

112]3]|4 1|2

Figure 5-4 Display Configuration

TABLE 5-4
ACCESSING THE 8279
KEYBOARD DISPLAY CONTROLLER

READ/
LOCATION WRITE FUNCTION
1800 Read Read Keyboard
FIFQ
Write Write Data to
Display
1900 Read Read Status
Word
Write Write Command
Word




The display digits are stored within the 8279 dis-

play RAM in the locations listed in Table 5-5.

TABLE 5-5
8279 DISPLAY RAM
LOCATION PURPOSE
0 Address digit 1
1 2
2 3
3 4
4 Data Digit 1
5 2
6 UNUSED
7 UNUSED

b-b PROCESSOR INTERRUPT
ALLOCATION

The 8085 has four Vector Interrupt input pins in
addition to an 8080A-compatible interrupt input.
The name of each interrupt and its function in the
SDK-85 hardware is listed in Table 5-6.

The function of the on-chip interrupts is described
in detail in the 8085 Manual.

TABLE 5-6

8085 ON-CHIP INTERRUPT ALLOCATION
INPUT FUNCTION
RST 5.5 Dedicated to 8279
RST 6.5 Available User Interrupt
RST 7.6 button interrupt
TRAP 8165 Timer Interrupt
INTR Awvailable User Interrupt

5-6 THE SERIAL DATA
INTERFACE

The SDK-85 has the capability of communicating
with a teletype, using the 8085 serial input and
serial output data lines {SID and SOD respectively)
to send and receive the serial bit strings that encode
data characters.

To send data to the teletype, the 8085 must toggle
the SQD line in a set/reset fashion controlled by
software timing routines in the SDK-85 monitor.

input data is obtained by monitoring and timing
changes in the level of the SID pin. Again, a moni-
tor routine is called upon to do the job.

These teletype communications routines are acces-
sible to the user.

Both subroutings communicate at a data rate of
110 baud, the standard rate for teletypewriters.

Since the 8085 serial input and output lines are
designed for communicating with other integrated
circuits, additional electroni¢ circuitry is needed
before they can be connected to a terminal. The
TTY interface in the top right corner of the board
allows the SDK-85 to be connected to any tele-
type that uses 20 mA “‘current-loop” input and
output.
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5-7 CONVERTER CIRCUIT FOR

RS232C SERIAL PORT

If you are fortunate enough to have a CRT termi-
nal that can operate at a 110-baud rate, and wish
to use it with the SDK-85 computer, you may
find that it is compatible only with "“RS232¢c”
voltage-level serial ports and not with current
loops. If this is the case,

O Wire the MC1488 and MC1489 converter
circuit {shown in Figure 5-5} into the wire-
wrap area of the SDK-85 board.

O Remove R6, and connect the input line of
the converter circuit to its lower pad. (You
could put a switch in this line if you wanted
to.)

O QOpen both the TTY and KEYBOARD jump-
ers, and connect the ocutput line of the con-
verter to the middle pad, which is strapping

point 23. {If you are using a switch, one with
a center off position could be used.)

0 Connect your CRT as shown in Figure 5-5.

O Connect the 3 different voltages to the
circuit.

5-8 ADDITIONAL INTERFACES
Additional interface considerations are discussed in
Intel Application Note AP-29, which also describes
a low-cost cassette tape-recorder interface, that
can be added to your SDK-85 kit. AP-29 ¢an be
ordered by sending $1.00 to: Literature Department,
Intel Corp., 3066 Bowers Ave., Santa Clara, Ca.
95051.

+5v
14
N.C.
CONVERTER 2
OUTPUT . [~ ] CRT
5 LINE 3 1 DATA OUT
sID C‘\ O
CRT
N.C.
JUMPER 12 DATA IN
PIN 23 CRT
| TERMINAL
1 12
SIGNAL
M
REMOVE GROUND
313 ey
et
8085 ¢ N
< MC1489 9--1o0o00nO0
> oI L0040
<> |? [ o] o o o o O e

p —

4 CONVERTER INPUT LINE
50D ——«-—é—

+9 TO 15}V -i9 TO 16}V
GND 20 ‘ 14 | 1
MC1488
7

330p ﬂ

1

1

Figure 5-b Madification for RS-232c Operation
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6-1 THE SDK-85 MONITOR

The SDK-85 monitor program provides utility
functions employing either a teletypewriter or the
kit's on-board keyboard and display as console.
The program resides in 2k {k = 1024} bytes of the
ROM memory, between location O and location
7FF. the routines that service each console de-
vice are independent; the two devices do not func-
tion simultaneously. You may select either the
keyboard and display or the teletypewriter as the
console device by actuating a switch (not furnished)
or by changing strapping connections. Both can be
used to perform substantially the same tasks. (See
Chapter 4.)

6-2 PROGRAMMING HINTS

Stack Pointer

The 8085 makes use of a 16-bit internal register
called the Stack Pointer to point to an area of
memory called the stack. The 8085’s stack is
used for saving many things, such as memory
addresses for returns from subroutines.

It is important always to define the stack pointer
at the beginning of your program to avoid storing
data in the wrong place. Locations 20C2 through
2000 in RAM are reserved by the monitor for
jump instructions when all interrupts are used.
Thus, you should set the stack pointer initially at
20C2 (by the use of the program instruction
LLX1 SP, 20C2H {31 C2 20}, the keyboard command
[&](20) [<] (C2)[#<], or the teletypewriter
“XG" command) in order to keep your own stack
clear of data and programs you want to protect.
tf less than the full complement of interrupts is

CHAPTER 6
THE SOFTWARE

utilized, some or all of the unused space above
20C?2 can be allocated to stack as described above.
Remember that the stack must still occupy an un-
broken string of contiguous memory locations.

RAM:-1/0 Command Status Register (CSR}

The basic 8165 command status register (port 20}
is used to set up the on-chip |/O ports and timer.
It can only be written ta; it cannot be read. You
can write to this register in your programs, but
there is a precaution you should take: at any time
when you write to the CSR in the basic RAM, you
should also write the same pattern to RAM location
20FF. The reason is this: The command causes
the monitor to change the CSR in order to set
up the timer for execution of the command. If it
is not told what value you previously put there {(by
saving the value in 20F F), that value will inevitably
be overwritten and lost. Following each single step,
the monitor reads focation 20FF, logicaily ORs its
timer command to the content of that location, and
writes the CSR with the new command, thereby
retrieving your previous configuration.

Access to Monitor Routines

You may “borrow" several of the SDK-85 monitor
routines to simplify your programming task. Table
6-1 provides descriptions and calling addresses for
these routines.

6-3 PROGRAMMING EXAMPLES

The programming examples presented at the end of
this chapter demonstrate how to use the monitor
routines to operate the keyboard and display.
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TABLE 6-1
MONITOR ROUTINE CALLING ADDRESSES

Calling Address Mnemonic Description

07FD C! Console Input

This routine returns a character (in ASCI| code — see 8085/8080
reference card for codes) received from the teletype to the caller
in the A register. The A register and CPU condition codes are
affected by this operation

07FA co Console Qutput

This routine transmits a character {in ASCI| code), passed from
the caller in the C register, to the teletypewriter. The A and C
registers, and the CPU condition codes are affected.

O5EB CROUT Carriage Return, Line Feed

CROUT sends carriage return and line feed characters to the
teletype. The contents of the A, B, and C registers are destroyed
and the CPU condition codes are affected.

06C7 NMOUT Hex Number Printer

NMOUT converts the 8-bit unsigned integer in the A register into
2 ASCII characters representing the 2 hex digits and prints the
two digits on the teletypewriter. The contents of the A, B and C
registers and the condition code flags are affected.

0363 UPDAD Update Address

Update address field of the display. The contents of the D-E
register pair are displayed in the address field of the display.
The contents of all the CPU registers and flags are affected.

036E UPDDT Update Data

Update data field of the display. The contents of the A register
are displayed in hex notation in the data field of the display.
The contents of all of the CPU registers and flags are affected.

02E7 RDKBD Read Keyboard

This routine waits until a character is entered on the hex keypad
and upon return places the value of the character in the A regis-
ter. The A, H, and L registers and the flag flip flops are affected.

NOTE: For RDKBD to work correctly, you must first:
1. Unmask RST 5.5 using the SIM instruction.

O05F1 DELAY Time Delay

This routine takes the 16-bit contents of register pair DE and
counts down to zero, then returns to the calling program. The
A, D, and E registers and the flags are affected.
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TABLE 6-1

MONITOR ROUTINE CALLING ADDRESSES (CONT'D}

Calling Address Mnemonic

Description

Output Characters to Display

The routine sends characters to the display with the parameters
set up by registers A, B, H and L.

Reg A = 0 = use address field

= 1 = use data field
Reg B = 0= decimal point off

= 1 = decimal point at right edge of field
Reg HL = starting address of characters to to sent.

Hexadecimal memory
Character content pointed to
Displayed by the HL register

00
o1
a2
03
04
Q5
06
07
08
09
0A
0B
0C
oD
OE
OF
i0
11
12
13
14
05
k 15

S — W rFITMAOTPOONDOBWN=0O
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PROGRAM EXAMPLE — RDKBD

After executing [E 2000, the program waits until a key is pressed. Then the value of the key is placed
in the A register and the monitor is restarted. Use to see that the key value is now in the A register,

ADDRESS DATA SYMBOLIC COMMENTS
2000 31 LXI SP, 20C2H ; define stack pointer
2001 Cc2
2002 20
2003 3E MVI A, OBH
2004 08
2006 30 SIM ;unmask interrupt
2006 CD CALL RDKBD ; read keyboard value
2007 E7 ;into Reg A
2008 02
2009 CF RST 1 ; break point, go back to monitor

PROGRAM EXAMPLE — UPDDT
Display FF in data field of display.

ADDRESS DATA SYMBOLIC COMMENTS
2000 31 LXI SP, 20C2H ; define stack pointer
2001 C2
2002 20
2003 3E MVI A, FFH ;load FF into Reg A
2004 FF
2005 CD CALL UPDDT ; output Reg A to data field
2006 GE
2007 03
2008 76 HLT ;HALT

To change the display value use to vary the content of location 2004

ADDRESS

2000
2003
2005
2006
2009
200C

DATA

31C220
3JEQ8
30
CDE702
CDGEQO3
C€30620

PROGRAM EXAMPLE — RDKBD, UPDDT

SYMBOLIC

LX! SP, 20C2H
MVI A, 08H
SIM

LOOP: CALL RDKBD
CALL UPDDT
JMP LOQP

Putting the two preceding examples together into one program causes the display to show the key value.

COMMENTS
; define stack pointer

;unmask intérrupt

» read keyboard value inta Reg A
. output Reg A to data field

: keep looping
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PROGRAM EXAMPLE — ADD TWO NUMBERS IN HEX NOTATION

This program is an adaptation of the program above. The computer reads in two one-digit numbers
using RDKBD. Then it adds them, and displays the sum {base 16} on the LED display using UPDDT.

ADDRESS

2000
2003
2005
2006
2009
200A
200D
200E
2011

Note: for decimal {base10) addition of digits 0-9, insert the DAA instruction {opcode 27} between

DATA

31C220
3E08
30
CDE702
47
CDE702
80
CD6EOD3
C30620

LOOP:

SYMBOLIC

LX! SP, 20C2H
MVI A, O8H
SIM

CALL RDKBD
MOV BA
CALL RDKBD
ADD B

CALL ULPDDT
JMP LOOP

ADD B and CALL UPDDT in the above program.

Additional Suggestion: Try modifying this program to perform 2-digit decimal number addition.

(Hint: use the 8085's RLC instruction.)

COMMENTS
: initialize stack pointer

runmask interrupts

; get first number

- save number in B reg.
: get second number

: add the two numbers
: display the sum

: keep looping

PROGRAM EXAMPLE — 4DIGIT HEX COUNTER

This program displays a 4-digit hexadecimal (base 16) count in the address field of the display using

the UPDAD routine from the monitor.

ADDRESS

2000
2003
2004
2005
2008
2008
200
200F

DATA

31C220
13

Db
CD6303
110018
CDF105
D1
C30320

LOOP:

SYMBOLIC

LXI SP 20C2
INX D

PUSH D
CALL UPDAD
LX1D, 1800
CALL DELAY
POP D

JMP LOOP

COMMENTS

: initialize stack pointer

;add 1 to the 16-bit count

: save the count in the stack

: dispiay the count

: set delay count

: wait out the delay

: restore the count to D & E regs
; keep counting
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PROGRAM EXAMPLE — DECIMAL COUNTER

The following program displays a count in the data field of the display. The count may be stopped by
pressing the button. The count resumes when any other key {except } is pressed. The “E" in
the address field of the display signifies that a user program is executing.

ADDRESS DATA SYMBOLIC COMMENTS

2000 31 LXI 8P, 2080H ; INITIALIZE STACK POINTER.

2001 80

2002 20

2003 3E MVI A, 08 ; USE THE 8088's SIM INSTR TO

2004 o8 ; ENABLE THE VECT INTR BUTTON.

2005 30 StM

2006 FB LOOP: EI

2007 78 MOV A, B

2008 3C INR A : INCREMENT AND ADJUST THE COUNT

2009 27 DAA ; FOR DECIMAL COUNTING.

200A, 47 MOV B, A

2008 Ch PUSH B .

200C cD CALL UPDDT  ; DISPLAY COUNT IN DATA FIELD OF

200D 6E ; DISPLAY.

200€E 03

200F 16 MVI D, 18H

2010 18

2011 CD CALL DELAY ; WAIT OUT A PROGRAMMABLE DELAY

2012 F1 . PERIOD BEFORE CONTINUING.

2013 05

2014 c1 POP B

2015 C3 JMP LOQP ; GO BACK TO THE BEGINNING.

2016 06

2017 20

20CE FB El ; CONTROL BRANCHES TO LOCATION
: 20CE WHEN VECT INTR IS PRESSED.

20CF 76 HLT ; WAIT HERE FOR KEY DEPRESSION.

20D0 cs RET ; RESUME THE COUNT.

To execute the program, type in 2000 @

Try to stop the count right at 00 using the key.

Change the speed of the count by using to vary the contents of location 2010.
Additional Suggesticns:

This counter can be turned into a digital stopwatch second counter by inserting the following instruc-
tions between DAA and MOV B, A in the above program:

200A FEGO CPI A, 60 ; check to see if count = 60

200C C21020 JNZ 2010 ; continue if count # 60,

200F AF XRA A ; if count = 60 then set the
count=0

In addition, you will have to insert another MVI D and CALL DELAY before POP B and vary both
delay counts in order to get exactly one second between counts on the LED display.

Additional Programming Idea: Expand on the digital stopwatch program by displaying hours and
minutes in the address field of the LED display.
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PROGRAM EXAMPLE — FLASH HELP

Load into Locations 2000 through 2007 {use the Substitut
data: 10, OE, 11, 12, 15, 15, 15, 15. Then load and execute the following program (
The display will flash “HELP”".

ADDRESS

2010
2013
2015
2017

201A

201D
201F
2021

2024

2027
202A

202D
202F
2031

2034

2037
203A
203D

DATA

31C220
3E01
0600
210620

CDB702

3E00
0600
210020

CDB702

11FFFF
CDF105

3EQ0
0600
210420
CDB702

11FFFF
CDF105
31020

DPY:

SYMBOLIC

LXI SP, 20CZH
MVI A, 1
MVIB, 0

LX| H, 2006H

CALL OUTPT

MVI A O
MVIB, 0
LX!I H, 2000H

CALL OUTPT

LXI D, OFFFFH*
CALL DELAY

MOV A, O
MOV B, 0
LX1 H, 2004H
CALL OUTPT

LXI D, OFFFFH
CALL DELAY
JMP DPY

e Memory command) the following

COMMENTS

: define stack pointer

; use data field

: no decimal indicator

; use characters starting

: at Location 2006

: output the two characters
; to data field

; use address field

: no decimal indicator

: use characters starting

: at Location 2000

: output the four characters
; to address field

; set up delay value
; time delay

’

; output BLANKS to
: Display

; time Delay
; REPEAT

*Delay time proportional to value. Any number from 1 through FFFF may be chosen.

Additional Suggestions:

You may select any other 4-letter word from the characters on p. 6-3 and place the hex codes for
those letters in memory locations 2000-2003. Then restart the program from location 2010 and
your new word will flash on the display.

In addition, you may place the hex codes from p. 6-3 for a 2-letter word {like ""HI''} in memory
Jocations 2004 and 2005, and the 2-letter word witl flash in between the flashes of the 4-letter word.

[«]2010[=)).
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PROGRAM EXAMPLE — USING THE 8155 AND 8355 DEVICE OUTPUT PORTS

ADDRESS DATA SYMBOLIC COMMENTS

2000 31C220 LXI 8P, 20C2H ;initialize stack pointer
2003 3E03 MV A, 03 ; put 8155 command in A reg.
2005 D320 ouT 20H ; program the 81565 CSR -
2007 3EFF MVI A, FF ; put 8355 DDR value in A reg.
2009 D302 QuUT 02 ; program PORT A DDR
2008 D303 OuUT 03 ;program PORT B DDR
200D 03 LOOP: INXB ; increment 16-bit count
200E 79 MOV A, C ;
200F D321 ouT 21 : send low byte of count
2011 D300 QuUTDO ;10 8155 PORT A and

; to 8355 port A
2013 78 MOV A, B ;
2014 D322 QuT 22 ; send hi byte of

;count to 81565 port B
2016 D301 QuT 01 ; send hi byte of

; count to 8355 port B
2018 C30D20 JMP LOOP ; loop back.

This program is an example showing how to configure the input/output ports of the 8155 and 8356
devices as output ports. The command register of the 8155 is loaded with the value 03 at the begin-
ning of the program to signify that both 8155 ports A and B will be outputs. Likewise, both ports
A and B of the 8355 are programmed to be outputs by writing all one’s {FF) to both Data Direction
Registers in the 8355.

The program increments a 16-bit binary count and sends the count out through the ports of the 8156
and 8355. If you have a logic probe or oscilloscope, you can look at the corresponding outputs on
connector pads J3 and J4 on the SDK-85 PC board.

6-8




APPENDIX A
MONITOR LISTING



ASH8P $F1:SDKB5.SRC MACROFILE MODES XREF PRINT(:F1:SDK45,LST)

ISIS-II B6898/8885 MACRC

LoC  oBJ

gead

2p04

SEQ

—
O3 e O N e B

&
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4 % ma mE me me e ma

SSEMBLER, Xles SDEBS FRGE L

SOURCE STATEMENT

R S A S L A R s L R R A a R T N N R R LA A R LA D AR L AR LRl L

PROGRAM: SDK-§5 MONITOR VER 2.1

COPYRIGHT (C) 1977
INTEL CORPCRATION
1865 BOWERS AVENUE
SANTA CLARA, CALIFORNIA 95851

AEANAN R R AN F e Rk AN A kA AR r Ak a A b T rh kAR A ARk

ABSTRACT

THIS PROGRAM IS5 A SMALL MONITOR POR THE INTEL 8885 RIT AND

PROVIDES A MINIMUM LEVEL OF UTILITY PUNCTIONS FOR THE USER EMPLOYING
EITHER AN INTER-ACTIVE CONSOLE (I.E. TELETYPE) OR THE KIT'S
KEYBOARD/LED DISPLAY. THE KEYBOARD MONITOR ALLOWS THE USER TO PERFORM
BUCH FUNCTIONS AS MEMORY AND REGISTER MANIPULATION, PROGRAM LOADING,
PROGRAM EXECUTION, INTERRUPTION OF AN EXECUTING PROGRRM, AND

SYSTEM RESET.

PROGRAM ORGANIZATION

THE PROGRAM IS ORGANIZED AS FOLLOWS :=-
1) COLD START ROUTINE {RESET)
2) WARM START = REGISTER SAVE ROUTIHRE
3] INTERRUPT VECTORS
4] KEYBOARD MONITOR
5) TTY MONITOR
&) LAYQUT OF RAM USAGE

THE KEYBOARD MONITOR BEGINS WITH THE (OMMAND RECOGNIZER, FOLLOWED BY
THE COMMAND RQUTIRE SECTION, UTILITY ROUTIME SECTIOR AND MONITOR
TABLES, THE COMMAND AND UTILITY ROUTIMES ARE IN ALPHABETICAL ORDER
WITHIN TEEIR RESPECTIVE SECTIONS.

THROUGHOUT THE KEYBOARD MONITOR, A COMMENT FIELD BEGINNING

WITH "ARG = " INDICATES h STATEMENT WHICH LOADS A VALUE INTOQ

A REGISTER AS AN ARGUMENT FOR A FUNCTION. WHEN THE DESIRED VALUE
LIST OF KEYBOARD MONITOR ROUTINES

CMHND
EXAM
GOCMD
SSTEP
SUBST
CLEAR
CLDIS
CLDST
DISPC
ERR
GTHEX
HXDSP
ININT
INSDG
NXTRG
QUTPT
RODEBD
RETF
RETT
RGLGC
RSTOR
SETRG
UPDAD
UPDDT

NAME SDE8S

YT 32ttt s e R R L R N R R N AR R N e L L R L R L L L L)

SET CONDITIONAL ASSEMBLY FLAG

T R L a s e R R R R T R R R R R R R AR L L]

AITS SET a ;@=NO WAIT STATES
:1=A WAIT STATE IS GENERATEDR FOR EVERY M CYCLE
1THE APFROPRIATE DELAY TIME MUST BE USED FOR
;TTY DELAY OR SET (P SINGLE
$STEP TIMER FOR EACH CASE

T iR A A e L e L R L R L R R R R R RS R R L]

MONITOR EQUATES

P e s s R R R R T R N R T R R N R R R R T L PR AL L ]

RAMST EQU 28084 ; START ADDRESS OF RAM - THIS PROGRAM ASSUMES

P

THAT 256 BYTES OF RAKDOM ACCESS MEMORY BEGIN AT THIS ADDRESS.
THE FROGRAM USES STORAGE AT THE END OF THIS SPACE FOR VARIABLES,
SAVING REGISTERS AND THE PROGRAM STACK
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Loc  OBJ SEQ SOURCE STATEMENT
aa17 $8 RMUSE EQu 23 : RAM USAGE - CURRENTLY, 2] BYTES ARE USEC FOR
53 : /SAVING REGISTERS AND VARIABLES
laeg ;
BBl 181 SKLN EQU 24 3 MONITOR STACK 0OSAGE ~ MAX OF 12 LEVELS
18z ;
aeF 183 UBRLN EQU L5 : 5 USER BRANCHES - 3 BYTES EBACH
1R4 ;
aean 145 AbFLD EQQD 2] ; INGICATES USE OF ADDRESS FIELD GF DISFLAY
LLET 19& ADISP EQU 3@RH ; CONTROL CHARACTER TO INDICATE QUTPUT TO
187 :+ /ADDRESS FIELD QF DISPLAY
l3ag@ 186 CHTRL EQU 198845 ADDRESS FPOR SENDING CONTROL CHARACTERS TO
19 /DISPLAY CHIF
Yall 118 COMMA EQQ 11H COMMA FROM KEYBOARD
LF-1.T] 111 CBNIT Eg{) 5} TINITIAL VALUE FOR COMMAND STATUS REGISTER
e e 112 ¢CsR EQOD 28H GUTPUT PORT FOR COMMAND STATUS REGISTER
Hids4 113 spise EQO 94d CORTROL CHARACTER TC INDICATE QUTPUT TO
114 /DATA FIELD QF DISPLAY
s@gl 115 00T EQU 1 INDICATOR POR DOT IN OISPLAY
lage 116 DSPLY EQU 18P0H ADDRESS FOR SENDING CHARBRCTERS TO DISPLAY
#0d] 117 bTFLD EQOn 1 INDICATES USE OF DATA FIELDE OF DISPLAY
LR 1l¥ DTHMSK EQU BEH MASK FOR TURNING ON DOT IN DISPLAY
endy 119 EMPTY EQU dBH HIGH ORDER 1 INDICATES EMETY INPUT BUFFER
BHCC 128 KBNLT EQU |CCH CONTROL CHARACTER TO SET DISFLAY OUTPUT TO
121 /ALL ONES DURING BLANKING BERIOD
BHEE 122 EMODE EQU @ CONTROL CHAR, TO SET KEYBOARD/DISPLAY MQOE
123 {2 KEY ROLLOVER, 8 CHARACTER LEFT EZNTRY}
ZPEY 124 MNSTR EQ{ RAMST + 256 - RMUSE ;START OF MOBITOR STACE
EELD 125 NODOT EQU ] INDICATOR FOR BO OQ1 IN DISPLAY

NUMBER OF COMMANDS
NUMBER OF REGISTER SAVE LOCATIONS

126 ;NOMC - DEFINED LATER
127 ;NOMRG - DEFINED LATER

BI%r S mr mh mE R E % R r ek own BATH S r A Rr mE e T e e ms ma ma ma e e

BRlp 128 PERID EQU 188 PERIOD FROM KEYBOARD
BAFS 129 PRMFT EQU @FBH PROMPT CHARACTER FUOR DISPLAY (DASH)
248 138 READ EQU 4194 CONTROL CHARACTER TO INDICATE IHFUT FROM
131 /KEYBOARD
88625 132 TIMHI EQU 25H QUTPUT PORT FPOR HIGH CRDER BYTE OF TIMER VALUE
Bg24 133 TIMLD EQU 24H QUTPUT PORT FOR LOW ORDER BYTE OF TIMER VALUE
ad4e 134 THODE EQU 4PH TIMER MOUE - SQUARE WAVE, AUTO RELODAD
egce 135 TSTRT EQO #C0H START TIMER
AYLE 136 UNMSK EQU 9EH DNMASE INPUT INTERRUFT
28cz 137 USRBR EQU RAMST + 256 - (RMUSE + SKLN + UBRLN) : START OF USER
138 : /BRANCH LOCATIONS
1349 IF 1-WAITS ;TIMER VALUE FOR SINGLE STEP IF KO WAIT STATE
Bals 144 TIMER EQu 197
141 ENRCIF
142 IF WAITS ;TIMER VALUE FOR SINGLE STER If ONE WAIT STATE INSERTED
143 TIMER EQU 237
144 ENDIF
145
146 :!‘t“itttlt‘Il"l"tlt‘ititl“ll'l‘!"llt.Q’ti“ii*ﬂltll’t!."i*"t"lltll’!tt‘
147 ;
148 ; MONITOR MACROS
149 ;
lsn ;iltitltllt-ltitttt*ll!lltilltl‘iitill‘tll!ll!ll!tl‘ittiltltl!ll!ll.ttﬁ‘
151 ;
152 TRUE MACRO WHERE ; BRANCH IF FUNCTION RETURNS TRUE
1513 JC WHERE
154 ENDM
135
156 FALSE MACRO WHERE + BRANCH IF FONCTIOR RETURNS FALSE
157 JRC WHERE
158 ENDM
159
168 ;
161 '.lll'l!tl!'litittillltt-l‘iitittltl.'l!lltllt‘iitllt'l’“lttlktititﬁilttll’
162 ;
163 ; %wu*% "RESET" KEY ENTRY POINT - COLD START
1G4 ; **88% o @ ENTRY BOINT
145 ;
Bhdd JEHR 166 HV] A,KMODE ; GET CONTROL CHARACTER
pegz 130819 187 STh CNTRL ;i SET KEYBOARD/DISPLAY MODE
BEHES CIFlHL 168 JMP CLDST ; GG FINISH COLD START
leY CLDBK: ¢ THEN JUMF BACK HERE
178 ;
171 ; =**** RST 1 ENTRY POINT - WARM START
172 ;
BHES 173 ORG 8
174 ; BEAVE REGISTERS
B85 22EFz0 175 SHLD LEAV : SAYE H & L REGISTERS
EddB El 176 POF H 7 GET USER PROGRAM COUNTER FROM TOP OF STACK
Q@dC 22F220 177 SHLD PSAV 7 /AND SAVE IT
BDEBF F5 174 PUSH 1
Bd1B El 119 POP H
B8ll 22epze 184 SHLD Fsav ;i SAYE FLIP/FLOPS & REGISTER &
Bel4 2ladde 18] LxI H.,B ; CLEAR H & L
eBl7y 39 la2 DAD 5P : GET USER STACK POINTER
2818 22F4q282 153 FHLD S535AV 7 /AND SAVE IT
é81p 21EDZ@ 1584 X1 H,BSAV+]l ; SET STACK POINTER FOR SAVING
AQ1E F% 185 SPHL 7 FREMAINING REGISTERS
#alfF Cs 184 PUSH :] ; SAVE B & ©
@828 DS 187 PUSH o) : EAVE D 8 E
B2l C33rde igg JHp RES10 7 LEAVE ROOM FOR VECTORED INTERRUPTS
198 ; *=**r TIMER INTERRUPT {TRAP} ENTRY POINT (RST 4.5%)
8a24 191 ORG 24H
#6824 C3078) 192 JHE STPZ5 ; BACK TO SINGLE STEP ROUTINE
133 ;
194 ; wwaw* poT 5 ENTRY POINT
19% ;

a2y 146 ORG 284
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LoC

@B2d

Bo2c
BoIC

aaip
839

agid
f@34

:LEL]
-TEL]

843C
943cC

BBIF
BR4B
#0042
8a45
aa47
pa4s

8849
aa4n
ag4p

AR 4E
ag4r
[ TEYS

Ba54
an57
#d5S
pdsB

A4SE
deel
eg63

2001
oReY

BdBA
LD
aRer
078
paz2
8875
BB78

8078
eR7c
aair

apav @

488l
dédd

gear
Ba8A

CLET:
pBac
2a4aD
ADBE
dasF
adsd

apsl

[€1°)

C3c2ed

ClaEd2

cics2a

c3ceza

CAcB2d

C3CE28

28
EGRF
J2F128
JEPE
el

F3

Pl
a7
DAFAB]

AF
LY
21A681

CoBvez
jEdl
Hepd
213R83

copiez
L2t
32FE29

Z1E%2¢
F&

21ee19
ELET
23
3J6FB
coevaz
ela489
217883

8E
CAB708
23

1
C27e98
C315482

217Ca3
ao

2%
a3
1E
23
66
6F

EY

SEQ

197
138
1%9
204
0l
282
283
284
285
285
2e7
288
289
218
211
212
213
214
215
216
217
2148
218
28
221
222
223
224
215
226
2217
228
229
218
221
32
233
234
235
236
237
238
239
244
241
242
241
244
245
246
247
248
2413
258
251
252
253
254
259
256
257
258
259
268
261
262
263
264
245
266
247
Fi:t
26%
278
271
272
273
274
275
278
217
278
7%
280
281
282
283
284
285
286
87
288
289
294
291
292
293
294
295

SOURCE STATEMENT

i
. kR
H

ok

AERAN

LER 2§

[

H LR LR L]

RES10:

[ S S

Flmr me m e e e we we ae

MMND :

Cupl8:

CMD15:

JIMP RSETH ; BRANCH TO RST 5 LUCATION IN RAM
INPUT INTERRUPT ENTRY POINT (RST 5.5)

ORG 2ca
JMEP ININT ; BRANCH TO INPUT INTERRUPT ROGUTINE

BST 6 ENTRY POINT

GRG k1L
JHP RSET6 ; BRANCH TO RST & LOCATION IN RAM

HARD WIRED USER INTERRUPT ENTRY POINT (RST 4.5]

ORG 34H
JIMP RST65 ; BRANCH TO RST 6.5 LOCATION I¥ RAM

RST 7 ENTRY POINT

GRG 3HH

JHE RSET? ; BRANCH TQ RST 7 LOCATION IN RAN
“YECTORED INTERRUPT" KEY ENTRY POINT (RST 7.5)

QRG 3CH

JMP USINT : BRANCH TQ USER INTERRUPT LOCATICON IHN RAM
: CONTINUE SAVING USER STATUS

RIM + GET USER INTERRUPT STATUS AND INTERRUPT MASK

AMI 4FH ; KEEP STATUS & MASY BITS

5TA 154V ; SAVE INTERRUPT STATUS & MASK

HVI A, UNMSK ; UNMASK INTERRUFTS FOR MONITOR USE

SIM

ol : INTERRUPTS DISABLED WHILE MOWITOR IS RUNHING
: {EXCEPT WHEN WAITING FOR INPFUT}

RIM : TTY OR KEYBOARD MOWITOR ?

RLC 3+ 1S TTY CONNECTED ?

Jc GO ; YES - BRANCH TO TTY MONITOR

NC - ENTER KEYBOARD MONITDR

e e e S TN TR RN I R A AR AS LA L L R AL AL DL L Ll

BEGINNING OF KEYBOARD MONITOR CODE

e e T T T 2 T e T PR S R RS R LA R L L N N L R LA R R L A bR

QUTPUT SIGN-OR MESSAGE

ERA A : ARG - USE ADDRESS FIELD OF DISPLAY

MVI B,NODOT ; ARG - WO DOT IW ADDRESS FIELD

LX1I H,S5GHNAD : ARG - GET ADDRES3 OF ADDRESS FLELD FORTICN OF
; /SIGHN~ON MESSAGE

CALL QUTPT ;1 OUTPUT SIGN-ON MESSAGE TO ADDRESS FIELD

MV A,DTFLD ; ARG - USE DATA FIELD OF DISPLAY
¥

MVI B, NODOT ARG « NO DOT IN DATA FILELD

LX1 H, SGNDT ARG - GET ADDRESS OF DATA FIELD PORTION OF
/SIGN-ON MESSAGE

CALL CGUTPT OUTFUT SIGN-OH MESSAGE TO DATA FIELD

MVI A EMPTY

STA IBUFF : SET INPUT BUFFER EMPTY FLAG

[ T 22 2 2 22 X A RS TS DR L AN RS LR AL AL A AL AR Al bl

FUNCTION: CMMND - COMMAND RECOGNIZER
INFUTE: HONE

CUTPUTS: NONE

CALLS: RDEBD,ERR,SUBST,EXAM,COCHD,SSTEP
DESTROYS: A,B,C.D.E.H,L,F/F'S

LXI H,MNSTK ; INITIALILE MONITOR STACK POINTER
SPHL
QUTPUT PROMPT CHARAZTER TCO DISPLAY

LXI H,CNTRL ; GET ADDRESS FOR CONTROL CHARACTER
M1 M, ADISE ; OQUTPUT CONTROL CHARACTER TC USE ADDRESS FIELD
DCR H ;s ADDRESS FOR QUTPUT CHARACTER
"yl M,PRMPT ; OQUTEUT PROMPT CHARACTER
CaLL RDEBD 7 READ KEYBUARD
LXI B,NUMC : COUNTER FOR NUMBER QF COMMANDS IN C
LX1 H,CMDTE ; GET ADDRESS OF COMMAND TABLE
CHE M ; RECOGNIZE THE COMMAND 2
JZ CHDLS 7 YES -~ GO PROCESS IT
INX f ;7 NO - NEXT COMMAND TABLE ENTRY
LR [ ; END OF TABLE 7
JNZ CMD1Q 1 RO - GO CHECK NEXT ENTRY
: YES - COMMAND DEKNOWN

JHP ERR : DISPLAY ERROR MESSAGE AND GET ANOTHER COMMARD
LX1 H,CMDAD ; GET ADGRESS OF COMMAND MADORESS TABLE
OCR o ; ADJUST COMMAND COUNTER

+ COUNTER ACTS AS POINTER TQ COMMAND ADDRESS TABLE
DAD B ; ADD POINTER TO TABLE ADDRESS TWICE BECAUSE
CAD B 1+ TABLE HAS 2 BYTE ENTRIES
MOV A : GET LOW ORDER BYTE OF COMMAND ADDRESS
INX H
MOV H,M ; GET HIGH ORDER BYTE OF COMMAND ADDRESS IN H
Hov L.,A ; PUT LOW ORDER BYTE IN L

; COMMAND ROUTIKE ADDRESS IS WOW IN H &£ L
PCHL : BRANCH TG ADDRESS IN H & L
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LOC

| LLF]
pasd
097

BEYA

209D
1LY
(1%
B#ad
B#AT7
13A9
SaAC
SBAE

agnl
8B4
#9B7

#9B3
#2BA
88BD
Q8BF
rece

A#CS
vace

BACH
PRCE
#8001
#803

QD6
eap9
DB
#8DE
PRES
#RE}
dRES
apes
Q2E9

PREC
BREE
apFl
der2
RiF4¢
RPAFT
POFA

Y¢FD
gles
8les
pi@s
2les
Blea

©1BD
alie
allz
8115
8117

oug

#6081
copyel
Co44R3

D21502

CDRIR3
coecez
7E
32rg24
#6811
CréBB3
a6l
Cozp@2

DlpBaé
CDFCB2
73

FELD
CAESR]
PEL]
C21582
CoAge2

CASDER
C3IEINL

chadp2
CDE7#2
FEl1®

CAEC@P

32FE20
Bed]
cop?el
9608
cozoe2
FE1®
C21582
EB
22P224

2608
coD7él
AF

p6A0

21A203
cop7a2
C3lBe3

coépaz
CDE?82
FELB
CAEY@1
FElL
Caz2691

32FE2®
860}
cop?al
d609
CO2pa2

SEU

296
297
98
299
ge
381
382
383
o4
385
g
7
kl:1-}
ELE]
31e
311
112
313
14
315+
316
317
14
319
iza
321
312
323
3124
325
3i6+
327
328
329
EEL)
31
332
333
3134
3135
316
337
338+
339
KLY )
a4l
342
343

318
379
ELT)
341
382
383
B4
385
3ge
387
338
389
ise
391
392
393
194
335

ASSEMBLER, X108 50KE3 FAGE 4

SOJRCE STATEMENT
:Qiltlltll!ltﬁlt‘il!tllll'il!llttt*lltll!l!iltﬁttltllltilkitttltlttl!itt
H
; COMMAND ROUTINES
;ll'.itﬁtt*llttltl'l'tllittﬁt'itltl!‘ltlt'll!lltl!‘tttitill’lll’lliltittiltl
¢ FUNCTION: EXAM - EXAMINE AND MODIFY REGISTERS
} INPUTS: NONE
7 QUTPUTS: NONE
t+ CALLS: CLERR,SETAG,ERR,RGHAM,RGLOC,UPDDT, GTHEX , NXTRG
; DESTROYS: A,E,C,.D.E,#i,L,F/F'S
EXAM:

MVI B,DOT i ARG - DOT IR ADDRESS FIELD OF DISPLAY

CALL CLEAR : CLEAR DISPLAY

CALL SETRG ¢+ GET REGISTER DESIGNATOR FROM KEYBOARD AND
+/SET REGISTER POINTER ACCORDINGLY
; WAS CHARACTER A REGISTER DESIGNATOR?

FALSE ERR 1 NO - DISPLAY ERRDOR M3G. AND TERMIKATE COMMAND

JNC ERR
EXM@5:

CALL RGNAM : QUTPUT REGISTER NAME TO ADDRESS FIELD

CALL RGLOC ¢ GET REGISTER SAVE LOCATION IN H & L

MOV L7 | ; GET REGISTER CONTENTS

STA CORDT ;i BTORE REGISTER CONTENTS AT CURRENT DATA

MVI B, DOT 5 ARG - DOT IN DATA FIELD

CALL UFODT 1 UPDATE DATA FPIELD OF DISPLAY

MV 8,DTFLD ; ARG - USE DATA FIELD OF DISPLAY

CALL GTHEX t GET HEX DBIGITS = WERE ANY DIGITS RECEIVED?

FALSE EXMiP 7 RO - DQ NOT UPDATE REGISTER CONTENTS

JNC EXmMlé "

CALL RGLOC : YES = GET REGISTER SAVE LOCATION IN H & L

MOV M. E 1 UPDATE REGISTER CONTENTS
EXM1d:

CPI PERIO ; WAS LAST CHARACTER A PERIOD 7

12 CLDIS #+ YES - CLEAR DISPLAY AND TERMINATE COMMAND

<Pl COMMA : WAS LAST CHARACTER ',*' ?

JNZ ERR ¢ N0 = DISPLAY ERROR MSG. AND TERMINATE COMMAND

CALL NXTRG 7 YES = ADVANCE REGISTER BQINTER TO

1/REXT REGISTER

i ANY MORE REGISTERS 7
TRUE ExmMBd5 # YES5 - CONTINUE PROCESSING WITH NEXT REGISTER
Je EXMBS
JHP CLDIS ; NO - CLEAR DISPLAY AND TERNINATE COMMAND

I
P L L L R L Rl L L s T T T T T e

H
t FUNCTION: GOCMD - EXECUTE USER PROGRAM

i INPUTS: NONE

i DUTPUTS: NONE

# CALLS: DISPC,RDKBD,CLEAR,GTHEX,ERR,OUTPT
: DESTROYS: A,B.C,D,E.H.L,F/F'S

JMP RSTOR RESTORE USER REGISTERS I[WCL. PROGRAM COUNTER

i/I1.E. BEGIN EXECUTION OF USER PROGHRAM

GUCHD:
CALL DISPC + DISPLAY USER PROGRAM COUNTER
CALL RDKBD ; READ FROM EKEYBOARD
CP1 PERIO ¢ I5 CHARACTER A PERIOD ?
JE Gl# ¢+ YES - GO EXECUTE THE COMMAND
i NO ~ ARG - CHARACTER I5 STILL IN A
STA IBUFF # REPLACE CHARRCTER IN INPUT BUFFER
MVI 8,00T 1 ARG - DOT IN ADDRESS FIELD
CALL CLEAR ; CLEAR DISPLAY
MVI B,ADFLD ; ARG - USE ADORESS FIELD
CALL GTHEX ;3 GET HEX DIGITS
CP1 PERIO ¢ WAS LAST CHARACTER A PERIOD ?
JNz ERR i NO - DISPLAY ERROR MSG. AND TERMINATE COMMAND
XCHG + PUT BEX VALUE FROM GTHEX TC H & L
SHLD PSAV t HEX VALUE IS NEW USER PC
GlB:
HVI B6,NODOT ; YES - ARG - MO DOT IN ADDRESS FIELD
CALL CLEAR 3 CLEAR DISPLAY
XRA L i ARG - USE ADDRESE FIELD OF DISPLAY
HYI B,NODOT ; ARG ~ NO DUT IN ADDRESS FIELD
LX1 ii,EXMSG ; GET ADDRESS OF EXECUTION MESSAGE IH H & L
CALL QuTPT : DISPLAY EXECUTION MESSAGE

tttﬂtttnttttatr't-tltiianttnt-tltit*nnrtn-ntttitinttltinrttttttwnttlti

FURCTION: SSTEF - SINGLE STEP (ENECUTE ONE USER INSTRUCTLON)
INPUTS: NONE

QUTPUTS: NONE

CALLS: DISPC,RDKSD,CLEAR,GTHEX, ERR

DESTROYS: A.B,C,D,E,H,L,E8/F'S

T P —

SETEP:
DISPLAY USER PROGRAM COUNTER
READ FROM KEYBOARD

CALL DISPC
CALL RDKBD

CPl PERIO i WAS CHARACTER A FERIOD 7

Jz CLDIS # YE3 - CLEAR DISPLAY AND TERMINATE COMMAND
CPI COMMA 7 WAS LAST CHARACTER ',* ?

Ji STPLR 7 YES = GO SET TIMER

F NO - CHARACTER FROM KEYBOARD WAS HEITHER PERIOD NOR COMMA

STA 18UFF i REPLACE THE CHARACTER IN THE INPUT BUFFER

L) E,DOT 7 ARG - DOT IN ADDRESS FIELD

CALL CLEAR ;7 CLEAR DISPLAY

LD B,ROFLD ; ARG - USE ADDRESS FIELD OF DISPLAY

CALL GTHEX i GET HEX DIGITS - WERE ANY DIGITS RECEIVED 7
FALSE ERR i BO - DISPLAY ERROR MSG. AND TERMINATE COMMAND
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LOC  0BJ SEQ SOURCE STATEMENT
gl1A D21582 196+ JNC ERR
#11D EB 397 XCHG ; HEX VALUE FROM GTHEX TO H & L
BLIE 22F22@ 398 SHLB PEAY ; HEX VALUE IS HEW USER PC
8121 FEl@ 393 CPI FERID ;7 WhS LAST CHARACTER FROM GTHEX A PERICD 7
8123 CAESBL jeg Jz CLDIS ; YES = CLEAR DISPLAY AND TERMINATE COMMAND
481 + NG - MUST HAVE BEEN A COMMA
482 STPIB:
0l26 3IAFl2e 483 LDA I1SAY : GET USER INTERRUPT MASK
9129 EbEB 484 ART BEH : KEEP INTERRUPT STATUS
9128 32FD22 425 STA TEME : SAVE USER INTERRUPT STATOS
Al12E 2RF228 406 LELD PSAV ; GET USER PC
4131 7E 487 MoV A M ; GET USER INSTRUCTION
Bl32 FEF3 485 CPL (DI} : DI INSTROUCTION 7
8134 C23p8l 409 I STP21 ;i NG
4137 AF 41@ LRA A ; YES = RESET USER IKTERRUPT STATUS
#1389 C4281 111 JNF STP22
412 5TF21:
Blip FEFB 413 CFL {ETI) + EI INSTRUCTION 7
BliL C24581 414 JNZ STPI3 1 NO
@l4B 3JEQD 415 MV A,88H # YES - SET USER INTERRUPT STATUS
416 STP22:
0L42 32FD28 417 STA TEMF 7 SAVE NEW USER INTERRUPT STATUS
41iB STP23:
Bi45 3EAR 4195 V1 A, {TIMER SHR &) QR TMODE ; HIGH ORDER BITS OF TIMER WALUE
420 ; JOR'ED WITH TIMER MOLDE
4147 D325 421 ooT TIMHI
9149 3ECS 422 MVI A,TIMER AND @FFH ; LOW ORDER BITS OF TIMER VALUE
d14B D324 423 ouT TIMLO
8140 3hFP28 424 LDA USCSR : GET USER IMAGE OF WHAT'S IN CSR
8158 FeCR 425 ORI TSTRT : SET TIMER COMMAND BITS TO START TIMER
8152 D3z 426 ouT CSR : START TIMER
9154 C31mR1] 427 JME RSTOR ;7 RESTORE USER REGISTERS
428
429 STPZI5: : BRANCH HERE WHEN TIMER INTERRUPTS AFTER
430 s /JONE USER INSTRUCTION
d157 F5 431 PUSH PSW : SAVE PSW
9158 3AFF2# 432 LDA USCSR : GET USER IMAGE OF WHAT'S IN CSR
8158 E&IF 433 ANI kY 3:) ; CLEAR Z HIGH ORDER BITS
4150 r&dR 434 ORI 488 7 SET TIMER STOF BIT
#15F DIz 435 ooT €S8R : STOF TIMER
#l61 Fi 436 POFP PSW ; RETRIEVE FSW
@162 21EF20 437 SHLD LSAV : SAVE H & L
9165 El 438 POP H : GET USER PROGRAM COUNTER FROM TOF OF STACK
8166 23F228 43% SHLD P3AV 1 SAVE USER PC
2169 PS5 (2] PUSH PSW
#16a El1 441 POP H
9168 22ED2d@ 442 SHLD FSAV 7 SAVE FLIP/FLOPS AND A REGISTER
A16E 21a808 443 LXI H,d + CLEAR H & L
#9171 15 444 DAD 5F ¢t GET USER STACK FOINTER
9172 21re2d 445 SHLD S5AV : SAVE USER STACK PCINTER
#175 21En248 446 LX1 H,BSAV+]1 t SET MONITOR STACK POINTER FOR
al7a r9 447 SPAL 1 /SAVING REMAINING USER REGISTERS
0179 C5 448 PUSH B t SAVE B & C
#17A DS 449 PUSH o] t SAVE D & E
4178 2d 458 RIM ¢ GET USER INTERRUPT MASK
#17C E6RY 451 ANI B7H t EEEP MASKE BITS
#17E 11PD2# 452 Lx1 H,TENMP ; GET USER INTERRUPT STATUS
#18) B6 453 ORA M 3 OR IT INTO MASK
#1832 32rl2e 454 STA 15AV 7 SAVE IRTERRUPT STATODS & MASK
#165 IESE 455 KVI A,UNMSK ; UNMASK INTERRUPTS FOR MONITOR USE
#187 ad 456 SIM
4188 CiFDA@ 457 JHE SSTEP ; GO GET READY FOR ANOTHER INSTRUCTION
:gg ;ll'!lltlltltlltttt*ltttt*ttOitﬂitﬂll!ll!ll’!lttlltltitt*it#tt'iltlltll!l
68 ;
461 ; FUNCTION: SUBST - SUBSTITUTE MEMORY
462 3 INPUTS: KONE
463 ; QUTPUTS: NONE
464 ; CALLS: CLEAR,GTHEX,UFDAD,UPDDT,ERR
465 ; DESTROYS: A,B,C,D,E,H.L,F/F'S
466
467 SUBST:
BIEE P6E] 464 MY B,DOT ; ARG ~ DOT IWN RDDRESS FLELD
818D CDDYOL 46% CALL CLEAR t CLEAR THE DISPLAY
a1%d8 o68R 478 NV B,ADFLD ; ARG - USE ADDRESS FIELD OF DISPLAY
41%2 CpZmaz 471 CALL GTHEX 7 GET HEX DIGITS ~ WERE ANY DIGITS RECEIVED?
472 FALSE ERR ;7 NC = DISPLAY ERRQR M3G. AND TERMINATE COMMAND
4195 D215€2 473+ JHC ERR
4158 EB 474 XCHG : ASSIGN HEX VALUE RETURNED BY GTHEX TO
R193% 12PBZD 475 SHLD CURAD : / CURRENT ADDRESS
476 SUBBS:
819¢ FE11 477 cel COMMA : WAS ',' THE LAST CHARACTER FROM KEYBOARDZ
B19E C2CFa1 478 JHNZ SUBl15 : BO - GO TERMINATE THE COMMAND
BlAl @688 479 MVI B, HODOT ; ARG - NO DOT IN ADDRESS FIELD
BlA3 COSF@3 488 CALL UPDAD : UPDATE ADDRESS FIELD OF DISPLAY
BlAE Z2AFH20 481 LHLD CURAD :+ GET CURRENT ADDRESS IN H & L
Plag 7E 482 MOV A :+ GET DATA BYTE POINTED TO BY CURAENT ADDRESS
OLAA J2FB2Z0 483 ETA CURDT : STORE DATA BYTE AT CURRENT DATA
BiAD 2681 484 MVL B, DOT : ARG - DOT IN DATA FIELD
ALlAF CD6BA3 485 CALL LuPDDT ;+ UPDATE DATA FIELD OF DISPLAY
B8lB2 2681 484 MYL B,DTFLD ; ARG - USE DATA FIELD
@1B4 CD2BB2 487 CALL GTHEX ; GET HEX DIGITS - WERE ANY HEX DIGITS RECEIVED?
BlBY F5 488 PUSH PowW : (SAVE LAST CHARACTER}
489 FALSE suple i NO - LEAVE DATA UNCHANGED AT CURRENT ADDRESS
A1RG D2C4R1 492+ JRC sUBle
d41EB ZAF628 491 LHLD CURAD + YES - GET CURRENT ADORESS IN H & L
9lBE 73 492 Moy M, E ; STORE NEW DATA AT CURRENT ADDRESS
453 ; MAKE SURE DATA WAS ACTUALLY STORED IN CASE
(LT ; /CURRENT ADDRESS IS IN ROM UR 15 NON-EXISTAN]

glBF 78 4535 MUY AE ; DATA TO A FOR CONPARISOW
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Loc

alce
21ch

¥1ce

aad

BE
c21s58z2

2AF629

41C7 23

aica
alce
BlCC

41CF
a1pl
8lp4

ai1p7?

0ips
8lca
21DE
é1E#
ale2
B1ES
818

#1E9
aiee
21EE

#1Fl
#1F3
11ré
alea
B1FA
91FD

8204
4203
8206
BIR7
22dA
p2ac
[ ¥114
8211
2214

22F628
Fl
ciscel

FE1B
calsez
C3Egel

AF

219483
coBIB2
JEdl

[ I1.]']
213A83
coe792
c9

(111}
coplel
CIE608

3ECC
3ipnl9
3E8D
p3ze
12PP28
Cidapa

2AP220
22F62%
TE
32FP828
#edl
CDS5Fg3
aepa
Co&Bd3
<9

5EQ

496
497
498
499
509
5@l
542
583
564
585
586
587
598
589
518
311
512
513
514
515
516
517
518
519
5i@
521
522
523
524
525
526
527
528
529
538
531
532
533
524
535
5316
537
534
539
549
541
542
543
S44
545
548
547

548
349
550
551
552
553
554
555
358
557
558
559
560
561
562
561
SE4
565
566
367
568
569
578
571
572
573
574
575
576
377
578
57%
Sae
5al
582
581
SE4
585
588
587
588
58%
5548
59l
582
533
594
595
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S0URCE STATEMENT

CMP M ; WAS DATA STORED CORRECTLY?

JNZ ERE ; RO - DISPLAY ERROR MS5G. AND TERMINATE COMMAND
SUB1#:

LHLD CURAD  : INCREMENT CURRENT ADDRESS

INX H

SHLD CURAD

BOQP FSW i RETRIEVE LAST CHARACTER

JMP suBRs H
SUB15;:

CPI FERIOQ ; WAS LAST CHARACTER *.' 7

JR2 ERR : NO — DISPLAY ERROR MSG. AND TEAMINATE COMMAND

JMP CLDIS ¢ YES - CLEAR DISPLAY AND TERMINATE COMMAND

LR A A A A R L L N Y Y X Y R R e R eI

UTILITY ROUTINES

b LA R AR L A Rl L Ll L L L R R N L S Y

FUNCTION: CLEAR - CLEAR THE DISPLAY
INPUTS: B - DOT FLAG - 1 MEANS PUT DOT IN ADDRESS FIELD OF DISELAY
- @ MEANS NO DOT

QUTPOTS: HONE

CALLS: JUTPT

DESTROY¥S: A.B,C,D,E,H,L,F/F*'S

DESCRIPTION: CLEAR SENDS BLANK CHARACTERS TO BOTH THE ADDRESS FIELD
AND THE DATA FIELD OF THE DISPLAY. IF THE DOT FLAG IS
SET THEN A DOT WILL AFPEAR AT THE RIGHT EDGE QF THE
ADDRESS FIELD.

RN W me M e M ks m o we we e

LEAR:
XRA A ; ARG - 0SE ADDRESS FIELD OF DISPLAY
:+ ARG - FLAG FPOR CGOT IN AGDR. FIELD IS IN B
LXI H,BLNES ; RRG - ADDRESS OF BLANKS FOR DISPLAY
CALL QUTPT i OUTPUT BLANRS TO ADDRESS FIELD
MY A,DIFLD ; ARG - USE DATA FIELD OF DISPLAY
MV B, NODOT ; ARG - NO DOT IN DATA FIELD
Lx1 A, BLRKS ; ARG - ADDRESS OF BLANKS FOR DISPLAY
CALL QUTRET : DUTPUT BLANKS TO DATA FIELD
RET 7 RETURN

LA L R T T Y S R R Rl L L L T T I Y oy

H

¢ FONCTION: CLDIS -~ CLEAR DISPLAY AND TERMINATE COMMAND

¢ INFUTS: NONE

; OUTPUTS: NONHE

# CALLS: CLEAR

; DESTROYS: A,B,C.D,E,H,L,F/F'S

1 DESCRIPTION: CLDIS IS JUMPED TO BY COMMAND ROUTINES WISHING TO
H TERMINATE NORMALLY. CLDI1S CLEARS THE DISPLAY AND
H BHRANCHES TO THE COMMAND RECOGNIZER.

C

LDIS:
MVI B,NODOT ; ARG - NQ DOT IN ADDRESS FIELD
CALL CLEAR 7+ CLEAR THE DISPLAY
JHP CHMND t GO GET ANOTHER COMMAND

¥
IAALLALL AL AL A AR LA LRl Ly Ry R g g iy

H

3 FUNCTIQN: CLDST = COLD START

) IRPUTS: NONE

: OUTPUTS: NONE

# CALLS: NOTHING

¢ DESTROYS: &

; DESCRIPTION: CLDST IS JUMPED TQ BY THE MAIN COLD START PROCEDURE,
¥ COMPLETES COLD START INITIALIZATION, ANP JUNPS BACK
i TQ THE MAIN COLD START PROCEDURE.

1

C

LDST:

MVI A KBNIT : GET CONTROL CHARACTER

STA CNTRL ¢ INITIALIZE KEYBOARD/DISPLAY BLANKING

L A,CSNIT ; INITIAL VALUE OF COMMAND STATUS REGISTER
ouT CS5R + INITIALIZE CSR

STA USCER t INITIALIZE (QSER CSR VALUE

JMP CLDBK 7 BACK TO MAIN PROCEDURE

H
AR AR LR LR S R AR L g

I

3 FUNCTION: DISPC - DISPLAY PROGRAM COUNTER

7 INPUTS: NONE

# OUTPUTS: HONE

#+ CALLS: UPDAD,UPDDT

7 DESTROYS: A,B,C,D,E,H,L,F/F'S

i DESCRIPTION: DISPC DISPLAYS THE USER PROGRAM COUNTER IN THE ALDDRESS
H FIELD OF THE DISPLAY, WITH A DOT AT THE RIGHT EDGE

H OF THE FIELD. THE BYTE OF DATA ADDRESSED 8Y THE PROGRAM
i COUNTER IS CISPLAYED 1N THE DATA FIELD OF THE DISELAY.

DISPC:
GET OSER PROGRAM COUNTER
MAKE IT THE CURRENT ADDRESS

LHLD PSAV
SHLD CUORAD

MOV AM # GET THE INSTRUCTION AT THAT ADDRESS
STa CORDT ; MAKE IT THE CURRENT DATA

L B, DOT ; ARG - DOT IN ADDRESS FIELD

CALL UPDAD : UPDATE ADDRESS FIELD OF QISPLAY

LA B,NODOT ; ARG - NO DOT IN DATA FIELD

CALL UPDDT 7 UPDATE DATA FIELD OF DISPLAY

RET

H
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LoC 0oBJ SEQ S0URCE STATEMENT
596 =*i“‘.‘..!‘.".*‘****'i*"**i‘ﬂ‘.t‘..*"“ﬁ“..*'."*“‘Qi"...-."""
597
598 ; FUNCTION: ERR - DISPLAY ERROR MESSAGE
599 ; INPUTS: NONE
689 : QOUTPUTS: NONE
48] ; CALLS: QUTPT
682 : DESTRO¥5: A,8,(,D,E,H,L,F/F*'S5
663 ; DESCRIPTION: ERH IS JUMPED TO BY COMMAND ROUTINES WISHING TO
6Ed4 ; TERMINATE BECAUSE OF AN ERROR.
&d3 ERR QOUTFUTS AN ERROR MESSAGE TO THE OISPLAY AND
ode BRANCHES TO THE COMMAND RECOGNIZER.
687
688 ERR:
B215 AF 689 ERA A ; ARG - USE ADDRESS FIELD
Bile PGHB 37 MV I B,NODOT ; ARG - WO DOT IN ADDRESS FIELD
9218 215E41 611 LXI H,ERMSG ; ARG - ADDRESS OF ERROR MESSAGE
4218 CDBJ@2 612 CALL QUTET ; OUTPUT ERROR MESSAGE TO ADDRESS FIELD
#21E 3EAL 6l3 MVI A,DTFLD ; ARG - USE DATA FIELD
gz2a ecap el4 Mv1 B, HODOT ; ARG - NG DOT IN DATA FIELD
B222 219Ad1 615 LXI H,BLNKS ; ARG - ADDRESS OF BLANKS FOR DISPLAY
8225 COBY@2 6le CALL QuUTET s+ QUTPUT BLANKS TO DATA FIELD
B228 Cleedd 617 JHF CMMND ; GO GET A NEW COMMAND
gig ;ititl’tittlttltntﬁittittittlltt’tlt!llittittilttl!tltl’tltttrtttit'itt
620
621 : PUNCTION: GTHEX - GET BEX DRIGITS
§22 1 INPUTS: B - DISPLAY FLAG = # MEARS USE ADDRESS FIELD OF DISPLAY
623 3 = 1 MEANS USE DATA FIELD OF DISPLAY
§24 ; DUTPUTS: A - LAST CHARACTER READ PROM KEYBOARD
625 ; DE - HEX CIGITS FROM KEYEOARD EVALUATED MODULD 2**lé
626 ; CARRY ~ SET IF AT LEAST ONE VALID HEX DIGIT WAS READ
627 ; - RESET OTHERWISE
628 : CALLS: RDKBD,INSDG,HXDSP,OUTPT
629 ; DESTROY¥S: A,B,C,D,E,H,L,F/F'S
638 ; DESCRIPTION: GTHEX ACCEPTS A STRING OF HEX DIGITS FROM THE KEYBOARD,
63} DISPLAYS THEM AS THEY ARE RECEIVED, AND RETURNS THEIR
632 ; VALUE AS A 16 BI'" INTEGER. IF MORE THAN 4 HEX DIGITS
833 : ARE RECEIVED, ONLY THE LAST 4 ARE USED. IF THE DISPLAY
634 : FLAG IS SET, THE LAST 2 HEX DIGITS ARE DISPLAYED IN THE
635 ; DATA FIELD OF THE DISPLAY. OTHERWISE, THE LAST 4 HEX
616 ; DIGITS ARE DISPLAYED IN THE ADDRESS FIELD OF THE
6137 ; DISPLAY. IN EITHER CASE, A DOT WILL BE DISPLAYED AT THE
638 ; RIGHTMOST ECGE OF THE FIELD. A CHARACTER WHICH IS NOT
629 ; A HEX DIGIT TERMINATES THE STRING AND IS RETURNED AS
640 ; AN OUTPUT OF THE FUNCTION. IF THE TERMINATOR IS NOT
64l A PERIOD OR A COMMA THEN ANY HEX DIGITS WHICH MAY HAVE
642 ; BEEN RECEIVED ARE CONSIDERED TO BE INVALIC. THE
643 : FUNCTIOR RETURNS A FLAG INDICATING WHETHER OR NOT ANY
644 ; YALID HEX DIGITS WERE RECEIVED.
645 ;
646 GTHEX:
#228 AEBD 647 MVI C.B : RESET HEX DIGIT FLAG
#220 C5 648 PUSH B ; SAVE DISFLAY AND HEX DIGIT PLAGS
B22E ll004R 649 LXI o,0 ;3 SET HEX VALUE TCQ IERO
8231 D3 658 PUSH [r] ; SAVE HEX VALUE
651 GTHRS:
8232 CDETE2 652 CALL ROKBD ; READ KEYBOARD
#235 FE1Q 653 CPI 184 ; 15 CHARACTER A HEX DIGIT?
#237 p25582 654 JNHC GTH28 ; NO - GO CHECK FOR TERMINATCR
655 ; ¥YES - ARG - NEW HEX DIGIT I5 IN A
82354 D1 656 POF #] ;1 ARG ~ RETRIEVE HEX VALUE
#2318 CD9FE2 657 CALL INSDG ; INSERT NEW DIGIT IN HEX VYALUE
#23E Cl 656 POP B : RETRIEVE DISPLAY FLAG
823F PER) 659 MVI C.l 4 SET HEX DIGIT FLAG
568 1/(1.E. A HEX OIGIT HAS BEEN READ}
@241 C5 §61 PUSH B ;1 SAVE DISPLAY ANWD HEX DIGIT FLAGS
#2422 D5 662 PUSH D ;i SAVE HEX VALUE
8241 78 661 MOV AR ; TEST DISPLAY FLAG
p244 OF 664 RRC : SHOULD ADDRESS FIELD OF DISPLAY BE USED ?
g245 D24982 665 JHC GTHL@® : YES - USE HEX VALUE AS I3
666 s NO = DNLY LOW ORDER BYTE OF HEX VALUE SHOULD
667 ; /BE USED POR DATA FIELD OF DISPLAY
g4 53 668 MOV 0,E 7 PUT LOW ORDER BYTE OF HEX VALUE IN D
669 GTH1d:1
678 t ARG - HEX VALUE TC BE EXPANDED IS IN D & E
249 Cp&Caz 671 CALL HXDSP t+ EXFAND HEX VALUE FOR DISPLAY
672 . : ARG - ADDRESS OF EXPANDED HEX VALUE IN H & L
azac 78 673 nov A,B : ARG - POT DISPLAY FLAG IN A
A24D £&4) 674 nvl B,DOT : ARG — DOT IN APPROPRIATE FIELD
924F CDBTEZ 615 CALL GUTPT ; ODUTPUT HEX VALUE TQ DISPLAY
@252 C33202 676 JHE GTHRS 7 GO GET NEXT CHBARACTER
677 GTHZB: ; LAST CHARACTER WAS NOT A HEX DIGIT
8255 Dl 678 FOB o + RETRIEVE HEX VALUE
8256 Cl 679 POE B ; RETRIEVE HEX DIGIT FLAG IN C
B257 FEl1l 111 ] £PL COMMA + WAS LAST CHARACTER ',* ?
9259 CA6TE2 6Bl J2 GTH25 : ¥YES - READY TO RETURN
B25C FEl1d 6§82 CFI PERIO ; NGO = WAS LAST CHARACTER *'.' 7
P25E CAG782 663 Jz GTH2E ; ¥YES - READY TO RETURN
684 # HQ - INVALID TERMINATOR - IGNORE ANY HEX CIGITS READ
8261 1lldd8@ 685 LXI o.0e ; SET HEX VALUE TO LERO
8264 CIP7P2 684 JMF RETF 1 RETURN FALSE
687 GTH25:
0267 47 G688 MOV B.A ;i SAVE LAST CHARACTER
#2686 79 68% MOV A,C 3 SHIFT HEX DIGIT FLAG TO
d4269 BF 699 REC 1 /CARRY BIT
d26A 76 691 HOV A,B  RESTORE LAST CHARACTER
a26B C9 692 RET + RETURN
693

H
694 ;nttniaatttlltttnttittattatatitittttt-tt-tttnttntt-ttnttnttnttnttnth-tt
H

635
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LoC

B26C
86D
BISE
d26F
242748
az71
9273
4276
9277
8278
827a
8278
B27c
8270
#27E
2427F
gz2ae
8281
3283
8284
B285
di86
82388
gz89
B28A
B280

BZHE
B2EF
8299
B293

8295
3296
A57
2239
p29C
829D
429E

B23F
BZa0
B2al
B2Aa¢
B2a3l
B2A4
4245
2246
d2A7

g

1A

13

4F

oF

daF
EGBF
21F92@
7

ThA
E68F

17
1B
aF

aF
aF
Et@F

7

ia
EGBF
23

17
21F32@
Cs

E3

F5
218819
Je4d

25

E&GIF
32FE28
Fl

El
<3

S5EQ

696
697
€94
699
108
781
182
783
b4
185
186
7e1
788
7as
Tl@
711
712
713
714
715
716
717
718
71%
Tig
72l
722
123
724
725
T8
727
728
129
739
731
7312
733
734
73%
736
737
7318
739
748
741
742
743
744
TAS
T4E
47
748
749
750
751
752
753
¥54
75%
756
157
758
759
168
761
T62
763
764
765
166
767
768
769
110
711
122
773
TN
715
776
177
178
719
1488
141
182
7483
784
185%
186
87
788
789
730
791
792
793
794
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SOORCE STATEMENT

FUNCTECON: HXDSP - EXPAND HEX DIGITS FOR DISPLAY

INPUTS: DE - 4 HEX DIGLTS

QUTPUTS: HL ~ ADDRESS OF OUTPUT BUFFER

CALLS: NOTHING

DESTROYS: A,H.L,F/F'S

DESCRIPTION: HXDSP EXPANDS EACH INFUT BYTE TO 2 BYTES IN A FORM
SUITABLE FOR DISPLAY BY THE QUTPUT ROUTINES. EACH INBUT
BYTE 15 DIVIDED INTO 2 HEX DIGITS. EACH HEX DIGIT IS
PLACED IN THE LOW ORDER 4 BITS OF A BYTE WHOSE HIGH
ORDER 4 BITS ARE SET TQO ZERC. THE RESULTING BYTE IS
STORED IN THE OUTPUT BUFFER. THE FUNCTION RETURNS THE
ADDRESS OF THE OQUTPUT BUFFER.

L -

B T T .

i
HXDSPz

MOV A,D :+ GET FIRST DATA BYTE

RRC . ¢ CONVERT 4 HIGH QRRER BITS

RRC § /TO A SINGLE CHARACTER

RRC

RRC

ANI 8Fd

LXI H,0BUFF ; GET ADDRESS OP OUTPUT BUFFER

MOV M A i STORE CHRRACTER IN OUTEUT BUFFER

MOV A.D ¢ GET FIRST DATA BYTE AND CONVERT 4 LOW ORDER
ARI BFH : /BITS TO A SINGLE CHARACTER

INX H + NEXT BUFFER POSITION

HOY M, A i STORE CHARACTER IN BUFFER

MOV A,E 7 GET SECOND DATA BYTE

RRC ; CONVERT 4 HIGH ORDER BITS

RRC i /TO A SINGLE CHARACTER

RRC

RRC

ANI ary

INX H 7 NEXT BUFFER POSITICN

MOV M.A ; STORE CHARACTER IN BUFPER

MOV AE i GET SECOND DATA BYTE AND CONVERT LOW ORDER
ANI oFH i /4 BITS TO A SINGLE CHARACTER

inx H ; NEXT BUFFER POSITION

MOV LY. 7 STORE CHARACTER IN BUFFER

LXI H,CBUFF ; RETURN ADRDRESS OF OUTPUT BHFFER IN H & L
RET

AR AR R AL AL Ll R T Y T Y Y R R R s IY

 FUNCTION: ININT - INPUT INTERRUPT PROCESSING

: INPUT3: NONE

: QUTPUTS: NONE

7 CALLS: WOTHING

7 DESTROYS: NOTHING

i DESCRIPTION: IWINT 15 ENTERED BY MEANS OF AN INTERRUPT VECTOR {IVIC)
H WHEN THE READ KEYBOARD ROUTINE IS WALITING FOR A

H CHARRCTER AND THE USER BAS PRESSED A KEY ON THE

H KEYBOARD (EXCEPT "RESET" OR "VECTORED INTERRUPT").

H ININT STORES THE INPUT CHARACTER IN THE INPUT BUFFER AND
H RETURNSE CONTROL TO THE READ KEYBOARD ROUTINE.

1

NINT:

POSH H ; BAVE H & L

PUSH PSW : SAVE F/F'S & REGISTER A

LX1 H,CNTRL : ADDRESS FOR CONTROL CHARACTER QUTPUT

HVI M,READ ; QUTPUT CONTROL CHARA(CTER FOR READING
+ /FROM REYBOARD

DCR H ;7 ADDRESS FOR CHARACTER INPUT

MOV AN ; READ A CHARACTER

ANI 3FH ; ZERQ 2 HIGH ORDER BLTS

5TA IBUFF ; STORE CHARACTER IN INPUT BUEFER

PoP FSW 7 RESTCRE F/F'S & REGISTER A

BOP R 7 RESTORE H & L

RET

bR L L AL R s Y Y R N YR A i i)

FUNCTION: INSDG - INSERT HEX DIGIT
INPOTS: A ~ HEX DIGIT TO BE INSERTED
DE - HEX VALDE

OUTPOTS: DE - HEX VWALUE WITH DIGIT INSERTED

CALLS: NOTHINKG

DESTROYS: A,F/F'S

DESCRIPTION: INSDG SHIPTS TRE CONTENTS OF [ & E LEFT 4 BITS
{1 HEX DIGIT) AND INSERTS THE HEX OIGIT IN A IN THE LOW
ORDER DIGIT POSITION OF THE RESULT. A IS ASSUMED TO
CONTAIN A SINGLE HEX DIGIT IN THE LOW ORDER 4 BITS AND
BERQS IN THE HIGH ORDER 4 BITS.

Bl R mr mE M e R M N N N ma oA e

z
Ll
o
(=]

BUT D & E INH & L

XCHG H
; SHIPT H & L LEFT 4 BITS

DAL
DAD
DAD
CAD
ADD
MOV
KCHG : PUT B & L BACK IN D s E
RET

: INSERT LOW ORDER DIGIT

CcCCOIxTIT T

LA LA AR LR ALYy N I Y Y Y S R R A I ]

INPUTS: HONE

; PUNCTION: NXTRG - ADVANCE REGISTER POINTER TO NEXT REGISTER
; OUTPOTS: CARRY - 1 IF POINTER I5 ADVANCED SUCCESSFULLY
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LOC 0OBJ

B2AR
B2ZAB
BZAD
@266
@28l
d2084

#2B7
4288
d2p8
228D

B2BF

B2C2
0204

42(6

Bacs
B2CA
a2ce
A2CE
aacr
azoa
azpl
a202
#2023

pipe @

2207
Ll

azpc
B20D
B2ER
82E1
A2E2
BZE3
A2E6

#2E7
82EA

#2EB
#1EC
#1EF
azre

#2F3
#2F5
B2F6

JAFD20
FERC
D2F7B2
ac
32FDZR
Cirapz

BF
DACZH2
pER4
JE9®

Cicedz

dEA2
3E94

32d819

21PE2#
iE

B7
ririez
e
C3E702

k117
]
<9

SEQ

795
796
797
7198
193
sie
-1}
1.3
ae3
a84
885
886
ad?
113
8@z
81@
11
g1z
B12
214
815
816
817
Bl8
8192
828
g2l
822
8223
a4
825
816
827
B28
829
638
831
832
CEE)
834
815
a3s
837
838
B39
844
841
842
843
g44
245
846
847
844
643
658
851
52
453
854
855
B56
857
as5e
a59
468
86l
B62
B63
864
B&5
B&6
867
868
469
978
a1
av2
473
a7a
875
B76
a7
478
879
gag
841
Baz
843
ag4
485
886
867
saa
B89
3]
891
as2
833
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SOURCE STATEMENT

- B OTHERWISE

CALLS: NOTHING

DESTROYS: A,F/F'S

DESCRIPTION: IF THE REGISTER POINTER POINTS TO THE LAST REGISTER IN
THE EXAMINE REGISTER SEQUENCE, THE POINTER IS HOT
CHANGED AND THE FUNCTION RETURNS FALSE. IF THE REGISTER
BOINTER DOES HOT PQINT TO THE LAST REGISTER THEN THE
POINTER 15 ADWANCED TO THE NEXT REGISTER IN THE SEQUENCE
AND THE FUNCTION RETURRS TRUE.

[ A

ATRG:
Loa RGPTR 7 GET REGISTER POINTER
CPI NUMRG-1 ; GOES POINTER POINT TC LAST REGISTER?
JRC RET¥ : YES - UMABLE TO ADVANCE POINTER - RETURN FALSE
1NR A ; WO - ADVANCE REGISTER FOINTER
ETA RGETR ; SAVE REGISTER POINTER
JHE RETT + RETURN TRUE

e 2 Y 2 L T R LR N R SR S S TR AL AL T S bl

: PUNCTION: GUTPT = QUTPUT CHARACTERS TO DISPLAY

: INPUTS: A - DISPLAY FLAG - # = USE ADDRESS FIELD

f 1 = USE DATA FIELD

: B - DOT FLAG - 1 = OUTEUT DOT AT RIGHT EDGE OF FIELD

: g = NO DOT

i HL - ADDRESS OF CHARACTERS TO BE QUTFUT

¢ CALLS: NOTHING

; DESTROYS: A,B,C,0L,E.H.L,F/F'S

; DESCRIPTION: OUTPT SENDS CHARACTERS TO THE DISPLAY. THE ADDRESS

: OF THE CHARACTERS IS RECEIVED AS AN ARGUMENT. EITHER

; 2 CHARACTERS ARE SENT TO THE DATA FIELD, OR 4 CHARACTERS
f ARE SENT TO THE ADDRESS FIELD, DEPENDING OW THE

: DISPLAY FLAG ARGUMENT. THE DOT FLAG ARGUMENT DETERMINES
f WHETHER OR NOT A DOT (DECIMAL POINT) WILL BE SENWT

i ALONG WITH THE LAST OUTPOT CHARRCTER.

0

UTPT:

RRC ; USE DATA FIELD 7
JC Qures : YES -~ GO SET UP TO USE DATA FIELD
MVI C,d ; RO - COUNT FCR ADDRESS FIELD
MVI A ADISF ; CONTROL CHARACTER FOR OUTPUT TO ADDRESS
; /PLELD OF DISPLAY
JIMP QnTld
QUTRS:
KV c.2 ; COUNT FOR DATA FIELD
MYl A,DDISP ; CONTROL CHARACTER FOR QUTPUT TO DATA FIELD
+ JOF DISPLAY
CUOTL1@:
STA CNTRL
QUT1S:
MOV AH : GET OQUTPUT CHARACTER
ACHG ; SAVE GUTPUT CHARARCTER ADDRESS IN D & E
LXI H,DSPTB ; GET DISPLAY FORMAT TAEBLE ADDRESS
ADD L : USE OUTPUT CHARAKCTER AS & POINTER TO
NOV L;A ; /DISPLAY FORMAT TABLE
MOV ALH ; GET DISPLAY FORMAT CHARACTER FROM TRSBLE
MOow H,C : TEST COUNTER WITHQUT CHANGING IT
DCR H : IS5 TAIS THE LAST CHARACTER ¥
JHI ouT2d ; HO - GO QUTPUT CHARACTER AS IS
DCR B t YES = IS DOT FLAG SET ?
JHE cur2e ; NO = GO OUTPUT CHARACTER AS 15
ORI DTHSE ; YES - OR IN MASKE TO UISPLAY DOT WITH
:+ /LAST CHARACTER
GUTZR:
CiHA : COMPLEMENT OUTPUT CRARACTER
STA DEPLY ) SEND CHARACTER TQ DISPLAY
ACHG ; RETRIEVE CUTPUT CHARACTER ADDRESS
INX H ; NEXT QUTPUT CHARACTER
LCR c : AHY MORE QUTPUT CHARACTERS 7
JHE oUTisS ; YES = (GO PROCESS ANOTHER CHARACTER
RET 7 NO - RETURN

T T T T T T T e T Y Y 2 L s e e et LT X RS SRS R R L R A R A L AR AL AL A0 ]

; FUNCTION: RDESBD -~ READ KEYROARD

: INPUTS: NONE

s OUTPUTS: A - CHARRCTER READ FROM KEYBOARQD

: CALLS: NOTHING

: DESTROY5: A,H,L,E8/F'S

; DESCRIPTION: RDKBD DETERMINES WHETHER OR NOT THERE IS A CHARRCTER IN
i THE INPUT BUFFER. IF MOQT, THE FUNCTION ENABLES

H INTERRUPTS AND LOOPS UNTIL THE INEUT INTERRUPT

H ROUTINE STORES A CHARACTER IN THE BUFFER. WHEN

H THE BUFFER CONTAINS A CHARACTER, THE FPUNCTION FLAGS
I THE BUFFER A5 EMPTY AND RETURNS THE CHARACTER

H

AS Q0TPUT.
ROEBD:
LXI H,IBUFF ; GET INPUT BUFFPER ADDRESS
Ll AM ; GET BUFFER CONTENTS
: HIGH ORDER BIT = 1 MEANS BUFFER IS EMPTY
QRA A ; I5 A CHARACTER AVAILABLE 7
JE ROEL# 1 YES - EXIT FROM LOOF
El1 s NO -~ READY FOR CHARACTER FROM KEYBOARD
JHE RDEBD
RDEL18:
LA M,EMPTY ; SET BUFFER EMPFTY FLRG
DI ; RETURN WITH INTERRUPTS DISABLED
RET
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LoC opJ

a2r7
P2F8
#2r3

B2FA
B2FB

B2FC
BIFF
B3ia}
8384
a3ps
a3de

LELY:]

aigs9
[ X] T
BI8E
LELTS
81l
8313

83l4
B#3ls
8117
831n

37
iF
<9

37
c9

2AFD24
2689
8lepel
a3

6E
2628

<3

2ZAFD24
2608
23

29
BlB983
9

AF
2590
cpbvaz
c9

3EQ

894
895
B96
897
a%8
a3y
a4
291
302
ELE]
984
985
986
907
283
9p9
916
911
912
913
904
915
916
917
918
919
928
92}
%22
423
924
925
926
827
928
929
938
231
432
433
934
935
93¢
937
934
939
FEL
94]
942
341
944
945
545
347
948
948
458
51
952
953
954
%55
8956
957
958
359
ELT]
961
962
961
964
365
366
967
968
969
EXL]
971
972
971
974
EXE]
976
977
974
979
988
981
382
983
984
985
%86
987
B8
89
398
991
932
993

SOURCE STATEMENT

¥

!'I'I'!titittil-ttill'tlttit*llt‘ltitiil‘tlt!tt.iltll!tttit*ll!tttitill!tl.

H

i FUNCTION: RETF - RETURN FALSE

t INPUT5: NONE

? QUTPUTS: CARRY = B {FALSE)

; CALLS: NOTHING

i DESTROYS: CARRY

i DESCRIPTION: RETF IS JUMPED TO BY FUNCTIONS WISHING TO RETURN FALSE.
H RETF RESETS CARRY TO & AND RETURNS TO THE CALLER OF

: THE ROUTINE INVOKING RETF.

7
R

ET#:
STC i SET CARRY TRUE
CHC : 'COMPLEMENT CARRY TO MAKE 1T FALSE
RET

ttttnttittnlliitinttttoititttlaii*nlttltaititttnttiaiitinttnttlltitiit

¥

I

i FUNCTION: RETT ~ RETURN TRUE

7 INPUTS: NONE

i OUTRUTS: CARRY = 1 (TRUE)

7 CALLS: ROTHING

; DESTROYS: CARRY

# DESCRIPTION: RETT IS JUMPED TO BY ROUTINES WISHING TO RETURN TRUE,
H RETT SETS CARRY TO 1 AND RETURNS TO THE CALLER OF

H THE ROUTINE INVOKING RETT.

E

STC i SET CARRY TRUE

tﬁtt!ltitt*itttlltttllttllit*‘llll’iit*‘ttlttltiit*‘ttttt-ti-tttttitt‘

INPUTS: HONE

CUTPUTS: HL - REGISTER SAVE LOCATION

CALLS: NOTHING

DESTROYS: B,C,H,L,F/F'S

BESCRIPTION: RGLOC RETURNS THE SAVE LOCATION OF THE REGISTER
INDICATED BY THE CURRENT REGISTER POINTER VALUE.

; FUNCTION: RGLOC - GET REGISTER SAVE LOCATION

GLOC:
LHLD EGPTR i GET REGISTER POINTER
MYI H.,@ t FINHE L
LXI B,RGTBL ; GET REGISTER SAVE LOCATION TABLE ADDRESS
DAD B : POINTER INDEXES TABLE
MoV LM ¢ GET LOW QRDER BYTE OF REGISTER SAVE LOC.

MV 8, {RAMST SHR 8) ; GET HIGH ORDER BYTE OFf
¢ /REGISTER SAVE LOCATION
RET

.iltill‘tlliltilttl‘tiitl!lltltﬁtttllli‘it*!l!t‘ttt*l!!ttitttl“titttl’

FUNCTIOR: RGNAM - DISPLAY REGISTER NAME

INPUTS: NONE

OUTPUTS: NONE

CALLS: OUTPT

DESTROYS: A,B.C,D,E,H,L,F/F'S

DESCAIPTION: RGNAM DISPLAYS, IN THE ADDRESS FIELD OF THE DISPLAY,
THE REGISTER NAME CCORRESPONDING TQO THE CURRENT
REGISTER POINTER VALUE.

| T

GRAM ¢
LHLD RGPTR ¢ GET REGISTER POINTER
MYI q,8
DAD H ; MULTIPLY POINTER VALUE BY 4
DAD H :/ (REGISTER NAME TABLE HAS 4 BYTE ENTRIES)
LI B,HMTEL ; GET ADDRESS OF START OF REGISTER NAME TABLE
DAD B i ARG - ADD TABLE ADDRESS TC POINTER - RESULT IS

t /ADDRESS OF APPROPHRIATE REGISTER NAME IN M & L
XRA A 7 ARG = USE ADDRESS FIELD OF DISPLAY
MVI B,NODDT ; ARG =~ NO DOQT IN ADDRESS FIELD
CALL QUTPT i DUTPUT REGISTER NAME TO ADDRESS FIELD
RET

l'!lltittlt!‘iuilitl!ltittlt-ll‘ilttlltitiltll!itilltl‘it'lltltb‘ttltti

PUNCTIOW: - RSTOR ~ RESTOR USER REGISTERS

INPUTS: NOKE

CUTPUTS: NONE

CALLS: NOTHING

DESTROYS: A,B,C,D,E,H,L,F/F'S

PESCRIPTION: RSTOR RESTORES ALL CPU REGISTERS, FLIP/FLCES,

INTERRUET STATUS, INTERRUPT MASK, STACK POINTER

AND PROGRAM CCUNTER FROM THEIR RESPECTIVE
SAVE LOCATIONS IN MEMORY. BY RESTORING THE PROGRAM
COUNTER, THE ROUTINE EFFECTIVELY TRANSFERS CONTROL ™
THE ADDRESS IN THE PROGRAM COUNTER SAVE LOCATION.

THE TIMING OF THIS ROUTINE IS CRITICAL TO THE
CORRECT OPERATION OF THE SINGLE STEF ROUTINE.

1P ANY MODIFICATION CHANGES THE MUMBER OF CPU
STATES NEEDED TQ EXECUTE THIS ROUTINE THEN THE
TIMER VALUE MUST BE ADJUSTED BY THE SAME HUMBER.

sries THIS IS ALSO THE ENTRY PCINT FOR THE TTY MONITOR
TO RESTORE REGISTERS.

Mo N Ne M TE NP O MM N oma mE ke A ma e mr e Am R

g
g
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LOC O0BJ

831B 3aFl28
B3LlE PGLB

p32e 39

9321 3aFlze
2324 EGRA
8326 Ca2003
9329 rB
A32h C33103

8320 37
#31E DI3183

#3131 21E9%28
2334 F9
@335 Dl
8336 C1
83317 F1
83318 2AF42P
e1ie P9
B33C 2ZAF224
d33F ES
#3448 2AEF2E
B343 C9

8144 CDET@2Z
9347 FELQ
2349 D2F7B2

B34C DEB3I

BI4E DAFTR2
B35l 4F
#352 wLER
8354 214CH3
9357 83
@35y 7€
2359 32rp2p
#35C C3iFae2

B35F 2aF628
Bpl62 EB
2363 CDéCw2
8366 AF

#8367 COB7E2
B36a €9

d26e JAPE28
BI6E 57
#36F CDBCEZ
#372 3JE0L

p374 CoBTR2

SEQ

994

995

996

297

998

999
ipod
1801
1082
1883
1884
1885
1886
1087
1948
104%
181p
JURRE
1412
1213
1814
1815
1816
1817
1818
1819
laz24
12l
1822
1823
1024
1825
19826
1827
ipza
1829
1838
1831
1832
1933
1834
1835
1836
1837
1838
1023%
1448
1241
12842
1843
Load
1845
1846
1847
1848
1845
1@58
1851
1952
1853
1854
1855
1856
1857
1858
185%
1869
1861
1862
1863
1264
1865
1866
1067
1058
1069
1479
1271
1872
1873
1874
1875
1876
18?7
1878
1879
1888
ips8l
1982
1943
1884
1885
1866
1887
1868
1p89
1894
1891
1892

ASSEMBLER, X104 SDKBS PAGE 11

SOURCE STATEMENT

LDA ISAV ; GET USER INTERRUPT HASK
ORI 16H 1 ENABLE SETTING OF IRTERRUPT MASE AND
t /RESET RST?.5 PLIP FLOP
SIM ; RESTORE USER INTERRUPT MASK
H RESTORE USER INTERRUPT STATUS
LDA ISAV 1 GET USER INTERRUPT MASK
AN1 #BH i SHOULD USER INTERRUPTS BE ENABLED 7
Jz RSRBS i NO ~ LEAVE INTERRUPTS LISARLED
El 3 YES - ENARELE INTERRUPTS FOR USER PROGRAM
JME RSR18
RERB5:
STC ; DUMNY IMSTRUCTIONS - WHEN SINGLE STEF ROUTINE
JNC RSR1I# i /I5 BEING USED, THE TIMER 15 RUNNING AND
¢ FEXECUTE TIME FOR THIS ROUTINE MUST KOT
: /VARY.
RSR1S:
LXI H,MNSTE ; SET MONITOR STACKE POINTER TO START OF STACK
SPHL : /JWHICH IS RLSC ENC OF REGISTER SAYE AREA
FOP 1] + RESTORE REGISTERS
POE ]
BOP P3wW
LdLb S55AV ; RESTORE USER STACK POINTER
S5PHL
LHLD PSAY
FUSH H : PUT USER PROGRAM COUNTER ON STACK
LHALD LEAV : RESTORE H & L REGISTERS
RET + JUMP TO USER PROGRAEM COUNTER

T s I T e e e T A LR L L R LR N AL L AR LA b Ak

¥

: FUNCTION: SETRG - SET REGISTER FOINTER

: INPUTS: HONE

; CUTPUTS: CARRY — SET IF CHARACTER FROM REYBOARD 15 A REGISTER DESIGNATOR
H RESET OTHERWISE

1 CALLS: RDKED

; LESTROYS: A,B,C,H.L,F/F'S

; DESCRIPTION: SETRG READS A CHARACTER FROM THE KEYBOARD. IF THE

H CHARACTER 15 A REGISTEKR OESIGNATOR, IT IS CONVERTED TQ

H THE CORRESPONDING REGISTER POINTER VALUE, THE PQINTER 15

H SAVED, AND THE FUNCTION RETURHE ‘TRUE'. OTHERWISE, THE

: FUNCTION RETURNS ‘'FALSE'.

s

ETRG:

CALL ROKBD REALD FROM KEYBUARD

H

Pl 16H ; IS CHARACTER A DIGIT?

JNC RETF : MO - RETURN FALSE - CHARACTER [5 NOT A
; /REGISTER DESIGHATOR

sulL 3 : YES - TRY TD CONVERT REGISTER DESIGNATOR TO
; / INDEX INTQ REGISTER POINTER TABLE
1 WAS CONVERSION SUCCESSFUL?

hls RETF ; NO - RETURN FALSE

ROV C,h ; INDEX TG B & C

MY1 8,4 ;

LXI H,RGPTE ; GET ADDRESS OF REGISTER POINTER TABLE

CAD B ; INDEX POINTS INTO TABLE

MOV AM ; GET REGISTER POINTER fROM TABLE

3TA RGPTR  ; SAVE REGISTER FOINTER

JIMP RETT ; RETURM TRUE

;iiititl’tl"ll*‘tiiitl!!l*‘tii.!ll’!lt*'ittl’"l*'ttitﬁii‘tl"ll*‘tttﬁ."tl
; FURCTION: UPDAD - UPDATE ADDRESS FIELD OF DISPLAY

; INPUTS: B - DOT FLRG - 1 MEANS PUT DOT AT RIGHT EDGE OF FIELD

H @ MEANS NO DOT

; OUTPUTS: NONE

; TALLS: BXDSP,QUTPT

: DESTROYS: A,B,C,D,E,H,L,F/F'S

; DESCRIPTION: UPDAD UPDATES THE ADDRESS FILELD OF THE DISPLAY USING
H THE CURRENT ADORESS.

o

FDAD:
LHLD CURAD
XCHG
CALL HXD5P

GET CURRENT ADDRESS

ARG = PUT CURRENT ADDRESS IN D & E

EXPAND CURRENT ADDRESS FUR DISPLAY

ARG - ADDRESS OF EXPANDED ADDRESS IS IN H & L
ARG - USE ADDRESS FIELD OF DISPLAY

ARG - DOT FLAG IS5 IN B

CUTFUT CURRENT ADDRESS TO ADDRESS FIELD

XRA Lt

CALL Q0TPT
RET

Rk A AR A AR AR A R R AR AT AR R P AR A N AR R F AT AN E N A A A A A

: FONCTION: UPDOT = UPDATE DATA FIELD OF DISPLAY
: INPUTS: B — DOT FLAG - 1 MEANS PUT DOT AT RIGHT EDGE OF FIELD
H @ MEANS NQ DOT
5 OUTPUTS: NONE

3 CALLS: HXDSP,0UTDT

1 DESTROYS: A,B.C,D.E,H,L,F/F'S
; DESCRIPTION: UPDDT UPDATES THE DATA FIELD OF THE DISPLAY USING
H THE CURRENT LATA BYTE.

Q.

PODT:
LDA CUORDT
MOV DA
CALL HXDEP

; GET CURRENT DATA

1+ ARG - PUT CORRENT DRTA IN D

; EXPAND CUSRENT DATA FOR DISPLAY
; ARG - ADDRESS OFf EXPANDED DATA 1S5 IN B & L
uv1 A,DTFLD ; ARG = USE DATA FIELD OF DISPLAY

: ARG — DOT PLAG IS IN B

¥

CALL OUTPT OUTPUT CURRENT DATA TO DATA FLELD
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LuC  GBJ

0377

8379
8179
237a
8378
pdad

aijc
437e
2360
8382

d@gad
#3164
8385
386
8387
B3a8
3085
a@05
@389
BIBA
038D
-1}
d4lac
438D
B4BA
B838E
PUEE
LELTS
a9ec
81948
ddén
8331
AB4E
B392
f88F
8393
déla
8354
#gll
d3us
28iz
2196
8al13
B357
2al4q
8398
@815
8299

B39A
B398
43s¢C
93%p
9I%E
LEETS
Blag
834l
432
8343
83A4
BIAS

B3A6
LETY)
LELE:]
a3A9
[LEEY Y
kY]

c9

EDBp
9281
8pdl
cedd

3
60
BS
(13
D6
D7
b

E7
76

(X
c?
X]
ES
97
17
&7
43
37
L1
Lk
8o

15
15
15

15
BE

14
8E
15
15
15

15
15
a8

B8
25

SEQ

1893
1894
1095
1096
1857

18%6
1899
1108
1181
11e2
1183
11e4
11es
1146
1187
1108
1189
1118
1111
1112
1113
1114
1115
1116
1117
1118
1119
1129
1121
1122
1123
1124
1125
1126
1127
1128
1129
1138
1131
1132
1133
1134
1135
1136
1137
1138
1139
1148
1141
1142
1143
1144
1145
1146
1147
1148
114%
1158
1151
L1152
1153
1154
1155
1156
1157
1158
115%
1168
1151
ll&2
1163
1164
1165
1146
1167
1168
1169
1178
1171

1172

1173

1174
1175

1176

1177
1178

SOURCE STATEMENT
RET
:*tt.‘ttttiititl!tttitil!lttttiitittl‘tllait‘-l!‘ttiﬁitt-l!tttiﬁitt‘t-l
MONITOR TABLES

L L R L L L L g L e Y

i

1

H

7 COMMANL TABLE
I COMMAND CHARACTERS AS RECEIVED FROM KEYBOARD
<

MDTB:
DB 124 1 GO COMMAND
OB 134 ; SUBSTITUTE MEMCRY COMMAND
DB 148 ;7 EXRMINE REGISTERS COMMAND
oe 158 # SINGLE STEF COMMAND

RUMC EQD §-CHMDTB ; WUMBER OF COMMAKNDS

A L i T T L L L LT T T Y rurprururare

¥

; COMMAND ROUTINE ADDRESS TABLE

i [MUST BE IN REVERSE ORDER OF COMMAND TABLE)

CMDAD:
DW SSTEP i ADDRESS OF SINGLE STEP ROUTINE
oW EXAM ; ADDRESS OF EXAMINE REGISTERS ROUTINE
DW SUBST # ADDRESS QF SUBSTITUTE MEMORY ROUTINE
oW GOCMD : ADDRESS OF G0 ROUTINE

)
P R L I L L R LR g R LT T T T ey

BSPTB: + TABLE FOR TRANSLATING CHARACTERS FOR QUTEBUT

7
H DISPLAY
H FORMAT CHARACTER
: ERETEEW EEERRRETER
i
ZERC EJU 5 - DSPTR
DB AF3H ;B
Da 6BH |
V121 PBSY i 2
B BEF4A 3
op [13: v o4
FIVE EQU $ - DspTR
LETRS EQU $ - DSPTB
DE d06H ;5 AND B
7)) anIH i 6
[+]-) 744 7 7
EIGHT EQU § - DSPTB
pal:] EF7H ; B M
DB 7EH ;9
LETRA EQU $ - DSPTB
oe T P A
LETRS EQU $ -~ DSPTB
] -3 ACTH ; B (LOWER CASE)
LETRC EQU $ - DSPTB
DB 931H : €
LETRD EQU $ -~ DESETB
+]: ] BESH :+ O (LOWER CASE)
LETRE EQD § - DSFTa
+]:1 978 } E
LETRF EQU $ - DSPTB
[+]:] 178 » F
LETRH  EQU § - DseTe
2]:] 87H ;I H
LETRL EQU $ -~ DSPTB
D 43y ;L
LETRP EQU § - DSPIB
DB 378 i B
LETRI EQU $ - DSPTR
[2):] 68H HI |
LETRR EQU § - DSPTB
op B5H : R (LOWER CASE)
BLANK EQU § - DSPTB
DB BOH i BLANK

b L T I N T N T L L L L T T Ty

# MESSAGES FOR QUTPUT TO DISPLAY
B

LNES: D3 BLANK,BLANK,BLANK,BLANK ; FOR ADDRESS OR DATA FIELD
ERMSG: DB BLANK,LETRE, LETRR,LETRR ; ERROR MESSAGE FOR ADDR. FIELD
EXM3G: DB LETRE,BLANK, BLANK ,BLANE ; EXECUTION MESSAGE

r /FOR ADDRESS FIELD
SGNAD: DB BLANK BLANK,EIGHT,ZERQ ; SIGN ON MESSAGE (AODR. FIELD}

SGNDT: D& EIGHT,FIVE + SIGN ON MESSAGE {DATA FIELD)

H
:tittinltlhaitittitttnﬂntnt-tltwtattnntntttltuttnttltantt‘ttttnt-tltit#
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LOC GRJ SEQ SOURCE STATEMENT

117%
1188 RGPTB: ; REGISTER POINTER TABLE
1161 ; THE ENTRIES IN THIS TABLE ARE IN THE SAME ORDER
1162 : AS THE REGISTER DESIGHATOR KEYS ON THE KEYBOARD.
1183 ; EACH ENTRY CONTAINS THE REGISTER POINTER VALUE WHICH
1184 : CORRESPONDS TO THE REGISTER DESIGNATOR. REGISTER
1185 : POINTER VALUES ARE USED TQ POINT INTOQ THE REGISTER
1186 ; MAME TABLE (KMTBL)} AND REGISTER SAVE LOCATION
1187 : TABLE {RGTSBL).
1188 ;

B3IAC P6 1169 o ] : INTERRUPT MASK

#3a0 93 11948 oe 9 ; 5PH

£3IAE BA 1191 ne 198 7 S5PL

#3AF BB 1192 oe 11 ; PCH

BiBe 8cC 1193 DB 12 ; PCL

#3sl #7 1194 : DB T ; B

#3B1 A8 1195 B a ; L

2383 8 1196 oB ] T A

13p4 #1 1197 1] 1 i B

g3B5 82 11986 DB 2 i C

LE]T N K] 1199 DB 3 H ]

4387 04 1z88 DB 4 + B

#2388 a5 1201 oa ]  FLAGS
1282 ;
12’3 ;.il"'.“l‘ﬁIl"ii"i'C‘l“I'l'ii‘ﬁit..!Il'l'ii‘.l'.il'ﬁ.*"‘.!’It“it.l’i't‘i“..'l
1284 ;
1285 NMTBL: 7 REGISTER NAME TABLE
1286 ; MAMES OF REGISTERS IN DISPLAY FORMAT

#3869 1% 1287 DB BLANK,BLANK,BLANK ,LETREA ; A REGISTER

#3BA 15

#3B8 15

23BC #r

#3BD 15 1248 DB BLANK ,BLANE,BLANE ,LETRR ; B REGISTER

93BE 15

@3BF 15

aica eB

43Cl 15 1289 DE BLANK ,BLANK,BLANK,LETRC ; C REGISTER

#3C2 15

P30 15

p3c4 AC

#3cs 15 1218 DB BLANE , ELANE,BLANE ,LETRD ; D REGISTER

#3C6 15

217 15

#ica eD

a3ics 15 1zll o]} BLANK,BLANK ,BLANK,LETRE ; E REGISTER

BicA 15

83ce 15

aicC BE

aico 15 1212 DB BLANK, BLANX , BLANK,LETRF ; FLAGS

#3CE 15

B3ICF 15

B308 9F

papl 15 1213 DB BLANE, BLANE ,BLANE ,LETRI ; INTERRUPT HASK

aipd 15

a3pd 15

dip4 11

#3D5 15 1214 DB BLANK,BLANK ,BLANK,LETRE ; H REGISTER

23ip& 15

@307 15

#306 1@

aips 15 1215 [r]:) BLANK ,BLANK,BLANK ,LETRL ; L REGISTER

43pa 15

dipB 15

p3pc 11

B3D0 15 1214 B SLAKK, LETRS, LETRP,LETRH ; STACK POINTER HIGH ORDER BYTE

BIDE 85

BILF 12

93Ed 11

d3El 15 1217 DB BLANK, LETRS, LETRPF,LETREL ; STACK POINTER LOW ORDER RYTE

#3E2 85

B3E} 12

#JE4 11

@3IE5 15 1218 DB ELAME,LETRP,LETRC, LETRA  ; FROGRAM COUNTER HIGH BYTE

#3€6 12

Yw3IET pC

B3EY 19

B3E% 1% 1219 oe BLAENK, LETRP,LETRC,LETRL ; PROGRAM COUNTER LOW BYTE

Y3IEA 12

@3ER BC

93EC 11
1229 :
1221 =il!"l|’llitiﬁﬁl’!-ltl**tt‘i‘ﬁltlll“*tiltlltlt*itii‘!lfﬁlt-ltllt‘tittiiﬁ‘
1222 ;
1223 ; REGISTER SAVE LOCATICON TABLE
1224 ; ADDRESSES OF SAVE LOCATIONS OF REGISTERS IN THE ORDER 1IN WHICH
}%gz : THE REGISTERS ARE DISPLAYED BY THE EXAMINE COMMAND

¥

1227 RGTBL:

93ED EE 1238 DB ASAY ANUD OFFH : & REGISTER

#3BE EC 1229 DB BSAV AKD @FFH ; B REGISTER

B3EF EB 1238 B C5AYV AND #FFH ;3 C REGISTER

BIF8 EA 1231 oe DSAV AND BFFA + D REGISTER

B3IF1 E% 1232 #h] ESAV AND BFFR + B REGISTER

83iF2 ED 1233 DB FSAV AND OFFH 7 FLAGS

81F3 Fl 1234 1) I1SAY AND OFFH ; INTERRUPT MASK

d3F4 F@ 1235 DB HSAY AKD GFFH ; H REGISTER

B3Fs EF 1236 +]:] LSAV AND @FFH : L REGISTER

B3F6 F5 1237 LB SPHSV AND BFFH ; STACK POQINTER HIGH ORDER BYTE

B3IFT P4 1238 De SPLSV AND BFFH ; STACK POINTER LOW ORDER BYTE

B3F4 FJ 1239 al:] PCHSY AND BFFH PROGRAM COUNTER HIGH ORDER BYTE
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LOC  OBJ SEQ SQURCE STATEMENT
23F9 F2 1248 OB PCLSV AND @FFH ; PROGRAM COUNTER LOW ORDER BYTE
dgep 1241 NUMRG EQY {$ - RGTHBL) : NUMBER OF ENTRIES IN
1242 : F/REGISTER SAVE LOCATION TABLE
1243
1244 ;-ltttt0tiaitiltt‘ltlt!ltittitﬂilltt-ititklltll!lttittititt!l!tliitittt

)
L R A L R T T N S e R A T T I I Ty

1246
1247 ; SDK-85 TTY MONITOR
ig:g :llllltiitwttll.‘t*llt‘ttlttttititt!tttitiititt‘ln‘ltitiitittltt‘ltltti
R I L
1251 ;
1252 ;
1253 y ABSTRACT
1254 } Wxmammmm
1255 ;
12536 ; TH1S PROGRAM WAS ADAPTED, WITH PEW CHANGES, FROM THE SDK-84 MONITOR.
1257 ; THIS PROGRAM RUNS ON THE 8985 BOARD AND IS DESIGNED TO PROVIDE
1258 ; THE USER WITH A MINIMAL MONITOR., BY USING THIS PROGRAM,
1259 ; THE USERX CAN EXAMINE AND CEANGE MEMORY OR GRU REGISTERS, LOAD
1268 ; A PROGRAM (IN ABSOLUTE HEX) INTO RAM, AND EXECUTE INSTRUCTIONS
1261 ; ALREADY IN MEMORY. THE MONITOR ALSO PROVIDES THE USER WITH
1262 ; ROUTINES FOR PERFURMING CONSOLE L[/0.
1263 ;
1264 ;
1265 ; PROGRAM ORGANIZATICN
1266 ; =mmmzws asasmsmzaazs
1267 ;
1268 ; THE LISTING IS ORGANIZED IN THE FOLLOWING WAY. FIRST THE COMMAND
126% ; RECOGNIZER, WHICH IS THE HIGHEST LEVEL ROUTINE IN THE PROGRAN.
1278 ; NEXT THE ROUTINES TO IMPLEMENT THE VARIOUS COMMANDS . FINALLY,
1271 : THE GUTILITY ROUTINES WHICH ACTUALLY DC THE DIRTY WORK. WITHIN
1272 1 EACH SECTION, THE ROUTIMES ARE ORGANIZED IN ALPHABETICAL
ig?S 7 ORDER, BY ENTRY POINT OF THE ROUTINME.
T4 ;
1275 ; MACROS USED IN THE TTY MONITCOR ARE DEFINED IR THE KEYBOARD MONITOR.
1276 ;
1277 ; LIST OP PUNCTIONS
12748 J SSAk mm mEgBEEmE=m
1279 ,
1280 ; GETCH
1281 ; ———
1282
1283 DCMD
1264 ; GCHMD
1285 ; ICHD
1286 ; MCHD
1387 ; SCND
1288 ; XCMD
1289 ; = ————-
1298
1281 ; CcI
1282 ; CNVBN
1293 ; co
1294 ; CROUT
1295 ; DELAY
12946 ; ECHO
1297 ; ERROR
12548 ; FRET
1299 ; GETCH
13@8 ; GETHX
13g1 ; GETHNN
1382 ; HILD
1381 ; NMCUT
1384 ; PRVAL
1385 ; REGDS
1306 ; RGADR
1317 : SRET
1388 ; STHF®
1349 ; STHLP
1319 ; VALDG
1311 ; YALDL
131z ; ————
1213 ;
13114 ;
130 g et e A AR AR A R R TN R Rk A A RN T AR NN h
1316 ;
1317 ;
1318 ; MONITOR EQUATES
1319 5
1324
1321 ;l"!l‘t.fi.'iﬁ'lt"ll'!l"itﬁi‘it*'l*'l‘tl‘.iﬁiltl*"liiit‘l!ltitttl*l
1322 ;
1323 ;
BolB 1324 BRCHR EQU 1BA CODE FOR BREAK CHARACTER {ESCAPE}
B7FA 1325 BRTAR EqQu B7FAH LOCATION COF START OF BRANCH TABLE IN ROM
BoaD 1326 CR EQU BOH CODE FOR CARRIAGE RETURN
gels 1327 €5C EQU 1EBH CODE FOR ESCAPE CHARACTER
HBeF 1328 HCHAR EQU 4FH MASE TO SELECT LOUWER HEX CHAR FROM BYTE
derF 132% INVRT EQU AFFH MASK TC INVERT HALF BYTE FLAG
HeaA 1332 LF EQU VY- CODE FOR LINE FEED
paRy 1331 LOWER EQu 1] DENGTES LOWER HALF OF BYTE IN ICMD

LENGTH OF SIGNON MESSAGE - DEFINEDR LATER
START OF MONITOR STACK - DEFINED IN

1332 ;LSGNON EQU —
1333 ;MNSTE EQU _—

1334 /KEYBOARD MONITOR
1335 ;NCMDS EQU - NUMBER OF VALID COMMANDS ~ DEFINED LATER
oder 1336 NEWLN EQU BFPH MASK FOR CHECKING MEMORY ADDR DISPLAY
BRTF 1337 PRTY® EQU a7Frd MASKE TQ CLEAR PARITY BIT FROM CONSOLE CHAR
1338 ;RANST EQU —-—— START ADDRESS OF RAM - DEFINED I

MR M W Ne hr ke o E Wk e mr o AR AR

KEYBOARD MONITCR
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LOC  OBJ SEQ SOURCE STATEMENT

1348 ;RTABS EQU S512E€ OF ENTRY IN RTAB TABLE

BBED 1341 SSTRT EQU BAH

: SHIFTED START BIT
pade 1342 STOPB ECQU 48H : STOP BIT
agca 1343 STRT EQU BCEH : UNSHIFTED 5TART BIT
agle 1344 TERM EQU 1BH ; CODE FOR ICMD TERMINATING CHARRCTER {ESCAPE]
GoFF 1345 UPPER EJU 8FFH : DENOTES UPPER HALF OF BYTE IN ICHMD
1346
1347 ;DELAY VALUES IF NO WAIT STATE
1344
1349 1F 1=-WAITS
d48C 1358 IBTINM EQU 1164 ;s INTER-B1T TIME DELAY
448c 1351 OBTIM EQU 1164 ;OUTPUT INTER-BLIT TIME DELRY
1234 1352 TIM4 EQU 46546 ;4 BIT TIME DELAY
B246 13592 WAIT EQU 582 :DELAY UNTIL READY TO SAMPLE BITS
1354 ENDLF
1355 ;
1356 ;DELAY VALUES IF ONE WAIT STATE
1357 ;
1358 IF WALTS
1359 IBTIM EQU 934 1 INTER-BIT DELAY
1368 OBTIM EQU 338 sOUTPUT INTER-SIT TIME DELAY
1361 TIM4 EQU azie ;4 BIT TIME DELAY
1362 WAIT EQU 465 JDELAY UNTLL READY TO SAMPLE BITS
1363 ENDIF
1364 ;
1365 ;
1366 :tQil!'tl'l'll*iillll'l**tii'll!'liit.il"‘l'il*iitﬁl!ll*it‘i‘!'lltttl‘
1367 ;
1368 ;
13169 RESTART ENTRY POINT
1378 ;
1371
13?2 ;tl‘l‘.‘l'ttttllll'tItiittll‘l!Iiiil-ll’tliﬂ.“l’*litii!lltltiiiﬁl!ll-
1173 ;
1374 ;
1375 3
13?6 ,ﬂll’!itl’ﬁi‘tl’!ll'iii.i“‘!ll*it“l!tliittlltlt‘t‘!llli*ii".!l
1327
1378
1379 ; PRINT SIGNON MESSAGE
1368 ;
1381 ;
1382 :l'III"it‘il’Il'l'iI‘*ii!ll'tii‘ittl!-Il'iit‘ll"l*ii‘ﬁl’!tl’l‘itfil!ll'-
1382 ;
1384 ;
1385 GO:
#IFA 218Ca7 1386 LXI H,SGHON ; GET ADDRESS OF SIGNON MESSAGE
#3FD BGl4 13187 MVL B, LSGNON s COUNTER FOR CHARACTERS IN MESSAGE
13188 MSGL:
#3FF 4E 1389 MOV C.M ; FETCH MEXT CHRR TO C REG
BABE CLCARS 1398 CALL co ; SEND IT TO THE CONSOLE
2483 23 1391 IRX H : POINT T} REXT CHARACTER
a4p4 B5 1392 DCR B : DECREMENT EYTE COUNTER
9485 C2FFR21 1393 JNZ MSGL : RETURN FOR NEKT CHARACTER
131934 ;
1395 :
1396 ;t’iitﬁl!’-l!lt*it‘ll!'l!ltii‘ﬁl’l’tltiilﬁltllﬁit‘ll!lttiitﬁltlltiltt
1397 ;
13398 ;
139% COMMEND RECOCGNIZING ROUTIKE
1480 ;
1481 ;
1"2 :tilll‘ii‘ilf‘ltll*it‘i“tlitﬁitltl!lll‘ittﬁllll*iilﬁl!tliiilllttlti
1491 ;
1404 ; FUNCTION: GETCH
1485 ; INPUTS: NOKE
1486 ; OUTPUTS: KONE
1487 ; CALLS: GETCH,ECHC,ERROR
1488 ; DESTROYS: A,B,C,H,L,F/F'S
148% ; DESCRIPTICON: GETCM RECEIVES AN INPUT CHARACTER FROM THE USER
1410 ; AND ATTEMPTS TGO LOCATE THLIS CHARACTER IN ITS COMMAND
1411 ; CHARACTER TABLE. IF SUCCESSFUL, THE ROUTINE
1412 ; CORRESPONDING TC THIS CHARACTER IS SELECTER FROM
1413 ; A TABLE OF COMMAND ROUTINE ADDRESSES, AND CONTROL
1414 ; I5 TRANSFERRED TO THIS ROUTINE. IF WHE CHRRACTER
1415 ¢ DOES NOT MATCH ANY ENTRIES, CONTROL IS PASSED TO
1416 ¢ THE ERROR HANDLER.
1417 ¢
1418 GETCM:
B408 21E920 1419 LX1 H.MNSTE ; ALWAYS WAHT TO RESET STACK PTR TO MONITOR
B4dE F39 1420 SFPHL ; /STARTING VALUE 50 ROUTINES NEEDH'T CLEAN UP
B48C QE2E 1421 MV [ : PROMPT CHARACTER TO C
O4RE CDFBB5 j422 CARLL ECHOQ ; SENC PROMPT CHARACTER TO USER TERMINAL
d4)1 C31404 1423 JME GTCa3 ; WANT TO LEAVE ROOM FOR RST BRANCH
1424 GTCH3:
B4l4 CDIFRE 1425 CALL GETCH : GET COMMARD CHBRACTER TO A
8417 COFgEs 1426 CALL ECHO : ECHO CHARACTER TQ USER
#41la 79 1427 MOV A C ; BUT COMMANE CHARACTER INTO ACCUMULATOR
B41B @Al06@P 1428 LXIL B,NCHMGS ; C CONTAINS LOOP AND INDEX COUNT
Q41E 21REBT 142% LXI H,CTABR  ; HL POINTS INTQ COMMAND TABLE
1438 GTCE5:
2411 Bk 1431 CHp M ; COMFARE TABLE Ew[RY AND CHARACTER
W42 ca2op4 1432 Jz GTCL@ 7 BRANCH IF EQUAL - COMMAND RECOGNIZEL
4425 23 1431 INX H ; ELSE, INCREMENT TABLE POINTER
wd2é6 @0 1434 DCR C ; DECREMENT LOQF COUNT
Y427 C2zlpd 1415 JHZ GTCBS ; BRANCH IF NOT AT TABLE EWD
p4ZA C3lles 1436 JHMF ERROR ; ELSE, COMMAND CHBRACTER IS ILLEGAL
1437 GICly:
B4zd 21AB07 1438 LXI H,CADR t IF GOOD COMMAND, LOAD ADDRESS OF TABLE
1439 + /OF COMMAND ROUTINE ADDRESSES
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LaC  ©BJ

L EY]
9431
8432
#4313
4434
435
4436

4437
3439
a43C
843D

243E
8441
0442
B445
Bd446

0449
Bl4B
B44E
dd4r
8452

455
3458

4453

845E
045F
A1)

9462
2465

8468

[T
B46E
B46F
8471
8474
a7y
0478
0479
B47A

8470
d47E
feap

2483

8486

839
B9
18
23
66
&F
E%

BER2
Co5BA4
Dl

E]

CDERES

£pc7ée

BE24
COFaps
7E
cocias
ChAgRE

DZ5EB4
CDEB@S

Cigse4

23
m
E&AF

Ci4984
Clieaq

CD2686

D27Dd4
1A
FE&D
C21186
21F228
71

23

8
Cl8394

Th
FE@D
C2llpé

clled

BER]

5EQ SOURCE STATEMENT

1448 DAD ] + ADD WHAT IS LEFT OF LOQP COUNT

1441 DAL B t ADD AGAIN - EACH ENTRY IN CADR IS 2 BYTES LONG
1442 MOV AM } GET LSP OF ADDRESS QF TABLE ENYTRY TO A
1443 INK H ; POINT ‘PO NEXT BYTE iN TABLE

1444 HOV H,K 7 GET M5F OF ADORESS OF TABLE ENTRY TO H
1445 MOV LA # PUT LSP OF ADDRESS OF TABLE ENTRY INTO L
1446 PCHL # NEXT INSTRUCTION COMES FROM COMMAND ROUTINE
Y447 ;

1444 :

14‘9 ‘.ltt‘ttl!tititttl!!ltititt!ttl’ttttlltlitititttltttt‘t*ittl‘tlitttlttl‘i
1459 ;

1451 ;

1452 ; COMMAND IMPLEMERTING RCUTINES

1453 ¢

1454 ;

1455 ;l!!l’ittiltlltﬂtitl‘!ltl‘tttitt‘lfﬁit‘lttt!litititttlt!ltit“*tlt!ltiti
1456 ;

1457

1458 ; FUNCTION: DCMD

1459 ; INPUTS: NOKE

1468 ; CUTPUTS: NONE

1461 ; CALLS: ECHO, NMOUT  HILO, GETCM, CROUT, GETNM

1462 ; DESTROYS: A,8,C,0,E,H,L,F/F'S

1463 ; DESCRIPTION: DCMD IMPLEMENTS THE DISPLAY MEMORY (D] COMMAND

14649 ;

1465 DCHD:

1466 MVI C,2 t+ GET 2 HUMBERS FROM INPUT STREAM

1467 CALL GETnM

1464 POF D + ENDING ADDRESS TO DE

146% POP H ; STARTING ADDRESS TO HL

1472 DCHMBS:

1471 CALL CRODT 7 ECHO CARRIAGE RETURN/LIKE FEED

1472 MOV A H t DISPLAY ADDRESS OF FIRST LOCATION IN LINE
1473 CALL NMOUT

1474 HOV AL : ADDRESS IS 2 BYTES LONG

1475 CALL NMOUT

1476 DCM1@:

1477 MVI C,'

1478 CALL ECHD 7 USE BLANK AS SEFARATOR

1479 MOV A,M + GET CONTENTS OF NEXT MEMORY LOCATION
1468 CALL NMCOUT ; DISPLAY CONTENTS

1481 CALL HILO ¢ SEE IF ADDRESS OF DISPLAYED LOCATION IS
1482 ; /GREATER THAN OR EQUAL TG ENDING ADDRESS
1483 FALSE DCHlS i IF ROT, MORE TO DISELAY

1484+ JNC DCMIS

1485 CALL CROUT 1 CARRIAGE RETURN/LINE FEED TO END LINE
1486 JMP GETCHM 3 ALL DONE

1487 DCM15:

1488 INX H i IF MORE TO GO, POINT TO NEKT LOC TO DISPLAY
148% MOV AL ¢ GET LOW QRDER BITS OF NEW ADDRESS

1498 ANI NEWLN ¢ SEE IF LAST HEX DIGIT OF ADDRESS DENOTES
1491 ¢ /START OF NEW LINE

1492 JNZ DCMIB 7 NO - NOT AT ERD OF LINE

1493 JMF DCMAS ;i ¥BS -~ START NEW LINE WITH ADDRESS

1484 ;

149% ;

1496 ;ti‘lt“iitilt-l"tlt‘l‘tlltltittll!-liti*wlt!l!"tit*‘lt!‘_tit'll'l!
1437 ;

1498 ;

1499 ; FUNCTION: GCHD

15082 ; INPUTS: NONE

1581 ; CUTPUTS: RONE

1582 ; CALLS: ERROR,GETHX,RSTTF

1583 ; DESTROYS: A,B,C,D,E,H,L,F/F'S

1584 ; DESCRIPTION: GUMD IMPLEMENTS THE BEGIN EXECUTION (C) COMMAND.
1585 ;

1586 GCMD:

1587 CALL GETHX : GET ADDRESS (IF PRESENT) FROM INPUT STREAM
1388 FALSE GUMBS : BRANCH IF NOQ NUMBER PRESENT

1549+ JRC GCHMBS

1514 MOV A,D + ELSE, GET TERMINATOR

1511 CPl CR t+ SEE IF CARRIAGE RETURN

1512 INZ ERROR ; ERROR IF NOT PROPERLY TERMINATED

1513 LX] H,PSAV ; WANT NUMBER TO REFPLACE SAVE PGM COUNTER
1514 MOV M,C

1515 Inx ]

1516 MOV M,B

1517 Jup GCMiIB

1518 GCHMB5:

1519 Moy A,D : IF NO STARTING ADDRESS, MAKE SURE THAT
152 CPI CR ; JCARRIAGE RETURN TERMINATED COMMAND

1521 JNZ ERROR : ERROR IFP WOT

1522 GCMle:

1523 pLiy RSTOR t RESTORE REGISTERS AND BEGIN EXECUTION
1524 ;3 (RSTOR IS IN KEYOOARD MONITOR)

1525 ;

15246 ;

152? ;t'llttt.ittltllttiﬂit'll!llttltitilttlttitittt-ltittll‘ttinttlltl
1528 ;

1529 ;

153@ ; FUNCTION: ICMD

1531 ; INPUTS: NONE

1532 ; QUTPUTS: WONE

1533 ; CALLS: ERROH,ECHO,GETCH,VALDL,UALDG.CNVBN,STHLF,GETNH.CROUT

1534 ; DESTROYS: A,B,C,0,E,H,L,F/F'S

15315 ; DESCRIPTION: ICMD IMPLEMENTS THE INSERT CODE INTO MEMORY (I} COMMAND.
1536

1537 1CHMD:

i538 MV [ |
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LoC  oBJ

Bige
@44B
848D
aise

8451
3494
B495
b498
8459
a4%B
B45E

S4hl
[ LR ]

R4AT
Q4AA
B4AD
adaz
ddpl
#4p4
p4BS
p4BB

A4RY9
LL1: ]
BABE

B4Cl
adc4

#4C7
BACA
B4cCh

a400
4402
4405
B4D6
B4D7?

e408
9409
f40A

84DB
a4pC
a4apD
d4DE
P40F
B4ER
A4EL
B4E2
G4ES
#4E6
P4ET

BAEM
BAED

B4F9
24F3
BaF4

B4F5
aiF6
d4F8
#H4FB
B4FD

e5e90
asel
ase4
2585
B8589

Ch5B@6
JEFF
32PD2B
Dl

CoplPRs
4F
CDPEBS
%
FE1B
CAC784
cn7387

DA3184
CD5E@?

DzCle4
CLBBRS
L1
CDIFB7?
3AFD249
a7
Cip9ed
12

EEFF
32FD28
ci%184

CD3487
C311@é

Cpl4e7
CDERES
Cloap4

Dieapd
cipag4

CDZ6B6
<5
El

5
FE2E
CAER05
FEIC
ciosp4e

1E
copCida
BE2D
CDF885
co2606

SEQ

1539
1548
1541
1542
1543
1544
1545
1546
1547
15448
1549
1558
1551
1552+
1553
1554
1555+
1556
1557
1558
1559
1568
1561
1562
1561
1564
1565
1566
1567
1568
1569
1578
1571
1372
1573
1574
1575
1576
1577
1578
1579
1588
1581
1582
1583
1584
1585
1586
1587
1588
158%
1598
1591
1532
1553
1594
1595

1596
1597
1598
1589
1604
1681
1682
1643
1684
1685
1606
1687
1608+
1689
16i8
1611
1612
1613
1614
1615
1616
1617
1618
1619
16248
1621
1622
1623
1624
1625
1626
1627
1628
1629
1638
1631
i632
1633
1634
16235
1636
1637

SOURCE STATEMENT

CAL" GETHM + GET SINGLE NUMBER FROM INFUT STREAM

MY I A,UPFER

STA TEME : TEMP WILL HOLD THE UPPER/LOWER HALF BYTE FLAG

PCP o ; ADDRESS OF START TO DE
ICMA5:

CALL GETCH ; GET A CHARACTER FROM INPUT STREAM

MO C,A

CALL ECHO :+ ECHO IT

MOV A,C : PUT CHARACTER BACK INTQ A

CPI TERM :+ SEE IF CHARACTER 15 A TERMINATING CHARACTER

J2 ICH25 ; IF 50, ALL DONE ENTERING CHARACTERS

CALL VALDL ; ELSE, SEE IF VALID DELIMITER

TRUE ICMES ¢ IF 50 SIMPLY IGNORE THIS CHARACTER

JC ICMRS

CALL VALDG t+ ELSE, CHECK TOQ SEE IF VALID HEX DIGIT

FALSE ICM28 ; LF NOT, BRANCH TO HANDLE ERROR CONDITION

JNC ICM28

CALL CHVEN ; CONVERT DIGIT TO BINARY

MOV C:h ; MOVE RESULT TC C

CALL STHLF ; STORE IN APPROPRIATE HALF WORD

LDA TEMP ; GET HALF BYTE FLAG

ORA A : SET F/P'S

JNZ ICMle : BRANCH IF FLAG SET FOR UPPER

INX D : IF LOWER, INC ADDRESS OF BYTE TO STORE IN
ICMla:

ARI INVRT ; TOGGLE STATE OF FLAG

5TA TEMP : PUT NEW VALUE OF FLAG BACK

JHP ICHES 7 PROCESS NEXT DIGIT
ICHZP:

CALL STHF@ : ILLEGAL CHARARCTER

JMP ERROR : MAKE SURE ENTIRE BYTE FILLED THEN ERAQR
ICM25:

CALL STHFB ; HERE FOR ESCAPE CHARACTER - INFUT IS DONE
CALL CROOT ADD CARRIAGE RETURN
JMF GETCM

A RA KA E AR AR AR AR AR AR T AN R Rk Ak R A NP AR R AN AR bR AR

H

; FUNCTION: MCMD

t INPUTS: NONE

1 OUTPUTS: NONE

+ CALLS: GETCM,HILC,GETHM

: DESTROYS: &,B,C,D,E,H,L,F/F'S

; DESCRIPTION: MCMD IMPLEMENTS THE MOVE DATA IN MEMORY (M) COMMAND.
"

CALL HILO
FALSE GETCM
JNC GETCHM
JHP HCMBS

S5EE IF ENDING ADDR>=SQURCE ADDR
IF NOT, COMMAND IS5 DOKNE

CMD:
MWL <,
CALL GETNM ; GET 3 NUMBERS FROM IKPUT STREAM
POP B : DESTINATION ADDRESS TO BC
POF H ; ENDING ADDRESS TO HL
FOP D ; STARTING ADDRESS TO DE
MCMBS:
POSH H ; SAVE ENDING ADDRESS
MOW H,D
MOV L.E : SOURCE ADDRESS TO HL
NOV AM ; GET SOURCE BYTE
MOV H:B
MOV L,C ; DESTINATION ADDRESS TO HbL
MOV M, A + MOVE BYTE TO DESTINATION
INA -] ; IMCREMENT DESTIKATION ADDRESS
MoV A,B
QRA c ; TEST FOR DESTINATION ADDRESS OVERFLOW
Jz GETCM 1 1F 50, CAN TERMINATE COMMAND
INX [ i INCREMENT SOURCE ADDRESS
PoP H : ELSE, GET BACK EWDING ADDRESS
H

MOYE BNOTHER BYTE

H

H
;itttttttnnttiwatt-ttnntntaﬁtttlt-ttwtattnntiittlttna*itt'ttitttwni

o

FUNCTION: SCMD

: INPUTS: NONE
; QUTPUTS: NONE
: CALLS: GETHX,GETCM,NMOUT,ECHO
; DESTRO¥S5: A,8,(,0,E.H,L,F/F'S
; DESCRIPTION: SCMD IMPLEMENTS THE SUBSTITUTE INTQ MEMORY (5) COMMAND.
I
SCHMD:
CALL GETHX ; GET A NUMBER, IF PREBENT, FROM INPUT
PUSH B
POP H ;1 GET NUMBER TO HL ~ DENQTES MEMOURY LOCATION
SCMBO:
MOV AL + GET TERMINATOR
CPI ' : SEE If SFACE
Jz SCM1e : YES - CONTINUE EBROCESSING
CPL Lt ; ELSE, SEE IF COMMa
JNE GETCM 1 NO - TERMINATE COMMAND
SCM18:
Moy AM : GET CONTENTS OF SPECIFIED LOCATION TG A
CALL NMOUT : DISPLAY CONTENTS ON CONSOLE
MVl c,'='

CALL ECHO USE DASH FOR SEPARATOR
CALL GETHX : GET NEW VALUE FOR MEMORY LOCATION, IF ANY
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LOC  QBJ

4580
asaF

B5ld
8511

8514
8517
8518
eslp
831C
831E
8521
BS24

8527
8528
B5dB
BSIC
4520
452F
8332
8533

8536
4539
a53p
453
8549

P543
8544
#8545
25439
B548

DSHE
B5AFP
8558
#552
4553
#8554
B55S
BS54
8557
2554
8559
855¢C
8550
#55E
#55F
8562
0563
0564

8567
A569
B56C

056P
572
#4573
8576
a577
8578
8579
R57C
B570

857

B57F
B5a2
#5831
4564

9587
588
B58B
#58C
458D

DZ1885
71l

23
ClFape

ChlFas
4F
CDFEdS
79
FE@D
C227¢5
CDEAZSE
Cigsaq

28028

JAPDZR
FEZD
CA43B5
FE2C
Czaad4

7E
B?
L24EQ%
CDEBRAS
C3d804

BEZD

CDFE@5

cD2606

DzZB785
TA
3ZFD2B
el
El
B?
CATERS
8
28

71

1ipige
£i
19
C33685

78
12FD2PB
Dl
ol
C37FR5

SEQ

1638
1639+
le4p
1641
le42
1643
1644
1645
1646
1647
1648
1649
1658
1651
1652
1653
1654
16355
1656
1657
lasé
1659
labi
1661
1662
1663
164
1665
16686
1667
lE6A
1469
1670
1671
1672
1873
lev4
1475
1676
1677
1678
167%
1688
1681
1682
1683
1684
1685
1686
1687
1688
14689
1658
1631
1692
1693
1694
1655
la%6
1697
1696
i699
1788
178l
17432
1781
1784
1785

1786
1787
1788
17d%
1718
1711+
1712
1713
1714
171%
1716
L717
1718
171%
17z
1721
1722
1723
1724
172%
1726
liz27
1728
1229
1738
1731
1732
1733
1734

FALSE
JHC
Mov
SCMLS:
INX
JME
r
H
; FUNCTION: XCMD
; INPUTS: NONE
OUTPUTS: NONE

B maomaome v e

CHMD:

ACHES :

KCHl@:

XCM15:

XCM18:

KCM2P:

NCM25:

KCM27:

XCM3g:

SQURCE STATEMENT

CALL
MOV
CALL
MOV
CPI
JNZ
CALL
JHE

MOV
CALL
PUSH
POP
MVI
CaLL
MOy
5TA

LDA
CPI

CPL
JINZ

HOY
ORA
JHE
CALL
JHP

PUSH
MOY
MV
INX
MOV
PUSH
POSH
FOP
FUSH
HOV
CALL
POF
POSH

Ji
ocx
MOV
CALL

MV
CALL
CALL
FALSE
JNC
HOV
STA
BOP
POP

Jg
MOV
DCX

MOV
LXI

DAD
JHE

MOV
STA
POP
POP
JME

BCM15
SCM15
M, C

H
SCME5

GETCH
C,A
ECHO
A, C
CR
XCMB5
REGDS
GETCM

C,a
RGADR
B

H

c,' !
ECHO
A, C
TEMP

oo EmIdmT
x

n,B

M,C
O, RTABS
H

D
XCMld

A,D
TEMP
o

1]
ACM27

SDKEBS FAGE 18

IP NO VALUE PRESENT, BRANCH
ELSE, STORE LOWER 8 BITS OF NUMBER ENTERED

INCREMENT ADDRESS QF MEMORY LOCATION TO VIER

LAl g g R R R R R R R Ry A I

CALLS ¢ GETCH,ECHO,REGDS,GETCM,ERROR,RGADR,NMOUT,CROUT,GETHK

DESTROYS: A,B,C,D,E,H,L,F/F'S

DESCRIPTION: XCHMD IMPLEMENTS THE REGISTER EXAMINE AND CHANGE (%)
COMMAND,

. GET REGISTER IDENTIFIER

ECEO IT

BRANCH IF NOT CARRIAGE RETURNW
ELSE, DISPLAY REGISTER CONTENTS
THEN TERMINATE COMMAND

GET REGISTEA IDENTIFIER T0 C
COMVERT IDENTIFIER INTO RTAB TABLE ADDR

PUT POINTER TC REGISTER ENTRY INTO HL
ECHO SPACE TO USER
PUT SPACE INTO TEMP AS OELIMITER

GET TERMINATOR

SEE IF A BLANE

YEZ - GO CHECK POINTER INTO TABLE

NO - SEE IF COMMA

NOQ -~ MUST BE CARRIAGE RETURN TC END COMMAND

SET F/F'S

BRANCH IF NOT AT END OF TABLE

ELSE, OUTPUT CARRIAGE RETURN LINE FEEO
AND EXIT

PUT POINTER ON STACK

SHR 8 + ADDRESS OF SAVE LOCATION FROM TABLE

L

e

e e mE e Mg

FETCH LENGTH FLAG FROM TABLE
SAVE ADDRESS OF SAVE LOCATION

MOVE ADGRESS TO HL

SAVE LENGTH FLAG

GET & BITS OF REGISTER FROM SAVE LOCATION
DISPLAY IT

GET BACK LENGTH FLAG

SAVE IT AGAIN

SET F/P'S

IF 8 BIT REGISTER, NUTHING MORE TG DISPLAY
ELSE, FOR 16 BIT REGISTER, GET LOWER B BITS

DISPLAY THEM

USE DASH AS SEPARATOR
SEE IF THERE 1S A VALUE TO PUT INTO REGISTER
WO - GO CHECE FOR NEXT REGISTER

ELSE, SAVE THE TERMINATOR FOR NOW

GET BACK LENGTH FLAG

PUT ADDRESS OF SAVE LOCATION INTC HEL
SET P/F'S

IF & BIT REGISTER, BRANCH

SAVE UPPER 8 BITS

POINT TO SAVE LOCATION FOR LOWER 3 BITS

STORE ALL OF 8 BIT OR LOWER 1/2 OF 16 BIT REG

SIZE OF ENTRY IN RTAB TABLE
POINTER INTG REGISTER TABLE RTAB
ADD ENTRY SIZE TC POINTER

DO NEXT REGISTER

GET TERMINATOR

SAVE IN MEMORY

CLEAR STACK OF LENGTH FLAG AND ADDRESS
JOF SAVE LOCATION

GO INCREMENT REGISTER TABLE POINTER
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LOoC OBJ 5EQ SOURCE STATEMENT
1?35 :‘l*iit‘ll’tlttil!lt*i‘il!tll“tttl!!-t*iltltiilt-tlii‘ﬁllt‘ttﬁltttt
1736 ;
1737
1738 ; UTILITY ROUTIHES
173%
1740 ;
1?‘1 :‘l'tltt‘ltlitﬁl!’lttiifﬁl!lltitttl!lltitltlliilttl*iiitllt‘ltﬁltlti
1742
1743
1744 ; PUNCTION: CI
1745 ; INFUTS: NONE
1746 ; OUTPUTS: A - CHARACTER FROM TTY
1747 : CALLS: DELAY
1748 ; DESTROYS: A,F/F'S
174% ; DESCRIPTION: CI WAITS UNTIL A CHARACTER HAS BEEN ENTERED AT THE
1738 ; TTY ANO THEN RETURNS THE CHARACYVER, VIA THE A
1751 ; REGISTER, TO THE CALLING ROUTINE. THIS ROUTINE
1752 ; 15 CALLED BY THE USER vIA & JUMP TABLE INW RAM.
1753 5
1754 CI:
8598 F3 1755 DI
8591 D5 1756 EUZSH Ju] + SAVE DE
1757 C1d5:
85%2 28 1758 RIM ; GET INPUT BIT
3543 17 1759 RAL ; INTO CARRY AITH IT
1594 DAYZ4S 1768 JC cles ; BRAKCH IF nO START bIT
¢597 114682 1761 LXI D.WRIT 3 WAIT UNTIL MIDDLE OF BLT
B59A CDF1E5 1762 CALL DELAY
859D C5 1763 FUSH B ; SAVE BC
BSYE QAlpBRE 1764 LXI 8,6 : B<{--@, C<¢--#% BITS TO RECEIVE
1765 CIl@:
85A1 11aCe4 1766 LXI D,IBTIM
45A4 CDF1@5 1767 CALL DELAY ; WALT UNTIL MIDDLE OF NEXT BIT
BsAl 24 L1768 RIM + GET THE BIT
B5a8 17 1769 RAL 1 INTO CARRY
B5A% 78 1778 MV A.B : GET PARTIAL RESULT
B5AA 1F 1771 RAR ; SHIFT IN NEKT DATA BIT
A5AE 47 1718 MOV B, A ; REFLACE RESULT
45AL BOD 1773 DCR < ; DEC COUNT OF BLITS TC GO
BSAD C2A185 1774 JINZ CIle ; BRANCH LF MORE LEFT
Bspg 118C@q 1775 LXI D,IBTIM ; ELSE, WANT TQ WALIT QUT STOF 81T
#5831 CDF1@s 1776 CALL DELAY
8586 78 1397 MOV A B ; GET RESULT
B587 C1 1774 POP B
6588 D1 177% FOP o ; RESTORE SAVED REGISTERS
4%R9 FB 1788 EI
#5BA C9 1781 RET ; THAT'S IT
1782 ;
1783 ;
1?3‘ :l-l.!It‘tl'l.'I.ﬁ*ﬁﬁl’"ll*il".-I*iii"."it‘.l'll‘t‘.ﬁl"l‘t..l!llt
1785
1786
1787 1 FUNCTION: CNVBR
1768 ; INPUTS: C ~ ASCII CHARRCTER ‘@'-'9' QR 'A'='F'
17689 ; QUTPUTS: A — @ TO F HEX
1798 ; CALLS: NOTHING
1791 ; DESTROYS: A,F/F'S
1792 ; DESCRIPTION: CRVBM CONVERTS THE ASCII REPRESENTATION OF A HEX
1791 ; CHVBN INTQ ITS CORRESPONDING BRINARY VALUE. CHVBN
1794 ; DQES NOT CRECK THE VALIDITY OF ITS INPUT.
1735 ;
1796 CNVBN:
4sp3 79 1737 MOV A.C
BSBC D63d 1798 =108 g ; SUBTRACT CODE FOR '@°' EROM ARGUMENT
@5BE FEOA 1799 CPI 1@ ¢ WANT TQO TEST FOR RESULT OF B TO 3
B5Ce Fi iBag RM ; IF 50, THEN ALL DONE
asCcl oed? 1681 SUl1 T : ELSE, RESULT BETWEEM 17 AwD 23 DECIMAL
45C3 C% iB:Z RET : S0 RETURN AFTER SUBTRACTING BIAS ar 7
ELER
lap4 ;
lass :i.ﬁl!!l’lil*‘iittl"tiit‘l!lll'tttﬁll'III'Otl-llll*iil!lltltiittl--lﬁii’il
1886 ;
1807 ;
18dR ; FUNCTIOGN: CTO
16€% : INPUTS: C = CHARACTER TG OUTPUT TO TTY
1818 3 OUTPUTS: { = CHARACTER QUTPUT TO TTY
1811 ; CALLS: ODELAY
1812 ; DESTROYS: A,F/F'S
1:{3 ; DESCRIPTICON: (0 SENDS ITS INFUT ARGUMENT 70 THE TTY.
1 §
1815 CO:
@5C4 F3 1Blé 33
45C5 C5 1817 PUSH B : SAVE BC
&5C6 D5 1418 PUSH o] 1 SAVE DE
#5C7 3ECE 1919 HVI A,S5TRT ; START BIT MASK
P5Co 8607 l42d MVI B,7 ; B WILL CQUNT BITS TO SEND
1821 COB5:
é5ce 3d 1822 SIM :+ SEHWD A BIT
BSCC 11BCA4 1823 LX1 O,OBTIM : WAIT FOR TTY TC HARDLE IT
B5CF CDFlé5 1824 CALL DELAY
#5502 7% 1825 MOV A,C ;s PICK UP BITS LEFT TO SERD
a5p3 1F 1826 RAR ;1 LOW ORDER BIT TQ CARRY
@504 4F 1827 MOV C,h 7 PUT REST BACK
#5p5 3ESE 128 NVI A,SSTRT ; SHIFTED ENAGLE BIT
B5D7 1F 1829 AAR ; SHIFT IN DATA BIT
#5D8 EEB@ 1838 ARI -1 1] ; COMPLEMENT DATA BIT
A50A 85 1831 f11af 3 B ; DEC COUNT
@508 P2CERS 1832 Je coRs ; SEND IF MORE BITS NEED TO BE SENT
a5pE JE&R 1833 MV A,STOPE : ELSE, SEND STOP BITS

#5E@ 39 1834 SIM
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LoC o8l SEQ SOURCE STATEMENT
B5El 113812 1835 LXI D,TIM& ; WAIT 4 BIT TIME {FAKE PFARITY + 1 STOP BITS)
BSEd CDF1a5 1836 CALL DELAY
#5E7 D1 1437 POF [}]
45E8 C1 1838 POP B i RESTORE SAVED REGISTERS
B5ES FB 1839 EL
B3EA C9 1844 RET + ALL DONE
14l ;
1842 ;
1843 ‘.tllﬁit*lltﬁii‘l"'tiﬁitttt!lﬁittll’tt*‘l’titi‘lt!’tittlttlt*t*tlttlﬁ
1844
1845 ;
1846 ; FUNCTION CROUT
1847 ; INPUTS: NONWE
1848 ;7 OUTPUTS: NONE
1849 ; CALLS: ECHO
1856 ; DESTROYS: A,B,(,F/F'S
1851 ; DESCRIPTION: CROUT SENDS A CARRIAGE RETURN (AND HENCE A LINE
las2 ; FEED) TQO THE CONSOLE.
1851 ;
1854 CROUT:
@5E8 PEAD 1855 MV C.CR
A5ED COFH@S i858 CALL ECHO
B5F® C9 1857 RET
1858 ;
185% ;
1365 :"it*‘l‘it*‘lttti‘ttltﬁittl!tttil'tltﬁitt‘ttl’ttttl LA AR AL E R T T LT
l861 ;
1862 ;
1463 ; FUNCTION: DELAY
1864 ; INPUT3: DE ~ 16 BIT INTEGER DENOTING NUMBER OF TIMES TO LOOF
1865 ; QUTPUTS: NOWE
LH66 : CALLS: NOTHING
1867 ; DESTROYS: AD.E,F/F'S
1868 ; DESCRIPTION: DELAY DOES NOT RETURN TOQ CALLER UNTIL INPUT ARGUMENT
laes ; IS COUNTED DOWwn TG B.
1879 ;
1871 DELAY:
vEFL 18 laiz oCx o} 3 DECREMENT [NPUT ARGUMENT
BhF2 TA 1873 MOV AL
BiF3 B3 1874 ORA E
#5F4 CZF105 1675 JNZ CELAY 3 IF ARGUMENT WOT @, KEEP GUING
é5F7 C9 1878 RET
1877 ;
1878 ;
13?9 :tlﬁitt"l’i‘i'l*.‘it'tl"ﬂt*‘t"l‘t‘i‘ltll‘iiitl*l!l‘f’l"i‘t‘*‘ltittt‘
l8kp
18l »
1842 ; FUNCTION: ECHO
1883 ; INPUTS: C - CHARACTER TO ECHO TO TERMINAL
1884 ; QUTPUTS: € - CHARACTER ECHOED TG TERMINAL
1885 ; CALLS: CO
1846 ; DESTROYS: A,B,F/F'S
1887 ; DESCRIPTION: ECHO TAKES & SINGLE CHARACTER AS INPUT AND, VIA
1888 ; THE MONITOR, SENDS THAT CHARACTER TO THE USER
1489 ; TERMINAL, A CARRIAGE RELURM IS ECHUED AS & CARRIAGE
1838 ; RETURN LINE FEED, AND AN ESCAPE CHARACTER IS ECHOED A5 3.
18491 ;
1892 ECHO:
B5FE 41 1893 MO 5.C T SAVE ARGUMENT
85F9 3ElR 1844 MyI A,ESC
#5FE B& 1895 CMFP B i SEE IF ECHOING AN ESCAPE CHARACTER
BSFC Cidluee 1B9% JHZ ECHBRS 1 NGO -~ BRANCH
BSFF @E24 1897 MV L [P 1 t YES — ECHO AS §
1898 ECH@5:
8681 CpC4es 189% CALL co : DO OUTPUT THROUGH MONITOR
Bogd JEAD l9ag MVI A,CR
#6846 B8 1581 CHMP B ¢ SEE IF CHARACTER ECHOED wWAS A CARRIAGE RETURN
2687 CzBFrds 1982 JNZ ECHI® # NO - NO NEED TO TAKE SFECIAL ACTION
d4602 PEQA 19823 MVL C,LF i YES - WANT TO ECHO LINE FEED, TOO
B6BC CDC4BS 1544 CALL Co
1985 ECHLE:
260F 48 1586 noy C,B 7 RESTORE ARGUMENT
a61a C9 1987 RET
1988 ;
1989 ;
lglﬂ :l.ittlltﬁttllt“ti*ll!t‘itl‘"l’ﬁittltll*itttl"tt'll’tl’it*l!ﬁlttllll’l“t
1911 ;
1912 ;
1313 ; FUNCTION: ERROR
1914 ; INPUTS: NONE
1915 ; OUTPUTS: NONE
1916 ; CALLS: ECHO,CROUT,GETCM
1917 ; DESTROY¥S5: A,B,C,F/F'S
1918 ; DESCRIPTION: ERROR PRINTS THE ERROR CHARACTER [CURRENTLY AN ASTERISK)
1915 ; UN THE COUNSOLE, FOLLOWED BY A CARRIAGE RETURKN-LINE FEED,
1929 ; AND THEN RETURNS CONTROL TO THE COMMAND RECOGNIZER.
1921 ;
1922 ERRGR:
2611 BE2A 1923 LA C,'*?
#8612 CDFaes 1924 CALL ECHD 1 SEND * TO CONSOLE
4616 COERAS 1525 CALL CROUT 7 SKIP TO BEGINNING DF WEXT LINE
P619 Cladp4 1924 JAP GET(M ; TRY AGATIN POR ANOTHER COMMAND
1927 ;
1928 ;
1929 :ttl’ittﬁlﬁilill.ittll"lkil!ll.itll’l’tltitl!“ilttl"ttli'll!ittll'tl#‘l!"
1438 ;
1831 ;
1932 ; PUNCTION: FRET

1933 INBUTS: NONE
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LOC QBJ SEQ SOURCE STATEMENT
1934 ; QUTPUTS: CARRY - ALWAYS @
1935 ; CALLS: NOTHIKG
1936 ; DESTROYS: CARRY
1937 ; DESCRIPTION: FRET IS JUMPED TO BY ANY ROUTINE THAT WISHES TO
1938 ; INDICATE FAILURE ON RETURN. FRET SETS THE CARRY
193% ; FALSE, DENOTING FRILURE, AND THEN RETURNS TO THE
1948 ; CALLER OF THE ROUTINE INVOKING FRET.
1941 ;
1942 FRET:
#61C 37 1943 S5TC + FIRST SET CARRY TRUE
#61p 3F 1544 CHE 7 THEN COMPLEMENT IT TO MAKE IT FALSE
BGIE C% 1945 RET 7 RETURN APPROPRIATELY
1946 ;
1947
19‘8 :Ilﬁiitﬁl!lttill"ltil*iiiil!ltl'*titil!-lttttil!tlittttltlliittl!!l*itt
1949 ;
1958
1851 ; FUNCTION: GETCH
1952 ; IMPUTS: NONE
1953 ; OQUTBUTS: { - BREXT CHARACTER IN INFUT STREARM
1954 ; CALLS: CI
1955 ; DESTRO¥S: A,C,B/F'S
1956 ; DESCRIPTION: GETCH RETURNS THE HNEKT CHARACTER IN THE INPUT STREAM
1957 ; TQ THE CALLING PROGRAM.
1958 ;
195%% GETCH:
B61F CDgpd: 1960 CALL <I ;s GET CHARACTER FROM TERMINAL
4622 E&TFF 1961 ANL PRTYR 1 TURN OFF PARITY BEIT INW CASE SET BY CONSOLE
4624 4F 1562 MOV C.A 1 FUT VALUE Id £ REGISTER FOR RETURN
p625 C9 1862 RET
1964 ;
14985 ;
1966 :‘l!"'ll*tttiitll'tlt!ttttiitttl'"lltttiiIl"titiﬁtl“t.iiittl“lt‘tiiﬁitltl
1967 ;
1968 :
1969 ; FUONCTION: GETHX
1978 ; INPUTS: WNONE
1971 ; CGUTPUTS: BC - 16 BIT INTEGER
1972 ; D - CHARACTER WHICH TERMINATED THE INTEGER
1373 : CcARRY - 1 IF FIRST CHARACTER WOT DELIMITER
1974 ; - B If FIRST CHARARCTER IS DELIMITER
1975 ; CALLS: GETCH,ECHO,VALDL,VALDG,CNVBN,ERROR
1476 ; DESTROYS: A,B,C,D,E,F/F'S
1%77 : DESCRIPTION: GETHX ACCEPTS A STRING OF HEX DIGITS FRUM THE IWPUT
1978 STREAM AND RETURNS THEIR VALUE A5 A 186 BIT BINARY
197% ; INTEGER. IF MORE THAN 4 HEX DIGITS ARE ENTERED,
1988 ; QNLY THE LAST 4 ARE USED. THE NUMBER TERMINATES WHEN
1981 ; A VALID DELIMITER IS ENCOUNTEREC. THE DELIMITER IS
1982 ; ALSO RETURNED AS AN OUTPUT OF THE FUNCTION. ILLEGAL
1983 ; CHARACTERS (NOT HEX DIGITS OR DELIMITERS) CAUSEZ AN
1984 ERROR INDICATION. IF THE FIRST (VALID} CHARACTER
1985 ; ENCOUNTERED I# THE INPDT STREA# 15 NOT A DELIMITEER,
1986 GETHX WILL RETURN WITH THE CARRY BIT SET 10 1;
1987 & OTHEAWISE, THE CARRY BIT IS SET TO @ AND THE CONTENTS
1988 OF BC ARE UWDEFINED.
1989 ;
19598 GETHX:
8626 ES 1931 PUSH H 3+ SAVE HL
2627 llebpe 1992 LXI H.8 ; INITIALIZE RESULT
#62A lEWR 1593 MY¥I E.B ; INITIALIZE DIGIT FLAG TO FALSE
18994 GHX®5:
B52C CDIFdé6 j99s CALL GETCH :+ GET A CHARALTER
B52F 4F 19986 M3V C,A
86318 CODFEBH 1997 CALL ECHO + ECHO THE CHARACTER
8633 CD73e7 19398 CALL VALDL : SEE IF DELIMITER
195% FALSE GHX1@ : NO - BRANCH
A634 D24586 2080+ JnC GHX1R
B&35 51 288l MOV D.C ; YES - ALL DONE, BUT wANT TQ RETURN DELIMITER
2o3A ES 2842 PUSH H
g63e Cl1 2883 POFP B ; MOVE RESULT TO BC
Ba3it El ¥R FOP 0 : RESTORE HL
fain 7B 2883 MOV AE ; GET FLAG
B63E BY 284 ORA A ; SET F/F'S
B&3IF C23287 2087 JNE SRET : If FLAG NON-8, A HUMBER HAS BEEN FOUND
Be42 CALCRE 2088 J2 FRET : ELSE, DELIMITER WAS FIRST CHARACTER
2989 GHX14:
@645 CDSEB? 2018 CALL VALDG : IF WOT DELIMITER, SEE IF DIGIT
2011 FALSE ERROR : ERROR IF HOT A WALID DIGIT, EITHER
pe48 D2ll@6 208)2+ JNC ERROR
B648 CORRES 20813 CALL CHVEN s CONVERT GIGIT TO 1TS BINARY VALUE
B64E 1EFF 2814 MVL E,BFFH ; SET DIGIT FLAG NON-@
0658 29 2815 DAD H 1 2
8651 2% 2016 LAD H ]
a652 29 2017 DAD B ;"8
8653 29 2816 DAD B Y
BG54 Q628 2419 MVI B,8 ; CLEAR UPPER 8 EBITS OF BC PAIR
BG5S 4F 2829 MOV C.A : BINARY VALUE QF CHARACTER INTO C
8657 @9 282l DAD B ; ADD THIS VALUE T0Q PARTIAL RESULT
B658 CIZCBE 2B22 JMF GHEKPS } GET NEXT CHARACTER
B23 ;
2824 ;
2“25 :l‘ll""tii.‘-ltlt*i‘tli!l!-l“‘tiiiﬁﬁl"l"‘l“'t*ttiit*i‘tt’tl“'l*‘*
2026
2827 ;
2028 ; FUNCTION: GETNM
2829 ; INPUTS: C ~ COUNT OF NUMBERS TO FIND IN INFUT STREAM
2¢38 ; OUTPUTS: TOP OF STACK - NUMBERS FOUND [N REVERSE ORDER (LAST ON TOP
2831 ; OF STACK)
2832 ; CALLS: GETHX,HILC,ERROR
2033 ; DESTRCYS: A,B,C,.D.E,H,L,F/F'S
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LOC OBl

a&s5e
B&50
P65E
acss
2661

119

A665
2668
669
P66A
2668
066E
[ 1133
8671
8674

0677
0678
2674
467D
2668
P68l
pea2

A685
2686
-1

A6BA
B46BE
BEEC
868D

8694

ZE83
79
BG83
ca
67

CD2666

D21185
C5

&

25
CAT786
A
FEQD
Callee
£36286

A
FERD
C21186
@lPFFF
D

B?
Cagans

€5
pic
Ci8506

<1
Dl
El
Coaddé

029586

06533 54

8694

4695
8496
0657
PEIE

0699
265A
2698
BH9C
869D

RGAR
26A1
d6a2
Q623
B6Ad
#6A5

PEA8 2

2639
B6AA
B6AB
26AE
B6AF
L3
§6B2
#6813
a6B4

8686 A

B6B7T
R6B8
2689
B6bA
2638
:11:1n
36BD

50

E3
D5
Ccs5
ES

KL
Fa
El
E2
Cl35@¢

SEQ

2824
2035

2036
2037
2834
2913%
29840
20841
2042
2843
2944
20845
2045
2847
28486
2049
2854
2851
2852+
2853
2854
2855
2856
2857
20858
2p59
2460
2961
2862
2P61
1864
2865
2866
2067
FL17:]
2869
2478
24871
2072
873
2874
2475
2876
2077
2078
2879+
2aae
2941
2B82
2883
2804
2985
2086
2887
2868
288%
2098
2091
209z
2893
2894
2895
2896
28497
209y
2u99
Zlee
zle1
2l@z
21903
21lpde
2185
2188
2187
218
2189
2114
2111
2112
2113
2114
2115
FINT
2117
2114
2119
Tlz@
2121
122
2123
2124
2135
2126
127
2128
2129
213g
2131
2133
2133

ETHM;
N¥T L,13 # PUT MAXIMUM ARGUMENT CCQUNT INTO L
MOV A,C t+ GET THE ACTUAL ARGUMENT COUNT
ANI 3 i FORCE TO MAXIMDM OF 2
RZ + IF &, DON'T BOTHER TO DO ANYTHIING
NOY H,A + ELSE, PUT ACTUAL COUNT INTD H
GNMRS:
CALL GETHX + GET A NUMBER FROM INPUT STREAM
FALSE ERROR i ERROR IF NOT THERE - TOU FEW NUMBERS
JHC ERROR
FUSH B t ELSE, SAVE NUMBER ON STACK
DCR L ; DECREMENT MARIMUM ARGUMENT COUNT
OCR H ¢ DECREMENT ACTUAL ARGUMENT COUNT
Jz GHM1@ : BRANCH IF NO MORE NUMBERS WANTED
MOV A,D 7 EL3E, GET NUMBER TERMINATOR TO A
CPIL CR 1 S5EE IF CARRIAGE RETURN
JZ ERROR ; ERROR IF 50 - TOO FEW NUMBERS
JHFP GHMES : ELSE, PROCESS NEXT NUMBER
GNM1@:
mMow A,D i WHEN COUNT @, CHECK LAST TERMINATOR
CPI CR
JNE ERROR i ERROR IP NOT CARRIAGE RETURN
LXI1 B,BPPFFH i HL GETS LARGEST NUMBER
MO AL ¢ GET WHAT'S LEFT OF MAXIMUM ARG COUNT
QRA A t+ CHECK FOR 4
JE GNMZB ; IF YES, ) NUMBERS WERE INPQT
GHM]15:
PUSH B # IF NOT, FILL REMAINING ARGUMENTS WITH #FPFPH
DCR L
JNZ GNM1S
GHM28:
POR B 1 GET THE 3 ARGUMENTS OQUT
POF el
POP H
CALL HILOD ;i SEE IF PIRST »>= SECOND
FALSE GuM25 ; NGO - BRANCH
JNC GHMZS
HOV D,H
MOV E,L i YES - MAKE SECOND EQUAL TO THE FIRST
GRM25:
XTHL # PUT FIRST ON STACK - GET RETURN ADDR
FUSH D t PUT SECOND ON STACK
FUsH ) 7 BPUT THIRD ON STACK
FPUSH H J PUT RETURN ADDRESS CON S5TACK
GHM38:
DCR A ¢ DECREMENT RESIDUAL CQUNT
RM 7 IF NEGATIVE, PROPER RESULTS ON STACK
POP H : ELSE, GET RETURN ADDR
ATHL 3 REPLACE TOP RESULT WIlW RETURN ADDR
JME GHM3@ : TRY AGAIN

T

S0URCE STATEMENT

DESCRIPTIOR: GETNM FINDS A SPECIFIED COUNT QF WUMBERS, BETWEEN 1
AND 3, INCLUSIVE, IN THE INPUT
STREAM AND RETURNS THEIR VALUES ON THE STACK. I[P 2
OR MORE NUMBERS ARE REQUESTED, THEN THE FIRST MUST BE
LESS THAN OR EQUAL TO THE SECOND, OR THE FIRST AND
SECOND NUMBERS WILL SE SET EQUAL, THE LAST NUMBER
REQUESTED MUST BE TERMINATED BY A CARRIAGE RETURN
OR AN ERROR INDICATION WILL RESULT.

téins\--ttittwlttttittttttt*tt-tttitwtttttitwnttlttittl’itwntttttnn

FUNCTION: HILO
INPUTS: DE - 16 BLT INTEGER
HL - 16 BIT INTEGER
QUTPUTS: CARRY ~ B IF HL<DE
= 1 IF HL>=DE
CALLS: NOTHING
DESTROYS: F/F'S
DESCRIPTION: HILO COMPARES THE 2 16 BIT INTEGERS IN HL BND DE, THE
INTEGERS ARE TREATED AS UNSIGNED NUMBERS. THE CARRY
BIT IS SET ACCORDING TOD THE RESULT OQF THE COMPARISON.

ILO:
FUSE B } SAVE BC
MOV B, A ] SAVE A IN B REGISTER
PUSH H } SAVE HL PAIR
MOV A,D ; CHECK FOR DE = PoPOH
ORA E
J2 HILA@S i WE'RE AUTOMATICALLY DONE IF IT IS
INX H : INCREMENT HL BY 1
HOV AH 7 WANT TO TEST FOR @ RESULT AFTER
ORA L 7 /INCREMENTING
Jz HIL@S 1 IF 50, HL MUST HAVE CONTAINED @FFFFH
POP H : IF NOT, RESTORE ORIGINAL HL
PUSH D : SAVE DE
NVI A,@FFH  ; WANT TQ TAKE 2'S COMELEMENT QF DE CONTENTS
XRA D
MOV D,A
M¥T A,BFFY
XRA E
MOV E.A
INX )] i 2'S COMPLEMENT OF LDE TQ DE
MOV AL
ADD E ¢ ADD HL AND DE
MOV AH
ADC o] + THIS OPERATION SETS CARRY PROPERLY
POP 4] ¢ RESTORE ORIGINAL DE CONTENTS
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LoC OBJ SEQ S0URCE STATEMENT
BEBE 78 2134 MOV A, B : RESTGRE ORIGINAL COMTENTS OF A
BEBF C1 2135 POP B : RESTORE ORIGINAL CONTENTS OF BC
#6Ce C% 2136 RET 1 RETURN WITH CARRY SET AS REQUIRED
2137 HIL®S:
#6Cl E1 2138 FOP # : IF HL CONTAING QFFFFH, THEN CARRY CAb
#6C2 76 213% MoV A,B : JOBLY BE SET TO 1
46C3 Cl 214p POP B : RESTORE ORIGINAL CONTENTS OF REGISTERS
a6c4 Clize? 2141 JIMP SRET : SET CARRY AND RETURN
2142
2143
214‘ :t-lI'l'iittll'iiQﬂI'!Il'tltii‘tll"l’lll*iibil!it'il!ll*tﬁtil!'liittl!l*iittl
2145
2146 3
2147 ; FUNCTION: HMOUT
2148 7 INPUTS: & -~ B BIT IWTEGER
2149 ; OUTPUTS:. NOKE
2158 ; CALLS: ECHO,PRVAL
2151 ; DESTRO¥S: A,B,C.F/F'S
2152 ; DESCRIPTION: MMMOUT CONMVERTS THE B BIT, UNSIGNED INTEGER IN THE
21513 A REGISTER IRTO 2 ASCII CHARhCTERS. THE ASCII CHARACTERS
2154 ; ARE THE ONES REPRESENTING THE 8 BITS. THESE TWO
2155 CHARACTERS ARE SENT TO THE CONSOLE AT THE CURRENT PRINT
2156 ¢ POSITION OF THE CONSOLE.
2157 &
2158 NMOUT:
B6C? E5 2159 PUSH H SAVE HL - DESTROYED 8Y PRVAL

pecCd PS5 2le@ PUSH PSW SAVE ARGUMENT
86C% 2F 216l RRC
06CA BF 2162 RRC
a6ce ef 21631 RRC
a6CC OF 2164 RRC : GET UPPER 4 BITS TO LOw 4 BIT POSITIONS
B6CD EHBF 1165 ANT HCHAR : MASE QUT UPPER 4 BITS - WANT 1 HEX CHAR
B6CF 4F 2166 MO¥ C.A
#6058 CDEZ26 2167 CALL PRVAL : CONVERT LOWEER 4 BITS TO ASCIL
@503 CDFB@5 2168 CALL ECHO ; SEND TO TERMINAL
#4606 Fl 216% FOP ESwW ; GET BACK ARGUMENT
9607 EGBF 2178 BNT HCHAR ; MASK OUT UPPER 4 BITS - WANT 1 HEX CHAR
B6&D3 4F 2171 MOV C.h
B6DA CDE286 2172 CALL PRVAL
8600 COFdBS 21713 CALL ECHO
@6ER E1 21 FOP H ; RESTORE SAVED VALUE OF HL
dEELl C9 2175 RET '
2176
2177 ;
2178 :ttltintﬁittlttttiitttttlttn&t-tt-tuttttt‘ltt-ttlttntilltltt-tiittltt-t
217% ;
2lEe ;
2181 ; FUNCTION; PRVAL
2182 ; INPUTS: C ~ INTEGER, RANGE # TO F
2183 ; CQUTPUTS: C - ASBCII CHARACTER
2144 ; CALLS: NOTHING
2185 ; DESTROYS: B,C,H,L.F/F'S
2186 ; DESCRIPTION: PRV&L CONVERTS A NUMBER IN THE RANGE & TO F HEX TG
2187 3 THE CORRESPONDING ASCII CHARACTER, #-~9,A-F. FRVAL
2168 DOES NOT CHECK THE VALIDITY OF ITS INPUT ARGUMENT .
2189 ¢
2198 PRVAL:
26E¢ 21B407 2191 LX1 H,DIGTE ; ADDRESS QF TABLE
BGES B85 2152 MVl B,B : CLEAR HIGH ORDER BITS COF BC
BGET #Y 2193 CALD E ; ADD DIGIT VALUE TO HL ADDRESS
B6Ed 4E 2194 MOV C.H ; FETCH CHARACTER FROM MEMORY
BHE9 C3 2195 RET
2196 ;
1197

2198 :t.*'ltt.t*iAtl"!ltttii.ttl*tlt'titl‘tttttlttliiI"tltt‘ti-ttllf‘ttltt
2193 ;
2280 ;
2281 ; FUNCTION: REGDS
2202 7 INPUTS: NORE
2283 ; OUTPUTS: NONE
2284 : CALLS: ECHO,NMOUT,ERROR,CROUT
2285 ; DESTROY¥S: A,B5,C,D,E,H.L,F/F'S
2286 : DESCRIPTION: REGDS DISFLAYS THE CONTENTS OF THE REGISTER SAVE
2287 LOCATIONS, IN FORMATTED FORM, ON THE CONSOLE. THE
2248 ; DISPLAY IIS DRIVEN FROM A& TABLE, RTAB, WHICH CONTAINS
228% THE REGISTER'S PRINT SYMBOL, SAVE LOCATION ADDRESS,
2218 ¢ AND LENGTH (8 OR 1& BITS).
2211
2212 REGDS:
PHEA 21C487 2213 LXI H,RTAE ; LOAD HL WITH ADDRESS OF START OF TAGLE
2214 REGA5:
d6ED 4E 2215 nov C,H + GET PRINT SYMBOL OF REGISTER
deEE 79 221€ MOV a,C
dGEF BY 2217 ORA A ; TEST FOR @ - END OF TABLE
g6r@ C2F786 2218 JNE REG1@ : IF NOT END, BRANCH
26F1 CDEBES 2219 CALL CROUT ; ELSE, CARRIAGE RETURN/LINE FEED TU END
Q6F6 CY 2228 RET 1 /DISPLAY
2221 REGI1#:
@6F7 CLDFUBS 2222 CALL ECHO ;7 ECHCO CHARACTER
96FA BE3D 2223 LN c,'='
26PC CDFHB5 2224 CALL ECHO : QUTRUT EQUALS 5IGH, 1.E. A=
a6FF 23 2225 IRX ;] : PGINT TO START OF SAVE LOCATION ADDRESS
@788 SE 2226 [ le) E/M : GET LSP OF SAVE LOCATION ADODRESS IO E
B7dl1 l628 2227 MVI D, RAMST SHR 8 :+ PUT MSP OF SAVE LOC ADDRESS INTCG ©
p783 23 2228 INX H ; POINT TO LENGTH FLAG
0784 1A 229 LDAX 1} ; GET CONTENTE OF SAVE ADDRESS
arps CpC7eé 2238 CALL NNOUT : DISPLAY ON CORSOLE
4788 1E 2231 MOV AH ; GET LENGTH FLAG
Bieg By 2232 ORA A : SET SIGN F/F
1

276A Cal2a7y 2233 Jz REG13 IF &, REGISTER IS 8 BITS



[S15-11 4HBA/ 8835 MACRD

Lac  0BJ

aren
@78E
B7dF

4712
4714
p717
8718

8718
R71iE

4721
4722
8723
8726
8727
4724
87zp

B72E
272F
4738
8731

@732
w733

8734
vi37
B3y
wlis
#7ig
B73E

ip
1A
cocree

BE2H
CODFE@5
23
CIEDRG

21C487
i1p3ga

TE
87
calles
BS
CAZEA?
19
cizle7

23
“
40
ce

37
c9

JAFDIA
87

e
HERR
CDIFaT
[}

SEY

2214
2235
2236
2237
2238
223%
2248
2241
2242
2243
2244
2245
1246
2297
2248
224%
2258
2251
2252
2253
2254
2255
2256
2257
2258
2259
2269
2261
22623
22613
2264
2265
2266
2287
4268
2269
2279
2271
2272
2273
2274
2275
2276
2277
2278
2279
2288
2281
2282
2283
22H4
2285
2286
1287
2288
2289
23%9
2291
2292
2291
1294
2295
2296
2297
2298
2299
2388
231
2382
13@3
2384
2385
23d6
2387
23P8
2399
231@
¢3l1
2312
2313
2314
2315
2316
2317
231H
2319
232i
2321
2322
4323
2324
2325
2316
4327
2328
2329
2338
2311
2332
2333
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R

H
i
H
H
i
H
i
H
H
i
i
¥
¥
H
I
;
i
¥
¥
R

SOURCE STATEMENT

DCX [n) 7 EL3E, 16 BIT RECISTER SO MURE TO DISPLAY
LDAX o 7 GET LOWER 8§ BITS
CALL NHOUT ; DISPLAY THEM
EGl15:
MVI [
CALL ECHO
INX H 7 POINT TO START OF NEXT TABLE ENTRY
JMP REGRS 3 DO NEXT REGISTER

M R L,

FUONCTION: RGADR

INEUTS: C - CHARACTER DENOTING REGISTER

OUTPUTS: BC - ADDRESS OF ENTRY IN RTAB CORRESPONDING TO REGISTER

CALLS: ERROR

CESTROYS: A,B8,C,D,E,H,L,F/F'S

DESCRIPTION: RGADR TAKES A SINGLE CHARACTER AS INPUT, THIS CHARACTER
DENOTES A REGISTER, RGADR SEARCHES THE TABLE RTAR
FGR A MATCH ON THE INPUT ARGUMENT. IF ONE OLCURS,
RGADR RETURNS THE ADDRESS OF THE ADDRESS OF THE
SAVE LOCATION CORRESPONDING TO THE REGISTER. THIS
ADDRESS POINTS INTO RTAB. IF NO MATCH OCCURS, THEN

THE REGISTER IDENTIFIER IS ILLEGAL AND CONTROL IS
PASSED TO THE ERROR ROUTINE,
GADR:
LXI H,RTAB ; HL GETS ADDRESS OF TABLE START
LXL D,RTARS : DE GET SIZE OF A TABLE ENTRY
RGARBS:
el AM ; GET REGISTER IDENTIFIER
QRA A 7 CHECK FOR TABLE END (IDENTIFIER IS @}
Jz ERROR i IF AT END OF TABLE, ARGUMENT IS ILLEGAL
CMpP o i ELSE, COMPARE TABLE ENTRY AND ARGUMENT
JZ RGAl® ¢ IF EQUAL, WE'VE FOUND WHAT WE'RE LOOKING FOR
DAD =} i ELSE, INCREMENT TABLE POINTER TO NEXT ENTRY
Jmp RGABS ; TRY AGAIN
RGAlD:
INX H : IF A MATCH, INCREMENT TABLE POINTER TO
MOW B, H : /BAVE LOCATION ADDRESS
MOv C,L ; RETURN THIS VALUE
RET

K1 %0 ma r = =k me e b meome ma e e

H
i
H
H
H
B
B
H
i
H
H
H
H
B
H
i

i L L e T T T T T T T T T T Y Y

FUNCTION: SRET

INPUTS: NCNE

OUTFUTS: CARRY = 1

CALLS: NOTHING

DESTROYS: CARRY

DESCRIPTION: SRET IS JUMPED TO PY ROUTINES WISHING TQ RETURN 3ZUCCESS,
SRET SETS THE CARRY TRUE AND THEN RETURNS TG THE
CALLER OF THE ROUTINE INVOKING SRET.

RET:
5TC t SET CARRY TRUE
RET 3 RETURN APPFROPRIATELY

itttl’tttilttl’ﬁitttt!lt'tttlttltitti-.t!!lttttlitn‘tttttttl!t‘tt

FUNCTION: STHF@®

INPUTS: DE - 16 BIT ADDRESS OF BYTE TO BE STQRED LT

QUTBUTS: NONE

CALLS: STHLF

DESTROYS: &,B,C.H,L,F/F'S

DESCRIPTION: STHFP® CHECKS THE HALF BYTE FLAG IM TEMP TGO SEE IF
IT IS SET TO LOWER., IF SO, STHF3 STORES A 8 TO
PAD OUT THE LOWER HALF OF THE ADDRESSED BYTE;
OTHERWISE, THE ROUTINE TAKES NO ACTION.

THF@:
LDA TEME ; GET HALF BYTE FLAS
ORA & ; SET BAF'S
BN : IF SC1 T0 UFPER, UOH'T D0 AMYTHIwG
MVI C,0 + EL3E, wANT 10 STORE THE VALUE @
CALL STHLF 7 DoOIT
RET

i R L R R L T LT T T T s,

FUNCTION: STHLF
INPUTS: € - 4 BIT VALUE TO BE STORED IN HALF B8YTE
OE - 16 BI'F ADDRESS OF BYTE TO BE STORED INTUO

OUTPUTS: NONE

CALLS: NOTHING

DESTROYS: A,B,C,H,L,E/F'S

DESCRIPTION: STHLF TAKES THE 4 BIT VALUE IN € ANQ STGRES IT IN
HALF 'OF THE BYTE ADDRESSED BY REGISTERS DE. THE
HALF BYTE USED (EITHER UPPER QR LOWER) IS DENDTED
BY THE VALUE OF THE FLAG IN TEMP. STHLF ASSUMES
THAT THIS FLAG HAS BEEN PREVIQOUSLY SET
{NOMINALLY BY ICHD).
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LOC OBRJ SEQ SCURCE STATEMENT
2334 5THLF:
B73IF D& 2335 FJSH 1]
#7488 E1 2336 FOF H ; MOVE ADDRESS OF BYTE INTO HL
@74l 79 2337 MOV A,C : GET VALUE
4742 E6EF 2338 ANT AFH : FORCE TO 4 BIT LENGTH
8744 AF 2339 MOV C.A : PUT VALUE BACK
2745 3AFD2P 23148 LDA TEME ; GET HALF BYTE FLAG
#748 BY 2341 ORA A + CHECK FOR LOWER HALF
B74Y C25287 2342 JNE STHES :+ BRANCH IF NOT
gr4c £ 2343 MoV AM : ELSE, GET BYTE
@740 EGFR 2344 ANI 14 ] ; CLEAR LOWER 4 BRITS
B7AF Bl 23145 ORA < ; OR IN VALUE
B758 77 2344 MOV M, A ; PUT BYTE BACK
8751 C% 2347 RET
2348 STHES:
8152 7E 234% MOV ALM ; IF UPPER HALF, GET BYTE
4153 E6BFP 235P ANI BFH ; CLEAR UPPER 4 EITS
87155 47 2351 MOV B A 1 SAVE BYTE IN B
B756 79 2152 MOV B, C ;3 GET WVALUE
8757 @F 23153 REL
B758 @F 2354 RRC
8759 #F 2355 RRC
8758 BF 2356 RRC ; ALIGN TO UPPER 4 BITS
@75p AR 2357 ORA B : DR IN ORIGINAL LOWER 4 BITS
a15¢ 77 2358 MOy M, A : PUT NEW CONFIGURATION BACK
8750 C9 2359 RET
2360
2361 ;
2362 ;ttil!iltittii!ttltttitttlfllttt‘il!tltittilttltltiiitiltlltltiitt
2361 ;
2364
2365 ; FUNCTION: VALDG
2366 ; INPUTS: ¢ - ASCII CHARACTER
2367 ; CUTPUTS: CARRY = 1 IF CHARACTER REFRESENTS VALID HEX DIGIT
2368 -~ @ OTHERWISE
2365% ; CALLS: WOTHING
2370 ; DESTRDYS: A,F/F'S
2371 ; DESCRIPTION: VALDG RETURNS SUCCESS IF ITS INFUT ARGUMENT IS
2372 ; AN ASCII CHARARCTER REPRESENTING A VALID HEX DIGIT
23713 ¢ {@=9,4-F), AND FAILURE OTHERWISE.
2374 ;
2375 VALDG:
#75E 79 2376 NOV A,C
#75F FE3B 23717 CPI1 ‘Bt : TEST CHARACTER AGAINST '@’
#761 FALCEE 2378 P | FRET : LF ASCII CODE LESS, CAHNOT BE VALID DIGIT
P64 FE39 23179 CPI ‘9 : ELSE, SEE IF IN RANGE '@'-'9’
0766 PA3297 2384 JN SRET : CODE BETWEENW '@‘' AND '3'
8769 CAIZB7 2381 J2 SRET ; CODE EQUAL '39'
876C FE4] 2382 CFrI 'al ; NDT A DIGIT - TRY FOR A LETTER
d76E PAICAG 2383 JM FRET : NO - CODE BETWEEN '9' AND ‘A’
#7171 PEAT 2384 CPI1 ‘Gt
a7731 F2lCe6 2385 JFP FRET ; NQ - CODE GREATER THAN 'F'
8776 C13287 2386 JMP SRET : ORAY - COBE IS '&' TU 'F', INCLUSIVE
2387 ;
2388 ¢
2389 :tl‘t*ittt-t!l’ttiittiltttiittilt!ltttttl!tltttt*i!tttt‘tiittt‘tltttttt
2398 ;
23481 :
2392 ; FUNCTIONM: WALDL
2393 ; INPUTS: € - CHARACTER
2394 : OUTPUTS: CARRY - 1 IF INPUT ARGUMENT vALID DELIMTER
239% ; - B OTHERWLISE
2396 ; CALLS: HOTHING
2347 ; DESTROYS: A, F/F'S
2398 ; DESCRIPTION: VALDL RETURNS SUCCESS IF ITS LNPUT ARGUMENT IS A VALID
2399 ; DELIMITER CHARACTER (SPACE, COMMA, CARRIAGE RETURN] AND
2408 ; FAILURE OTHERWISE.
2481 ;
2482 VALDL:
@773 19 2483 MOY A.C
8774 FE2C 2404 Pl Lt ; CHECK FOR COMMA
@77C ca32av 2485 3z SRET"
@77F FERD 2486 cPl CR ; CHECK FJR CARRIAGE HETURN
#7841l ChIZOT 2487 JE SRET
#7884 FEZD 2408 crl v ; CHECK FOR S5PACE
8786 CA32p? 24289 JE SRET
#7589 Cilcee 2419 IMP PRET : ERROR IF NONE OF THE ABOVE
2411 ;
2412 ;
2413 :*tlttlwt-tiilttltlltt‘t*tttlttltt‘ttil‘ttttltil‘t-tttltt-tiitt‘tt
2414 ;
241%
2416 WINITOR THBLES
2417 ;
2418 ;
2419 :ttlttitttlttltt‘t*‘it!lttttt-t‘tttl!ttttitii-‘tlttttttttﬁnttitt-!
2428
2421 3
2422 SGNON: ; SIGNON MESSAGE
B#74C B0 2421 B CR,LF,'50K~B5 YER 2.1',CR,LF
2740 BA
B74E 53444820
87492 3H352828
#7968 20564552
#7958 28322E31
8749 @D
B749F @A
8814 2424 LSGHON EQU $-5GHON ;7 LENGTE OF SIGHON MESSAGE
2425

2426 CADR: : TABLE OF ADDRESSES OF COMMAND ROUTINES
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LOC  aBd

47a0
B7A2
B7Ad
¢ina
47548
B7An
#7AC

B7AE
QIAF
a768
8761
8782
8783
24086

aied
4765
8786
BIB7
B736
B7E%
B7BA
47BB
a7pC
az7ap
P7BE
p7BP
a7ce
a7¢l
g7c2
p7C3

a7C4
B7IC5
B7CE
8pd3
a47cy
a7ca
arce
a7Ca
B87CcH
a7¢c
27¢D
87CE
aice
aipa
270l
87Dz
2703
a7p4d
a7ps
a7n6
2707
6708
870%
a70A
aioe
aipc
70D
B7DE
R7DF
e7ER
A7El
Q7E2
B7E3
B7E4
B7ES
a7Ed
477}
97E4
87€g9

BIFA

27FA
@irD

B2

28C2
24C3
20C4
48C5
28C6
297
28CH
29C8
28CA

goae
l4e5
Foa4
baed
4604
6844
174

44
47
49
ip
53
58

Cac4as
Cisees

L)
L]
B
d@
a8
1)
ap

6o

SEQ

2427
2428
2429
2439
2431
2432
2433
2434
2435
2426
24137
2438
2439
2449
2441
2442
2443
2444
2445
2446
2447
2444
2449
2459
2451
2452
2453
2454
2455
2456
2457
2458
2459
24649
2461
2462
2463
2464
2465
2466
2467
2468
2469
2470
2471
2472
2473
2474
2475
2476
2477
478
2479
2468
2481
2482
2483
2484
2485
2486
2487
2488
2489
2498
2491
2492
2483
2494
2435
2496
2497
2498
2499
2589
2581
2582
2583
2584
2585
2506
2587
2508
2589
2514
2511
2512
2513
2514
2515
2516
2517
2518

2519

2528

CTAB:

NOMDS

DIGTB:

RTAB:

RTABS

RSETS:

RSET6:

R5T6G:
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SOURCE STATEMENT

D
(]
D
Dw
DW
oW
D

B
1153
oe
DB
]
D3
EQU

ORG

JHE
JuE

8 : DUMMY
ACMD
SCHD
MCHD
ICMD
GCMD
LMD

i TABLE OF VALID COMMAND CHARACTERS
e
L
.y
-"i
gt
|xi
§-CTAE ; NUMBER OF VALID COMMANDS

+ TABLE OF PRINT VALUES OF HEX DIGITS
vp
XY
oan
vy
oy
gt
gt
g
L
gt
at
g’
o
gt
‘B
v

¢+ TABLE QP REGISTER INFORMATION
‘A' ; REGISTER IDENTIFIER

ASAV ANE 8FFH i ADDRESS OF REGISTER SAVE LOCATION
[} ;i LENGTH FLAG - @8=B BITS5, 1wlé BITS

$=RTAD ; SIZE OF AN ENTRY IN THIS TABLE

gt

BSAY AND BFFH
]

[y

CSAV AND BFFH
a

o

DSAY AKD OFFH
B

DE.

ESAV RND @PFH
L]

lPI

FEAV AND AFFH
.}

II‘

15AV AND BFFH
a

gt

HEAV AND @FFH
]

X

L5AV AND BFFH
L)

|"l

HSAY AND @FFH
1

Isl

S55AV+] AND dFPH
1

‘PI

PSAV+1l AND @FFH
1

[} ) END OF TABLE MARKERS
]

BRTAB ¢ BRANCH TABLE FOR USER ACCESSIBLE ROUTINES

ce : TTY CONSOLE QUTPUT
I : TTY CONSOLE INPUT

e A R L L L I T Y R R R R L L L T T T T T prumupuerr

IN THE FOLLOWING LOCATIONS, THE USER MAY PLACE JUMP INSTRUCTIONS TO
ROUTINES FOR HANDLING THE FOLLOWIHG:=

A) RST 5,6 & 7 INSTRUCTIONS
B) HARDWIRED QSER INTERRUPT (RST 6.5)
) EEYBOARD "VECTORED INTERRUPT" KEY ([RST 7.5)

ORG
D&

ee

0B

USRABR ; START OF USER BRANCH LOCATIONS

a,8,8 : JUMP TC RST 5 ROUTINE

a.0,0 7 JUMP TD RST 6 ROUTINE

B,8,9 i JUMP TO RST .5 (HARDWIRED USER INTERRUPT}
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LOC  oBJ SEQ SOURCE STATENENT
20CB 89 2521 RSETT?: @D a,6,0 ; JUMP TOQ RST 7 ROUTINE
28CC @8
28CI e
2UCE BB 2522 USINT: DB ¥,9,.8 : JUME TO “YECTORED INTERRUPT- KEY ROUTIME
ZBCE B
2000 @b
2523 ;
2524 :ttttttttttltiittit\lll’ttt!l‘-tlttlt--ttltiittlltlttlt*ttitt:tttlttltlltt
252%
2526 ; SPACE IS RESERVED HERE FOR THE MONITOR STACK
gg%g ;it)llttlt-ttilt!lttltlltllttw*ntwtttii‘tl’tlttntt-tttiitlttttntiittlttl
2529 ;
20E9 2530 ORG MHSTK ; START OF MUNITOR STACK
2531 ;
2532 ; SAVE LOCATIONS FOR USER REGISTERS
2933 ; ’
29E% 9B 2534 ESAV: DB a ; E REGISTER
29EA BB 2535 DSAV: DB [ i D REGISTER
28ER BB 2536 CSAV: DB 2 t ¢ REGISTER
20EC BB 2537 BSAV: o] 2 t B REGISTER
Z0ED @@ 2538 FSAV: be # ; FLAGS
2DEE Bb 25319 ASAV: DB ] : A REGISTER
IBEF B 2548 LSAV: De ] ; L REGISTER
20F BO 2541 HBAV: [):) ] ; H REGISTER
20F1 B9 2542 ISAV: DB [] : INTERRUFT MASK
2543 PSAV: : PROGRAM COUNTER
208F2 8@ 2544 PCLSY: D3 a ; LOW ORDER BYTE
20F3 BB 2545 PCHSV: DB ] f HIGH ORDER BYTE
2546 SSAV: ; STACE POINTER
29F4 @8 2547 SPLSY: DB [ t  LOW CROER BYTE
28FS B8P 2548 SPHSV: DB ] 1 HIGH ORDER BYTE
%g;: ;l'lI'l'-Il'-lﬁiitiitiittll’tltllt-t*ittiitilltltwttiiitittit’il’tll’tltwitiit
2551 ;
2552 ; MOWITOR STORAGE LOCATIONS
2553 ;
20F6 A0Q8 2554 CURAD: DW ] : CURRENT ADDRESS
i0rF8 Be 2555 CURDT: DB [J ; CURRENT DATA
.11 2556 CBUFF: DS 4 : OUTPUT BUFFER
2557 TEMP: : TEMPORARY LOCATION FOR TTY MONITOR
2558 3+ TEMPORARY LOCATION FOR SINGLE STEP ROUTINE
20FD 88 2559 RGPTR: DB ] ; REGISTER POINTER
20FE @8 2568 IBUFF: DB [ ; INPUT BUFFER
20FF @@ 2561 USCSR: DB [] ; USER SHOULD STORE LMAGE OF CSR HERE EACH TIME
2562 1 /CSR IS CHANGED. QTHERWISE, SINGLE STEP
2563 : /ROUTINE WILL DESTROY CSR CONTENTS.
2564 END
PUBLIC SYMBOLS
EXTERNAL SYMBOLS
USER SYWBOLS
ADFLD A Ba#@ ADISF A BO9P ASAV A 24EE BLANE A PBLS BLMKS A& @3%A BRCHR A BULP
BSAN A 2HEC CADR A B7AR cI A @59@ CIBS B 9592 C118 A 95al CLDBE A B84H
CLDST A #1F1 CLEAR A BlD7 cMple A 4R7B CHDRLS A 9R8T CMDAD A #37C CHDTE A 0378
CRTRL A 1998 CNVBE A 0588 e A @5C4 COR5 A B5CB COMMA A @911 R A P@PD
CSAV A ZPEB CSNIT A 0248 CSR A d@28 CTAB A @7AE CURAD A 2BF6 CURDT A 26FB
DCM1B A 8449 DCM1S & @ASE DCMD A B43T DDISE A @894 DELAY A BSF1 DIGTB & @784
DoT A BRO1 DSAV A 28EA DSPLY A 1888 DSPEB & 23B4 DTFLD & BO4) DTMSK A @408
ECHLB A B&OF ECHO A @5F8 EIGHT A @@d8 EMPTY A #8889 ERMSG A B3ISE ERR A 8215
ESAV A Z0ES ESC A 9818 EXAM A 8932 EXM85 A #2890 EXM1d A PBEB EXMSG A 93A2
FIVE A BBE5 FRET A d81C FSAV A& 20ED Gla A ABEC GCHES A BATD GCMLB A 9483
GETCH A @61F GETCM A 4408 GETHX A D626 GETHM & #658 GHXA5 B B62C GHXL® A 8645
GHM1E A 8677 GNML5 A @685 GHM2ZE A BSHA GHM25 A @695 GHM3S A BGIY GO A G1IFhA
GTCEI A Bdl4 GTCE5 A #421 GTC1d A P42D GTHES A @232 GTH1d A D249 GTHZE A #3155
GTHEX A 9228 HCHAR A d08F HILES A P6CL HILO A 86a8 HSAV A 20FB HADSP A AI6(
IBUFP A 28PE ICHES A #49) ICM1d A B4BY ICMZR A B4CE ICM25 A BAGT ICHD A 9484
INSDG A d29F INVRT A BOFF ISAV A 24FL KBNIT A BBCC KMODE & dBgd LETRA A 2203
LETRC A d90C LETRD A BRED LETRE A @9BE LETRF A BBAF LETRH & 0810 LETRI A 2@13
LETRP A ##12 LETRR A BB14 LETRS A #8905 43 b DBOM LOWER & 04Bd LSAY A ZBEF
MCMBS A @4D3 MCHD A PADP MNSTK A 2BE9 MSGL A B3FF NCMDS A 0dB6 MEWLN A& R0AF
NNTBL A #3B3 HOBOT A P8P HOMC A P04 NUMRG A @@BD BEXTRG & 92A8 OBTIM & B4EC
oUTBS A B2C2 apTled A B2CE CUTIS & BICS ouT2d A 9ibC CUTPT & @2B7 PCHSV & 28F)
PERIO A BO1E PRMPT A BEFR PRTYD A BB7IF FRYAL A WGEZ PSAV A 20F2 RAMST & 2848
RDKBD & B2E7 READ A 8840 REGBES A BGED REGLE A B6F7 REGLS A #8712 REGDS & B6EA
RETF A& B2F7 RETT A HiFA RGABS & B7IZ1 RGAlZ A 872E RGADR A @718 RGLOC & B2FC
RGETE A BIAC RGFTR A ZPED RGTBEL A B3ED RMUSE A @817 RSETS A 28C2 RSET6 A 28C5
RSRA5 A 032D RSR1B A @331 RST6S & 2008 RSTOR A #31B RTAB A B7C4 RTABS A 9903
SCHip A 8580 SCM15 A B51@ SCMD A BAFD SETRG A 2344 SGHAD A& B3A6 SGNDT A BIAA
SELN A 8018 SPHSY A 20F5 SPLSV A 28Fd SRET A @732 SSAV A 20F4 SSTEF & 04FD
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CMMND
CROUT
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ADFLD
ADISP
ASAV
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BEAV
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CLDEK
CLols
CLDET
CLEAR
CHD1d
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CHDAD
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CHMMD
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CNVBN
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COMMA
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CURAD
CURDT
DCMB S
DCHLD
DCH1S
DCMD
DOISP
DELAY
DIGTB
DISPC
DoT
D5AYV
DSPLY
OSFTB

CTFLD
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ECHE5
ECH14
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EHMSG
ERR
ERROR
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EXAM
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ICMB5
IcMla
ICH2¥
ICN25
1CHD
ININT
INSDG
INVRT
LSAV
KBNIT
KMODE
LETRA
LETRB
LETRC
LETRD
LETRE
LETRF
LETRH
LETRI
LETRL
LETRP
LETRR
LETRS
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LSGNON
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NUMEG
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QBUFF
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QUTPT
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PRVAL
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STP2Zl
5TPe2
5TP23
STPZ5
STRT

SUBBS
SuBla
5uUB15
SUBST
TEME

TERM

TIM4d

TIMER
TIMEI
TIMLO
THADE
TRUE

TSTRT
UBRLN
UHMSE
UPDAD
UPDDT
UPFPER
USCSH
USINT
USRBR
VALDG
VALDL
WALIT

WAITS
KCMBS
XCM1g
ACM1E
XCM1s
KCM2@
KCM2Z5
icmz?
KCM3e
KIMO

ZERJ
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411
dl4
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13434
4764
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13524
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133#
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152%
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221
137¢
1553
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RGHAM
RGPTB
RGPIR
RGTEL
RMUSE
RSETS
RSETS
RSETT
RSROS
ESR1D
RST65
RSTOR
RTAB

RTABS
SCMOS
SCM10
5CM15
SCMD

SDKBS
SETRG
SGNAD
SGNDT
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SRET
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SSTRT
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STOPB
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TIMER
TIMHI
TIMLO
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TRUE
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