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WARRANTY

The HAL Communications Corp. MCEM-8080 Microcomputer System is fully
guaranteed against defects in materials and workmanship for a period
of one year. Should repair or replacement parts be required, notify
HAL Communications Corp. promptly. Please do not return your unit to
the factory for repair or adjustment until you have received a written
return authorization.

HAL Communications assumes no responsibility for the repair or replace-
ment of parts or units which have been damaged, abused, improperly
installed, or modified and reserves the right to change the design of
this equipment without incurring obligation to incorporate such changes
into existing units. Operation of this equipment with improper power
supply voltages (as described in this manual) will invalidate the
warranty.

CT T S T T VA W
R N I N i N R S A S A T I i A A A TR T S g R A S i O A i S N S i i WK ¥ N WHWHA R

Copyright © 1976 by HAL Communications Corp., Urbana, Illinois. Printed
in the United States of America. All rights reserved. Contents of this
publication may not be reproduced in any form without the written permis-
sion of the copyright owner.

April, 1976 Printing



CONTENTS:

1.

ot —t — o — —— — )
CON OV W N —

|
2
2
2.
2
2
2

... ..
V&S W N —

MCEM-8080 MICROCOMPUTER SYSTEM

YSTEM COMPONENTS.

8080A Mlcroprocessor
Processor Control Circuitry .

‘Random Access Memory.

Read Only Memory. .

Serial Input/Output (I/O)
Parallel Data Input/Output.

Bus Indicators and Control.
Connectors used on the MCEM- 8080

NSTALLATION OF THE MCEM-8080.

initial Installation.

Connection of Serial Input/Output Devnces .
Connection of Power Supplies to the MCEM.
Connection of Parallel 1/0 Devices.

1/0 Connector Pin Assignments .

Universal Processor Bus Connector .

OPERATION OF THE MCEM-8080 .

3.1
3.2

Software Monitor.
Monitor Subroutines .

SYSTEM ADDRESS ASSIGNMENTS .

Lo
4.2
4.3

Random Access Memory (RAM).
Read Only Memory (ROM).
Input/Output (1/0) Assignments.

OPERATING HINTS.

5.1

\J"\J'!U'IU'!U'I\.N
e« e & e
\Jc\\n-PWN

Power-on Start Up . . .

Changing the Monitor Mode . .
Manually Writing a Memory Location.
Manually Jumping to a Program Address .
Manually Writing to an Output Port. .
Using the Break-point Register for Debug.
Using the E and R Commands for Debugging.

PROGRAM EXAMPLES .

SOFTWARE MONITOR LISTINGS.

CIRCUIT BOARD LAYOUT AND SCHEMATIC DIAGRAMS.

APPENDICES . . . .

A.

B
C.
D

PROM, EPROM, ROM Connectlons and Marklngs .
lnput/Output Jumper Connections .

Addition of INTREQ, RESIN, and BUSEN to the UPB .

8080A Assembly Language Coding Forms.

— ottt ot ot ' — —
LI
VITWW NN — — — —

N O

o U‘IV‘I\JW\{I\I\\.HWU‘I
EEEWW N e~ —

i
—

N O



TABLES:

Table
. Table
Table
Table
Table
Table

NN NN
e e e e e

a1 W N —

ILLUSTRATIONS:

Figure 1.
Figure 2.
Figure 2.
Figure 2.
Figure 2.
Figure 2.
Figure 8.
Figure 8.
Figure 8.
Figure 8.
Figure 8.
Figure A.
Figure A.
Figure A.
Figure A.
Figure B.
Figure B.
Figure B.
Figure C.

—

VT EWN — VIiEWN —

——WN —=WN —

ASCI| Character Code .
Baudot Character Code.

" Oscillator Frequency and Perlod

Power Requirements and Connections .

1/0 Connections. . . . .
Universal Processor Bus Connectnons

MCEM-8080 Microcomputer System .

EIA - RS-232C Serial 1/0 (standard jumpers).
Dual current loop serial /0 . .
Single current loop serial 1/0 .

Bit assignment and timing for parallel output.
"Bit assignment and timing for parallel input .

MCEM-8080 circuit board layout . . . . .
Schematic drawing conventions. . . .
MCEM-8080 CPU Interface / Control.

MCEM-8080 Processor Memory . ..
MCEM-8080 Input/Output Interface .

Memory jumpers for 3624-4 PROMs. ..
Memory jumpers for 8704 EPROM. . . . . . .
Memory jumpers for 8708 or 8308 ROMs .

PROM color coding. . . . . . . « « « « « .
EIA - RS-232C Serial 1/0 Jumper Locations.

Dual current loop serial 1/0 Jumper Locations.
Single current loop serial 1/0 Jumper Locations.

Addition of RESIN, BUSEN, and INTREQ to UPB.

iv

1 ] |
-_—— 00 O

1

0O OO0 0O OO OO
) [ ] |
oVl W N

\D\DLO\DL?LOLOLO
— 0 oO~NUT W N



INTRODUCTION

The HAL MCEM-8080 Microcomputer System is a single printed-circuit
board computer that can be used for program development or for specific
control applications. The MCEM-8080 is designed around the Intel 8080A
single chip, 8-bit, N-channel microprocessor integrated circuit. The
MCEM-8080 printed circuit board contains the microprocessor IC,-its timing
and control circuitry, both Read Only Memory (ROM) and Random Access
Memory (RAM) integrated circuitry, and timing and control for Input / Out-
put (1/0) interfacing. Other accessories such as additional RAM, Keyboard/
Video Display unit, tape cassette memory, and power supplies can be used
with the basic MCEM circuit board. This manual discusses ONLY the basic
MCEM-8080 board - the operation of the accessories is discussed in separate
manuals furnished with each unit.

The MCEM-8080A Microcomputer System manual is actually supplied in
two publications: this MCEM-8080 Operating Manual, and the Intel 8080
Microcomputer Systems User's Manual. Specific operating instructions
and specifications pertaining to the HAL Communications Corp. MCEM-8080
system are discussed in the MCEM-8080 Operating Manual. General information
relating to the 8080A and associated integrated circuits is discussed in
detail in the Intel 8080 Microcomputer Systems User's Manual ( © Intel
Corporation). When pertinent, references are made in the operating manual
to the detailed discussions in the Intel manual. These referentes are given
in the form: '"lIntel; pp A-xx to A-yy'". In addition, a copy of the
Intel 8080 Assembly Language Reference Card (© Intel Corporation) is
furnished with the MCEM-8080 Microcomputer System to aid in program develop-
ment. :

Figure 1.1 MCEM-8080 Microcomputer System



1., SysTem COMPONENTS

The HAL MCEM-8080 Microcomputer System contains the following basic
and optional components:

1.1 8080A Microprocessor

The 8080A is an eight bit microprocessor integrated circuit with
an instruction repertoire of 73 instructions. The execution time of
these instructions varies from 2.0 psec. to 9.0 usec. The 8080A integrated
circuit itself contains all of the circuitry required to address the memory,
address Input / Output (1/0) devices, and manipulate data. A more detailed
discussion of the 8080A will be found in pages 2-1 to 2-20 of the Intel
manual (Intel; pp 2-1 to 2-20).

1.2 Processor Control Circuitry

Two additional integrated circuits are used in conjunction with the
8080A to provide all of the timing and control signals for the micro--
processor system. These are the 8228 Bus Controller IC and the 8224 Clock
Generator IC.

1.2.1 8228 Bus Controller (Intel; pp 5-7 to 5-12)

A type 8228 integrated circuit is used to decode signals from the
8080A and generate the required bus control signals. This device also
buffers the 8080A data bus signals and will support a single vector
interrupt (RST 7).

1.2.2 8224 Clock Generator (Intel; pp 5-1 to 5-6)

A type 8224 integrated circuit generates all system timing signals.
An 18 MHz crystal is used with the device to generate the 2.0 MHz processor
timing signals, power-on reset signal and ready line synchronization pulses.

1.3 Random Access Memory

The standard MCEM circuit board is provided with 1024 bytes of Random
Access Memory (RAM). This memory can be used by the user's programs, but
the lower 64 bytes are required for the software monitor program. Additional
circuit board space is provided so that an additional 1024 bytes ('"1K") of
RAM can be installed on the MCEM board (factory installation is recommended).
A1l RAM integrated circuits should be type 8102A-4, a device featuring an
access time of 450 nsec. or less. Slower RAM devices should NOT be used as
they may cause improper operation of the system. Further information on the
8102A-4 is found on pages 5-79 through 5-82 of the Intel manual (Intel;
pp 5-79 to 5-82).

Within the processor memory space, the standard '"'1K'" bytes of RAM
occupy locations between 0 and 1023 (0 - 3FF - Hex). The second (optional)
"K' bytes of RAM occupy locations between 1024 and 2047 (400 H - 7FF H).
The software monitor uses RAM locations between 0 and 63 (0 - 3F H).

1-1



1.4 Read Only Memory

The MCEM system is provided with sufficient circuit board space for
4096 bytes of EPROM (Erasable Programmable Read Only Memory) or 2048 bytes
of bi-polar PROM (Programmable Read Only Memory - NOT erasable). The
device selection is made by selection of the proper circuit board jumpers.
Four socket locations are provided for the ROM - all four must be of the
same type (EPROM or PROM). The ROM occupies consecutive memory locations,
starting at 32,768 (8000 H).

1.4.1 EPROM

Either a type 8708 or 8704 EPROM integrated circuit (Intel; pp 5-45 to
5-50) can be used on the MCEM board. The 8708 is a 1024 x 8 device and
the 87QH is a 512 x 8 device. Refer to Appendix A for proper jumper place-
ment.

1.4.2 PROM

Type 3624 PROM integrated circuits can be used on the MCEM. This IC
is the standard device furnished with the MCEM. The 3624 is a bi-polar
PROM with a 512 x 8 organization. ' Up to four 362L4's can be used on the
MCEM-8080 circuit board. NOTE: Production MCEM-8080 circuit boards are

jumpered for use of this device on the circuit board. If it is desired
to use other devices, refer to Appendix A for details.

1.4.3 ROM

A type 8308 ROM integrated circuit (Intel; pp 5-59 & 5-60) can also be
used in the HAL MCEM-8080. This is a mask-programmed version of the 8708.
Refer to Appendix A for jumper details.

1.4.4 Monitor Software ROM

The HAL software monitor can be resident in either 2-3624, 1-8708, or
1-83Q8 ROM integrated circuits. Either 2-3624 or 1-8308 ROM is standard

with the MCEM. The monitor software is 1024 bytes in length and begins at
location 32,768 (8000 H).

1.5 Serial Input / Output (1/0)

The standard MCEM-8080 provides for either synchronous or asynchronous
serial data interface. The software monitor supports asynchronous serial
1/0 in either Baudot (5-unit) or ASCIl (8-unit) codes.

1.5.1 8251 USART

A type 8251 integrated circuit (Intel; pp 5-135 to 5-146) Universal
Synchronous/Asynchronous Receiver/Transmitter (USART) is used to input and
output serial data. This device is fully programmable and is controlled by
" the processor. Parallel-to-serial and serial-to-parallel conversions as
well as word length selection and parity are controlled by the 8251.

1-2



1.5.2 Serial Timing Oscillator

A type 555 integrated circuit timer is used to generate the serial
data baud rate. The data rate is screw-driver adjustable on the circuit
board. The actual 555 clock frequency is 4 times the baud rate in ASCII
mode and 16 times the baud rate in Baudot mode. '

1.5.3 EIA - RS-232C Data Interface

Two operational amplifiers (both halves of a type 1458 IC) are used
as RS-232 drivers and receivers. The serial output of the 8251 USART is
directly converted to a + 5 volt signal, with -5 volts representing the
"mark'' signal condition and +5 volts as ''space''. The output impedance
of the circuit is approximately 40O ohms. For input data, an operational
amplifier is used as a sense amplifier and level converter. |Input voltages
greater than +1.0 volts are interpreted to be in the ''space' condition and
those less than +1.0 volts as '"'mark''. The input impedance is approximately
2700 ohms. This input will properly sense TTL-level signals, as well as
EIA - RS-232C signals.

1.5.4 Current Loop Interface

Current loop signals with either 20 or 60 ma mark currents can also
be connected to the MCEM-8080. Two optical isolator integrated circuits
are used to convert between the floating current loop circuit and the
RS-232 levels. These sensors are separated so that one can be used for
data input and the other for output (separate current loops - ''full-
duplex' operation). The two circuits can also be series connected to
~provide both data input and output on a single current loop circuit
("hal f-duplex' operation).

1.6 Parallel Data Input / Output

A type 8255 integrated circuit (Intel; pp 5-113 to 5-133) is provided
to allow parallel data interfacing. This device, called the '"Programmable

Peripheral Interface', consists of three buffered 8-bit parallel data ports.
The software monitor utilizes the 8255 for parallel 1/0 operations.

1.7 Bus Indicators and Control

A number of indicators (small LEDs - Light Emitting Diodes) and switches
are installed along the front edge of the MCEM-8080 circuit board to permit
evaluation and control of the processor operation.

1.7.1 Address Indicators

The entire 16 bits of the 8080 address bus are displayed on 16 LEDs.
The lamps are grouped in four-lamp clusters, four clusters total. Each
group of four lamps represents a single hexadecimal (HEX) character, O through
F. An illuminated lamp indicates a logic ''1" condition. Within a four-lamp
cluster, the least significant bit (LSB) is represented by the right-hand

lamp. Similarly, the right-hand cluster of four lamps represents the least
significant hexidecimal character.
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1.7.2 Data Indication

Eight lamps (in two four-lamp clusters) are used to indicate the
state of the processor data bus. These lamps are immediately to the left
of the address lamps. As before, the right-hand lamp represents the LSB
and an illuminated lamp represents a logical '"1'" for that bit. :

1.7.3 Bus Control Indication

The four lamps on the extreme left end of the circuit board indicate
the state of the 1/0 Read, 1/0 Write, Memory Read, and Memory Write (left-
to-right order) signals from the processor. An illuminated lamp indicates
which of these operations is active. A complete description of the function
of these signals is found in the Intel manual (lIntel; pp 5-7 to 5-12).

1.7.4 Manual Data Switches

Immediately in front of the eight data lamps are located two, four-
section miniature switches. The switches provide manual control of the
contents of the data bus. These switches can be used to enter data only
when the Data Bus Override (DBO) switch (to the right of the data switches)
is in the ON position. The data switch settings at any other time does
not affect the processor. The switches are arranged in the same manner as
the lamps, LSB to the right.

1.7.5 Run / Stop Switch

A miniature toggle switch on the right-hand section of the board
(1abeled RUN - STOP) allows manual control of the 8080A Ready line. When
this switch is set to the RUN position, the processor will continue to
operate (unless halted by the program or some other control). When in the
STOP position, the processor is halted and only the manual STEP and RESET
switches will cause processor activity.

1.7.6 Reset Switch

The far right-hand push-button switch (labeled RESET) is a momentary
contact type that can be used to manually reset the 8080A. A reset operation

causes the program counter to set to zero and the interrupt flip-flop to be -
cleared. Processor execution commences at location 0000 when the reset switch

is released. Application of DC power supplies automatically issues a reset
function.

1.7.7 Single Step Switch

» The STEP switch (located between the RUN - STOP and RESET switches)
allows manual stepping of the computer, one MEMORY cycle at a time. This
switch only functions when the processor has been halted by either the
RUN - STOP switch or the break point register. It is important to remember
that some instructions require more than one memory cycle and therefore more
than one operation of step switch to complete.

1-4



1.7.8 Break Point Register Switches

In the middle of the control area of the circuit board are located
four, four-section miniature switches. These 16 switches form a.''break
point register''. Circuitry is provided to compare the value of this switch
register with the address bus and cause the 8080A to stop operation if the
two are equal. This function is similar to a programmable stop. Once the
B0BOA is halted due to a break point '"'match', it can only be caused to
continue running by either manual stepping with the STEP switch or by re-
setting the break point switches to a new value.

1.7.9 Memory Write and Output Write Switches

Two momentary switches are located on the far left-hand side of the
circuit board. These switches allow manual operation of memory or output
functions. The MEMORY WRITE switch will cause a manual memory write function
when depressed, overriding the normal bus control from the 8228 integrated
circuit. Similarly, depression of the OUTPUT WRITE switch will cause an

output write function, again overriding the normal control from the 8228.
1.8 Connectors used on the MCEM-8080

There are three connectors used on the basic MCEM-8080 circuit board.
These connectors are used for 1/0 Interface, Power Input, and connection

to the Universal Processor Bus. Mating connectors for each are furnished
with the MCEM.

1.8.1 1/0 Interface Connector

Input / Output (1/0) connections to the MCEM are made through a 36 pin
circuit board edge connector (0.156' finger spacing, 18 pin double readout)
located on the left edge of the board. All three parallel 1/0 ports of the
8255 are available on this connector as well as connections for serial data.
The form of serial data to be used is selected with circuit board jumpers.

1.8.2 Power Connector

Power connections to the MCEM are made through the 12 pin edge
connector (0.156' finger spacing 6 pin double readout) located in the
upper right-hand corner of the circuit board. The MCEM requires * 12 volt
and +5 volt power supplies. ~

1.8.3 Universal Processor Bus Connector

Direct connection to the computer address, data, and control lines
can be made through the 40 pin Universal Processor Bus (UPB) connector
located in the lower right-hand corner of the board. A mating connector
and attached ribbon cable are supplied for use of this feature. Connection

of options such as additional memory and the Keyboard/Video Display unit
is made through the UPB connector.
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2. INsTALLATION oF THE MCEM-8080

2.1 Initial lInspection

Upon receipt of the MCEM-8080, unpack the circuit board and accessories
and inspect them for evidence of shipping damage. |f evidence of shipping
damage is found, contact the carrier immediately. Before discarding the
packing material, check that all parts and accessories are accounted for.

If any are missing, please notify the factory or distributor in writing.
The following parts and accessories are furnished with the MCEM-8080:

Accessories and Parts:

1 - L0 pin Universal Processor Bus (UPB) connector with 2 ft.
of ribbon cable attached.

- 36 pin edge connector

- 12 pin edge connector

MCEM Operating Manual

- Intel 8080 Microcomputer System User's Manual

- Intel 8080 Assembly Language Reference Card

|

2.2 Connection of Serial Input / Output Devices

The MCEM-8080 standard circuitry and software will support serial 1/0
(Input/Output) operations in either the 7-unit ASCI| code OR the 5-unit
Baudot code at a variety of baud rates. The code to be used is selected
with circuit board jumpers. The MCEM-8080 is usually factory connected
for the ASCII| code.

2.2.1 ASCII Serial 1/0 Operation
The ASCI| mode is selected by strapping pin 22 (DSR) of the 8251

(circuit number 15, left edge of board) to ground (see Appendix B). In

ASCI1 mode, all serial communications is performed with a 7-bit ASCII
format. This format is:

- start bit (space)

]

7 - data bits .

1 - parity bit (set to space)
2 - stop bits (mark)
11 - bits per character

The serial baud rate timing is screw driver adjustable from 100 to
600 baud. The unit is factory adjusted for 300 baud (30 characters per
second). As noted in section 1.5.2, the 555 timer is set to 16 times the
output baud rate (eg., 16 x 300 = 4800 Hz for 300 baud). Table 2.1 contains
a list of the ASCII| character set used and their corresponding hexadecimal

values. Common ASCI| baud rates and the corresponding oscillator frequencies
and periods are listed in Table 2.3.
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L Least Significant Bits

ACK
BEL
BS

CAN
CR

DC1
" DC2
DC3
DCL
DLE
EM

ENQ
EOT

ESC.

ETB
ETX
FF

m O O @ > W © N O 1 &= w N -

=

-

nn

wn

won

Table

[/ 1
NUL DLE
SOH DCI
STX DC2
ETX DC3
EOT DCh
ENQ NAK
ACK SYN
BEL ETB
BS CAN
HT EM
LF SuB
VT ESC
FF FS
CR GS
SO RS
Sl us

acknowledge

bell

backspace

cancel

carriage return
device control 1
device control 2
device control 3
device control 4
data link escape
end of medium
WRU = enquiry
end of transmiss
escape

2.1

ASCl1 Character Code

3 Most Significant Bits

ion

end of transmission block

end of text
form feed

Mark
Data

is transmitted

2-2

0 O ~N O V1 & W N -~ S W

FS
GS
HT
LF
NAK
NUL
RS
RUB
ouT
Sl
SO
SOH
STX
SuB
SYN
us
VT

logical 1

- I O M m 99 O W PP o &
— o ua -+ 0 o 0 T W
~ N < < = 0N o ~

D= S AN <X X £ << C 4 0 ™ O TV W

Z X r X «

RUB
- ouT

o
o]

file separator

group Sseparator
horizontal tabulation
line feed

negative acknowledge
null

record separator

delete (= DEL)

shift in

shift out

start of heading
start of text
substitute
synchronous idle
unit separator
vertical tabulation

] o

Il ] o n

[t

LSB first.



L Least Significant Bits

Table 2.2 Baudot Character Code

Most Significant Bit (1)

Letters Figures

g 1 [/ ]
[ BLANK T BLANK 5
1 E Zz 3 +
2 LF L LF )
3 A W - 2
4 SPACE H SPACE #
5 S Y ! 6
6 | p )
7 u Q 7 1
8 CR 0 CR 9
9 D B $ ?
A R G 4 &
B J FIG BEL FIG
c N M , .
D F X ! /
E c v =
F K LTR ( LTR
BEL = bell (or *)
BLANK = blank (non print or space)
CR = carriage return
FIG~ = figures case
LTR = letters case
LF = line feed
Mark = logical 1

~Data is transmitted, LSB first.
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circuit board. THE MCEM-8080 CAN BE DAMAGED IF THE 1/0 CONNECTOR IS
REVERSED (particularly if connected to high-voltage current loop circuits).

2.6 Universal Processor Bus Connector :Zélljéﬂyé*ﬂfbﬁ4 23,

The processor bus of the 8080A can be extended with a 40 conductor
ribbon cable attached to the Universal Processor Bus (UPB) connector.
The total length of this cable should not exceed 24 inches. The total
external loads should not exceed three standard TTL loads on the address
and control lines and 5, LOW CURRENT, bus receiver loads on the data lines.
The connections to the UPB connector are shown in Table 2.6.

Table 2.6 Universal Processor Bus Connections

Pin Function Pin Function Pin Function
1 AI2 15 Al 29 Alh
2 412 ' 16 MEMR 3 (o)
3 Alp | 17 A3 31 AlS
L 45 18 T/0 R ' .32 Locating Key
5 A8 19 A5 33 DBY
6  Ground 20 T/OW 34 DBY
7 A6 21 A7 35 DBI
8  Ground 22 RESET 36 DBS
g Ap 23 A9 37 DB2
19 p2 (TTL) 24 RDY 38 DB6
1 A2 : 25 Al 39 DB3
12 (NCO) 26 (NC) - hp DB7
13 AL 27 A3

14 HEMW 28 (NC)

Note: Connections with the (NC) designator may have a function assigned
but not connected on the factory standard units.



3. 0OperaTIiON OF THE MCEM-8080

3.1 Software Monitor

The software monitor supplied with the MCEM-8080 properly interfaces

the serial 1/0 port, the parallel 1/0 ports, the keyboard display option,
or other user-defined 1/0 devices. The monitor allows the user to perform

the following operations. These commands are entered from the console.

3.1.1 Load hex (hexidecimal) files.

Large files can be loaded into the MCEM-8080 RAM from the reader device
by using the following format:

: 19 9838 BB 3ES7...... 23 8E

SUMCHECK
DATA ‘FIELD
RECORD TYPE
LOAD ADDRESS
RECORD LENGTH
COLON

COLON: A1l records must start with a COLON character. Any
characters preceding the COLON are ignored.

RECORD LENGTH: The number of load bytes in the data field is
specified as a number between 8 and FF (# to 255).
This is a hexadecimal number and is either two characters
long or a single character followed by a comma
(i.e., 87 = 7,). |If a zero length record is entered,
the load is terminated and control is restored to the
monitor.

LOAD ADDRESS: The memory location into which the first byte of
the data field will be written is specified here.
Successive bytes in the data field will be written into
successively higher memory locations. This number is
either four characters long or less if terminated with
a comma (i.e., P32E = 32E,).

RECORD TYPE: The record type is specified here. With the present
version of the monitor (Version 1.1), all records are

of type zero (enter £8).

DATA FIELD: The actual data to be written into memory is specified
here. These are two character hex bytes and each pair of
characters is converted to eight bits to be loaded into
memory. : :



SUMCHECK: This hex byte represents the negative sum of all bytes
(the load address is two bytes) in the record. The
SUMCHECK value is such that, when modulo 256 is added to

all of the other bytes of the record, the total will equal

zero. This is a validity check on the record. If the
SUMCHECK fails, an "X" will be printed on the serial
output device. However, the data will still be loaded
if the SUMCHECK fails.

The format used to specify a load file is:

Lp)

I-I;~———~—————-Carriage Return (CR)

Load offset (added to the load address

other than that specified, up to four
hex characters, #f@9 - FFFF)

L indicates load

Prompting period issued by the monitor

After receiving this command, the monitor will begin searching for
the first colon.

3.1.2 Dump or Display

portion of the hex records to load memory

The contents of memory can be dumped (or displayed) by specifying the

range to be dumped. The output generated is compatible with the load
command so that memory areas can first be dumped and then loaded. The
format of the i dump is in a number of hex records (of maximum length =
18 H) until the entire range is depleted. For clarity, spaces are
inserted between the various bytes but the monitor ignores spaces on
input so that the dumped file is compatible with the load file routine.
The dumped file is sent to the punch device. The command format is:

D 300 , Lgp ) ‘ /

T I

Carriage Return (CR)

First undumped byte

Comma separator

First dumped byte

D (Dump) command

Monitor prompting period
This example command will cause display of all memory contents

between locations 380 H to 4fP H - 1 as 16, 16 byte records. A zero
length record is always added at the end.
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3.1.3 Insert Memory Data

Individual locations in memory can be modified by using this command.
The command format is:

I 82E )

I;———-——Carriage Return (CR)

‘—————Starting memory address

I (Insert) command

Monitor prompting period
The output generated is of the following format:

82E = 27

T

Present memory contents

Equals sign

Space character

Address

After this has been output, a comma is typed followed by a new byte
and when done, written into memory. |If it is desired to leave the memory

location unchanged, any non-comma character can be typed. After the new
data has been entered, the address is incremented and displayed again.
For example, consider:

| 82E (Insert memory command, generated by user)

82 = 27 , 2E

l _[;———————New data (entered by user)

Comma (entered by user)

Response by computer

82F = 87 (Computer response indicating contents of
next location) :

If any character between '"G' and "Z' is typed instead of a hex .
character, control returns to the monitor.

3.1.4 JUMP Command

Program control can be transferred to a specific location through the
JUMP command.  This command can be used to ''jump' to a user program or
subroutine. The format for this command:
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.J 23 )

—[-1- Carriage Return (CR)

Destination address

JUMP command

Prompting period issued by monitor
3.1.5 RETURN command

Program control can be transferred to a specific location and the
CPU registers restored to a predetermined value by executing a RETURN
command. The format of this command is:

R 283 )

TT T r
Carriage Return (CR)

Destination address

RETURN command

Prompting period issued by monitor

Twelve register values are restored by this command including:

Register Stored at .
Memory Location
B 37
o 36
D 35
E 34
A (Accumulator) ' 33
PSW (Processor Status Word) 32
H 31
L 30
bC (PCH (high order program counter) 2F
PCL (low order program counter) 2E
5p (SPH (high order stack pointer) 2D
'SPL (low order stack pointer) 2C

The initial value (to be restored) of these registers can be set by
using an | (Insert) command to the memory location used for storage.
These locations are shown in the above list. Note that, during the
process of restoring the registers, the stack area indicated by SP
(SPH & SPL) is used as temporary storage and therefore SP should contain
a valid RAM address. |If the destination address specified in the command
is zero, the destination is taken from the storage area.

3.1.6 STOP command

A STOP command can be initiated at any time at which the monitor is
expecting a control character by typing an "S$'" (or any other letter between

3-k



“G'" and ''Z"'). As explained in section 3.1.4, this will cause the command
to be aborted and control is returned to the monitor. The monitor will
then issue a new prompting period.

3.1.7 EXIT command

An exit from a program to the monitor can be executed by entering
a RST 7 instruction or a CALL 38 H. The monitor, upon turn-on, establishes
an entry at 38 H from which it saves ALL CPU registers and status. This
command is intended to permit the examination of all CPU registers and
status while in the process of executing a program. The RST 7 instruction
saves the PC (Program Counter) on the stack and jumps to location 38 H.
From here, it jumps to a routine within the monitor which copies all
registers into a special RAM area. When finished, the address of the
initial RST 7 instruction is typed out as:

EXIT 232E (hexadecimal)

A prompting period is then issued by the monitor. At this point, the
| (Insert) command can be used to examine and/or change individual registers.

The memory location used to store the register values is listed under the
RETURN command.

The most valuable use of the exit command is accomplished by inserting
a RST 7 (BFF H) instruction in the program sequence being de-bugged and an
automatic exit will be executed. The RETURN command can be used to return
to the program sequence. An interrupt will also cause the exit command to
be executed since a RST 7 is used as the interrupt vector.

3.2 Monitor Subroutines

Several general purpose subroutines are included in the software
monitor. Some of these subroutines are:

3.2.1 BEGIN (address 8¢@p H)

This subroutine allows general entrance to the monitor mode. It
initializes all parameters and the USART. ‘

3.2.2 Cl (Console Input - address 8§83 H)

Cl is a console input routine that will return an ASCII character
(standard serial 1/0) from the console control device and place the
ASCIIl code in the A register. The contents of the A and PSW registers
are modified. Three levels of the stack are used by this operation.

3.2.3 Rl (address 8896 H)
This routine is the same as the Cl routine except that the character

is originated by the reader input device instead of by the console.
Serial ASCII 1/0 is standard.
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3.2.4 c0 (address 8889 H)

This subroutine causes an ASCI!I character in the C register to be
output to the console device (serial 1/0 is standard). The contents of
the A and PSW registers are modified and three stack levels are used
by this operation.

3.2.5 PO (address 8p@8C H)

This routine is the same as the CO subroutine except that the ASCII
character is output to the punch device (serial ASCII 1/0 is standard).

3.2.6 LO (address 8PpF H)

This routine is also similar to the CO routine with the exception
that the data is output to the list output device. As before, serial
ASCII 1/0 is the standard code format.

3.2.7 CSTS (address 8p12 H)

This is a console status request subroutine which evaluates the
status of the console input device and returns A = § (zero value in the
A register) or A = PFF H if an input character is waiting. Since the ClI
subroutine will only return if a character is input, a call to CSTS can
be used to determine if a call to Cl is successful (will result in a
character being input and returned).

3.2.8 10CHK (address 8815 H)
10SET (address 8818 H)

A single memory location in RAM is used to define the four input /
output (1/0) devices. The logical devices available are:

CONSOLE: Referenced by Cl, CO, CSTS

READER: Referenced by RI
PUNCH: Referenced by PO
LIST: Referenced by LO

These logical devices can be ''assigned' to any one of the following
- physical devices:

Serial 1/0: Uses the 8251 USART
Keybocard / Display: Optional MCEM-KB/VDU Keyboard/V:deo Display Unit
Parallel 1/0: Uses the 8255 Programmable Peripheral Interface IC

User Defined 1/0:

USRIN (address 4p H): A user input subroutine which will
return an ASCII| character in the A register, similar in
operation to the Cl subroutine.

USROT (address 43 H): A user subroutine, similar in function

to the CO subroutine, which will allow output to the user 1/0
"of an ASC11 character in the C register.
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USRST (address 46 H): A user status routine which returns
A =0 if USRIN will not return a character immediately and
A = PFF H if USRIN will immediately return a character.

Serial 1/0 data is processed through the 8251 USART integrated circuit
and may be either serial Baudot (5-unit) code (DSR pin = '"1") or serial
ASCIl (8-unit) code (DSR pin = "#"). In Baudot code, the code conversion
to and from ASCII code is performed by the 1/0 subroutine and need not be
done otherwise. For instance, if a call to CO is performed while the console
is assigned to the serial 1/0, an ASCII| character should always be present
in the C register. The monitor routine checks the status of the DSR line
and performs a code conversion if necessary.

The Keyboard / Video Display Unit is a HAL Communications option
available for the MCEM-8080. |If a logical device is assigned to the Key-
board / Video Display Unit, the monitor will automatically write the dis-

play screen (output), read the keyboard (input), and check the keyboard
status. - -

Parallel 1/0 data is processed through the 8255 PPl integrated
circuit. Port A of the 8255 is used for data output, Port B for input,
and Port C for control. The seven-bit ASCII code (bit 8 = '"@'', space)
is used for parallel 1/0. Mode 1 of the 8255 is used (Intel; p 5-123).

The user defined 1/0 capability is provided so that the user can write
his own 1/0 subroutines to service particular devices (such as an electrically
controlled Selectric (© IBM) typewriter, etc.). The monitor automatically
calls a set of routines which start at location 48 H (USRIN, USROT, and
USRST) for user 1/0 applications. When the monitor requests a character
(Cl, RI), a call to 4P H is executed. To output a character, a call to
43 H is executed; if the status of the /0 device is needed, a call to
L6 H is executed. The routines in these locations should conform to the
Cl, CO, and CSTS format. For example:

Address: Lp H JMP INPUT

43 H ' JMP  OUTPUT

INPUT STATUS ROUTINE
INPUT

L6 H USER INPUT ROUTINE

OUTPUT  USER OUTPUT ROUTINE

Memory location 3 is used to store the |/0 device assignments. The
format of the assignment byte is:

LD7 D6l D5 Dhj D3 DZJ D1 Dﬂj
LIST PUNCH READER CONSOLE

Contents of Memory Location 3

3-7



DA and DI define the console device (CO, Cl, CSTS)
D2 and D3 define the reader device (R1)
D4 and D5 define the punch device (PO)
D6 and D7 define the list device (LO)

Each two bit set can have one of the following four values:

¢ assigns serial 1/0

Pl assigns Keyboard Video Display option
19 assigns parallel 1/0

11 assigns user 1/0.

For exémple:
Memory location 3 = 181189061 B (Bl H) defines that:

(a) Console operations are via the optional Keyboard /
Video Display Unit,

(b) Reader operations are via the serial 1/0 device,

(c) Punch operations are via the user 1/0 device,

(d) List operations are via the parallel /0.

The monitor automatically sets memory location to §gg@ PpPg% B (69 H) upon
turn-on and thus assigns all logical devices to the serial 1/0 port.

The monitor also checks to see if the optional Keyboard / Video Display
Unit has been attached to the UPB. |If so, memory location 3 is set to
p1919181 B (55 H) which assigns all logical devices to the Keyboard /
Video Display Unit.

If, at any time, it is desired to reassign the /0 system, the
I command can be used. For example: '

I 23 )

will result in a request to change location 3 which contains the 1/0
assignments.

A.call to IOCHK will return the value of memory location 3 in the
A register. A call to IOSET will write the contents of the C register
~into memory location 3. |If it is desired to change the 1/0 system
assignments, these routines should be used.

3.2.9 MEMCK (address 8f1B H)

This routine returns the contents of memory location 5 into the
B register and memory location 6 into the A register. These locations
are intended to hold the address of the first non-RAM memory address
and are used by the resident assembler and editor to determine how
much memory is available to them. The | (iINSERT) command should be
used to set these values if this routine is used.
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4, SySTEM ADDRESS ASSIGNMENTS

The MCEM-8080 uses Random Access Memory (RAM), Read Only Memory
(ROM), Input ports, and Output ports. The address assignments for
these sections are discussed below.

4.1 Random Access Memory (RAM)

The random access memory is used by both the monitor and for user
storage. The standard MCEM-8080 systems are furnished with 1024 (''1 K')
bytes of RAM - this can be doubled to ''2 K' of RAM by the addition of

more integrated circuits to the circuit board.

L. 1.1 Monitor RAM Usage

Memory locations betweeniﬂ and 3FFiH are reserved for RAM memory.
The area between § and 4P H i$USed by the software wonitor Tor the

stack and for temporary storage. User programs should not use these
storage locations to avoid interference with the monitor. As explained
in section 3.2.8, the entry points for user /0 assignments are 49 H
(User Input), 43 H (User Output), and 46 H (User lInput Status).

4.1.2 User RAM Usage

A1l RAM in locations higher than 4§ H is available to the user for
program storage. The monitor stack does not take the possible requirements
of a user stack into account. Therefore, user programs should establish
a stack in the free RAM area (higher than 48 H). The EXIT command and
RETURN commands assume that at least three levels (6 bytes) of user stack
are available and that the user stack is not the same as the monitor stack.

L. 1.3 Optional RAM

The standard MCEM-8080 circuit board has 1024 bytes (''1 K') of RAM
integrated circuits installed. However, additional circuit board space
and connections are provided that 1024 bytes of RAM ICs can be added,
for a total of "2 K" (2048) bytes of RAM. Only type 8102A-4 integrated
circuits should be used to assure compatibility with the rest of the
MCEM-8080. It is highly recommended that these integrated circuits be
installed by the HAL Communications factory to assure proper system
operation. When_the second "1 K' of RAM is used, it occupies the address
space bexween~KBB“ﬁﬂgﬁa"7ffrﬁf"”TﬁE"Tﬁ§TE1lation of this additional RAM
does not affect the monitor RAM usage and therefore, all of the additional
RAM storage is available for user programs.

4.2 Read Only Memory (ROM)

The MCEM-8080 uses Read Only Memory (ROM) for non-volatile program
stage. (Non-volatile = stored data is retained even when power is removed
from the MCEM-8080. RAM is a volatile memory; ROM is non-volatile.) '

Typical uses of the ROM include storage of the monitor, support subroutines
for peripheral devices, and user programs.
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4.2.1 Monitor ROM

The memory locations between,SDﬁﬂ H and 83FF/H are occupied by the

software monitor_program. This program uses a part of the ROM storage

space on the main MCEM-8080 circuit board. It is contained in either

2 - 3624 PROM's, 1 - 8708 EPROM, or 1 - 8308 ROM integrated circuits.
When the type 3624 ICs are used, the monitor program consumes one-half

of the available on-board ROM space. When either the 8708 or 8308 ICs

are used, the monitor consumes one-quarter of the on-board ROM space.

4.2.2 Peripheral ROM

Many MCEM-8080 peripherals require support programs (''software'')
to operate. Typical such peripheral devices include the Keyboard / Video
Display Unit option and the PROM Programmer option. The Keyboard / Video
Display Unit support software is physically resident on its circuit board
and logically located between memory locations F8P® H and F9FF H.
Similarly, the ROM containing the software to support the PROM Programmer
is also resident on the programmer circuit board and the program is
located in memory locations between F28f H and F3FF H. As additional
peripheral devices are developed, they will be assigned RAM and/or
ROM storage in descending locations below F20@ H.

4.2.3 User ROM

Space is provided on the main MCEM-8080 circuit board for user
defined ROM storage. These ROMs, however, must be of the same type
as that used for the monitor software. For instance, if the monitor
has been supplied in type 3624 ROMs, all four ROM positions on the
MCEM-8080 board must use the 3624 ROM. However, types 8708 and 8308
ROMs can be intermixed. User ROM storage starts at location 840f H
and extends tg JBFFF H[(for 8708/8308 ICs).
HAL Communications provides ROM programiing services to MCEM-8080 owners -
please consult the factory if it is desired to program a PROM.

4.3 Input / Output (1/0) Assignments

Various input / output ports have been preassigned in the MCEM-8080
system. Among these are the 8251 USART IC, the 8255 PPl IC, the Keyboard /
Video Display Unit option, and the PROM Programmer option.

4.3.1 8251 USART Integrated Circuit

The 8251 IC requires two input and two output ports; one input and
one output port for control and one input and one output port for data.
The control port has been assigned to port #B H and the data port is
assigned to PA H.
L.3.2 8255 Programmable Peripheral Interface (PPI) IC

The 8255 IC requires four output and three input ports. Three of

the ports map directly to the three parallel 1/0 ports of the IC. The
fourth output port is used for PPl mode selection. The 8080 ports
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corresponding to the 8255 ports are:

8080A Port 8255 Port

Input AC H Port A input
Input 9D H Port B input
Input AE H Port C input
Output AC H Port A output
Output @D-H Port B output
Output PE H Port C output
Output AF H 8255 Mode Select

NOTE: There is no lnput port @F H.

4.3.3 MCEM-KB/VDU Keyboard/Video Display Unit

The optional Keyboard / Video Display Unit requires one output port
and two input ports. These are assigned as 8080A ports @, 4, and 6.
See the Keyboard / Video Display Unit manual for further information on
this option.
4.3.4 MCEM-7K PROMPROG PROM Programmer

The optional PROM Programmer requires four output ports and three

input ports. These are assigned as 8080A ports 84, 81, 82, and 83. See
the PROM Programmer manual for further information on this option.
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5. OPERATING HINTS

Much of the versatility of the MCEM-8080 and the software monitor
system will be best understood only after practical experience with the
computer has been gained. This section of the manual contains some
examples that will help to gain this needed experience.

5.1 Power-on Start Up

Several items should be checked out and possibly changed when
initially installing the MCEM-8080. Among these are the power supplies,
baud rate, 1/0 connections, etc. Once these items have been checked
and corrected (if necessary), the following sequence can be used to
"power-up'' the system:

a. Set RUN/STOP switch to STOP
b. Set the DATA BUS OVERRIDE switch (DBO) to ON
c. Set the DATA BUS REGISTER switches to all zeros
(front of rocker switch down)
d. Set the break point register (ADDRESS switches) to 8¢p@ H
e. Apply DC power.

The address indicators should momentarily light and then extinguish.
When all address lamps are on (logical "1'), the 8080A is being RESET.
Once the address indicators are off, the WAIT lamp (far right-hand side
of the circuit board) should come on and all DATA lamps should be off.

f. Set the RUN/STOP switch to RUN.

*° The 8080A will now run and automatically stop at location
86¢P H (the setting of the break-point register).

g. Set the Data Bus Override (DBO) to OFF.

The DATA indicators should now indicate C3 H (1198 8811 B)
which represents the first instruction in the software
monitor, a JMP instruction.

h. Press and release the STEP switch. This causes the 8080A
to begin executing the software monitor.

i. If the proper console device is operational (serial 1/0
if the Keyboard / Video Display Unit is not attached),
the monitor will send the character sequence: 'CR, LF,
blank, blank, blank, period' to indicate that the monitor
is ready to accept a command. The system is now ready
to use.

NOTE:

The software monitor writes a jump to monitor instruction into
location # (B, 1, 2) as it is initializing so that once the monitor has
been entered (at 8/PP H), a RESET (set the program counter to zero) will
automatically cause an entry into the software monitor. Therefore, once
an initial entry has been made, it is no longer necessary to go through
the DBO = ON, Data Bus = @, Break-point = 8888 H routine again. |If power
is removed or a user program writes data in location #, 1, or 2, the
automatic monitor entry on RESET will not operate.

5-1



5.2 Changing the Monitor Mode

The software monitor has several operational options. Some options
should be selected before power turn-on and some after.

5.2.1 Baudot / ASCII Code

The serial 1/0 processing routines can be operated in either
BAUDOT or ASCII units. The DSR terminal on the 8251 USART (pin 22
of the IC, terminal three of the 1/0 connector) is used to indicate
to the monitor which code is being used. For ASCI| code, terminal
three is connected to ground; for BAUDOT, to +5 volts. The ASCII
connection is normally furnished on the MCEM-8080. This connection
must be made BEFORE power is applied to the MCEM-8080. If the state
of the DSR connection is changed with power on and without first
performing a RESET, the result may be indeterminate (for example trans-
m:ttlng a5 bit character to an 8 bit USART, etc. ) The placement of
this jumper is shown in Figure B.1.

5.2.2 Half / Full Duplex (Echo / No echo)

In normal operation, characters that are input to the software
monitor in the form of commands or parameters are retransmitted out
to the output device so that the operator can view and verify them.
This is called echoing of the character. If however, the MCEM-808C
is to be used in a system which automatically echos the input character,
external to the MCEM-8080, this feature may be defeated (otherwise a
double echo would result, causing repeating of the input characters).
An example of a self-echoing 1/0 system is the serial loop-connected
teleprinter in which the keyboard and printer are connected in series.
To defeat the echo feature, FF H should be written into location 6D H.
This location is normally initialized to #f upon monitor entry and will
be re-initialized upon each new entry into the monitor. The | (Insert)
command can be used to perform the change by typing:

Dy
p88D 08,F F
BOPE 95 S

The characters to be typed by the operator are underlined. If the
double character transmission is occurring, it will appear as:

I 1 DDy )
pOOD PP , , FFEF
PBOE B0 S

As above, underlined characters indicate those typed. Notice that only
one S appeared because the echo has been turned off by that time.



5.2.3 Changing 1/0 Device Assignments

As discussed in section 3.2.8 with regard to monitor routines IOSET
and I0CHK, an eight bit byte is reserved to hold the system 1/0 assign-
ment. Changing this byte will change the device assignments. Use the
| (Insert) command to change the byte as explained in section 3.1.3 and
as in the preceding section (5.2.2). Remember that if the console device
(Ports # and 1) is changed, the new console will be polled for new command
strings. The 10BYT is set to zero (all devices set to serial 1/0) upon
initialization by the monitor. |If, however, the Keyboard ./ Video Display
Unit option is attached, all devices are set to it (the monitor checks for
the presence of the Keyboard / Video Display Unit). In this case,
10BYT = 55,

5.3 Manually Writing a Memory Location

Two methods can be used to write a memory location, the easiest being
to use the | (Insert) command. |If it is impractical to use the | command,
the following procedure can also be used:

Set the RUN / STOP switch to STOP

Set the DBO switch to ON

Set the DATA switches to zero

Set the break-point register to the desired address

Press and release the RESET switch

Set the RUN / STOP switch to RUN -

(The Address indicators should now equal the desired

memory address)

g. Set the DATA switches to the desired new memory value
(number to be stored)

h. Press and release the MEMORY WRITE switch

i. Set the DBO switch to OFF

j. Go to the desired address to proceed with program execution.

-0 OO0 oo

5.4 Manually Jumping to a Program Address

If, for some reason, the monitor JMP (Jump) command is unavailable
to perform a jump to a desired program point, the following sequence can
be used. Note that this is the same sequence as described in section 5.1
for initial entry into the monitor. '

Set the RUN / STOP switch to STOP

Set the DBO switch to ON

Set the DATA switches to zero

Set the break-point register to the desired address

Press and release the RESET switch

. Set the RUN / STOP switch to RUN

(The address indicators should now equal the desired address)
Set the DBO switch to OFF .

The program counter is now set. Press the STEP switch to
begin program execution.

Lo W = S o i o oV}
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5.5 Manually Writing to an Output Port

At times it is desirable to be able to manually write data into an
output port. This can be accomplished by:

(1) Follow steps a. through h. of the previous two examples
using the output port address instead of the memory address.
Remember that |/0 addresses are copied twice, once as the
high order address and once as the low order address. For
instance, Output Port 23 H is represented on the address bus
(and break-point register) as 2323 H.

(2) Press and release the OUTPUT WRITE switch.

(3) Go to the desired address to proceed with program execution.
5.6 Using the Break-point Register for Debugging

The break-point register provides a mechanism for selectively stopping
the 8080A. During the course of debugging a program, it may be desirable
to determine when and if a particular string of instructions is executed.
Setting the break-point register to this address (or 1/0 port) will provide
this information. Another use of the break-point register allows use of the
STEP switch as a ''loop execute'' switch. |If the software being debugged
contains a loop, the break-point register can be set to an address within
the loop and the RUN / STOP switch set to RUN. At this point, the 8080A
will stop each time it passes through the loop and will continue each
time the STEP is pressed and released.

5.7 Using the E and R Commands for Debugging

The software monitor provides two very powerful commands to aid in
debugging programs. The E (EXIT) command is a mechanism for saving
complete context at any point in a user program and entering into the
monitor. The R (RETURN) command allows return to the user program after
restoring the complete context previously saved by the E command. The
E command is invoked by executing RST 7. For example:

5.7.1 Manual EXIT Command

When a program is being debugged by manually stepping through the
program steps (using the STEP switch), it is sometimes desirable to
examine the contents of some of the internal registers of the 8080A (for
instance the B, A, or PSW registers). However, since these registe}s
are internal to the 8080A, they can not be directly examined on the console.
The following procedure can be used to examine these internal registers:

a. Set RUN / STOP switch to STOP.
(If the STEP switch is being used for debugging, the RUN /
STOP switch is probably already set to STOP.)

b. Press and release the STEP switch as many times as necessary
' to bring the execution to the first byte of an instruction.
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The E command can only be invoked during the fetch cycle of
an instruction. For instance, JMP 23F2 is represented by

c3
F2
2B

in memory. The E command can only be invoked when C3 is being
read (indicated on the data indicators).

Set the DBO switch to ON.

Set the DATA switches to FF (all '"ones' = RST 7).

Press and release the STEP switch once.

Set the DBO switch to OFF.

Set the RUN / STOP switch to RUN.

At this point, the following character stream should be typed

on the console device:

EXIT xxxx

Remember that if the users program reassigns the 1/0 assign-
ments or disturbs the USART mode, the console operation may

be inhibited. ''xxxx'' in the above character stream represents
the next address after the one in which RST 7 was inserted.

Type
.D2C,38)

The saved register values will now be displayed in the
following format:

:pC PP2C PP SPL SPH PCL PCH L HPSWA E D C B SC
100 2938 PP

where:

SPL = low order stack pointer, stored at 2C
SPH = high order stack pointer, stored at 2D
PCL = low order program counter, stored at 2E
PCH = high order program counter, stored at 2F
L =L register, stored at 30
H = H register, stored at 31

- PSW = Processor Status Word, stored at 32
A = A register, stored at 33

" E = E register, stored at 34
D =D register, stored at 35
C = C register, stored at 36
B = B register, stored at 37
SC =S

um Check Character.



The format of the Processor Status Word (PSW) is:

D7 D6 D5 D4 D3 D2 DI DP
S Z B AC p P ] cy ,

where S, Z, AC, P, and CY are the corresponding flags.

j- If, at this point, it is desired to set a particular register
to a new value, the | command can be used. For example,

133y

will allow the A register to be modified.

k. After the registers have been examined and changed (if desired),
the R (RETURN) command can be used to return to the original
program. The return address, however, is not the same as the
saved address in this case. (Recall that a RST 7 instruction
was inserted instead of a valid instruction and the saved address

is one more than the address of the substituted RST 7.)
To use the R command, mentally calculate

yyyy = xxxx - 1,

where ''xxxx'' is the address stored and the address displayed on
the console af;er the E identifier (see step h). Now type

-Ryyyy}

Leading zeros can be omitted.
5.7.2 Interrupt EXIT Command

The monitor software and the MCEM-8080 hardware combine to cause
interrupts to execute E commands (the interrupt vector is RST 7). There-
fore, if it is desired to execute an E command, it can be instituted by placing
+5 volts on the INTR (INTERRUPT) line (pin 4 of the 36 pin 1/0 connector).
If the user has not disabled the interrupt or written into low memory
(below 3F H), the following should appear on the console device:

EXIT xxxx
All of the techniques for examining and modifying registers listed above
may be used. However, when a R command is desired, it is not necessary to
recompute the address because the interrupt method saves the proper address.
A return to zero command,

ROy

will return the CPU to the program, restoring the registers to their
states just prior to the interrupt.
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5.7.3 Programmed EXIT Command

Many programs have error testing subroutines and the E command
can be used to perform error exits from these programs. If a RST 7
instruction is inserted in the program in the error branch, it will
cause the following to be displayed on the console:

EXIT xxxx

If the user tabulates the addresses of all of the RST 7 instructions,
it is then a simple matter to correlate the ''xxxx'' typed against

the list. The techniques explained previously can be used to evaluate

?nd mo?ify the CPU parameters that existed at the time of the interrupt
RST 7).

A useful feature that results when the RST 7 instruction is used
as the E command driver is prevention of transfer to non-existent
areas of memory. Since non-existent memory is generally FF, a RST 7
will be immediately encountered and control then transferred to the
E command process. This feature helps prevent the ''run away'' condition
that could conceivably rewrite all of memory otherwise.



6. PROGRAM EXAMPLES

This section contains several example programs to demonstrate the
features and capabilities of the MCEM-8080. In no case should any of
these example programs be considered ''optimum'' or ''required procedure'.
They are, however, working routines that can be used as starting points
for more elaborate programs, as subroutines in user programs, or simply
for ideas as to typical procedures to be used with the MCEM-8080A.
Except as noted, all example programs will operate in the basic 'l K"
memory furnished with the MCEM-8080.



7. SoFTWARE MONITOR LISTINGS

The following pages contain a complete listing of the MCEM-8080
Microcomputer System software monitor. This listing is provided for
the sole benefit of owners of HAL Communications Model MCEM-8080 systems
and remains the sole property of HAL Communications Corp. The listing
may not be duplicated for any use without the prior permission of
HAL Communications Corp. HAL Communications reserves the right to make
changes, additions, or deletions to these computer programs without
prior notification or obligation to incorporate such changes in prior
versions of the programs.
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COPYKRIGHT 1¢76 (C)
BY

HAL .COMMUNICAT-ICNS CORPo
857 E GREEN STREET
UREANA, ILLINCIS 61801

——-MCEM_NMUMNITCR-=_DECEMEER_ 1974

HAL COMMUNICATIONS CCRF,
THIS PROGRAM IS CONTAINED IN PRCMS (CleG) (FIRST HALF)

AND (02+0) (SECOND HALF)

_THE_FOLLCWING _ARE_VALIC _CCMMANDS. FOR_THE.

FCEM MCNITOK:

LLBIAS> LOAD A HEX FORMATTED FILE,
CHECK_ _FCR_SUMCHECK _ERRDORS

AND TYFE AN 'X' TF EKRRCR.
THE VALUE CrF THE ETAS IS
ADDED TC THE LCAC ADDKESS

I e LR L R I S e R L L L LT I

BrEORE _THE DATA_1S5S WRITTeN
TO MENMGRY . THE READER CEVICE IS
USED AS INPUT

DLSTART 2 «LEND> DUMP _Ch _DISPLAY MEMORY..

MEMORY LOCATICNS FROM <KSTART>
TO BUT NOT INCLUDING <END> 1S
DUMPED « THE FORMAT OF THIS
DUMP_ TS COMPATABLE WITHE THE

LOAD CCMMARND SO MEMORY AREAS
CAN BE LCUNFED AND LOADEC AT
A LATER TIME. THE PUNCH DEVICE
1S USELC AS QUTPUT.,.

#%x%¥THE FORM FGR BOTH LCADS AND CUMPS IS:
ICLENGTE><ADDRESS>KTYEEDCDATA BYTES> CSMOHECKS

ALL RECCRKRDS ARE PRECEEDEC BY A COLONs ALL
CHARACTERS EETWLEEN THE SUMCHECK AND THeE COLCN
ARE IGNCRED o Al L SPACES ARE ICNORED (1«8 s SPACES

IR IR AR LR PR T T R IR T R I P P R L)

CAN BE CONTAINED IN THE RECGCRD WITH NO EFFECT)

CLENGTH> I3 THE NUMBER CF DATA EYTES IN THE
‘ ReCORD_(NG—-EF) . __

CY R TIYY

<ACCRESS> IS THE LOALC ALCDRESS (OOCG-FFFF)
<TYPE> 15 NUT USED AT THIS TIME ANC IS 00 ( IGNORED)
<DATA BYTES> ARE THE ACTUAL DATA s <LENGTH> OF THEM
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<SMCEECK> 1S THE NECG SUM OF ALL BYTES (ADDRESS
IS TWO BYTES (FIGH ANC LCw))
EXCLUUING TFHE CCOLCNs IeEe TFE SUM OF

——-ALL-BYTES-.INCLUZING--ThL. SUMCHECK--1S5-0

FCR NC ERKCFe DURING LCAC, IF A
SUMCHECK EFROR IS ENCOUNTEREDs AN ' X!
IS PRINTEC CN THE CONSOLE CEVICE.

IKLGCATION> INSERT IN THe SPECIFIED

LUCATICN. THE PREVIOUS
CONTENTSE CF THE LCCATICN

IS _TYPELC. THE CONSOLE DEVICE IS
USED FCR INPUT ANC OUTPUT.
A *,!' IS USED TO CPEN A CELL: IeE.

o165 —— -

TETICTECTIE PR RV IR Ry T I SRR Y Sy

0065 EB,74

WOULD DBE THE FCRMAT FOR CHANGING

LCCATICN_ G5 FROM _SB (OLLC _VALUEZ) TO

J<LOCATIO

74 (NEwW VALUE)

GO-TC_<LOCATICN> s A UNCONCITIONAL

' JUMP IS EXECUTED TO ThHE IN-
CICATED LCCATICNe INTERRUPT (EXIT
COMMANC) IS ENABLEC BEFCRE THc
JUMB o

R<LCCATION>

RETURN TO LCCATION. A RESTCRE
REGISTER JUMP IS EXECUTED TU
LCCAT.ICNUNLESS- LCCATION_=_C__IN

WHICH CASE, THE CCNTENTS CF THE
PCSAV IS LSED AS THE ADDRESS.
INTERRUPT (EXIT COMMAND) IS ENABLED
BEEQORE-THE_RETURN

EXIT COMMAND: A RST 7 WILL EXECUTE AN EXIT

COMMAND » ALL REGISTERS ARE SAVED
INCRAM_EOQOR _EXAMINATION._AND/OR

MODIFICATICN. THE R CCOMMAND 1S
THE CCUNTER OF THE EXIT CCMMAND
AND WILL RETURN THE FROCESSUK TO
ITS _ORIGINAL STATES._ AN EXIT

COMMAND SHFCULD BE PERFCRMED PRIOR
TO AN Kk CCMMANC EECAUSE THE
STORED VALLE CF THE SP SHOULD BE
INTACT .. (leke POINT_TO. A VALIO. .. ..

R I P TN TR LT TR PR LR DI TR I T T R PR TR TP TR TR LT Y]

STACK AREA. (CTHER THAN THE MUNITOR
STACK ) »
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e — CONSOLE, -RELCER, -AND. PUNCH (L 1IST

I/0 ASSIGNMENT: AN EIGHT BIT 1/C ASSIGNMENT BYTE

1S STCRED AT LOCATION 1ICEYTE (03)
THE VALUE CF THIS EYTE UCIRZCTS THE

TOoQ) TC ONE (£EACH) OF FOUR PG5S-
IB8LE I/C CEVICES. THE FORMAT OF

D7

10BYT IS
06 DS  C4 o2 D2 ©C1 CO
/LIST DEV/PUNCH DEV/READ DEV/CCANSOLE /

— EACH CEV.ICC_CAN._BE _ASSIGNEL TQO:
00:SERIAL INPUT/CLTPUT (BZS51, ASCII CR BAUDOT)
C1:KEYBUAKD DISPLAY MCDULE (CPTIONAL DEVICE)
10SPARALLEL.-INPUT/CUTFRUT. (8255)
11:USER INPUT/CUTFUT (USER DEFINEC KOUTINES)

SALL NUMERIC ENTRIES _CAN_BE_TERMINATED BY

TYPING ANY OF THE CHARACTERS G-Z

ITLE

YMCEM=-8CE€0 MONITCR 1.1°?

CONSTANT DEF INITIONS

WUV I 08 U P P DI G I NI I P WI NI I P W P W S i @D 9 4wl e WO

KEYECAKL CISPLAY I/0 CCNSTANTS

Feco CSPCK EQU CF80J0H sCISFLAY PRESENT CHECK
-FEECA SOFIQ EQU LCSPCKAQAESISET DISPL AY 10 _BYTE ENTRY
FECI1 KBIN EQU DSPCK+1 SKBIN ENTRY
Feo?7 KBSTS EGU © CSPCK+7 3KBSTS ENTRY
Feca DSPCT EQU DSFCK+4 SSCISFLAY OUTPUT ENTRY

P ——

s+ SERIAL I/C CONSTANTS

*
(cec CSK EGQU 80H iCSK BIT IN USART (0=BAD)
CCEZ LRTBM ____EQU £3H TUAKT MODE _FOR_BAUDQOT
001F LTRS EQuU 1FH SEAULCCT LETTLERS
0018 FIGS EQU 1BH yBAULQT FIGURES
cCa7? BCASI EQU 7 sEAUDLCT CASE (INPUT)
CCCE BECesSO____EQU CEH +EAUVLOT _CASE (CUTEUT)
00C e EXFDY QU 2H sRX REACY TEST MASK
cCol TXRDY LQuU 1H yTX KEACY TEST MASK
0027 TXRXE EQU 27H s TXs kX ENABLE
CCFA URTMQO EQU QFAH 27 B8ITS, EVEN.PARIIYs 2 STOP
CCEE LARTI EQU BEH iINITIAL UART MOCE WORC
CCES UARTR EQU S55H SUART RESET COMMAND
ccoe URTCT EQU CBH sUART CCNTROL PCRT
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ccca URTDA  EQU 0AH TUART DATA PORT
: )
i PARALLEL 1/0 CONSTANTS
T Teoae FARMD  EQU OAEH iFP1 MODE FOR PARALLEL I1/0
COOF PARCT  EQU GFH iPARALLEL CCNTROL PORT
9002 CPIKDY © EQU . 2 IFARALLCL INPUT READY BIT
CCCE PSTAT__ EQU OEH PFARALLEL STATUS_PCRT
CCoc PINPT  EQU OFH TFARALLEL INPUT PORT
CCED FORDY  EOQU 80H {PARALLEL CUTFUT PEADY BIT
ccoc FOTPT  EQU OCH “tFARALLEL CULTPUT PURT
7 USER 170 CCNSTANTS
’
0c40 LSRIN  EQU 4OH {ENTRY FOR USER INPUT
204 2  USRGT-— EQU_— —_ 43H______iENTRY.FOR._LSER..CUTPUT ... .
004 € GSRST  EQU 46H SENTRY FOR ULSER INPUT STATUS
*
: MISC MONITCR CCNSTANTS
T T ecea LF EQU 0AK FASCIT LINE FEED
cCoD CR EQU. COH iASCII CARRIAGE RETURN
L]
: MONITOR MEMORY_ALLOCATICNS
L
cees MSz1  EQU s iNENS1ZE STCRE
CGoe MSZ2 EQU 6 iNEMSIZE STORE (HIGH)
Ccoa IFLAG ___EQU 4 __INCIR REF. TO_EIT_FLAG.
CoZE RGSAV  EQU 38H {START CF RESTART STUKAGE
00zC MONST  EQU RGSAV-12iNCNITOR STACK AREA
002E - FCSAV  EQU PGSAV-10;LOCATICN OF PC SAVE
— 9032 PSSAV.__EQU RGSAV=6._3LOCATICN_OE. PSK_SAVE. .
CCoz I0BYT  EQU 1/C ASSIGNMENT STGRAGE
ococC oo {STCRAGE FOR ECHC MODE FLAG

EZCHCM EQU

I0BYT
IELAG

’ ) .
—MONITOR_RAM _ALLOCATIAONZ. —_—— -

-2 JUMP TO MCNITOR CCOE

170 DEVICE ASSIGNMENT)
INCIRECT COCNSCLE REFEERENCE _FLAG)

SZ1
vsz2
ECASI

=9 _CRSRR___

CFSAV
FIDCH
RPTF

i

H'Tn:’ﬂ(’)ﬂmbﬁxlo’\n bu

BCASU
SF ARE

1

YR DT R YIRS PP ISR TR I ST PRy
: 1
|

~ECHEM__

LCv CrRDER MEMORY SIZE BYTL)

RIGHF CRDEFR MEMCGRY SIZE BYTE)

)
FSCR_POSITICN ECR_CRT CISPLAY)

Ci

AUDOT CASE FOR INFUT)
gSET REGISTER COFPY FCR CRT UDISFLAY)
EPEAT MOCE (KEYBCARD) FLAG)

CHC/NO _ECHC .MCLOE _FLAG). ... .... .. N R

{
{
(1
(
(
{c
(U
(CHFARACTER FIDDEN UNDER CUKRSOR)
(K
L.
(3

AULOT CASE FOR GUTPUT)

0-2C MCNITGF STACK
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2D-37 REGISTER SAVLE STCRAGE
28-ZA EXIT CONMNMAND ENTRY JLMP (RST 7)
38-3F SPARE

!

MACRC DEF INI TIONS

Ea E ARLE LR LK TR I

1 EST MACRC .
1 ANA A iSET FLAGS » CY=0
ENDM
8000 — CRG 8Q00H S,
’
8000  C€32B890 JMP BEGIN INONITOR ENTRY
€003  C3s3el JMP CI iCONSOLE INPUT
—BLGE _ C32ADEL JMP RI iSEACER.INPUT __
éCCS  C3Csh81 JMP co {CONSCLE QUTPUT
ECNC  C2F1el JMP PC iFUNCF CUTPUT
ECCF  C3FSEl JMp L0 LIST OUTPUT
8012 C3:182_ IMP CSTS +CUONSOLE-STATUS —
EC1E  C3EFE2 NI 16 CHK i10 A5SIGN CHECK
BOlE  C3¢3ez JMP IGSET ;10 ASSIGN SET
801k  C3S8E2 JIMP MEMCK {NENCRY STZE CHECK
EC1E C31CE3 JMP EXER T EXERCESSION_GETTER
EnC1 C26Ae3 JMp TYPMG iNESSAGE TYPER
924  C372€3 JMP  BYTOT iEYTE TYPER
8027  C32CA81 JMP WRCOT IWCRC TYPER
BC2A ca RET TENTERY FQOR _NO SERVICE RTNS
i INITIALIZE UART
v
gQ28 EEGCINSZ
80ZE  2140CO LXI Hs40H iCLEAR NONITOR RAM AREA
8C2E EGO : ‘
80ZE 20 CCR L
ECZF 74 NOV Mo H.
8030  C22E80 JNZ BGO
8022  2€C3 MV I Mo 0C3H 3SET UP MONITOR REENTRY
803s 22 INX ;BUNME ADDRESS
BC36 3€2E vV MJBEGLN_AMQ_OFFh_JEbItk“LQM ADDRESS
803¢ 23 INX ;EUMP ACCRESS AGAIN
8C3S  26E0 MV T M BEGIN SHR & ;ENTER HIGH ADDRESS
802E  2E38 MV I L s 38H iSET UP RESTART ENTRY (RST 7)
8030 3€C3 MV I M.+ OC3H
803F 23 INX H
8040  3€45 MV I MsRSTRT AND OFFH
8042 23 INX H
8Q432 2EB] MV M RSTIRIT _SER 8 . -
€045  3EA6 MV I AsPARMD ;SET PARALLEL 1/0 MODE
8047  D3CF ouT PARCT
8049  3EEE MVI AsUARTI ;UART MCOE INSTRUCTION
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egan D2CB cuT URTCT s ISSUE MODE
834D 3KE5 MVI AJUARTR ;UART RESET INSTRUCTION
804F D3Ccg ouT URTCT s ISSUF INTERNAL £ ERROR KESET
ECE1 AEFEA MVI—  ALZURTMO 3 SET-FINAL--MOCE - oo S —
: sABCVE FREDEFINEC PRESENTLY
EOE3 D3?7B cuT URTCT s ISSLE LART MOODOE INSTRUCTION
: sNEXT MULST BE COMMAND INSTK
£CES CEGB IN URTGT 1S5 SERIAL-I/0-BAUDOTR
EQL7 E€80 ANI DSR sCSR=C IS BAUDUT (+5VULTS)
ECEGS CZ2€48Q JNZ BG2 sNCy MGCDE 1S ASCII
8C&sC 3EES MV I A+UARTR RESET ULSART
E5SE Da3ng CuT LRTCT
80€Q 3EES MV I A,URTBM ;SET MODE FCR 5 EIT, 1 172
E0¢& c D30B ouUT URTCT s STCPy» NO PARITY, X64 CLK
ECEY BG2: ’
-—— ECELH——__3E27 . MV I AW TXRXE ENAELE _ITX_AND _RX__.
ECEE D308 cuT URTCT
Lecee 212C00 LXI SPsMAONSTSSET STACK FCINTEK
ECEB 3ACOFS8 LDA DSFCK 35I1S CISPLAY ATTACHED?
B8CELE EEAS cRl —QASH—— S THIS IS THE JEST BYTCE
EC7C CCCAF & cz SDPIO sUSE THE DISPLAY ROUTINE
*,
i _END_OF INITIALIZATIOM SECUENCE
v
»
H MONITOR NAIN LOQOP.
EC73 ’ MAINS
EC723 212C00 LXT SP,sMONSTIRESET MONITOR STACK POINTER
ECT7€ 21B6E3 LXI HesPMTNMNG SFRCVMFT WITH PERICGD
EC7S CCSAB3 CALA IYPMG
£C7C CCESB1 CALL ECHO SGET INFUT :
ECTF - 0€eC2 MV [ B2 s DEFAULT PARAMETER COUNT
£QE1 FE4C (or=D L ‘LAl
ELES CACEE1 JZ LCAD T YES —
ECEE FE4A CP1 tJ ySTART EXECUTION (JUMP)?
ECeeg CAEBEQ JZ GO s YES
ECERB FE49 CPI I sINSERT?
BCED CAEDED V4 INSRT s YES
ECSC FEE2 CPI 'R tRETURN TO FROGRAM?
ECG2 CAEFEL JZ RETRN s YES
ECSE FE44 CP1 'O iCISPLAY/DUMP?

8L&2 C2723R0

JNZ  MAIN  JNO. FALD COMMANDLC. TRY AGAIN

COMMAND SERVICE ROUTINES

Geeems Jasrwe @r

DISFLAY (DUMP) MEMURY TG SERIAL OUTRPUT
THE FCRMAT OF THIS DUMP IS COMPATIELE
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H WITH THE LOAC (KEX) RCUTINE
’

ECGA cbicCcs3 CAL.L EXPR 5CET 2 FARAMETERS
[ e ——— S 01 * IS  J) S ——— — ar D SFUT .. CKENC>-IN DL —
8CSE El PGP H sFUT <START> IN KL
8CGF DIsP1: tLINE CUTPRPUT LUGOP START
ECGF 70 : MOV Al sLCWBYTE UF CURRENT POINTER
—EQAL——LC 610 SADT 16 SENC—TEST-ADURESS
ECA2 47 MOV BEs A yGOES INTO (CE)( )
8043 7C MOV AsH +FIGE BYTE OF CURRENT POINTER
ECA4 CECO ACI « yADD CARRY (OF PPEVIGLUS ADI 16
———EQAE—AF : MO V. CesA— S (CBI={(HLI+16
8CA7 CA7380 JC MAIN - 3EXIT IF WRAP AROUND
ECAA 78 MOV ASE ;LCw EYTE OF <ENLC>
8CAE S SC i . suB B yE-(B+1€) )
3dCAC 4.7 MOV Ers A sSAVE_DISPLACEMENT=16_
80AC 7A . MGV A,sD yFIGE 3YTE CF <ENC>
EQALE S¢C 508 C sO-C-CY OF C-(L+16)
ECAF C2ES80 JNC DISPS ySKIFP IF >15 LEFT
ECD2 78 Mov A8 +LPCATE _RECCRL_LENGTH
ENEZ C610 CADI 10K i(L=-1€)+16
8CEC 47 MOV By A yE=DISPLACEMENT IF <16
ECEE€E c2eBegs JMP cIsP2 s SKIF SINCE <16
ECEG plspse -
8236 C€E1n MV I By, 10H sCC 16 BYTES PER ITERATE
BQEDR cise2:
80EE ES ) PUSH H s SAVE ACDRESS FOR MSG
BCEC 218483 LXI HaL.CRCO s LR LE s _ .o s o o2
80LF CDEDS82 CALL TYPMP sTYFPE IT
ECCz E1l . FOP H TRETRIEVE AUDRESS
ECC:Z DS PUSH D sSAVE <END>
86Ca 1.6C0 MV.I [1Q 1 ZERC_SUMCHECK 8YTE
ECCE 78 ) ’ MQV A, B sGET LENCGTHR
8CC7 CCAQE2 CALL BYTOP SFRINT THE LENGTH
8CCA CCE4 82 CALL wRDOP sTYPE BEGIN ADDRESS
BACL AF XPA A sTMAKE TYRE__2ERQO
B80CE chbaopge CALL BYTQOP sCUTFUT TYPE
80C1 78 } MOV AsB s TEST FOR FINISHED
: 1 4+ TEST s ZERC LENGTH IS END
- EBQ0CZz_1_A7 + : i ANA A S SET_FLAGS o _CY=0
gocrc CA?7380 ) JZ MAIN sGET NEXT COMMAND IF DONE
ECDE cCispP3: .
E8CCE TE MOV AsM sTYRE RECORCS
.8CD.7 cCLcags2 CAL L BYTOP sPRINT_IT
ECCA 22 INX H TEUNF FCINTER
ECCE o0& DCR B +sBUMP PARM COUNTER
ECCC carces8a JNZ DIsP3
—_—  BCCE AF__ XRA A +FORNM_SUMCHECK . ____
EQEC G2 SuB D s SUMCHECK = =D
8CE1 CCAQE2 CALL BYTOP ,CUTFUT SUMCHECK

80E4 Ci1 POP D ' sRETRIEVE <END> SAVED
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8CES C3SF80 JMp DISP1 ;00 ANUTHER RECORD
A}
:
+—-GO- ROQUTINE——oo—
7 EXITS VIA JUMP TU THE USCERS ROUTINE
i AFTER RESTCRING THE USERS REGISTERS
1 .
EGEE NP GOz
80E8 CC26E3 CALL WRDIN 3GET JUMFE.- ADDRESS
BCEE FE - E1l ;ENABLE EXIT COMMAND
EGEC ES . PCHL 1 JUVF THERE
d
i INSERT DATA COMMAND
i ALLOWS HEX UATA TO BE SECUENTIALLY ENTERED
3 THE_INSERT FUNCTION IS TERMINATED..BY A _CHAR
i BETWEEN G ANU Ze
’
ECEC INSRT:
— . ECED.—.CLCZ6E3 — CALL wiRC.IN 3 GET _INSERT_ADDRESS
E0F C INST1:
E€CF O ES PUSK [ 1 SAVE ADDORIESS
ECF 1 21AD83 LxI H e+ CRMG iTYPE CR/LF
ERQR4 CLAZ2R3 cALlL iy t
ECF 7 E1l POP b tRETRIEVE ACCRESS
8CFE COCAE1 CALL WRDOT iTYFE ADDRESS
ECF8  7E MOV AsM JCET PRESENT CELL VALUE
EQEC cLipeaes CALL ET.OT1 STYEE _17.
&CFF CDF182 caLL EIT {CHECK IF CHANGE 1S DESIRED
8102 FE2C cP1 v, tLSE .  TO OPEN THE CkLL
8104 czces8l INZ INST2 1SKIF BYTE REAC IF NOT »
8107 CC4EB3 CALL BYTIN 3 GET . NEW._VALUE (EXIT_FROM HERE)
8104 77 . MOV MsA $STCRE IT
€108 ' INST2: :
sio0e 23 . INX H ;VOVE TC NEXT LOCATIGN
8l10C CIFOR80D IiMP INSTL :QTAI;J'__JNE)(_T__]__LNF _
*
\ ]
i LOAD KEX RCUTINE. THIS ROUTINE 1S COMPATIBLE WITH
s BOTH_THE LCATA GENERATELD BY THE. D _COMMAND_AS. WEL | .
i AS THE HEX FILES GENERATED BY THE ASSEMBLERS AND
i COMPILEKS
v
"B1CF v LOAL: .
810F 05 CCR B {GET BIAS VALUE
€11¢ cD1Cce3 caLL E XPR {USE NORMAL PARAWN
81123 LDO:
i €113 CLADS] : CALL RI LSEARCH FOR "2 o .
gil1eé DE3A SUI v
811E€ cz21381 JINZ LDC
S11E 57 MOV CyA 1 ZERO SUMCHECK
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€l1C coCceoet2 CALL BYTIR SGET RECORD LENGTH
311F cA7380 JZ MA IN SEXIT IF ZERO LENCTH
3122 Cci1 POP B sCET BIAS
i e B 1 2 & e FE— i PUSH PSW s SAVE RECOREC-LENGTH
8124 coCcBe2 CALL WRDIR sGET LOAD ACDRESS
8127 [ 0] CAD B +ADC EI1AS
ElcE F1l POP PSw sRETRIEVE KECORD LENGTH
—_— 812G GS RPUS K a8 ;SAVE BTAS —
ElcA 47 MOV GyA sFUT LENGTH IN B
8lzE cocegz CALL BYTIR +sGET RECGRD TYPE.
E12E LD1:
——812E CCC6E2 CALL BYTIR sCET - BY.TE
8131 77 MOV My A © 3 ETCRE IT IN MEMORY
81322 23 INX H yMCVE TC NEXT ADCRESS
8122 0Ff CCR 8 ;CECREMENT RECGRC LENGTH
8124 c22tE81 - INZ LD1 sLCCP _UNTIL RECOROC_LONE
8137 cbcee?2 CALL EYTIR +CET SUMCHECK EYTE
812A CAl13E1l JZ LLO s SUNCHECK WéS ZERC
813C CEES8 MV I Ce*'X? STYFE E FOR SUMCHECK ERROK
813F CcCCo68l CALL Cca
8142 c213¢&1 JMP LDO

STACK FORMATS FOR RESTARTS: :
USER STACK
PCE

PHL
H

L

PSw
MONITOR

A

OPrmMmopa

H
L
PCH
PClL

SPH
SPL
MONITO

N A R A Gl G Gl Gt 6l ()~

VOOMTNO=NWHPANND

Do oo o (N
o e el o Tt o e e ()

ACK STARTS AT 2B

EXIT CCMMAND PROCESSOR. wE GOT HERE BY DOING A
RST 7 {INIT SEQUENCE VWRITES THIS ADDRESS INTO RAM
AT_3EH) SC RPC_IS ALRFALY Ch _USER STACK. _SAVE_ HL_

LA E TP IR DETEYTR IR TE LE FE DY PEPE DIEFRRTRE IR Y LI TE TR PR TR IR Y R eary)

AND PSW UN USER STACK TC MAKE RCCNM TG WGORKe. SAVE
REMAINING REGISTERS IN RAM IN SAVe AREA ANLU THEN
TRANSFER THOSE STILL CN USER STACK TG SAVE AREA.
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"TOTAL OF 6 BYTES OF USFR STACK ARE NEEDEDe USER
TACK NUST NOT BE THE SAME AS THE MONITOR STACK

DDORESS THAT-GCT-US- HERE—CN-THE-CONSGLE .

A
S
ONCE FULL RECCVERY HAS BEEN ACOMPLISHEC., WRITE THE
A
T

T)as s we we ws
{

El4E STRT: ‘

8l4c ES PUSFE H L s SAVE HL ON USER STACK

2l46€ F5 FUSE PSwW 3 SAVE _PSw

€147 21C000 LXI Hy»O sGET SP VALUE IN FL

E14A 36 CAD SP

814E 2138¢C0 XTI SPIRGSAVISET LP SP FOR SAVE AREA

8l4E CS PUSH =1 - SAVE_3C

€14F DS PUSH D 1 SAvVE CE

E1C0Q SE MOV E+M sMCVE AsPSw TO SAVE AREA

€l1c1 23 INX H

El1£2 56 MOV DM

£1232 23 INX H

81€4 D& FUSH D sTHEY ARE 1IN DE

£1€¢ Sk MOV EsM yMOV HL TO SAVE AREA

81%¢€ 23 INX H

€187 5S¢ MOV OsM

ElcéE 23 INX H

ElE¢ DES PUS D 1THEY ARE IN DE

£E1EA SE MOV E oM +TNOV_PC_T0O_SANME _AREA

£1€D8 23 . INX H

€1cC 5€ MOV DM

€150 23 INX H

ElEE NS PUSH D -THEY _ARE _IN_.DE____

EL1EF ES PUSH H sSAVE SP IN SAVE AREA

B1l€0 21B8BE3 LXI H s RSMG yTYFE EXIT IDENTIFIER

Bl€3 CLCSA83 CALL TYPMG ;

— 1 2AZ2ECO—  LHLE FCSAVM +GET THE _CALLLING _ACCRESS

81l€S cbcAagl CALL WRDOT 3 TYPE I T CN CONSCLE

E1lEC C37380 JMP MA TN GO TO MAIN LOOP
A .
M REIURNWRROﬁESSDHJ__RECCMER_ALL+R&GLSIERS_EROM;IHF
7 SAVE AREA AND THEN RETURN TO WFHFERE EVER THt PC 3AV
s INDICATES . ONE FARAMETER 1S GATHEREC, ANDO IF IT
s IS NCN-ZERG, ITS VALUE IS SUBSTITUTED FOR THE PC
+— SAV_EEFORE RETURNINGS

. ’

81¢F RETRN -

BlEF cp2683 CALL WRDIN 1 CET CNE PARAMETER IN HL

El72 7C MOV AeH LIEST 1F IT IS ZERQO

8173 BEE CRA L i

€174 CAT7AE1L JZ RETRI sHFL = 0, DONT WRITE PC SAVE

€177 22Z2EQQO SHLC PCSAV SETCRE NEW DESTINATION VALUE

A17A - RETR1 2

E17A E1 POF H sCET STACK POINTER

€178 D1 PQOP D sGET PC

817C cl1 FOP B sCET HU
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E

£g17cC FS SFHL sRESTCRE STACK POINTER
E17E D& PUSH D sFUT PC CN STACK
E17F ce ' PUSFk B SFUT HL ON STACK (TEMP)
e B 180 213200 X [ —H s PSSAV —NOVE - A3 FSW--FRCM STACK
8133 €E MUV EWM sUSE DE AS EUFFER PAIR
3184 232 INX H
ElEE 56 MOV DM
- E1€E6 2-3 INX H
81E7 DS PUSH D 3SAVE FOR A WHILE ON SACK
818 SE MOV E+M sRECCVER OE
ElEC 22 INX H
81cA 56 MOV DM
€leg = 22 ITNX " H
E1EC .4E - MOV CWM sRECCVER BC
8180 23 INX H
£18E 4.6 -MOV EaM : P
818F F1 POP PSWw TRECCVER ALPSW
8130 E1l POP H yRECCVER HL
gi1s1- Fe El ' JENABLE INTERRUPTS (RST 7)
819 cS RET s RECCVER-PL

CCNSCLE INFUT FOUTINE. THE DEVICE INDICATED BY
THE BOTTOM TwO BITS OF I0BYT IS CALLED AND EXPECTED
_TC RETURN_A_CEARACTER o THRE CHARACTER KETURNS IN A

Needsws o 0

8163 12

€163 3AC300 LDA 10BYT tGET IO ASSIGNMENT

81GE€ IBRCHS: _

81g¢e E623 ANT 3 rJEST BCTTOM BITS

8168 cAZ882 Jz CHI sZERC 1S SERIAL INPUT

8168 3D DCR A

81SC CAQLlEB 1z KOIN SCNE_I1S KEYPOQAERD INPUT

81GF 2D CCR A

81AC Cz40CQ ) JNZ USRIN +NOT TWC IS THREE (PARALLEL)
'; BARALLEL INPUT ECUTINE. 7 PIT ASCII IS EXPECTED
7 ON THE B PORT OF THE PPI., TRUE DATA IS EXPECTED.
’ . . .

81A23 PARIN: - ' .

H1AZ DECE L ING PSTAT IGET _THE POKT STIATUS

81A€ EEC2 - ANT - PIRDY STEST INPUT READY BIT

81A7 CAA381 JZ PARIN sLOCF TIL IT IS READY

81AA CeoD IN PINPT sREAC THE CHARACTER

BlAL cs RET :

’ s READER INFUTe. BITS 2 AND 3 OF ICBYT ARE USED TO DIRECT

7 CONTROL TC THE PRQOPER LCEVICE, AN ASCII CHAR IS
y BEETURNED IN THE A REGISTER.

81AC '  RI:

81A0 3AC300 LDA 10BYT 3sCET IO ASSIGNMENT

81E0 1F RAR sMOVE THE BITS IN QUESTION
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81&1 1F KAR . 5 TC THE BOTTGOM TwO BITS
61BZ2 c3¢c6El JMP IBRCH +ERANCH TO FROFER ROUTINE
e — 3 -CONSQOLE: CLCHO--REUTINE +—GET-CHARACTER-AND--THEN —LF
sy THE MUODE IS ASCIIs ECHC ITe
* .
81EE . ECFCS .
818E& CE£381 CAL:L- Cc-1 + GET—CHAR -FROM-_CONSOLE
eliee 4F ' MOV CyA sVCVE 1T INTO C FOK OUTPUT
B1ES F& : ‘ PUSH PSW sCUTFUT MIGHT CESTROY IT
31LC A 2AQ0DO0O “LDA ECHOM sSHCULLD wWE ECHO?
——— e + TEST v2ERC-1 S—YES
81BC 1 A7 + ANA A VSET FLAGS s CY=0
81EE cz2csel JINZ ECHO1 sCCN'T ECHO ANYTHING
81C1 3AC4CGC LDA - IFLAG sOCN'T ECHO IF INCIRECT MODE
1 + TEST »
81C4 A7 + ANA A :SCT "FLAGS » CY=0
81Ceg cccesl cz (ofs] ;tCHC IT IF NGT INDIRECT
glce ECHO1 ¢
81CE =1 FOR RS W $RECCVER_THE-CHARACTER
eg1Cs CcS RKET
’
’ WORC CUTPUT RTN
—OUTRUTS 4 ASCII CODED - HEX-LCIGIIS
, .
eg1CaA WRCOT: sCECCCES AND PRINTS HEX
81CA ce PUSH B tSAVE BC REGISTERS
81CE 7.C MOV AsH 3-16 BIT _#_IN_(HL)L
€1CC cD7B83 CALL BTCT1 ;SEPIT OUT HIGH BYTE
81CF 7C MOV AsL CET LOW BYTE
8100 cp7B883 CAL L BTOT1 3SPIT OUT LOW BYTE
81032 ol | . PO & ] +RETRIEVE _BC REGISTERS
’
4 SPACE. OUTPUT RTN
81lCAa éRALO'
81D4 QE20 MV I Cy*
*
5 CONSOLE UOUTPUT ROUTINE. THE TOBYTE IS EXAMINED
+—TO _DEYERMINE THE PROPER TG0 DEVICE « THE VMALUE OF
s THE C REGISTER IS THEN CUTFUT VIA THAT CEVICE.
1]
81CE , co:
R106 JA0300 LDA 10BYT A GET 10 _ASSIGNMENT
81C¢ : CBRCH:
81C¢9 EEQ3 ANI 3 sERANCH BASED ON EOTTOM
aice ca4qaBB2 JZ CHO s2ERC 1S SERIAL 10
EICE 30— CCR A e
e1CF CACaF8 Jz DSPOT SCNE IS CRT CISPLAY
81E2Z 3C DCR A
81 & C243C0 JNZ USROT TNOT TwC IS THREE (PAKALLEL)
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PARALLEL CUTPUT ROUTINE. ALFHA CHARACTERS ARE
BUTPUT ANC CONTRCOL CHARACTERS ARENT. A LINE FEED 1S
USFD TO CETERNINE--THE END. . CF..THF. LINE. ANC-DRIVES-A

RUN CUTPUT. THIS INTERFACE IS INTENDED TGO DRIVE
EASIC LINE PRINTERS.

Ut vearuswe ag e

81EE& LARGT-+
BlEE€ - DECE IN PSTAT yCET THE PORT STATUS
E1EE EEEQ ANTI PCRCY sTEST OULTPUT REACY BIT
gl s CAE681 JZz PAROT sLOCF TIL IT IS REALY
81EC 76 —— MGV ALC +IHE CHARACTJER IS IN_C
- BlEE. D30C - CuT S FOTPT sCUTFUT THE DATA :
81F0C . Ccg RET :
. *
+—PUNCH_CUTFUT _RLCUTINE«—EILTS 4 __AND_S_OF__THE JOBYT
s DETERMINE THL PUNCH DEVICE. A CHARACTERIS EXPCETED
1 IN THE C REGISTER
A\l
&1F-1 : PC3 - -
81F 1 2A0300 LDA 108YT TGET 10 ASSIGNMENT
81Fa o7 RLC +MOVE BITS 4 AND £ TQ 6 AND 7
81FS o7 RLLC S0 THAT THEY CAN BE MQOVED
E1EE CaECS8] IME L0l 31TJ0 THE CONSQOLE ECSITION
*
.3y LIST OUTPUT RCUTINE. BITS 6 AND 7 OF TRE ICDYT
s DETERMINE THE LIST DEVICE.
81F6S LO: :
81F ¢ 3AC3CO i LDA 10BYT JGET THE IO ASSICNMENT
81FC LGy
E1EC 0.7 : RLC AMOVE.- BITIS € AND_ 7 TO THE
81FD Q7 RLC SCONSOLE POSITION
E1FE c3ces8l S JMP QOERCH sERANCH TO PRCPER RCUTINE
i
- CONSCLE_INPUT _STATUS _RCLIINE. THE SELECTED
+ CONSOLE DEVICE 1S INTERCGATED TO DETERMINE IF A
;5 CHARACTER IS WAITING,. A ZERQC IS FETURNED IF NO
;7 CHARACTER AND A -1 IF THEFRE IS A CHARACTER .
EzC1 : CSTS: :
8201 2AC300 "LDA I1083YT sWHAT IS CONSOILLE CEVICE?
8204  E6C3 AN I 3 JBRANCH ON CONSCLE ASSIGN
BZ0€6____C21182 ANZ  CSTS2 (ZERC 15 SERIAL. DO IT
egzCe bBdB IN URTCT IGET USART INPUT STATUS
8z0E CSTS1: ’
EeCE EE€cC2 ANI RXRDY
EZ0LC CE RZ +ZERC 1S NO_CHAR
BZ0E 3EFF MVI AsOFFH sNON ZERC IS CHARs USE -1
8210 - CS KET
8z11 CsSTsz2:
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|

3D  LCR A JONE 1S KEYBOAKD

8211
Bzlz CAC7F8 JzZ KBSTS
gz1¢ 30 DCR A :TWC 1S PARALLEL
B216——CZ4600 INZ USRST
;7 PARALLEL INPUT STATUS FRCUTINE
—_— 8216 DBECE ’ IN PSTAT 3 CEY _THE PORT_STATUS
gz1lp c3cBse2 JMP CSTS1 sUSE UART TEST AND SET
1
;7 CHARACTER INPUT ROUTINE (SERIAL). IF THE MQODE IS
s —BAUDOT »—THE I NPUT _CHARACTER IS _CCNVERTEC_T0O ASCIl 1.
7 IF THE CHARACTER INPUT IS A CASE SHIFT CHARACTERS
s THAT SHIFT IS DONE AND ANCTHER CHARACTER IS WAITED
+ FORe
gz1E CHI1
8z1E ES PUSH H +SAVE SCME REGISTERS
EclF (DRSS PUSH "D )
gzed 21BEE3 LXI Ha+BOTAB S GET. . SET_T0 _CONVERT
8z23 DECA IN URTDA tGET THE S BIT CFAP,
Bzz £ SF MOV EsA :SAVE IT IN E
82ZE€ 3ACT700 LDA ECASI sGET THE CASE TO MAKE IT 6
ez S B3 CRA E SAPFEND_THE .. CASE _(0__0OR _20QH)"
8zzh SF MOV EsA VCET TOTAL IN DRE
8zZB . 1eC0O MVI DsC
8z<C 16 . DAD D sCALCULATE THE TAEBLE ADDRESS
8Z22E 7E MOV A« M s GET THE_ASCII _CFAR
ezZF C1 PQOP D sRECCVYVER SCME RECISTERS
8230 E1l POP =
1 ) + TEST SNEGATIVE INCICATES THAT IT
BZ3 v + ANA A SSET _FLAGS » CY=0__
8222 FQ - RP: sCASE CHAR,y IF NCTs, RETURN
- 8232  EE€20 ~ ANI 20H SALLCW CNLY 0 OUFR 20H AS CASE
8e2¢ . 32¢7CQ } i STA tsCASI sFUT CASE AWAY FCOR LATER
gzag CHIz
EZ3E oBes IN . URTCT +GET USART STATUS
8224 EeC2 ANT RXRDY ;IS THERE A CHAKACTER?
EZ3C cAazgez JZ CHI sNOy LOOP UNTIL TFHERE IS
BZ22F DECR IN URTCTY s GCEIT_THE _STATUS _AGAIN_(MGDE)
8z41 EEED AN 1 DSR SWHAT IS THE MOLE?
8243 CAlES82 ' JZ - CHI1 sZ2ERC IS BAUDOTs CONVERT
824¢€ DBCA IN URTDA :NOT BAUDOT, SINMPLY INPUT
BZ248 EEZE AN 7FEH TLUT _MAKE 1T 7 BITS_EIRST
8Z4A cs RET

ERTAL CHARACTER OUTPLT ROUTINES THE NCDE IS
HECKED_ .AND _I1E 1T IS _EALDGT. _ THE_CHARACTER IN THE_ .

THERWISE,LIT IS SIMPLY CUTPUT TO THE USART. IF

S

—Cl

C REGISTER [S CONVERTED TC BAUCOT PFICRK TG SENDING.
0

A CASE CHANGE IS INDICATEC, THE CASE CHARACTER IS

s ve as non Py
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7 TRANSMITTED PRIGR TO ThE ACTUAL CHARACTER (BAUDOT
+ MCDE GONLY).
’

BZA4E e CHO - —_— - :
EZ4E cecs IN URTCT iCETERMINE MOCE FIRST
8z4C EeEC ANTI DSR s0=EAUDCT
8z24F cacpez2 ) JZ CHC2 +tEALCOT NMODEs GO CONVERT IT
gcE2 CHQO1 2
gcc2 oBCB IN URTCTY s TEST FGCR READY AND OUTPUT
8z2E4 EeCl AN 1 TXROY sTHE CHARACTER IN THE C REG
EzE6 CAcE2E2 JZ CHO1
EZEGS 7 G- MOV ——— ALC
EZSA ' C3CA ; - 0uUT URTDA -
gzeC " C&S RET
gzecC o CHC2: o
-gzELl ES PUSH H + SAVE _SCME..REGISTERS
8zcE DE PUSHK D
EZEF 21EEB3 LXI HyBOTAB ;SEARCH THE TABLE FGR A MATCH
8262 1€40 MV I Cs64 vy THE TABLE IS 64 CHARS LONG
8zé4 S MOV A, C sCCNFARES_ARE _CONE_IN_A
8ece€ €< CHO3:
EcES EE . CMP M SCGCES THIS CNE MATCH?
BZEE cA7C82 Z CHC4 sYESy EXIT LOGP
EZES 23 INX H +BUMP_ACLCRLEESS
EczCA 1< CCR C ;CECKEASE COUNT
BcEE C2esSe2 JNZ CHO3 s CONTINULE TC LCOF TILL ZERO
EZEE 1640 MV I Cs 64 JIF ND MATCH., PRETEND BLANK
- az7cC = CHQ4 2 R -
€EZ7C 3E40 MVTI A, 64 sACTLAL VALUE 1S €4-COUNT
8c72 92 . SUE D SCALCULATE ACTUAL VALUE
8273 57 MCV Dy A sSAVE A CUPY IN C FOR LATER
Bz74 2-1CE 00 X1 HL,B8CASO TEST _AND _SET CASE IF _APERCP
€277 £6290 AN 20H 5ETH BIiT IS CASE (O=LETTERS)
8z7¢ BE CMP ‘ M iCCMFARE TO PREVIOUS CASE
EZTA CAEGB2 JZ. CHO6 IMATCH. NG NEED TC SENU CASE
€220 72 MOV, MesA s NOMATCH. _SET _CASE _RIGHT
827t JEILF MV I CsLTRS SSENC CASE (O0=LETTERS)
1 . + - TEST . yCASE 0O OR 2OH?
BzEQC 1 A7 + ) ANA A sSET FLAGS , CY=0
EZzE]. CArEALBZ2 i JZ CHCS JLETTERS _CASEL._SEND _IT
8zc84 - OELB ‘ v MV I - CeFIGS s NOT LETTERSs SENC FIGURES
E2EE CHOS:
EZEE . C(0E282 " CALL CHC1 s SEND THE CASE SFHIFT CHAR
8289 CHO62
BcEGS 4 A MOV CsD sRECCVER TFHFE ORIGINAL CHAK
- Bz8A D1 POP D sRECCVER SOME REGISTEKS
8ZEE El PCP H
8BzEC cl2e282 JMP CHQO1 +TCO _SENC _THE CHARACTEK

I0 CHECK FROUTINE. THE VALUE CF THE IGBYT IS
RETURNED IN THE A REGISTER

b0 ae wa
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P~ -

8z aF OCHK:
EZEF 3AC300 LDA 1GBYT
—— 82$2— CS_ o __RLT
L ]
: 10 SET ROUTINE. THE VALUE CF THE C REGISTER IS
: SUBSTITUTED FOR THE VALUE CF THE IOBYT.
gz932 ICSET:
€263 75 MOV AsC {SET NEW 108YT
8254 320300 STA 10BYT
Y -1 7 £ <t S ol - RET
P MEMORY CHECK ROUTINE. TWC RAM LOCATIONS ARXE USED
P TO STORE THE TOP OF RAM. THEY ARE RETURNED IN
s A ANLC Ule LEAST SIGNIFICANT IN Ae. - . J
€26 € MEMCK 3 .
829 € 3ACHCO . LDA vsz2 :NCST SIGNIFICANT BYTE HERE
“5299 4 7 MOV E o A s FEUT IT_IN_E
EZGC 2ACS5C0 LDA MSZ1 {LEAST SIGNIFICANT BYTE HERE
B8ZSF . CS RET
! PUNCH_BY.TE GUIPUT RAOUTINE. _THE CCNSOLE_BYTE_QUTPUT
i KOUTINE IS USED EXCEPT THAT THE 10BYT IS FIRST
T ROTATEL SUCH TKHEAT THE CCNSCLE ASSIGNMENT AND PUNCH
: ASSIGNMENT ARE INTERCHANGEC. WHEN FINISHED, THEY
i _ARE _AGAIN_INTERCHANGEC SO_THAT ALL_ 1S OKa
£ ]
8ZAC BYTOP: :
8240 coa682 CALL PUCO $ INTERCHANGE PUNCH AND CONSOLE
—  BZAZ CD7283 CALL BYTOT sCO _BYTE GCUTPUT
:
{ ROUTINE TC. INTERCHANGE CONSOLE ANC PUNCH ASSIGN.
8ZAE - I';_UCP-' .
BZAE  FS PUS H PSW {SAVE SCME REGISTERS
EZA7 EE PUSFk H
EZAE 21C300 LX1 HeIOBYT iFCINT HL AT IOBYTE
BZAE TE MOV AsM +INTERCHANGE TOP AND EBOTTJOM
SZAC OF RRC ,
82AC CF RRC -
EZAE oF RRC
BZ2AFE CE RRC —_—
€2EC 77 MOV My A iFUT IT BACK
8281 E1l PO H ;KECCVER SOME REGISTERS
8ZBz F1 PCOP PSW
——— e ZB3-__CS RET

st 0o we

WCRDC PUNCH OUTPUT ROUTINE, PUNCH ANC CONSOLE
ASSIGNMENTS ARE INTERCHANGED TG USE CONSOLE
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i ROUTINES.
A
82BE4 WRDOP:
e §2B4— CCAE62- - CALL——_PUCD
8287 cCccagl CALL WRDOT
8ZEA C3A6E2 JMP PUCO
»
3~ PUNCE_MESSAGE_TYPERW —AGAILN, CONSCLE_ANC_PUNCH
i ASSIGNMENTS ARE INTERCHANGED TO USE CGNSULE
i ROUTINES.
.
82BC TYPMPI '
' 82ED ccAe682 .~ CALL PUCO
82C0 < CCecae3 CALL TYPMG
82C2  C2A682 JMP . PUCD
- i REACCR BYTE INPUT ROUTINE. THE READER ASSIGNMENT
i IT ROTATED INTO THE CCNSOLE PCSITICN SO THAT THE
3 CONSCLE RCUTINES CAN BE USED., THE ASSIGNMENTS ARE
3+ RESTCORED. WREN_DCONEe—-SINCE_AN_EXIT-CAN_EBE DONE _EROM
i THE EIT RCUTIREs. A FLAG IS SET TO INCICATE THAT THE
i SWITCH HAS BEEN MADE. IF AN EXIT IS TAKEN THE
; PROPER ASSIGNMENT WILL CE RESGTRED.
8zce BYTIR:
8zCé€ CDE4 82 CALL RDRCO iMOVE READER CEVICE TO CONSOLE
82CS CCAEE3 CALL BYTIN iUSE CONSGLE BYTE INPUT
; RCUTINE TG RECOVER THE CLU CCNSGLE ASSIGNMENT AND
i OLD READER ASSIGNMENT AFTER USING CONSCLE ROUTINES.
.
g2ccC RCVRI1:
82CC Fs PUSH PSW ;SAVE SCME REGISTERS
8zCC ES PUSF H
8zCE 21€300 LXI He 1IOBYT $FCINT HL AT ICBYTE
82C 1 7E MOV AaM sROTATE JOBYT 2 LEET
8zCc2z 07 RLC
82C3 07 RLC
g2c4 77 MOV My A sRETURN IOBYTE
— . .BZDSE 2¢ LNK L ECINT _HL AT _IFLAG
820¢€ 36C0 MV I Ms O (RESET IT TO ZEKO _
8zCe E1l POP H {RECCVER SOME REGISTERS
8zCs F1 POP FSw
82CA CS RET
i READEFP WORD INPUT ROUTINE. AGAIN, THE CONSOLE
i ROUTINE IS UTILIZED BY MOVING THE IDBYTE.,
- ezcB ®WRDIR:
82CE CCE482 CALL RDRCO
€2CE CDz683 CALL WRDIN
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C3Ccez2

8czE1 JMP KCVR1
*
;s READCER TO CONSOLE ASSIGNMENT SWITCHERS
B2E 4 RCRCO:
8zE 4 ES - PUSH H s SAVE HL
8z S ©21C300 LXI He IOBYT FCINT HL AT ICBYTE
82E8 TE MOV A M :Cﬂlﬁl__l_QHYT 2 LEET o e
8ZE ¢ CF RRC
8zEA CF RRC
82EE 77 vMOV M, A SRESTORE IT
82EC 2 G INR L FEFOINT AT _I1FLAG
EZED 3EFF MV I My-1 sSET FLAG TGO -1
B2EF . E1 POP H sRECCVER HL
8zFC cs RET
h i
H ECHC INPUT AND TEST
,
EZF 1 EIT:
def-1 cpes581 CALL ECHO- CETF—CHAR—AND—ECHD
8zF 4 FEZ0 CPI '
8ZzF € CAF182 JZ EIT sIGNCRE ELANKS
8zF¢ FEZC CPI LI sCONNA IS A DELIMITER
£EZEE 37 ST.C
8zF C CE RZ SRETURPN WITH CY SET FOR DELIM
BeFL FECD CP1 CR sCR IS A GELIMITER
8cFF 37 STC
832¢C c8 RZ S RET _WITE CY SET _£0R DELIM
8201 FE47 CP1I 'G? ySTCF IF LARGER THAN F
8303 2F CMC s INVERT CARRY EBIT
83204 DoC RNC yNO CARRY IS OK CKFARACTER
83IN&- 3AGC400 L-DA I1ELAG A
TEST
83C8 A7 ANA A +SET FLAGS » CY=0
832C¢S CcCA7380 JZ MAIN
BZCC coCee2 CALL RCMVR]
EZCF c37380 JMP MAIN
’
s NIBBLE ROUTINE, CONVERY ASCII TO FEX
g312 NIBBL:
8212 DEég 1 SUl A tCOMFARING FOR >=10
8214 F2198232 JP GTA
83217 CECT ADI é TADJLSYT FCR _GAP_EETWEEN 9 & A
8219 CTA:
8316 CECA ADI 10 sMAKE IT BINARY
631E Ccs RET s THATS ALL FCR PERFECT INPUT
H EXPRESSICN (PARAMETER LIST) GRABEER
h ]
8zZ1C EXPR:
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821C cc2683 CALL WRDIN sREAD 1€ BIT GROUP INTO HL
BZ1F EZ XTHL sEUBBLE PC DOWN ON STACK
gzec ES PUSH H +1STACK IS PARM LIST
8221 05 — -BCR B- 'LEC.PARMmCDUhT--
8zZ2¢e c21C83 JNZ EXPR sGUIT WHEN B ENPTY
8zz¢c Cs RET
H
H WRDIN - READ 1IN 16 BIT ACCRESS
*
B2z € WRDIN:
BZZ2€-—210000 — LXI. HsQ SCLEAR _EUEFER
8i2¢ ce : . PUSF B $SAVE PARM COUNT
8zZzA QEC4 MV1 B4 yGeT 4 HEX CIGITS IN ASCII
8zac ' WRD1: , :
8izC CCF1E2 CALL EIT +sREAC/CHECK . CHARACTER
8ZZ2F DZ23BE3 , JNC WRD2 sCARRY SET IMPLIES DLLIMITER
8232 78 MOV . A,B s TEST FOR NEW wORD
8z23 FECY CPI 4 ;E=4 MEANS JUST STARTED
—_—B8l3C - CA2C83 —JZ WRD ] s IGHRCRE_—» AT _BEGINNING
8Z2€E C348E3 JMP EXIT sVALID CELIMITEKR IF NOT 1ST
8Z2E wRD2:
8ZZE cC1283 cAaLL NIEBBL SEAT SOME CHARS
_EZ3E 2¢ OAD H sHL k2
8ZZ:F 2¢ DAD 4 sEL*2
EZ4( 26 DAD H skRL*2
8241 26 CAD = SLONC LEFT SHIFT 4 KIDDIES
8342 BE LRA L sBRINC _IN_NEW 4_BITS
8243 EF MOV LA shL NGW HAS GOOD CATA
8344 ¢S CCr 8 sRECUCEE CHAR CCUNT
8zac c22Ces3 JNZ WRD1 $3+,2+1,0 AND OUT
84 & EX-IT-< :
E2Z4E 7A MOV AsD sUPCATE CHECKSUM
8346 s ADD L SCRDOER IMMATERTIAL
- EZ4A g4 ADD H yCHK SUM IN A CGRRECT
B24E 57 MOV Dy A s CHECKSUM _UFDATE _CUMPLETE
834C C1 POP b yRESTORE
8240 ces . RET
+ BYTE INPUT RTN.
*
EZ4E BYTIN:
E€34E CcS PUS kK B +SAVE IT
BZ4F NDELO MV.I Bs0 SINIT _BINARY _VALUE BUFFER
£3251 CDF 182 CALL EIT yREALC NEW DIGIT
83g4 DAECS8Z JC EXITB SLEAVE IF DELIMITER.A=8=0
£2c7 cD1283 . CALL NIBBL SGET EINARY VALUE IN A
------ —_— SEA— 47 . MOV Ba.A sSAVE_ BINARY_VALUE _IN_8
835E CCF182 CALL EIT SREAC 2nD (LOW) DIGIT, IF ANY
8ZEE DAECE3 ' JC EXITB SsCUIT IF DELIMITERs A=U=DIGIT
g€l CCl2E&3 CALL NIBBL sCONVERT 2ND DIGIT TO BINARY
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VE CHAR

E3€4 4 F MOV CsA ' EA
EZ€EE 78 MoV AyB sCET FIRST (HAR
e2ee o7 FLC : sNOVE TC TOF CHAR
-EZE T &7 RLC
EZEE o7 RLC
EZ€EC c7 RLC
EZEA Bl - CRA C sOR IN FIRST CHAR
£-3 €L 47 MGM— By A—— S SAVE IN—B
g32€eC EXITB:
EZEC 78 MOV A:B sIN CASE A FOLLCS CELIM CHAR
8Z€D g2 ADD D yADC CHECKSUM
8Z€E- 53 MGV — DA v FETLRN-—URSATEL—CKSUM
BZEF 7€ " MOV A+ B yRESTOKEZ $A FROM $B
EZ7C Cl1 POP . B8 sRESTORE B
EZ71 CsS RET
- +RET-_DONE-ELSEWHERE-
’ BYTE CUTFUT RTN
H CUTPUTS 2 HEX ASCI1 CCDED DIGITS
> TERMINATES -RPRINTFILELD-WIIH - -SPACE—
’
£272 EYTOT: :
8272 ces FUSH B sCALLS USE g8
83732 CD7863 CAL 8T0T1 {CECOCE Z HEX_DIGITS
BZ7€ cbp481 CALL SPACO SFRINT A SPACE TRAILEK
€EZT7S C1 POP B +sRESTCRE
837A CsS RET
H BASIC BYTE OUTPUT DECCDEFR RTN
M FERFORMS SUMCHECK ADDITIGCGN ON OQUTPUT
H HIGh CRCER ODIGIT QUTPUT FIRST
v LCW-—CROERHEXDIGIT OLIPLI SECOND
L ]
EZTE ETOTLI S .
BZ7E- 47 MQV ByA SSAVE 8YTE IN B
£37C £2 ADD D +ALC_TO. CHECKSUM
EZ7C 57 MOV Ds A ySAVE NEWwW S(UM
E3T7E 78 MCV AsB yRETRIEVE BYTE
E3T7F Q7 L C s SWAP HEX DIGITS
£3EC 07 RLC
8zgl Q7 RLC
83ig2 07 RLC
gzea CDE783 CALL HXOUT sFRINED wW/HIGH DIGIT
838€ 78 N.QOV ALB s INSTEALD QOF _SHIFT . MOV
) sFALL THRU TG HXOUT

HEX OUTPLT RTN
CUTEUTS ASCII-CQODED EREX_DIGILT

FRCM LOW 4 BITS OF A REGISTER

T es 9040 ae s

XCUT: +C-G4yA-F NCT CONTIG-
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;U0OUS COD=Ss 2 CACSES
E387 EECF ANT CFH tSTRIP RIGH DIGIT
8:z86 DeCA Sul OAH 129 TEST
R EZEB——FZ2GS483 JP— HXG1-- sERANCH -eGE-o—10 ——- —
BZEEL CE2A AD Y 1941 sADD ASCII G +1 FCR
sASCII CHAR COCE OCOF #
8zZs50 4 MOV C,y,A sFRINE ARGUMENT FCR CALL
e e e 8361 ——C 30 6861 JMR— CO S CUTFUT—IT-ANC-RET
3364 HX01: tWLETTER CASE
8264 Céal ADI ‘AT s ADD ASCII *'A' FCR
sASCIT COCE QF DIGIT
- -836 € 4 F MOV— C s A FRIME_ARGUMENT _FOR_CALIL
8267 C3Ce¢ElL JMP co sCUTFUT AND RET
: tNO ERKCK ON INPUT
sFOSSIRLESs SGC NC CHKS
s TYPE MESSAGE KRCUTINE
H (HL) FOINTS TO MESSAGE ADCRESS
’ MESSAGE TERMINATED BY NEGATIVE BYTE
EZGA TYPMG:
8ZGA £e PUSE H sFRINY PREFACE MSSG
B8ZGE 21ADE3 LX1I Hs CRMG sPOINT TO PREFACE
£3GE CDA2ED CALL TYE1 TCRaLE e o 5 see
83A1 E1l POP H vFOINT TC 1ST MSSC AGN
sFALL THRU AND PKINT
BZAZ TYP1:
8IAZ 71E MOV A o M :FF T(H__Cl—ﬂAR_FRﬂM NEM
1 + TEST sCHK IT 1ST,
E2AZ 1 A7 + ANA A sSET FLAGS , CYy=0
8T A4 F8 RM INEGATIVE IMPLIES END
e B3AE 4 F MOV CoA ERIME WITH ARG
BZAE cbCcéasl CALL co yPUT IT OUT
8ZAS 23 INX H SEFECINT TC NEXT CHAR
e 8EAA— C2A283 JME TYEL  JLOCE _TILL NEG CHAR
832AC OCCACO00 CRMG: cCB CRsLF3050304Cy~-1
EZR1 COCOFF .
BiC4 3AFF CRCO: DB Yit,-1
-ELE CCFF o PMTMGI_ L8 ¢ 0! =1
BZEE 45584954 RSMG: Ce YEXIT ' s-1
82EC 2CFF
8ZEE CO0450A41 EDTAB: Cb Ce'E'3LFs'A SIU',CRs"ORJUNFCK?
- giCz 20£34G655 i
82CE€ OC44E£24A
B82CA 4E464348
giCkt SB4€A4C57 cCB 'Y ZLWHYFGCBG*sy0ACH, *MXV? ,80H
— BICZ 4E£S5051 ———
EZCE 4F4247A0
BZLA 405856890
830k CC3230A20 CB Qs '3y LF os?'— XBT7",CR'"$41 0,0 21Hs"2 (!
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SYMECL TABLE
* 01
A coc? B - 000C BCASI 0007 BCASQ CLOE
RCTAE E2EBE BEGIN ge2s 3GO &£02& B3G2 EQu4
ETCT1 E37E BYTIN B824E BYTIR ezCe BYTOP 82AC
EYTICT £372 C QiCl CHI——  E23E ChHI1 azlk
CrC 824F CHO1 8eB2 CHG2 8z50 Cr03 E2€S
ChCA g27¢C CHOS 6286 ChOé g8z6s CI 8133
cC E1DE CR CCaD CRCOC g3t4 CRMG E3AD
CSTS E2C1 £STS1 H 200 STs2—3821- D 0CQ2
CIEF1 EOGF CISF2 s80BB CISP3 830D€E DISPS ECEY -
CSFCK Fenc CsSPOT Fg24 DSR ocCs8e E 0003
ECHC E1EE ECHG1 81C8 ECHCM Q00D EIT B2F1
— EXTIT~— &4 E EXITB--—-83€C EXPR £31C FIGS CoOly
GC ECEE CTA 8319 H 0004 HXC1 €394
FXCLT £387 IBRCH 8196 IFLAG 0CC4 INSRT 8UED
INET1 80FOC INST2 8l1CHE 108YT n7C03 I CCHK 8z 8F
oo [ CSE T — 8263 —-—— ROB3IN—. FERY — KBS TS—-F8QO7 R 0C 05
LOC €113 LD1 B12E LF OCJA La E1FY
LCl 81FC LOAD &10F LTRS Q01F v cuib
MAIN EO072 MENMCK 8298 MONST o0o02cC MSZ1 0C0S
M522 CODE NIERL—8312 C8RCH—81L03 PARCT—OOQO0F
PARIN E1AZ PARMO ONAE PARQT ElEE PCSAV cozk
PINFT soce RPIRCY (aReXepad PMTMG 8238 ¢€ PQ gl1r1
PCKCY SCEC POTPTY. COCC PSSAV Q032 PSTAT CCOoE
FSs D0J€ BUCC-- B2A6 RCVYRL — 82CC RCRCQA g284
RETR1 E17A RETRN 816F RGSAV £C38 K1 81A0
REMG E3RE RSTRT 81495 RXRDY cCCo2 SDPIO FBOA
SF CO0Gs SPACDO 8104 TEST C23ED TXRCY CcsO1
TXRXE 2027 TYP1 a3A2 TYOMG 8294 TYRPMP __g8203D
UARTI Q0E8E UARTR 0CS5 URTBM ccs83 URTCT 0CO0B
URTCA g00A URTMQO OGCFA USRIN 0C40 USROT 0043
USRET 004¢€ wkD1 g32C wWRD2 823E WRDIN 8326
WhD Ik E2DE WROGR 82134  WRDOT _E£1CA
* 02
* C3
. - ® _C4
% 0€
* 0€
* C7




8. CirculT BoarD LAYOUT AND ScHEMATIC DIAGRAMS

The following pages contain complete diagrams of the HAL Communications
Corp. Model MCEM-8080 Microcomputer System. These diagrams reflect the
current circuit connections as of the printing date of this manual.

HAL Communications reserves the right to make changes in the circuitry
without incurring any obligation to make such changes in previously sold
units. The diagrams may not be duplicated in any form without the express
permission of HAL Communications Corp.
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MCEM-8080
Addendum No. 2
June, 1976

Use of the UPB cable connections:

The MCEM-8080 is furnished with a two foot length of 40 conductor
ribbon cable with a connector on one end that mates to the UPB (Universal
Processor Bus) connector of the MCEM. The cable connections are explained
in Table 2.6 on page 2-12 of the MCEM manual (the red stripe on the cable
corresponds to pin 1). When plugging the cable into the MCEM, be sure
to align it correctly as indicated by the small arrows embossed on the
plastic connectors. |f your cable connector has NOT been polarized, it
should be by putting a small piece of bare wire into the cable connector
pin 32 location. This should correspond to the missing pin of the MCEM
UPB connector.

Connection to the cable can be made by simply separating the conductors
of the ribbon cable, stripping and tinning each one required, and then
connecting the wires as required. The cable SHOULD NOT BE EXTENDED BEYOND
THE TWO FOOT LENGTH FURNISHED. Alternately, the same 3M connector can be
attached to the ribbon cable. The cable connector is a 3M part no.
3417-0000, which can be obtained from a 3M distributor or from HAL
Communications Corp. for $6.00. The mating circuit board connector is
a 3M no. 3432-1002 connector at $4.00 each from HAL. The cable connector
is designed so that it clamps directly over the cable and several can
therefore be attached to the same cable. The following procedure should
be used to attach the 3M connector to the cable.

Installation of additional connectors to the UPB cable:
The 40 conductor cable polarity is distiguished in two ways:

1. The RED stripe side corresponds to pin 1 of the UPB connector

2. The ribbing of the cable is heavier on one side than the other.
This can best be determined by looking at the END of the cable,
although dragging of your finger-nail across the two sides will
also indicate which is roughest and therefore has the heavier
ribbing.

Refer to the attached Figure 2 for the following instructions.

The 40 pin connector (3M No. 3417-0000) is a two-piece assembly, the
larger section with the connector pins and a smaller clamp strip. The
clamp strip has a protective paper covering over an adhesive. In assembly,
the protective strip is removed to expose the adhesive and the cable is
“"'sandwiched' between the forks of the connector pins and the clamp strip.
Attach the connector to the cable using the following procedure:



10.

Locate and mark the desired connector location on the L0
conductor cable. Note that several connectors can be placed
on the same cable since the connectors simply clamp around
the cable, allowing it to pass through. Therefore, if
several connectors are intended, do not cut the cable until
the end-most connector has been installed.

Carefully remove the protective paper BUT NOT the adhesive
from the clamp piece.

Put the adhesive surface of the clamp piece on the the heavily
ribbed side of the ribbon cable, taking care to remove only
the paper and not the adhesive with it.

Locate the embossed arrow on the connector pin section. This
indicates the location of pin 1 of the connector.

Place the pin section of the connector on the oppositie side
of the cable from the clamp assembly, aligning the arrow with
the red stripe on the cable.

Align the guide pins of the clamp piece into the mating holes

of the pin section and press the two pieces together with your
fingers until the forks of the connector pins start to ''bite'

into the cable.

RECHECK THE CABLE AND CONNECTOR ALIGNMENT TO BE SURE THAT:
a. The red stripe of the cable is adjacent to the arrow
b. The heavily ribbed side of the cable is against the clamp.
c. The connector is perpendicular to the cable.

After checking, the two sections can be completely pressed together
in a bench vice. Use only enough pressure to close the gaps
between the cable - too much pressure will break the connector.

If the vise has rough surfaced jaws, you may wish to prevent
scratching of the connector by using cardboard protective shims.

If additional connectors are required, they can be attached at
any cable location using the above procedure. |If it is desired
to end the cable after the connector, use a VERY SHARP knife or
razor-blade and cut the cable off flush with the outside edge of
the connector. Be careful to cut on the ''scrap'' end of the
connector and not on the processor end! After cutting, inspect
the cut edge to be sure that adjacent wires have not been shorted
together in the process of cutting.

The completed connector should now be keyed by inserting a short
piece of No. 22 bare wire into connector pin no. 32 position.
Notice that the numbers are marked on the face of the connector -
odd numbers down the arrow side (starting at the arrow) and even
numbers on the other side.



pin 1 locating arrow

*j"5|3|n section of connector
L A

¥ — — protective paper

P5~w - : ’/:;%::;clamp strip

a. 3M 3417-0000 Cable Connector

.S Pin section

""'smooth'' side of cable

40 conductor W i
cable — /Red stripe (pin 1)

T — = =TT TITTL T LTI oS
A“MN _________ heavily ribbed side of cable

‘Z—clamp strip

b. Assembly of connector

I 1. =pin section

gy —————————————————— maéi F_5:C£-lb]e

—~———————= clamp strip

c. Assembled connector

]

Y
1358

To processo "Scrap-end'' of cable

oo
o))

[“Cut along this line with razor blade

d. Cutting-off excess cable

Figure 2. Preparation of UPB Cable Connector
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