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This article is the first one of a series of four articles 
covering AMl's S6800 microcomputer chip set. EVK 
Microcomputer Prototyping boards and EVK proto­
typing board PROTO & (RS) 3 program development 
software. 

The first article in this series covers the S6800 M PU 
in detail and summarizes the microcomputer support­
ing IC's in order to lay the ground work for next months 
article on AMl's EVK Prototyping boards. 

AMl's S6800 FAMILY OF MICROCOMPUTER IC's 

AMl's 56800 family of microcomputer, IC's is com­
posed of a series of matched MOS large scale inte­
grated (LSI) circuits for, configuring into micro­
computer syste111s. This series of microcomputer MOS 
LSI functional building block logic circuits include a 
MPU, ROM, EPROM, RAM, PIA, ACIA, USRT, and 
Digital Modem Logic circuits. 

86800 - 8-BIT MICROPROCESSOR 
FUNCTIONAL DESCRIPTION 

86800 MICROPROCESSOR (MPU) - an 8-bit parallel 
processor, with the ability to address up to 65K bytes 
of memory, and execute instructions in 2 micro-
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seconds. It is manufactured using N-channel MOS 
technology and operates on a single + 5V power 
supply. All inputs and outputs are TTL compatible. The 
MPU has six internal registers, four types of vectored 
interrupts and 72 basic instructions. The basic instruc­
tions can be used in different addressing..Jllodes to 
save instruction execution time and memory space. 

FEATURES 
• Eight-Bit Parallel Processing 
• Bi-Directional Data Bus 
• Sixteen-Bit Address Bus 65536 Bytes of 

Addressing 
• 72 Instructions - Variable Length 
• Seven Addressing Modes - Direct. Relative, 

Immediate, Indexed, Extended, Implied and 
Accumulator 

• Variable Length Stack 
• Vectored Restart 
• 2 Microsecond Instruction Execution 
• Maskable Interrupt Vector 
• Separate Non-Maskable Interrupt - Internal 
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INTERNAL 
DATA 
BUS 

l 
TRISTATE 

DATA 
BUFFER 

INSTRUCTION 
REGISTER 

ALU AND 
REGISTER 
CONTROL 

LINES 

INSTRUCTlON 
DECODER ANO 

~ CTRL. LOG1C 

INTERRUPT 
ANO RESTART 

LOGIC 

l y TIMING l 
GENERATORJ 

l 
1~BUS CONTROL 

AND HALT 
BU LOGIC 

OISA 

l 
ADDRESS 
BUFFER 

(8 BITS LOI 

...,. 

ADDRESS 
BUFFER 

(8 BITS Hll 

1361 
-ll 

l331 o 
• 132\ 0 

BE 

0 
1 

.-Jlli-. D 2 
3 
4 
5 
6 
1 

~o 
~o 
~o 
~o 
~o 

IBI 

"I 
01) 

(40f 

161 

'" 

131 

~ 

Vee 
GND 
GNO 

R ESTI 
Ml 

Rii 
N 
I 

• • 

{34f -- R 

.!.2!._ v 
/W 
MA 

\7l- B 
121 H 

A 

1391 

191 
(101 

111! 
1171 
1131 

{141 -
1151 

:~~: -
1181 -
119i 

\201 
1221 

I~~) -

25-

= 
T SC 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
Al 
AB 
A9 
A10 
All 
A11 
A13 
A14 
A15 

FIGURE 1. BLOCK DIAGRAM OF S6800 MICROPROCESSOR 

DECEMBER 1976 INTERFACE AGE 33 



• Six Internal Registers - Two Accumulators. Index 
Register. Program Counter. Stack Pointer and 
Condition Code Register 

• Direct Memory Access (OMA) and Multiple 
Processor Capability 

• Clock Rates as High as 1 MHz 
• Simple Bus Interface Without TTL 
• Halt and Single Instruction Execution Capability 

S6800 MICROPROCESSOR ARCHITECTURE 

The S6800 Microprocessor (MPU) is an 8-bit parallel pro­
cessor. It contains an 8-bit arithmetic unit (ALU). two 
8-bit accumulators. one condition code register. and 
three 16-bit address storage registers. all of which are 
available for program use (see Figure 1 ). In addition. 
there are the following non-accessible registers: a 1 6-
bit address incrementer/decrementer. an 8-bit tem­
porary register and an 8-bit instruction register. There 
is also an instruction decode ROM and cycle control 
logic. interrupt and restart logic. bus control and halt 
logic. and a timing generator. 

MPU PROGRAM ACCESSIBLE REGISTERS 

Accumulators A and B - Two separate 8-bit accu­
mulators that are used to hold operands ·and results of 
operations in the ALU. 

Index Register -A 1 6-bit register used for memory ad­
dress storage in Indexed Addressing operations. 

Program Counter - A 16-bit register that holds the 
current program instruction address. Once the initial 
program starting address is loaded into the program 
counter, it is incremented under control of the M PU 
hardware. 

Stack Pointer - A 16-bit register used for storage of 
the next available location in an external push­
down/pop-up stack. 

Condition Code Register - An 8-bit register that stores 
certain results of operations in the.ALU. These bits are 
used as testable conditions for the conditional branch 
instructions. In addition. one bit position stores the 
interrupt mask bit and the two high order bits are un­
used. See Figure 2. 

0 

CONDITION CODE 
REGISTER 

Carrv·Borrow (from bit 7) 

Overflow 
.__ ___ zero 

..._ ____ Negative 

'------- Interrupt Mask Bit 
..._ ______ Half Carry (from bit 3) 

FIGURE 2. 

EXTERNAL '=STACK MEMORY REGISTER - a push­
down/pop-up stack that can be located anywhere in 
RAM and be of any convenient size. It is accessed with 
the stack pointer address and has several uses. First. it 
always stores the. M PU register contents following an 
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interrupt and return addresses during sub-routine exe­
cution. Second. it can also be used by the programmer 
to store data during program execution. 

MPU HARDWARE REGISTERS (NOT ACCESSIBLE BY 
PROGRAM) 

Instruction Register - 8-bit register used to receive and 
store all program instructions input into the M PU (via 
the data bus lines 00-07). 

Temporary Register - 8-bit register typically used to 
store the high order address bits prior to their output 
from the M PU onto the external address bus lines A8-
A 15. 

lncrementer - 16-bit auxiliary address register. used 
by the M PU internal control logic. in conjunction with 
the program counter, to maintain and output the cur­
rent program address. 

MPU INTERNAL BUSSES 

Within the M PU all data and address transfers be­
tween the registers. as well as to and from the ALU. 
are made across three internal 8-bit busses. The first is 
a data bus. the second is an address bus for the low 
order bits. and the third is an address bus for high order 
bits. 

MPU INTERFACE DESCRIPTION 

Signal 

01 

02 

Pin Function 

(3) Clocks Phase One and Phase Two - Two 
pins are used for a two-phase non­
overlapping clock that runs at the Vee 

(37) voltage level. 

RESET (40) Reset - This input is used to reset and 
start the M PU from a power down 
condition. resulting from a power 
failure or an initial start-up of the 
processor. If a positive edge is 
detected on the input. this will signal 
the M PU to begin the restart se­
quence. This will start execution of a 
routine to initialize the processor from 
its reset condition. All the higher order 
address lines will be forced high. For 
the restart. the last two (FFFE. FFFF) 
locations in memory will be used to 
load the program that is addressed by 
the program counter. During the 
restart routine. the interrupt mask bit 
is set and must be reset before the 
MPU can be interrupted by IRQ. 

Reset must be held low for at least 
eight clock periods after VCC reaches 
4. 7 5 volts (Figure 4). If Reset goe:s 
high prior to the leading edge of 02, 
on the next 01 the first restart 
memory vector address (FFFE) will 
appear on the address lines. This . . . 
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VMA 

A0 

A15 

TSC 

00 

07 

DBE 

location should contain the higher 
order eight bits to be stored into the 
program counter. Following. the next 
address FFFF should contain the lower 
order eight bits to be stored into the 
program counter. 

(5) Valid Memory Address - This output in­
dicates to peripheral devices that 
there is a valid address on the address 
bus. In normal operation. this signal 
should be utilized for enabling 
peripheral interfaces such as the PIA 
and ACIA. This signal is not three­
state. One standard TTL load and 30 
pF may be directly driven by this ac­
tive high signal. 

(9) Address Bus - Sixteen pins are used 
for the address bus. The outputs are 
three-state bus drivers capable of driv­
ing one standard TTL load and 130 pF. 
When the output is turned off. it is es­
sentially an open circuit. This permits 
the M PU to be used in D MA 
applications. 

(25) 

(39) Three-State Control - This input causes 
all of the address lines and the 
Read/Write line to go into the off or 
high impedance state. This state will 
occur 500 ns after TSC = 2.4 V. The 
Valid Memory Address and Bus 
Available signals will be forced low. 
The data bus is not affected by TSC 
and has its own enable (Data Bus 
Enable). In OMA applications. the 
Three-State Control line should be 
brought high on the leading edge of 
the Phase One Clock. The 01 clock 
must be held in the high state and the 
02 in the low state for this function 
to operate properly. The address bus 
will then be available for other devices 
to directly address memory. Since the 
MPU is a dynamic device. it can be 
held in this state for only 5.0 µs or 
destruction of data will occur in the 
MPU. 

(33) Data Bus - Eight pins are used for the 
data bus. It is bi-directional. transferr­
ing data to and from the memory and 
peripheral devices. It also has three­
state output buffers capable of driving 
one standard TTL load at 130 pF. 

(26) 

(36) Data Bus Enable - This input is the 
three-state control signal for the M PU 
data bus and will enable the bus 
drivers when in the high state. This 
input is TTL compatible; however in 
normal operation. it can be driven by 
the phase two clock. During an MPU 
read cycle, the data bus drivers will be 
disabled internally. When it is desired 
that another device control the data 
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bus such as in Direct Memory Access 
(OMA) applications. 'DBE should be 
held low. 

R/W (34) Read/Write - This TTL compatible out-
put signals the peripherals and 
memory devices whether·lt.ie M PU is 
in a Read (high) or Write (low) state. 
The normal ·standby state of this signal 
is Read (high). Three-State Control 
going high will turn Read/Write to the 
off (high-impedance) state. Also. 
when the processor is halted. it will be 
in the off state. This output is capable 
of driving one standard TTL load and 
130 pF. 

HALT (2) Halt - When this input is in the low 
state. all activity in the machine will be 
halted. This input is level sensitive. In 
the halt mode. the machine will stop 
at the end of an instruction. Bus 
Available will be at a one level. Valid 
Memory Address will be at a zero. and 
all other three-state lines will be in the 
three-state mode. 
Transition of the Halt line must not 
occur during the last 250 ns of phase 
one. To insure single instruction 
operation, the Halt line must go high 
for one Phase One Clock cycle. 

BA (7) Bus Available - The Bus Available 
signal will normally be in the low 
state; when activated. it will go to the 
high state indicating that the 
microprocessor has stopped and that 
the address bus is available. This will 
occur if the Halt line is in the low state 
or the processor is in the WAIT state 
as a result of the execution of a WAIT 
instruction. At such time. all three­
state output drivers will go to their off 
state and other outputs to their 
normally inactive level. The processor 
is removed from the WAIT state by 
the occurrence of a maskable (mask 
bit I = 0) or nonmaskable interrupt. 
This output is capable of driving one 
standard TTL load and 30 pF. 

IRQ (4) Interrupt Request - This level sensitive 
input requests that an interrupt se­
quence be generated within the 
machine. The processor will wait until 
it completes the current instruction 
that is being executed before it 
recognizes the request. At that time. if 
the interrupt mask bit in the Condition 
Code Register is not set. the machine 
will begin an interrupt sequence. The 
Index Register. Program Counter. Ac­
cumulators. and Condition Code 
Register are stored away on the stack. 
Next the M PU will respond to the in­
terrupt request by setting the inter-

. rupt mask bit high so that no further 
interrupts may occur. At the end of the 
cycle, a 16-bit address will be loaded 
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that points to a vectoring address 
which is located in memory locations 
FFF8 and FFF9. An address loaded at 
these locations causes the M PU to 
branch to an interrupt routine in 
memory. 

The Halt line must be in the high state 
for interrupts to be recognized. 

The I RO has a high impedance pull up 
device internal to the chip; however a 
3 kQexternal resistor to Vee should be 
used for wire-OR and optimum control 
of interrupts. 

(6) Non-Maskable Interrupt - A low-going 
edge on this input requests that a non­
mask interrupt sequence be generated 
within the processor. As with the 
Interrupt Request signal. the 
processor will complete the current in­
struction that is being executed before 
it recognizes the NM I signal. The in­
terrupt mask bit in the Condition Code 
Register has no effect on NMI. 

MPU 
S6800 

The Index Register. Program Counter. 
Accumulators, and Condition Code 
Register are stored away in i:he stack. 
At the end of the cycle. a 1 6-bit 
address will be loaded that points to a 
vectoring address which is located in 
memory locations FFFC and FFFD. An 
address loaded at these locations 
causes the M PU to branch to a non­
maskable interrupt routine in memory. 

NMI has a high impedance pullup 
resistor internal to the chip; however a 
3 k<lexternal resistor to Vee should be 
used for wire-OR and optimum control 

RAM RAM 
S6810 S6810 

CONTROL LINES 

ADDRESS BUS 

DATA BUS 

ROM 
S6830 

ROM 
S6830 

of interrupts. 

Inputs IRQ and NMI are hardware in­
terrupt lines that are acknowledged 
during 02 and will start the interrupt 
routine on the 01 following the com­
pletion of an instruction. 

MPU EXTERNAL BLISSES 

The MPU communicates with its external memory 
and all 1/0 devices across an 8-bit bidirectional data 
bus. DO through 07, and 16 address lines. AO through 
A 1 5. The M PU can be disconnected from either bus by 
two control signals DBE and TSC. In addition, a con­
trol bus maintains control of the bi directional Data 
Bus. and provides access for control signals between 
the MPU and all external logic. 

The M PU 1/0 bus relegates control to the 
programmed 110 devices. provides memory mapped 
110 addressing and uses memory and register instruc­
tions to control all 1/0 operations. The M PU bus 
configuration is shown in Figure 3. 

Programmed 1/0 Devices - The M PU relegates most of 
the 1/0 control to such 1/0 interfaces as the PIA or 
ACIA. Each of these circuits is programmable and can 
interface with peripheral devices without directly in­
volving the M PU. For example, the M PU can prepro­
gram a PIA to either output data to the M PU or to re­
ceive it. Thereafter. the PIA circuits assume all func­
tions of interfacing with the peripherals and the MPU 
never has to look at the interface until service is re­
quired. It must service interrupts from the PIA. but 
never needs to wait for input data to become available 
or for output data to be accepted. 

MEMORY MAPPED 1/0 Addressing - The 110 
interfaces and memory are both located in the same 
address space within the S6800 system. The MPU can 
access any 1/0 device the same as a memory location 

ACIA 
S6850 

PIA 
S6820 

r -;;;;;;= = 1 
I ILY DEVICES OR I CUSTOM INTER· 

L~~u~.J 

UPTO TEN 
S6800 FAMILY DEVICES 

CAN BE ATTACHED 
WITHOUT BUFFERING 

FIGURE 3. S6800 BUS SYSTEM 
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- with address lines. instead of separate 1/0 control 
lines. Therefore. it can manipulate data in the 1/0 inter­
face registers with the same programmed instructions 
as it uses for memory locations. This adds flexibility 
and increases system efficiency. 

No Special 1/0 Instructions - The 56800 Instruction 
Set complements tha above 1/0 addressing capability 
with specific instructions that can be used to access 
memory as well as 1/0 circuit registers and perform di­
rectly various manipulations on the data. 

BUS INTERFACE - The bus interface consists of the 
Data Bus (00-D7). the Address Bus (AO-A 15). 
Read/Write (R/W). and Valid Memory Address (VMA). 
There are other signals which further control the oper­
ation of the M PU and thus affect the bus without ac­
tually being properly part of the bus interface; these in­
clude Data Bus Enable (DBE). Three-State Control 
(TSC). Halt and the interrupt control signals I RO and 
NMI. 

DATA BUS - The Data Bus comprises eight bidirec­
tional data lines. which connect the M PU. all of the 
memory, and any 1/0 devices which may be ad­
dressed by the M PU. The M PU normally controls this 
bus during 02 time for the transfer of instructions and 
data into the M PU and the transfer of data out of the 
MPU. The direction of the data on the bus is a func­
tion of the R/W line generated by the MPU; a high on 
R/W constitutes a read. and the M PU accepts data 
during the latter portion of 02; a low on the R/W line is 
defined as a write out of the M PU. and the M PU drives 
the bus with the write data shortly after the low-to­
high transition of DBE. Control of the Data Bus may be 
preempted from the MPU for Direct Memory Access 
(OMA) operations during 02 by operating the Halt line 
(Bus Available will go high when the bus is available 
for other than M PU-controlled use). or during 01 while 
DBE is low. and the MPU is not concerned with the 
contents of the data bus. When the M PU is not driving 
the data bus in a write operation. these lines are placed 
in a high impedance state to minimize the interference 
with other devices driving the bus; similarly when a 
memory or 1/0 device is not driving the bus in a read 
operation for which that device is selected. the bus 
lines in that device are placed in a high impedance 
state. At any one time only one device should be driv­
ing the bus. with all other connected system com­
ponents in the high impedance state. 

Address Bus - The Address bus comprises 1 6 address 
lines. by which the MPU identifies which of the 65.536 
possible memory locations is to be read out or written 
into. In normal operation the M PU sets an address on 
the bus during 01 while TSC is low; this remains stable 
throughout 02 for the memory access operation. For 
OMA and other circumstances in which it is desired to 
control the Address Bus apart from the MPU. 01 may 
be extended during which time TSC may be set high; 
the MPU will respond by taking the Address Bus and 
R/W outputs to the high impedance state and out­
putting a low on VMA. A high on TSC also forces BA 
low. 

The Valid Memory Address (VMA) output from the 
MPU snould always be used in conjunction with the 
address on the Address Bus to determine whether the 
MPU is actually accessing memory (or peripheral regis­
ters). since in some circumstances the MPU will issue 
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a temporary address in a read or write cycle which 
might be interpreted as a "false read" or a "false write" 
to some memory location. VMA may be thought of as 
a 17th bit of address, where only half of the addres­
sable memory (i.e. the VMA bit = 1) is usable, al­
though occasionally the MPU will attempt to read or 
write some location in the other half (i.e. VMA = 0). 
Thus it can be .combined with the higher order address 
bits to select or deselect memory and peripherals, as 
required by the MPU at that time. 

Bus Control Signals - If the VMA signal is not used to 
deselect memory and 1/0 registers (PIAs and ACIAs). 
false reads or false writes may result in ambiguous 
operation. These are of particular concern in the case 
of RAM memories and the 1/0 devices register (PIAs 
and ACIAs). since in the case of the ROM any false 
reads are ignored by the MPU and have no other 
effect. and false writes have no effect on the ROM. In 
the case of the RAM a false read also is of no concern, 
but if TSC or Halt is used or the MPU executes a WAI 
instruction the R/W line floats in the high impedance 
state which could be interpreted as a write by the 
RAM; the TST instruction actually results in a false 
write. but the data and address are the same as an 
immediately previous read, so the contents of RAM are 
not thus altered. For PIAs and ACIAs the VMA signal 
must be used in the selection logic. since a read from a 
PIA or ACIA register is used to clear an interrupt condi­
tion, and the failure to disable false reads could result 
in a missing interrupt. In the case of the PIA. VMA 
should not be used in the form of VMA-02 for the 
Enable (E) input, since at least one E pulse is required 
before each active transition of the CA 1 (or CB 1. etc.) 
to detect the interrupt; a WAI instruction depending on 
this transition may thus lock out interrupts by setting 
VMA low. It is better to apply VMA to one of the Chip 
Select inputs to the PIA (CSO. CS 1. or inverted to CS2). 
or to specify the design to preclude the requirement 
that interrupts be detected on the trailing edge of a 
pulse. 

Read/Write (R/W) is a control signal generated by 
the MPU to define the direction ot'the Data Bus. When 
low. the MPU is driving the Data Bus. and the selected 
memory or peripheral should accept the data written 
into it; when R/W is high, the selected memory or peri­
pheral is being read into the MPU, and should be driv­
ing the bus. This control goes into the high impedance 
state when the Address Bus is disabled by TSC. 

R/W is routed to the various memory and peripheral 
components as part of the system control. ROMs 
should be disabled when R/W is low. since they can­
not be written into. RAMs and PIAs use the R/W sig­
nal to distinguish read and write operations. The ACIA 
has four internal registers. of which two are selected 
in the read operation, and two are selected for write 
operations, by the connection of R/W to the 
appropriate ACIA input. 

MPU Operating Cycle 

Instructions are executed within the M PU in incre­
mental time. periods (M PU cycles). each consisting of 
one 01 clock period and one 02 clock period. When the 
MPU is operating on a 1 MHz input clock, each MPU 
cycle is 1 microsecond long. It takes a minimum of two 
M PU cycles or 2 microseconds to execute a single 
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word instruction. 
During the 01 period the MPU typically outputs a 

memory address to access (fetch) one 8-bit program 
instruction or data byte and then. during 02. loads the 
byte into an internal register. During the next 01 period 
the M PU executes the associated internal operation 
with the ALU and the registers. With this fetch-exe­
cute sequence an instruction may be completed in only 
two MPU cycles. or may require as many as 12. While 
the M PU is executing successive cycles. it is also com­
mon for it to overlap functions. For example, during 
any given clock period the M PU may be executing one 
instruction in the ALU or registers; while at the same 
time a fetch is being performed with the address in the 
program counter. 

Program Control 

These internal operations of the MPU. as well as the 
output of address, data. and control signals, are all 
managed by the instruction decode and control logic. 
For example, to perform the execute part of any 
instruction, the control logic circuits generate signals 
that cause the ALU to perform addition. subtraction, or 
some Boolean logic function. These signals can also 
cause the contents of one register to be transferred 
into another. a register to be simply incremented· or 
decremented, or some other similar function to occur. 
Such ALU and register operations are used to execute 
all of the S6800 instructions. 

MPU Addressing Modes 
The S6800 eight-bit microprocessing unit has 

seven address modes that can be used by a program­
mer, with the addressing mode a function of both the 
type of instruction and the coding within the instruc­
tion. During the fetch part of any MPU cycle a memory 
address is required in order to access a particular loca­
tion in the external memory. This address is normally 
stored in the program counter. The program counter is 
16 bits wide and therefore, can address any one of a 
maximum of 65.536 bytes. 

At the beginning of a program sequence the MPU is 
initialized and the beginning address is loaded into the 
program counter. From there on the program counter 
is incremented automatically, so that at the end of any 
instruction cycle it stores the next instruction address. 
If the program contains an instruction to branch or 
jump to a different memory location, the op code must 
be followed by two bytes which load the new address 
into the program counter. There are, however. address­
ing techniques with which the jump can be accom­
plished by fetching only one new address byte out of 
the memory. For example, if the destination of a 
branch is within 129 locations forward of 125 loca­
tions back of the current program counter contents, 
Relative Addressing can be used. In this mode only the 
op code and one signed 8-bit byte is fetched from the 
memory and is added to the program counter con­
tents. 

In Indexed Addressing, a single byte is added to the 
contents of the index register and the result is trans­
ferred into the program counter. Thus. the above ad­
dressing variations can be used to reduce the number 
of bytes that need be fetched to generate a new 
address. This reduces the number of MPU cycles and 
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speeds up program execution. 
The various addressing modes can also be used in a 

similar manner to generate the source or destination 
addresses for data. M PU addressing modes are 
summarized in the following; 

INSTRUCTION FORMAT 

ONE 

BYTE# 1 WOAD 
INSTRUCTION 

TWO 

BYTE# 1 BYTE# 2 WOAD 
INSTRUCTIONS 

THREE 

BYTE# 1 BYTE# 2 BYTE# 3 WORD 
INSTRUCTIONS 

ACCUMULATOR ADDRESSING (ACCX) 

OP CODE I 
A single byte instruction addressing operands only 

in accumulator A or accumulator B. 

IMPLIED ADDRESSING 

I OP CODE I 
Single byte instruction where the operand address 

is implied by the instruction definition (i.e.. Stack 
Pointer. Index Register or Condition Register). 

IMMEDIATE ADDRESSING 

OP CODE 

HIGHER 

IMMEDIATE 
OPERAND 

IMMEDIATE 
OPERAND 

IMMEDIATE 
OPERAND 

LOWER 

Two or three byte instructions with an eight or six­
teen bit operand respectively. For accumulator opera­
tions the eight bit operand is contained in the second 
byte of a two byte instruction. For Index Register oper­
ations (e.g. LOX) sixteen bit operand is contained in the 
second and third byte of a three byte instruction. 

DIRECT ADDRESSING 

OP CODE 

"!:;. 

ADDRESS 
0-255 

Two byte instructions with the address of the 
operand contained in the second byte of the instruc­
tion. This format allows direct addressing of operands 
within the first 256 memory locations. 
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EXTENDED ADDRESSING 

OP CODE 
ADDRESS 

HIGHER 
ADDRESS 

LOWER 

Three byte instructions with the higher eight bits of 
the operand address contained in the second byte and 
the lower eight bits of address contained in the third 
byte of the instruction. This format allows direct 
addressing of all 65.536 memory locations. 

INDEXED ADDRESSING 

OP CODE 
INDEX 

ADDRESS 

Two byte instructions where the 8 bit unsigned 
address contained in the second byte of the instruc­
tion is added to the sixteen bit Index Register result­
ing in a sixteen bit effective address. The effective ad­
dress is stored in a temporary register and the con­
tents of the Index Register are unchanged. 

RELATIVE ADDRESSING 

OP CODE 
RELATIVE 
ADDRESS 

Two byte instructions where the relative address 
contained in the second byte of the instruction is 
added to the sixteen bit program counter plus two. The 
relative address is interpreted as a two's complement 
number allowing relative addressing within a range of 
- 125 to + 129 bytes of the present instruction. 

Interrupts. 

The S6800 MPU can be interrupted by any of 
several signals and program instructions. each of 
which initiates a different sequence in the MPU. 
Including the Reset signal. there are four interrupts -
three hardware interrupts (signal lines connected to 
the M PU) and one software interrupt (SWI instruc­
tion). Each class of interrupt is described in the follow 
ing; 

Nonmaskable Interrupt (NMI) - initiated by a low-going 
signal on the NM I line to the M PU; always interrupts 
the MPU - even while another interrupt is being pro­
cessed and the interrupt mask bit is set. Therefore. 
NM I can be considered to the highest priority inter­
rupt. It causes the following sequence of events: 

1. At the completion of the instruction being exe­
cuted. the contents of the program accessible 
registers (Figure 3) are stored in the stack. 

2. The interrupt mask bit is set. 
3. Starting with its next cycle, the MPU accesses 

locations FFFC and FFFD in the memory and 
loads the contents into the program counter. . 
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Interrupt Request (IRQ) - initiated by a logic low signal 
on the IRQ line; interrupts the MPU as long as the 
interrupt mask bit is not set. It causes the following se­
quence of events: 

1. At the completion of the instruction being ex­
ecuted. the interrupt mask bit is tested. If the bit is 
set the interrupt must wait; if it is not set. con­
tents of the program accessible registers are 
stored in the stack. 

2. The interrupt mask bit is set. 
3. Starting with the next cycle. the MPU accesses 

locations FFFA and FFFB in the memory and loads 
the contents into the program counter. 

Software Interrupt (SWI) - initiated by the SWI 
instruction and causes the following sequence of 
events: 

l. Contents of the program accessible registers are 
stored in the stack. 

2. The interrupt mask bit is set. 
3. Starting with the next cycle. the M PU accesses 

locations FFFE and FFFF in the memory and loads 
the contents into the program counter. 

Reset - initiated by a positive going edge on the 
RESET line to the MPU. It causes the following se­
quence of events: 

1. All program accessible registers are cleared and 
other circuits in the M PU are initialized. 

2. The interrupt mask bit is set. 
3. Starting with the next cycle. the MPU accesses 

locations FFFE and FFFF in the memory and loads 
the contents into the program counter. 

Wait (WAI) - an instruction that causes the MPU to 
stop all processing and wait for a hardware interrupt. 
This instruction is not an interrupt in itself because it 
does not cause branching to any memory address. 
however. it does cause contents of the program 
accessible registers to be stored into the stack. in 
preparation for an interrupt. 

All interrupts are vectored - they cause the M PU 
to automatically access a predetermined location in 
the memory and fetch a branch address of the routine 
or program to which the MPU is to go to service the 
interrupt. All interrupts except Reset also cause the 
contents of each program accessible MPU register 
(with the exception of the stack pointer) to be trans­
ferred to the external stack and thus be saved for later 
processing. The I RQ interrupt is also maskable - it 
cannot interrupt the MPU as long as bit 4 in the condi­
tion code register is set. 

The 56800 requires a 16-bit vector address to indi­
cate the location of routines for Restart. Non-maskable 
Interrupt. and Maskable Interrupt. Additionally an 
address is required for the Software Interrupt 
Instruction (SWI). The processor assumes the upper­
most eight memory locations. FFF8 - FFFF. are 
assigned as interrupt vector addresses as defined in 
Figure 4. 

FIGURE 4. MEMORY MAP F<?R INTERRUPT VECTORS 

Vector Description 
..MS LS 

FFFE FFFF Restart 

FFFC FFFD Non-maskable Interrupt 

FFFA FFFB Software Interrupt 

FFFS FFF9 Interrupt Request 
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After completing the current instruction execution 
the processor checks for an allowable interrupt request 
via the IRQ or NMI inputs as shown by the simplified 
flow chart in Figure 5. 

NO 

EXECUTE 
INTERRUPT ROUTINE 

FIGURE 5. MPU FLOW CHART 
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CC = Condition Codes (Also called the Processor Status Byte) 
ACCB = Accumulator B 
ACCA = Accumulator A 

IXH = Index Register, Higher Order 8 Bits 
IXL= Index Register, Lower Order 8 Bits 
PCH = Program Counter, Higher Order 8 Bits 
PCL =Program Counter, Lower Order 8 Bits 

FIGURE 6. SAVING THE STATUS OF THE 

MICROPROCESSOR IN THE STACK 
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Recognition of either external interrupt request or a 
Wait for Interrupt (WAI) or Software Interrupt (SWI) 
instruction causes the contents of the Index Register. 
Program Counter, Accumulators and Condition Code 
Register to be transferred to the stack as shown in 
Figure 6. 

S6BOO INSTRUCTION SET 

The 56800 MPU has a set of 72 basic instructions. 
listed in alphabetical order in Table 1. These include 
binary and decimal arithmetic functions. as well as 
logical. shift. rotate. load. store. branch. interrupt. and 
stack manipulation functions. Most of the instructions 
have several variations and most can be used with 
several memory addressing modes. Thus. the total 
complex of instructions available to the programmer 
actually is 197. 

An instruction can be from one to three bytes long, 
depending on the addressing mode used with the in­
struction. The first byte always contains the operation 
code. which designates the kind of operation the M PU 
will perform. In single byte instructions no memory 
address is required, because the operation is per­
formed on one of the internal M PU registers. In multi­
ple byte instructions the second and third byte can be 
the operand. or a memory address for the operand. 

A noteworthy feature of the S6800 M PU is that 
some of the instructions can operate directly on any 
memory location. In other computer systems it is com­
mon that the processor fetches an operand from 
memory. stores it in the accumulator, then executes 

ABA Add Accumulators 
ADC Add with Carry 
ADD Add 
AND logical And 
ASL Arithmetic Shift Left 
ASR Arithmetic Shift Right 

BCC Branch if Carry Clear 
BCS Branch if Carry Set 
BEQ Branch if Equal to Zero 
BGE Branch if Greater or Equal Zero 
BGT Branch if Greater than Zero 
BHI Branch if Higher 
BIT Bit Test 
BLE Branch if Less or Equal 
BLS Branch if Lower or Same 
BLT Branch if Less than Zero 
BMI Branch if Minus 
BNE Branch if Not Equal to Zero 
BPL Branch if Plus 
BRA Branch Always 
BSR Branch to Subroutine 
eve Branch if Overflow Clear 
BVS Branch if Overflow Set 

CBA Compare Accumulators 
CLC Clear Carry 
CLI Clear Interrupt Mask 
CLR Clear 
CLV Clear Overflow 
CMP Compare 
COM Complement 
CPX Compare Index Register 

DAA Decimal Adjust 
DEC Decrement 
DES Decrement Stack Pointer 
DEX Decrement Index Register 

FOR Exclusive OR 

INC Increment 

INS Increment Stack Pointer 
INX Increment Index Register 

.llllP Jump 
JSR Jump to Subroutine 

LOA Load Accumulator 
LOS Load StacK. Pointer 
LOX Load Index Register 
LSR Logical Shift Right 

NEG Nagate 
NOP No Operation 

ORA Inclusive OR Accumulator 

PSH Push Data 
PUL Pull Data 

ROL Rotate Left 
ROR Rotate Right 
RTI Return from Interrupt 
RTS Return from Subroutine 

SBA Subtract Accumulators 
SBC Subtract with Carry 
SEC Set Carry 
SEI Set Interrupt Mask 
SEV Set Overflow 
STA Store Accumulator 
STS Store Stack Register 
STX Store Index Register 
SUB Subtract 
SWI Software Interrupt 

TAB Transfer Accumulators 
TAP Transfer Accumulators to Condition Code Reg. 
TBA Transfer Accumulators 
TPA Transfer Condition Code Reg, to Accumulator 
TST Test 
TSX Transfer Stack Pointer to Index Register 
TXS Transfer Index Register to Stack Pointer 

WAI Wait for Interrupt 

TABLE 1. S6800 MICROPROCESSOR INSTRUCTION SET 
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the operation in the ALU. and finally writes the result 
back into the memory. The S6800 is able to accom­
plish the same with only a single instruction. because it 
operates with any external location in the same 
manner as with an internal register. For example. it can 
directly increment or decrement the contents of a 
memory location. Because the M PU addresses 1/0 de­
vices just like a memory location. it can do the same 
with registers inside the PIA or ACIA. The ASL. ASR. 
LSR. and ROL are other examples of instructions 
which operate in this manner. 

86810 - 128 X 8 STATIC 
READ/WRITE MEMORY 

FUNCTIONAL DESCRIPTION 

The S6810 is a static 128 X 8 Read/Write Memory 
designed and organized to be compatible with the 
S6800 Microprocessor. Interfacing to the S6810 con­
sists of an 8 Bit Bidirectional Data Bus. Seven Address 
Lines. a single Read/Write Control line. and six Chip 
Enable lines. four negative and two positive. 

For ease of use. the S6810 is a totally static 
memory requiring no clocks or cell refresh. The S6810 
is fabricated with N channel silicon gate technology to 
be fully DTL/TTL compatible with only a single +5 volt 
power supply required.See Figure 7 for Funtional Block 
Diagram. 

AO {231 

A1 (221 

A2 (21) 

Al (20) 

A4 !19, 

AS ~18) 

A6 (17) 

EJ (13) 

MEMORY 
MATRIX 
128 x 8 

(1) (241 
GNO VCC l+SVI 

!21 DO 

(3)01 

141 02 

TRI-STATE (51 03 
Bl-DIRECTIONAL 

{6) 04 TTL BUFFERS 

17JD5 

18106 

19107 

FIGURE 7. FUNCTIONAL BLOCK DIAGRAM 

FEATURES 
• Organized as 128 Bytes of 8 Bits 
• Static Operation 
• Bi-Directional Three-State Data Input/Output 
• Six Chip Enable Inputs (Four Active Low. Two 

Active Hi9ii) 
• Single 5-Volt Power Supply 
• TTL Compatible 
• Maximum Access Time = 1.0µs for S6810 

5 7 5 ns for S68.10-1 
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S6820 - PERIPHERAL INTERFACE 
ADAPTER (PIA} 

FUNCTIONAL DESCRIPTION 

\ The S6820 Peripheral Interface Adapter provides 
the universal means of interfacing peripheral equi­
ment to the S6800 Microprocessing Unit (MPU). This 
device is capable of interfacing the MPU to peri­
pherals through two 1/0 8-bit bidirectional peripheral 
data buses and four control lines. No external logic is 
required for interfacing to most peripheral devices. 

The functional configuration of the PIA is pro­
grammed by the MPU during system initialization. 
Each of the peripheral data lines can be programmed 
to act as an input or output. and each of the four con­
trol/interrupt request lines may be programmed for one 
of several control modes. This allows a high degree of 
flexibility in the over-all operation of the interface. 

The PIA interfaces to the S6800 M PU with an 
eight-bit bidirectional data bus, three chip select lines. 
two register select lines. two interrupt request lines. 
read/write line. enable line and reset line. These 
signals. in conjunction with the S6800 VMA output. 
permit the M PU to have complete control over the PIA. 
VMA may be utilized to gate the input signals to the 
PIA. See Figure 8 for Funtional Block Diagram. 
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FIGURE 8. FUNCTIONAL BLOCK DIAGRAM 
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FEATURES 
• 8-Bit Bidirectional Data Bus for Communication 

with the MPU 
• Two Bidirectional 8- Bit Buses for Interface to Peri-

pherals 
• Two Programmable Control Registers 
• Two Programmable Data Direction Registers 
• Four Individually-Controlled Interrupt Input Lines; 

Two Usable as Peripheral Control Outputs 
• Handshake Control Logic for Input and Output 

Peripheral Operation 
• High-Impedance 3-State and Direct Transistor Drive 

Peripheral Lines 
• Program Controlled Interrupt and Interrupt Disable 

Capability 

86830 ~ 1024 X 8 READ ONLY 
MEMORY 

FUNCTIONAL DESCRIPTION 

The 56830 is a mask programmable read only 
memory organized 1024 words x 8 bits for application 
in byte organized systems. The S6830 is totally bus 
compatible with the S6800 microprocessor. Inter­
facing to the S6830 consists of an 8 bit three-state 
data bus, four mask programmable chip selects and 
ten address lines. 

The 56830 is a totally static memory requiring no 
clocks. Access time is compatible with maximum data 
rates in a S6800 microprocessor system. The device 
operates from a single + 5 volt power supply and is 
fabricated with N channel silicon gate technology. See 
Figure 9 for Function Block Diagram. 

J-STATE 
BUfFER 

TTL BUFFER 

FIGURE 9. FUNCTIONAL BLOCK DIAGRAM 

FEATURES 
• Organized as 1024-Bytes of 8 Bits 
• Static Operation 
• Three-State Data Output 
• Four Chip Enable Inputs (Mask Programmable) 
• Single 5-Volt Power Supply 
• TTL Compatible Input/Output 
• Maximum Access Time = 5 7 5 ns 
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86831/A/B/C ~ 2048 X 8 READ 
ONLY MEMORY 

FUNCTIONAL DESCRIPTION ·-The 56831 I A/B/C is a 16.384 bit mask 
programmable MOS Read Only Memory organized 2K 
words x 8 bits. This ROM has been designed to supply 
large bit storage, high performance memory for micro­
processors and other demanding applications with 
simple interface requirements. The device will operate 
from a single +5V supply and is manufactured with a 
N-channel silicon gate depletion load technology. This 
device is available in all common high density ROM 
pinouts. See Figure 10 for Functional Block Diagram. 
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FIGURE 10. FUNCTIONAL BLOCK DIAGRAM 
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FEATURES 
• Mask programmable 
• Maximum Access Time = 450 ns@CL = 130 pF 
• Low Power 1 50 mW avg. 
• Organized as 2048-Bytes of 8 Bits 
• Static Operation 
• Three-State Data Output 
• 3 Chip Enahle Inputs (Mask Programmable) 
• The S6831 is pinout similar with the S6830 
• The S6831 A is pinout compatible with the 2316A, 

8316A 
• The S6831 B is pinout compatible with the Intel 

2316B, MC68317 
• The S6831 C is pinout compatible with the EA4600 
• Single 5-Volt Power Supply 
• TTL Compatible Input/Output 

S6834 - 512 X 8 BIT EPROM 

FUNCTIONAL DESCRIPTION 

The S6834 is a high speed, static. 51 2 x 8 bit. 
erasable and electrically programmable read only 
memory designed for the in bus-organized systems. 
Both input and output are TTL compatable during both 
read and write modes. Packaged in a 24 pin herme­
tically sealed dual in-line package the bit pattern can 
be erased by exposing the chip to an ultra-violet light 
source through the transparent lid. after which a new 
pattern can be written. See Figure 11 for Funtional 
Block Diagram. 

Vee 

X·DECDOER 

Y-DECODER 

CONTROL 
LOGIC 

VPROG-+----~ 

GND 

64 X 64 BIT 
PROM ARRAY 

Y-GATING 

SENSE AMPLIFIERS 
3-STATE 

INPUT/OUTPUT 
BUFFERS 

FIGURE 11. FUNCTIONAL BLOCK DIAGRAM 

FEATURES 
• On-Board Programmability 
• Fast Access Time - 575 ms Max. 
• Pin Configuration Similar to the S6830 1 K x 8 Bit 

ROM 
• High Speed-Programming - Less than 1 Minute for 

all 4096 Bits 
• Programmed with R/W, CS and VPROG Pins 
• Completely TTL Compatible- Excluding theVPROG 

Pin 
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• Ultraviolet Light Erasable - Less than 10 Minutes 
• Static Operation - No 'Clocks Required 
• Three-State Data 110 
• Standard Power Supplies +5V and - t2V 
• Mature P-Chan Process 

S6850 ASYNCHRONOUS 
COMMUNICATION INTERFACE 
ADAPTER (ACIA) 

FUNCTIONAL DESCRIPTION 

The S6850 Asynchronous Communications 
Interface Adapter (ACIA) provides the data formatting 
and control to interface serial asynchronous data 
communications to bus organized systems such as the 
S6800 Microprocessing Unit. 

The S6850 includes select enable. read/write, inter­
rupt and bus interface logic to allow data transfer over 
an eight bit bi-directional data bus. The parallel data of 
the bus system is serially transmitted and received by 
the asynchronous data interface. with proper format­
ting and error checking. The functional configuration of 
the ACIA is programmed via the data bus during sys­
tem initialization. Word lengths. clock division ratios 
and transmit control through the Request to Send out­
put may be programmed. For modem operation three 
control lines are provided. These lines allow the ACIA 
to interface directly with the S6860 0-600 bps digital 
modem. See Figure 12 for Functional Block Diagram. 

17111111 

1------+=1211""" 
!-------+"-'" .,. 

FIGURE 12. FUNCTIONAL_ BLOCK DIAGRAM 

FEATURES 
• Eight and nine-bit transmission with optional even 

and odd parity. 
• Parity. overrun and framing error checking. 



• Programmable control register. 
• Optional+1.+16, anc:H-64 clock modes. 
• Up to 500,000 bps transmission. 
• 8 Bit Bidirectional Data Bus for Communication 

with MPU. 
• False start bit deletion. 
• Peripheral/modem control functions. 
• Double buffered Receiver and Transmitter. 
• One or two stop bit operation.· 

S2350 - UNIVERSAL 
SYNCHRONOUS 
RECEIVER/TRANSMITTER (USRT) 
FUNCTIONAL DESCRIPTION 

The S2350 Universal Synchronous Receiver 
Transmitter (USRT) is a single chip MOS/LSI device 
that totally replaces the serial to parallel and parallel to 
serial conversion logic required to interface a word 
parallel controller or data terminal to a bit-serial. syn­
chronous communication network. 

The USRT consists of separate receiver and trans­
mitter sections with independent clocks. data lines and 
status. Common with the transmitter and receiver are 
word length and parity mode. Data is transmitted and 
received in a N RZ format at a rate equal to the respec­
tive input clock frequency. 

Data messages are transmitted as a contiguous 
character stream. bit synchronous with respect to a 
clock and character synchronous with respect to 
framing or "sync" characters initializing each message. 
The USRT receiver compares the contents of the inter­
nal Receiver Sync Register with the incoming data 
stream in a bit transparent mode. When a compare is 
made, the receiver becomes character synchronous 
formatting a 5. 6. 7. or 8 bit character for output each 
character time. The receiver has an output buffer 
register allowing a full character time to transfer the 
data out. The receiver status outputs indicate received 
data available (RDA), receiver overrun (ROR). receive 
parity error (RPE) and sync character received (SCR). 
Status bits are available on individual output lines and 
can also be multiplexed onto the output data lines for 
bus organized systems. The data lines have tri-state 
outputs. 

The USRT transmitter outputs 5. 6. 7. or 8 bit 
characters with correct parity at the transmitter serial 
output (TSO). The transmitter is buffered to allow a full 
character time to respond to a transmitter buffer empty 
(TBMT) request for data. Data is transmitted in a NRZ 
format changing on the positive transition of the trans­
mitter clock (TCP). The character in the transmitter fill 
register is inserted into the data message if a data 
character is not loaded into the transmitter after a 
TBMT request. See Figure 13 for Functional Block 
Diagram. 

FEATURES 
• 500 KHz Data Rates 
• Internal Sync Detection 
• Fill Character Register 
• Double Buffered Input/Output 
• Bus Oriented Outputs 
• 5-8 Bit Characters 
• Odd/Even or No Parity 
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• Error Status Flags 
• Single Power Supply ( + 5v) 
• Input/Output TTL Compatible 
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FIGURE 13. FUNCTIONAL BLOCK DIAGRAM 

86860 
MODEM 

0-600 

FUNCTIONAL DESCRIPTION 

BPS DIGITAL 

The S6860 is a 0-600 bps Digital Modem circuit 
designed to be integrated into a wide range of equip­
ment utilizing serial data commu.nications. 

The modem provides the necessary modulation. 
demodulation and supervisory control functions to 
implement a serial data communications link. over a 
voice grade channel. utilizing frequency shift keying 
(FSK) a bit rates up to 600 bps. The S6860 can be 
implemented into a wide range of data handling sys­
tems. including stand alone modems. data storage de­
vices, remote data communication terminals and 1/0 
interfaces for minicomputers. 

N-channel silicon gate technology permits the 
S6860 to operate using a single voltage supply and be 
fully TTL compatible. 

The modem is compatible with the S6800 micro­
computer family, interfacing directly with the 
Asynchronous Communications Interface Adapter 
(ACIA) to provide low-speed data communications 
capability. See Figure 14 for Functional Block 
Diagram. 

FEATURES 
• TTL compatible terminal interfaces 
• Crystal/External reference control 
• Compatible functions for 100 series data sets and 

1001 A/B data couplers 
• Full or half duplex operation 
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• Originate and answer mode 
• Auto answer and disconnect 
• Modem self test 
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FIGURE 14. FUNCTIONAL BLOCK DIAGRAM 

TYPICAL 86800 MICROCOMPUTER 
CONFIGURATION 

The S6800 microcomputer functional IC com­
ponents may be assembled in a modular building block 
manner into a very simple microcomputer system, or 
into any of progressively more complex systems. which 
can be used in many general or special purpose appli­
cations. The important feature of the S6800 family is 
that all microcomputer system components are directly 
compatible in signal functions. circuit performance 
characteristics. and logic levels. All operate on a single 
+5 Volt power supply. 

A basic microcomputer system built with the 
56800 functional components is shown in Figure 15. 
This basic microcomputer configuration includes a 
56800 Microprocessor (MPU), IK bytes of ROM 
program storage, 128 bytes of RAM working storage 
and a two part input/output peripheral interface cir­
cuit. 

Two-.Phase Clock Circuitry and Timing - The MPU 
requires a two-phase non-overlapping clock which has 
a frequency range as high as 1 MHz. In addition to the 
t~o phases. this circuit should also generate an enable 
signal E, and its complement E, to enable ROMs. 
RAMs, PIAs and ACIAs. This Enable signal and its 
complement is obtained by ANDing 02 and VMA 
(Valid Memory Address). 
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FIGURE 15. MINIMUM MICROCOMPUTER SYSTEM CONFIGURATION 
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Chip Selection and Addressing - The minimum system 
configuration permits direct selection of the ROM. 
RAM. ACIA and PIA without the use of special TTL 
select logic. This is accomplished by simply wiring the 
address lines A 13 and A 14 to the Enable or chip select 
lines on the memories and PIA. This permits the de­
vices to be addressed as follows: 

DEVICE 

RAM 
PIA 
ROM 

A14 

0 
0 

A13 

0 

HEX ADDRESSES 

0000-007F 
2004-2007 (Registers) 

6000-63FF 

Other addressing schemes can be utilized which use 
any combination of two of the lines A 10 through A 14 
for chip selection. 

Peripheral Control - All control and timing for the peri­
pherals that are connected to the PIA is accomplished 
by software routines under the control of the M PU. 

Restart and Non-Maskable Interrupt - Since this basic 
system does not have a nonvolatile RAM. special cir­
cuitry to handle loss of power using NMI is not re­
quired. Circuitry is. however. required to insure proper 
initialization of the M PU when power is turned on. This 
circuit should insure that the Restart signal is held low 
for eight 01 clock cycles after the Vee power supply 
reaches a voltage of approximately 4.75 volts DC. 
Also. in order to insure that a PIA or ACIA is not in­
advertently selected during the power-on sequence. 
Three-State Control (TSC) should be held high until the 
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positive transition of Restart. 
HALT - The Halt line is tied to Vee and will 

automatically place the MPU in the run state when 
power is turned on. This signal may be used to halt the 
M PU if a switch is used to tie the line to ground for 
HALT and to Vee for RUN. 

The basic microcomputer system can be altered or 
expanded on in many different ways. For example, the 
S6850 Asynchronous Communication Interface 
Adapter (ACIA) can be substituted for a PIA. to enable 
the microcomputer to interface with a telecommuni­
cations modem. Or. additional memory can be added -
either RAM or ROM - to expand the processing capa­
bility of the MPU. In general. the system can be 
expanded in a modular manner. by adding onto the bus 
as many as ten devices out of the S6800 family of 
modules. These additional modules can be any com­
bination of memory or 1/0 IC circuits. In this manner a 
system of nearly any complexity and configuration can 
be assembled. Microcomputer system configurations 
requiring more than ten devices on the M PU bus re­
quire the addition of address and data bus buffers to 
operate at full speed. 

By building your microcomputer from the S6800 
family of devices, you take full advantage of the com­
patibility of the devices. They all conform to the MPU 
bus discipline, all are compatible in load levels. and the 
entire system runs on a common system clock. In 
effect you eliminate most all circuit design, save for the 
simple clock and power-up restart circuits. Because 
you are dealing with only a small number of integrated 
circuits. PCB circuit layout is simple and the entire 
microcomputer can be located on a single small circuit 
card. 

ARTICLE BACKGROUND MATERIAL 

The majority of the material for this article was 
gleaned from AMl's excellent documentation with the 
intent of not redoing good work just for the sake of it. 
Hopefully I have organized this material and clarified it 
to the extent of making it clearer and easier to under­
stand which was the intent. 

Next month I will cover the hardware mechanization 
of the AMI. EVK Microcomputer Prototyping boards. 

Want more information on AMl's microcomputer 
chip set? Write or call: 

American Microsystems, Inc. 
3800 Homestead Road 
Santa Clara. Calif. 95051 
Phone (408) 246-0330 
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• en es AMl's EVK 
Microcomputer 

Prototyping Boards 

By Robert A. Stevens 

328 



INTRODUCTION 

This article i~:~B.lof a serie.s of articles on the 
EVK Microcomputer hardware. firmware and sup­
porting software. This month's article covers the EVK 
Microcomputer board architecture while last month's 
article described the functional architecture and 
characteristics of AMl's Microcomputer IC chip set. 

EVK CONFIGURATIONS The AMI EVK 
Microcomputer is a single board microcomputer 
mechanized with a standard S6800 MPU. The EVK 
Microcomputer comes in four basic configurations; 
EVK99. EVK 100. EVK200. & EVK300. all of which use 

EVK BOARD CHARACTERISTICS EVK99 

CPU S6800 

WORD SIZE SBITS 

ADDRESS BUS T6 BITS (64K} 

ROM 2K BYTES 56831 

ROM 

EPAOM-VIRGIN 

STATIC RAM 512 BYTES 56810 

RAM 

EPROM PROGRAMMING 

l/OPORTS 1 PIA•2 PORTS -
8 BITS/PORT 

ASA 33/35 TTY SERIAL INTERFACE ACIAS6850 

AS232C EIA SERIAL INTERFACE ACIAS8850 

INTERVAL TIMER ICRYSTALl 

MPU CRYSTAL CLOCK 

CLOCK OUTPUTS tCRYST AL) 

OMA MODES 

RESTART ADDRESS SELECTION 

TTY MONITOR SOFTWARE PROTO 

ROM AESI DENT 

SUBROUTINE PROGRAM LIBRARY SOFTWARE RS3 

ROM RESIDENT 

ROM RESIDENT ASSEMBLER $35QQ OPTION 

OEM SINGLE Ol/ANTITY PRICE $133.!!Q. 

the same 1 OW' x 12" printed circuit board. EVK99 is a 
kit that includes the PCB and Microcomputer ICs con­
sisting of one 6800 MPU. four 6810 RAM's, one 6820 
PIA. two 6830 ROM. and one 6850 ACIA. EVK 100 & 
EVK200 are kit configurations that include PCB, 
Microcomputer & T2 L IC's and differ froro::.each other 
by the amount of hardware. memory and firmware 
(software in ROM) included with each configuration. 
EVK300 is the EVK200 kit with more EPROM memory 
and is factory assembled and tested. A Tiny BASIC 
Interpreter program is also available at no charge for 
the EVK300 Microcomputer board. Table 1. EVK 
Microcomputer Configuration Summary. shows the 
comparison between the different EVK configurations. 

EVK 100 EVK200 EVK300 

S6800 S6800 56800 

8 BITS 8 BITS 8 BITS 

16 BITS (64K) 16 BITS 164KI 16 BITS l64K) 

2K BYTES 56831 2K BYTES S6831 2K BYTES S6831 

ROM ADM ROM 

512 BYTES S6834 2K BYTES S6834 

EPROM EPA OM 

512 BYTES S6810 1KBYTESS8810 1K BYTES 56810 

RAM RAM RAM 

PROGRAMS S8834 PROGRAMS S6834 

EPROM's EPROM's 

3 PIA's""6 PORTS 3 PIA's=S PORTS 

8 BITS/PORT BBITS/PORT 

ACIA 56850 WITH ACIA 56850 WITH ACIA 56850 WITH 

20ma CURRENT LOOP 20ma CUARNET LOOP 20 ma CURRENT LOOP 

ACIAS6800 ACIA 56850 WITH ACIA S6850 WITH 

EIA RS232C EIA RS232C 

1ms&100µs 1ms&100\,ls 

TIME INTERVALS TIME INTERVALS 

INCLUDED INCLUDED 

16X BAUD RATE 2.4576 MHz, 2.4576 MHz, 

1 MHz& 1MHz& --16X BAUD RATE 16X BAUD RATE 

HALT MPU MOOE, HALT MPU MODE, 

CYCLE STEAL MODE CYCLE STEAL MODE 

&MUXMOOE &MUX MODE 

TWOS BIT DIP TWOS SIT DIP TWOS SIT DIP 

TOGGLE SWITCHES TOGGLE SWITCHES TOGGLE SWITCHES 

PROTO PROTO PROTO 

ROM RESIDENT ROM RESIDENT ROM RESIDENT 

RS3 RS3 Rs3 

ROM RESIDENT ROM RESIDENT ROM RESIDENT 

$35QQ OPTION $35QQ OPTION $35QQ OPTION 

5295.QQ. $495_.QQ_ $765.QQ. 

TABLE 1 EVK MICROCOMPUTER CONFIGURATION SUM MARY 
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MAJOR EVK MICROCOMPUTER FEATURES 
The common denominator EVK Microcomputer PCB 
provides the following on board major features when 
fully populated with hardware and software including 
options; 
• 4K Bytes 56831 ROM memory (2K using S6831 

RO M's) 
• 2K. Bytes 56834 EPROM memory 
• 1 K Bytes S681 0 Static RAM memory 
• On board S6834 EPROM programming 
• Six 8 bit PT A 110 ports 
• 20 ma serial TIY current loop port interface 
•. RS232C EIA serial 1/0 port 
• Switch selected baud rates to 19.200 bauds 
• 1 MHz crystal or variable one shot MPU clock 
• 5 crystal controlled timing signals available at PCB 

interface · 
(2.4 7 56 MHz 1 MHz 1 6x baud rate. 100 µs & 1 ms) 
ms) 

• Interrupt internal timing ( 1 OOµs & 1 ms) 
• Switch selectable M PU restart address 
• 200 ms Power On Reset delay 
• 3 OMA modes (HALT MPU. CYCLE STEAL & MUX) 
• _TIY PROTO Monitor System resident in ROM 
• RS 3 ROM Subroutine Library resident in ROM 
• ROM Resident Assembler - option 
• Up to 40 ma @ 0.4V external bus loading 
• 8T97 three state M PU bus drivers 
• All MPU signal lines isolated & buffered 
• System expansion via two 86 pin connectors 

JANUARY 1977 
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TYPICAL EVK MICROCOMPUTER APPLICATIONS 
The EVK Microcomputer board allows the hardware 
development engineer. the logic designer. the 
programmer. the systems engineer. the 
mathematician. the scientist. the chemist or the 
hobbyist to have a complete working Microcomputer 
system. including development software by adding a 
low cost power supply and an ASR 33 TTY to the EVK 
Microcomputer board. The EVK series of Micro­
computers boards allows the owner/user to use one of 
these boards to: 

• Evaluate the complete set of AMl's family of 
Microcomputer IC's at a low investment of time & 
money - no design time is required. 

• Serve as a general purpose Microcomputer for low 
volume systems to which the systems engineer can 
easily add additional 1/0 ports and memory. 

• Serve as a low cost quick turn around prototype 
system to evaluate total system mechanization 
concept (hardware & software) and market 
acceptance prior to committing to .a custom design 
system for large volume production. 

• Serve as a low cost minimal 6800 Microcomputer 
application software development system. 

• Serve as a . low cost general purpose Micro­
computer to run numerous application software 
programs. 
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EVK MICROCOMPUTER FUNCTIONAL 
DESCRIPTION 

FUNCTIONAL CONFIGURATION 
The following functional description is directed 

towards the fully populated EVK 300 Microcomputer 
board and is· functionally applicable to the complete 
series of EVK boards limited only by the degree of 
board hardware-software population. 

No attempt will be made to functionally describe the 
characteristics of AMl's Microcomputer IC chip set as 
this was undertaken in the first article entitled AMI 
6800 Microcomputer Chip Set published last month in 
INTERFACE AGE. Instead, we will describe the general 
architecture of the EVK Microcomputer board and its 
general characteristics in order to provide an insight 
into EVK board utilization. 

GENERAL ORGANIZATION 
The EVK Microcomputer functional configuration is 

composed of the following major functional sections: 
MPU, clock, internal timer, memory, EPROM 
programmer, internal bus, expansion bus, 1/0 bus, 1/0, 
and control logic sections. This functional inter­
relationship is shown in Fig. 1, EVK Microcomputer 
Functional Block Diagram while the detailed logic and 
cirquit information is shown in Fig. 2, 3 .. 4. & 5, EVK 
Microcomputer Logic Diagrams. 

MPU - The MPU is mechanized with AM l's S6800 
Microprocessor chip. All MPU data address and con­
trol lines are buffered, and in addition are available at 
the board edge connector. 

MPU TWO-PHASE CLOCK - The basic MPU two 
phase clock is derived from a 96S02 dual one-shot 
(IC 12) connected either in a regenerative feedback 
loop or driven by a 1 MHz crystal controlled oscillator 
circuit (IC 14). Switch #SW 2 is used to select either 
the one-shot regenerative feedback or the crystal os­
cillator mode of operation. Phase one and two timing 
is controlled by potentiometers connected to the one­
shot RC timing networks and controls the phase pulse 
widths. These two phase additive pulse widths deter­
mine the MPU clock rate when the one-shot 
regenerative feedback configuration mode is con­
nected. In this regenerative feedback mode, MPU clock 
frequency may be adjusted from 300 KHz up to 1 
MHz. The phase timing outputs of the one-shots in 
both modes of operation drive 2N5771-2N5772 tran­
sistor amplifier circuits which in turn drive the two 
phase clocks of the MPU. In addition, both clock 
phases are buffered and available at the board edge 
connector. The fixed frequency 1 MHz crystal oscillator 
circuit output is also buffered and available at the 
board edge connector. 

The two phase clock can be halted in either phase 1 
or phase 2 for cycle-steal, OMA or slow memory 
applications. Phase 1 is halted (held HIGH) by driving 
the C'i'CTE" STEAL control line LOW. Phase 2 is halted 
(held HIGH) by driving the MEMORY READY line low. 
Because the S6800 internal registers are dynamic and 
must be ..refreshed periodically CYCLE STEAL and 
MEMORY"READY line outputs to the one-shots cannot 
be held LOW for more than 5 µs. This time limit protec­
tion, regardless of control input conditions, is provided 
by open collector 7407 (IC65) Hex non-inverting 
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drivers, disconnect diodes and one-shot RC pull-up 
timing networks. 

INTERNAL TIMER - A crystal controlled interval 
timer provides 1 OOµs and 1 ms time periods for inter­
rupting the M PU for real time clock applications. The 1 
MHz crystal clock output drives a three decade divide­
by-ten 74160 counters (IC50. 51, & 52) which in turn 
provide the 1 OOµs· and 1 ms time intervals. The 100 µs 
time interval pulse sets bit 7 of 1/0 address FBC7 via 
the S6820 PIA (IC47) while the 1 ms time interval 
pulse sets bit 7 of 1/0 address FBC5 via the S6S20 
PSA. These two time interval signals are used for tim­
ing EPROM programming. 

MICROCOMPUTER BUS ARCHITECTURE - The EVK 
Microcomputer in essence has three sets of busses, 

. namely the MPU bus, the Microcomputer bus and the 
on board memory-1/0 bus. Each bus set consists of an 
S-bit bidirectional data bus, a 16-bit unidirectional 
address bus and a control bus. The M PU bus is isolated 
from the Microcomputer bus in order to keep MPU 
signal loading to a minimum. The on board memory-
1/0 bus is isolated from the Microcomputer bus in 
order to assure that the on board memory and 1/0 
devices do not load down the Microcomputer bus. As a 
result of this load isolation 40 ma drive current is 
available to drive external expansion hardware. The 
bus isolation buffers are non-inverting 3-state hex 
buffers (8T97). All of the controls to and from the 
S6800 are available at the board edge connector. This 
allows the user·complete access and control of the 
MPU. Bus logic polarity is the same on all three busses 
(logic true = voltage high = "1 "). The enable control 
signals to the MPU are always active. Control signals 
for the address bus are gated by the OMA GRANT line. 
The data bus is controlled by the OMA and R/W Lines. 

MEMORY - The on board memory includes 1 K bytes 
static RAM, 4K bytes ROM and 2K bytes EPROM. 

MEMORY ADDRESS ASSIGNMENTS - Address 
assignments have been made such that all com­
ponents on the card can run in the upper SK bytes of 
memory. An address assignment map is shown in 
Figure 6. 

Address decoding is made by use of three 74S13S 
one-of-eight decoders (IC 44. 45. 54). The first 
decoder (IC 54) selects one 1 K-byte block of the upper 
eight SK-bytes of memory. The output of this decoder 
is for RAM. 1/0, ROM. or PROM enable lines. The sec­
ond decoder (IC 44) selects one of eight RAM memory 
chips. The third (IC 45) selects 1/0 devices on the 
board. 

A MEMORY DISABLE line is available at the Bus edge 
connector. This line. when LOW, deselects the first 
address decoder disabling all 1/0 and memory devices 
on the board. An 110 ENABLE line is derived from the 
first adress decoder and is available at the Bus edge 
connector. It must be noted that 1/0 ENABLE on the 
backplane is not valid when MEMORY DISABLE is 
LOW. 

READ ONLY MEMORY - The Prototyping Board has 
assigned locations for two 1 K byte S6830 ROMs and 
for four 512 x 8 S6834 EPROMs. The ROM circuits 
are designed such that the locations will also accept 
two 2K byte 16K ROMs (S6831). Thus. maximum 
memory allocation for ROM and EPROM is 6K bytes. 
The prototyping operating system program (PROTO) is 
assigned to the ROM with a starting addres~ of FOOO. 
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FIGURE 6. MEMORY ASSIGNMENT MAP 
FOR THE AMI PROTOTYPING BOARD 

The four EPROM locations may contain any user 
program. Execution can start from beginning EPROM 
location either by selecting EPROM starting address of 
EOOO in the restart switches or by branching to that 
address using the "G" command in the PROTO 
program. 

RANDOM ACCESS MEMORY - The RAM is divided 
into two parts, 512 bytes fixed in the highest memory 
locations and 512 bytes of moveable memory. 

Since the highest memory locations (FFFE, FFFF) 
are used for restart address, the address circuits 
disable the RAM using a memory disable line and force 
the 16 bit switch address on the data bus whenever a 
Reset occurs. This allows the user to vector to any 
address as his restart address. 

The PROTO program assigns restart vectors for I RQ, 
NMI, and SWI whenever it is started (usually via 
Reset). It is therefore important to note that the user 
program must do the same thing if he does not use 
PROTO and restarts from a power down mode. 

The stack pointer is assigned to address FFSF in 
PROTO. This allows the remaining RAM to be used as 
stack if so desired. 

A switch option allows 512 bytes of RAM to be 
relocatable. When in the upper portion of memory, the 
RAM is assigned to addresses FCOO to FDFF making 
all 1 K-bytes of RAM on the board contiguous (FCOO to 
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FFFF). When in the lower portion of memory, the 512 
bytes are addressed whenever A9 arid A 1 5 are not 
true (0000 - 01 FF for example). It is thus 
recommended that RAM be assigned to the low 
address only if the user does not add other RAM to his 
development system. :-:. 

1/0 .:__ On board 1/0 includes parallel PIA 1/0 ports 
and serial ACIA TTY and RS232C 1/0 ports. 

PARALLEL 1/0- Three S6820 PIA's give the user a 
wide range of 1/0 flexibility. The PIA's are assigned 
addresses as shown in Table 2. Interface pins of these 
devices are directly connected to the 1/0 edge con­
nector. The CA2 pin for the PIA at addresses FBC4 is 
also connected to the VPROG input (pin 11) to the 
EPROM socket (IC 46) through a +5V to -50V driver. 
The user is cautioned to use this line such that it will 
not' interfere with his 110 function if programming an 
EPROM. For example, if the CA2 line is connected to 
an external control function. this function may be 
erroneously activated while programming an EPROM. 

TABLE 2. 1/0 ADDRESS ASSIGNMENT 

1/0 PORT ADDRESS ASSIGNMENT 
S6850 ACIA Serial 1/0 - TTY 

FBCE Status/ Read 
FBCF Control/Write 

S6820 PIA 1 Unassigned 
FBC8 Peripheral Register A 
FBC9 Control Register A 
FBCA Peripheral Register B 
FBCB Control Register B 

S6820 PIA 2 Keyboard/Unassigned 
FBCO Peripheral Register A 
FBC1 Control Register A 
FBC2 Peripheral Register B 
FBC3 Control Register B 

56830 PIA 3 PROM Burner 
FBC4 Peripheral Register A 
FBC5 Control Register A 
FBC6 Peripheral Register B 
FBC7 Control Register B 

SERIAL 1/0 - One S6850 ACIA allows the system 
to communicate bi-directionally with serial data 110 
peripherals such as a TTY. A baud rate generator gen­
erates all standard communication frequencies by 
switch selection. This frequency operates inde­
pendently of the system clock so the M PU frequency 
can be changed without altering the 1/0 clock rate. See 
Table 3 for switch setting and associated frequencies. 
A 20 mA current loop interface and an RS-232 
interface are both available at the 1/0 edge connector. 

Address assignments for the ACIA are given in 
Table 3, "Bit Rate Generator Switch Settings." 

EPROM PROGRAMMER - A unique feature of the 
Prototyping Board is its ability to program AMI S6834 
EPROMs. A third PIA latches the address and data 
information for programming the EPROM. The EPROM 
socket programs only the S6834 EPROM. however, an 
adapter plug is available to also program the AMI 
S5204A EPROM. Except for the VPROG input. all 
address, chip select. R/W and data 110 pins on both 
EPROMs are completely TIL compatible and are 
driven directly from the PIA outputs. The outputs are 
also available on the 1/0 edge connector for 
convenience in using another EPROM programming 
socket. 
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TABLE 3. BIT RATE GENERATOR 
SWITCH SETTINGS, 

O = CLOSED, 1 = OPEN 

SW POSITION BIT RATE 

4 3 2 1 

0 0 0 0 19,200 baud 
0 0 0 1 0 baud 
0 0 1 0 50 baud 
0 0 1 1 75 baud 
0 1 0 0 134.5 baud 
0 1 0 1 200 baud 
0 1 1 0 600 baud 
0 1 1 1 2,400 baud 
1 0 0 0 9,600 baud 
1 0 0 1 4,800 baud 
1 0 1 0 1,800 baud 
1 0 1 1 1,200 baud 
1 1 0 0 2,400 baud 
1 1 0 1 300 baud 
1 1 1 0 150 baud 
1 1 1 1 110 baud 

Prog~amming is achieved by pulsing the VPROG pin 
with -50 volts through the CA2 line of the PIA at 
address FBC4. This line drives the transistor that gates 
the -50 volt source to the VPROG pin. The -50 volt 
source is switched ON or OFF via the VPROG switch. 

CONTROL - The Microcomputer control section 
includes system reset logic, addressable reset logic 
and OMA control logic. In addition. an external logic 
circuit may be added to provide selection between 
RUN and single step modes. 

RESET - The Reset circuit provides a timed reset for 
Power On Reset timing and for the Reset switch. The 
circuit is a timed oscillator which provides a 200 ms 
reset pulse. 

RESTART - The starting address of an S6800 is 
FFFE/FFFF. The contents of these memory locations 
are put into the Program Counter register each time 
ttie M PU is reset. The Evaluation Board traps the 
FFE/FFFF addresses and puts the contents of the two 
8-bit switch sets (IC 32. 43) on the data bus for each 
address and disabling memory. then gating the first set 
of switches to the Data Bus during FFFE time and the 
second set during FFFF time. The user is thus allowed 
to select any restart address by simply selecting a two 
byte address on _the 16 bits of switch settings. The two 
DIP switches may be replaced with four hex thumb­
wheel switches mounted on a front panel and inter­
connected via a flat ribbon cable and DIP plug 
connectors providing front panel Hex restart control. 

OMA - Three types of DAM implementation are 
possible on the Prototyping Board. a halt processor 
mode. a cycle steal mode and a multiplex mode. A 
switch selects these OMA modes. The switch must be 
in the OMA position for the multiplex OMA mode. A 
delayed clock gives the OMA GRANT line to the bus 
after the "Data Hold" time has passed for a multi­
plexed type of OMA operation. The control lines for the 
halt processor and cycle steal modes are available at 
the Bus edge connector. 

RUN/HALT & SINGLE STEP EMBELLISHMENTS - A 
simple low cost three IC RUN/HALT-Single Step 
Instruction logic may be added external to the EVK 
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board to provide these capabilities if required. Figure 7. 
RUN/HALT & Single Cycle Instruction Logic Diagram 
and Figure 8. Single Step Timing Diagram depicts this 
added logic mode. 

POWER REQUIREMENTS 
The EVK board is mechanized so that nominally only 

a +5 volt@ 3.5 amp power supply is required. A -12 
volt supply is required when using S6834 EPROM ICs. 
In addition. a -50 supply is required when program­
ming these EPROMs. The RS232C Interface requires 
both the + 12V and -12V supplies for proper oper­
ation. The following is the total power and voltage level 
requirement for a complete operational EVK 300 
Microcomputer board; 

+5V @ 4 Amps 
-12V @ 150 ma 
+12V @ 50 ma 
-50V@ 50 ma 

SOFTWARE 

The EVK 300 Prototyping Board Software is 
comprised of a TTY Operating Program (PROTO) and is 
supported by a ROM Subroutine Library (RS)3 • 

PROTO- The EVK 300 is supplied with a pro­
totyping operating system program (PROTO). The 
program resides in ROM with a starting address of 
F000. The various routines within PROTO are called by 
entering via the TIY keyboard one of the commands. A 
command consists of one character command identi­
fier followed by additional parameters. if needed. 
separated by blanks or commas. All commands end 
with a carriage return. Since no action is taken before 
the carriage return. an input line may be deleted by the 
use of the TTY ESCAPE key. The PROTO program 
operates on the following commands: 

L Load Memory from TTY paper tape (HEX For­
mat) 

P Punch a Memory location to TTY paper tape 
(HEX Format) 

S Set (write) Memory to a given value 

D Display the contents of a memory location in 
HEX 

G Go to user program at specific address and 
begin program execution 

R Print contents of M PU C. B. A. X. P & S register 
on the TTY 

B Burn (program) an EPROM from Memory 
location indicated 

V Verify the contents of an EPROM with a 
specified memory location 

I Input (copies) contents of EPROM in the 
programming socket into memory. 

M Move a specific block of memory to a 
designated location 

E End of transmission (EQT) character terminates 
the record and punches EOT on paper tape. 

The commands will operate on a single character op 
code plus address parameters from the TIY keyboard. 
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(RS)3 SUBROUTINES - The 2K X 8 ROM provided 
with the PROTO prototyping system includes a set of 
(RS)3 subroutines with a slightly different linkage from 
the standard (RS)3 form. although the calling sequence 
is the same. In particular. the provision for additional 
subroutines in the of other (RS)3 ROMs is limited to a 
total of 12 7 subroutines. The first additional ( RS)3 

ROM address must be placed in RAM location FFF4 
(which can be set via the Set Memory command or 
modified by an initialization code in a user program). 
Also. since it is incorporated into a larger program. the 
whole of which very nearly fills the 2 K bytes of its 
ROM. the (RS) 3 part of the ROM does not start on an 
even page boundary. making it awkward for isolated 
use. However. the 24 subroutines included in this 
ROM are available to user program calls with the SWI 
calling sequence, as described. 

The ROM Subroutine Library (RS)3 operates on a 
single SWI (3F) command and a second byte of offset 
giving the 56800 an additional set of two-byte in­
structions. Specific subroutines (offsets) are as follows. 
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::i 0 
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0 PUSHALL 

POPA LL 

2 TXAB 

3 TABX 

4 XABX 

5 PUSX 

6 PULX 

7 ADDXAB 

8 ADDA BX 

9 ADDAX 

10 ADD BX 

11 SUBXAB 

12 SU BA BX 

13 SU BAX 

14 SUB BX 

15 P2HEX 

16 P4HEX 

17 PRINT A 

18 PMESS 

19 VA LAN 

20 INPUT A 

21 CONHB 

22 INDEX 

23 MULS 

FUNCTION 

All registers are pushed on to user stack. 

All registers on user stack are loaded into M PU. 

Contents of Index Register are transferred to A & B 
Accumulators. 

Contents of A & B Accumulators are transferred to 
Index Register. 

Contents of A & B Accumulators are exchanged with. 
contents of Index Register. 

Contents of Index Register are pushed onto user 
stack. 

Index Register is loaded with contents of user stack. 

Contents of Index Register are added to contents of 
A & B Accumulators. Sum is in A & B Accumulators. 

Contents of A & B Accumulators are added to con­
tents of Index Register. Sum is in Index Register. 

Contents of Accumulator A are added to contents of 
Index Register. Sum is in Index Register. 

Contents of Accumulator A are added to contents of 
Index Register. Sum is in Index Register. 

Contents of Index Register are subtracted from con­
tents of A & B Accumulators. Remainder is in Ac­
cumulators A & B. 

Contents of Accumulators are subtracted from con­
tents of Index Register. Remainder is in Index 
Register. 

Contents of Accumulator A are subtracted from con­
tents of Index Register. Remainder is in Index 
Register. 

Contents of Accumulator B are subtracted from con­
tents of Index Register. Remainder is in Index 
REgister. 

Two Hexidecimal Characters (one MPU byte) are 
printed on the TTY. 

Four Hexidecimal Characters (two M PU bytes) are 
printed on the TTY. 

ASCII Character designated is printed on TTY 

Message designated is printed on TTY. 

Character (byte} is checked to see if it is a valid 
alpha/numeric character. 

ASCII Character at TTY is input to MPU. 

ASCII Character string is scanned looking for a valid 
Hexidecimal number. 

Binary equivalent is returned in Accumulators A & B. 

Contents of Accumulator A are multiplied with the 
contents of Accumulator B and the product is added 
to the contents of the Index Register. 

Contents of Accumulator A are multiplied with the 
contents of Accumulator B. Product remains in both 
Accumulators. 

S6800 MICRO ASSEMBLER/DISASSEMBLER (MA/0) -
An optiofj131 ROM resident Micro Assem­
bler/Disassembler is available for the EVK Mi­
crocomputer board at an additional cost of $30.00. 
Where this option is provided for those applications it 
may be desirable to debug programs using the 
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mnemonic instruction codes instead of hexadecimal 
values. MAID is designed to accomplish this by inter­
facing with a user via a keyboard and display (TTY or 
equivalent). The required 6800 environment must in­
clude: 

Character in routine at location 
Character out routine at location 
No. nulls after carriage return at location 
RAM at locations 

0 
3 
6 

7 - 78 10 

The 110 routines must transfer the characters in 
Register A and return with a ATS. It is expected that 
location 0 will just include a JMP to the actual 
character in routine. or. in the case of AMl's proto 
board: 

00 SWI 
01 FCB 20 
02 RTS 

The stack pointer must also be initialized before MAID 
is entered. MAID itself can execute from ROM. located 
anywhere in the system. MAID may be started at its 
beginning address +2. in which case it will set up its 
environment for the AMI proto board. · 

After entering MAID. the line length may be 
changed. The line length is in location 7 and is initially 
set to (20)io= 14 hex. The line buffer itself begins in 
location (58lio=3A hex. 

After displaying a header message MAID prompts 
the user for a command by displaying MA/D's current 
location counter followed by a colon (:). The com­
mands available to the user allow for disassembly of 
instructions in memory and assembly (mnemonic 
translation and operand insertion with relative offset 
computation) of instructions directly into memory. 

MAID is also very useful for writing short test 
programs. The instruction format for assembly is iden­
tical to the S6800 Assembler except: 

1) operands must be in hexadecimal without the $. 
and no more than four digits long 

2) no symbols can be defined or referenced 

3) relative addresses are specified as absolute 
addresses. the offset is computed 

4) in those instructions having both direct and 
extended addressing modes. extended 
addresses must have at least three digits. Thus. 

LOA A 10 assemblies as 96 10 
LOA A 010 assemblies as B6 00 10 

5) in those instructions not having a direct address­
ing mode. the operand may be two or more 
digits. Thus. 

INC 10 assembles as 7C 00 10 
6) an operand may be a single hex digit only if the 

op code indicates an A or B register. or im­
mediate mode addressing. Thus. 

INC 01 INC 1 
LOA A 1 LOX 1 
LOX #1 

-are legal- -are not-

(This makes it easier to distinguish between. for 
instance. INC A and INC OA.) 

7) Anywhere a number is used. the construction 
'character may be used instead. and is 
equivalent to the ASCII code for the character. 
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MA/D Command Summary 

@newloc 
@ newloc 

$count 
$ count 

!address 
! address 

"string 

xx 
x 

The @ sign followed (immediately 
or with blank separator) by a hex­
adecimal address initializes the 
current location counter to the new 
address. MAID automatically up­
dates the location counter as in­
structions are assembled or dis­
assembled. 

The $ sign followed by a one or two 
digit (hexadecimal) count results in 
the disassembly of "count" instruc­
tions. Zero = infinity. 

The exclamation mark followed by 
an· address causes MAID to call a 
subroutine at the given address. If 
the subroutine returns with the 
carry flag set MAID will print 
"????". 

Exclamation mark with no address 
given causes MAID to call the sub­
routine starting at the current 
location. 

Assembles the ASCII characters 
following the double quote mark 
into successive bytes of memory 
starting at the current location. The 
current location is updated. 

'character A one or two digit hexadecimal 
number is placed into the current 
location, and the current location is 
incremented by one. A single quote 
mark followed by a single character 
causes the ASCII code for that 
character to be placed in the 
current location. 

&address.count 
& address.count 
&address count 

This command may appear several 
times on the same line, the 
numbers or quoted characters 
separated by spaces or commas. 

& address count Ampersand followed by a hex­
adecimal address and count (from 1 
to 4 digits each) causes "count" 
bytes to be moved from "address" 
1Q the current location. On com­
pletion, the current location is 
incremented by "count". 

<RETURN> Carriage return is equivalent to 
$01, disassemble a single instruc­
tion,. 
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The commands to MAID are buffered and not 
processed until the <RETURN> key is depressed. The 
<BACKSPACE> key can be used to delete the last 
character input. If errors are detected-on user input the 
line is ignored, ???? is displayed, and another prompt is 
issued. 

Th~ default command is "assemble" arro MAID, if 
not recognizing the input as one of the following com­
mands, generates the machine code for the instruction 
mnemonic. 

Next month we will publish the complete PROTO 
Assembly Listing for the EVK Microcomputer board. 

> 
>G E002 

A.M.I. 6800 MICRO ASSEMBLER/DISASSEMBLER - 1.0 
(C) 1976. A.M.I. 
002A:@80 
0080:"THIS IS LOOP NO. 
0090:"0000 
0094:04 
0095:LDA A 93 
0097:1NC A 
0098: ST A A 93 
009A:CMP A #3A 
009C:BNE 110 
009E:LDA A 'O 
OOA0:@9E 
009E: 
009E-> 96 LDA A 30 
OOA0:@9E 
009E:LDA A #'0 
OOAO:STA A 93 
OOA2:LDA A 92 
OOA4:1NC A 
OOA5:STA A 92 
OOA7:BRA 110 
OOA9:@110 
0110:LDX #0080 
0113:LDA A 00.X 
0115:CMP A #04 
0117:BEQ 120 
0119:JSR E003 
011C:@119 
0119:JSR 0003 
011C:INX 
011D:BRA 113 
011 F:NOP 
0120:LDA A #OD 
0122:JSR 0003 
0125:LDA A $QA???? 
0125:LDA A #OA 
0127:JSR 0003 
012A:JMP 095 
012D:@95 
0095:$3 
0095-> 96 LDA A 93 
0097-> 4C INC A 
0098-> 97 STA A 93 
009A: !95THIS IS LOOP N0.0001 
THIS IS LOOP N0.0002 
THIS IS LOOP N0.0003 
THIS IS LOOP N0.0004 
THIS IS LOOP N0.0005 
THIS IS LOOP N0.0006 
THIS IS LOOP N0.000 

> 
> 
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SOFTWARE SECTION MICROCOMPUTER DEVELOPMENT SOFTWARE 

AMl's EVK SE IES 
MICROCOMPUTER PROTOTYPING BOARDS 

By Robert A. Stevens 
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INTRODUCTION 
Part Three of a the EVK 

p 

S SET (write) specified data string characters into 
consecutive memory locations 

D DISPLAY (prints) in HEX to TTY contents of 
specified memory locations 

G GO TO user program at specified address and ex­
ecute 

R PRINTS contents of M PU register (C. B. A. X. P & 
S) on TTY at time the user's program was last 
interrupted 

B BURN (copies) the contents of specified memory 
into the EPROM in the programming socket 

V VERIFY (compares) contents of specified memory 
with EPROM or ROM in the programming socket 

INPUT (copies) contents of the EPROM or ROM in ·· 
the programming socket into specified RAM · 
memory locations 

M MOVE (copies) contents of memory block from · 
specified location to designated RAM memory · 
location 

E END of transmission (EQT) character terminates 
the end of punch paper tape record and punches 
EQT on paper tape. 

single character 
plus address parameters from the TIY 

PROTO COMMAND DESCRIPTIONS 
The EVK 300 board will be supplied with a proto­

typing operating system program (PROTO). The 
program resides in ROM with a starting address of 
FOOO. The various routines within PROTO are called by 
entering via the TTY keyboard one of the commands 
described in the following paragraphs. A command 
consists of one character command identifier followed 
by additional parameters. if needed, separated by 
blanks or commas. All commands end with a carriage 
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SOFTWARE SECTION 

return. Since no action is taken before the carriage 
return. an input line may be deleted by the use of the 
TTY ESCAPE key. 

L, ADDL, ADDH, OFFSET 

The Load tape command loads data from a hex 
formatted tape (see paragraph on 6800 HEX tape for­
mat at end of article) into the user's memory between 
ADDL and ADDH. inclusive. The OFFSET is added to 
the memory address specified on the tape to form the 
actual memory starting address for the data stored. If a 
byte to be stored into memory has an address outside 
of the range ADDL. ADDH. it is not entered into 
memory, but a Delete character (H'FF) is Jransmitted 
to the terminal. 

Example: L 0100 02FF FFFA 

The address range in the L command is optional. 
and if omitted is assumed to be the full range of 
memory (0000-FFFF). The offset parameter is also op­
tional. and if omitted is assumed to be zero (0000). 
Thus the L command with no parameters loads the 
tape into the memory locations specified on the tape 
with no offset. The offset value in the L command is a 
two's complement signed number. entered in unsigned 
hexadecimal. For example. an offset of - 6 is entered 
as FFFA. 

If an attempt is made to load non-existent memory. 
or ROM. the loading operation will terminate. typing 
out the address and the message "BAD ADR." 

In operating the Load command. PROTO turns on 
the tape reader and scans the tape for the first ASCII 
"S," which indicates start of record. It is not necessary 
to position the tape at the first record of a tape file 
since each record contains its own starting address. 

PROTO will load data records until it encounters an 
end of file (EOF) record or a tape error (Check Sum or 
illegal character). When PROTO reads a header record 
(start of record and address). it translates the header 
into ASCII characters and prints the result. The Check 
Sum is the binary sum of all characters in the block. 

PROTO does not list the tape contents as the tape is 
being read. 

When PROTO encounters an end of file record or a 
tape error. it turns off the reader and prints "EOF" or 
"CKSM ERR" respectively. 

P, ADDL, ADDH, OFFSET 

The Punch hex format command causes PROTO to 
punch on the TTY paper tape the contents of memory 
between ADDL and ADDH. inclusive. Each record is 
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Good Software and Support are to a 
computer as the driver is to...:.his car. 
One without the other and you have 

a magnificent paperweight. 

punched with a four-digit hex address of the starting 
byte of the record. This address is derived from the 
memory address of the byte being punched. plus the 
offset value. OFFSET. The offset is optional. and if 
omitted is assumed to be zero. 

All data records are punched in hex format. Records 
using this command (except the last record) contain 16 
bytes of data plus the start code. byte count. address. 
and the checksum. 

The P command does not cause an EOF record to be 
punched so that several disjoint blocks of memory can 
be combined on one tape file. 

Example: P FOOO F07F OFOO 

S. ADDR. BYTE1. BYTE2. ---. BYTEN 

The Set memory command writes the 8-bit data 
words specified by BYTE 1 to BYTEN into consecutive 
memory locations starting at ADD. 

If ADD has more than 4 (hexadecimal) characters or 
if any of the data bytes have more than 2 characters 
each. only the last 4 or 2 characters are used respec­
tively. 

Example: S 0000 86 05 97 28 

Memory locations at 0000 through 0003 are loaded 
as shown. 

D, ADDL, AODH 

The Display memory command prints the contents 
of memory between ADDL and ADDH. inclusive. in 
hex format. Up to sixteen bytes per line are printed. 
preceded by the hexadecimal address of the first byte 
of the line. A carriage return is forced after a byte hav­
ing a low order digit of F in its memory address is 
printed. 

Example: 0 FCOO FCIF 

Two lines of memory contents are printed as 
follows: 

FCOO 00 01 02 03 04 . . OEOF 
FC 10 10 11 12 13 14 . . 1 E 1 F 

G, ADDA 

The Go command starts execution of the user 
program at the address specified by the input 
parameter. To insure that all registers contain the same 
information they held before the user program was in­
terrupted. PROTO pushes into the stack the copy of 
the user registers that it keeps at locations FFEB­
FFF3 (CC. B. A. X. P. S) then executes an RTI instruc­
tion. The user can change the initial values of the 
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registers by changing the contents of these locations. 

Example: G 300 

Program will branch to address 0300 and start ex­
ecution from that point. 
R 

The Registers command prints the contents of 
memory locations FFEF-FFF3 which contain the 
values that were in the user's C, B, A X. P, and S 
registers (in that order) when the user's program was 
last interrupted. 

B, ADDL, ADDH, ROMAD 

The Burn command copies the contents of user 
memory into the EPROM in the programming socket. 
beginning with memory location ADDL through 
ADDH, inclusive, to EPROM locations beginning with 
address ROMAD. Each byte is burned in with 20 3-ms 
pulses of -50V on the VPRoG pin (pin 11) of the EPROM. 
Before attempting to write into the EPROM, the con­
tents of the EPROM are compared with the user 
memory data byte to verify that the EPROM will take 
the byte (PROTO will not attempt to program a EPROM 
location to logic LOW which afready contains logic 
HIGH). After the 20 pulses, the new contents of the 
EPROM are verified against the memory byte to be 
sure the data was indeed written. If the byte did not 
program, a NAK code is typed out on the terminal, and 
another try is made, up to a maximum of three tries. 

If the preverify encounters a EPROM location con­
taining HIGHs where the memory byte has zeros, 
PROTO will type out the memory address, the memory 
byte in binary, the EPROM byte in binary, and the 
EPROM address (if different from the memory 
address). then stop. If after attempting to write data 
into the EPROM, the data does not program, or 
erroneous bits show up, a similar display occurs for the 
failing location, with the additional message "BAD 
ADA" typed on the same line. 

The EPROM address ROMAD is optional. and if 
omitted, ADDL is Jsed, with only the least significant 
nine bits of the address being used. If the address 
range ADDL, ADDH is omitted, the 512 bytes begin­
ning at FCOO are used, and the EPROM is checked to 
insure it contains all LOWs before any locations are 
written. If not, four question marks are typed and the B 
command is aborted. 

V, ADDL, ADDH, ROMAD 
The Verify command compares user memory be­

tween ADDL and ADDH, inclusive, with the corres­
ponding locations in the EPROM in the prgramming 
socket. beginning with EPROM address ROMAD. Each 
location that does not match is typed out in the follow­
ing format: 

aaaa mmmmmmmm pppppppp rrrr 

where "aaaa" represents the user memory address, 
"mmmmmmn:ttn" represents the memory byte. in 
binary, and "rrrr" represents the EPROM address, if 
different from the memory address (in the low nine 
bits). Nothing is typed for matching locations. The 
typeout may be aborted by typing an ESC key during 
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the typeout. 
If the ROMAD parameter is omitted, ADDL is 

assumed. If no parameters are supplied in the com­
mand, the whole EPROM is compared to the contents 
of FCOO - FDFF. 

-·-

I, ADDL, ADOH, ROMAD 

The Input command copies the contents of an 
EPROM in the programming socket into memory 
beginning at the address ADDL through ADDH. in­
clusive. from the EPROM address ROMAD. If ROMAD 
is omitted, ADDL is assumed. If no parameters are 
supplied, the entire EPROM is copied into the RAM 
area. FCOO - FDFF. An attempt to copy an EPROM 
into non-existent memory will abort the command with 
the message "BAD ADR." 

M, ADDL ADOH, DEST 
The Move command copies memory from the range 

ADDL - ADDH. inclusive, to the RAM locations start­
ing at DEST. This copy begins at the lower address. so 
if DEST lies within the range ADDL -ADDH. some of 
the original data will be lost. and other parts will be . 
duplicated. 

E 
The End of Transmission command is used to cause 

an EOT character to be punched on the paper tape. 
After a field has been punched, an EOT will terminate 
the record and punch a trailer tape. When reading a 
record, the reader will stop at the EOT character. If no 
EOT character is present. the reader must be manually 
turned off and the Reset switch must be pressed to 
enter the operating system program. 

THE SUBROUTINE ROM 
Many of the monitor's functions are accomplished 

with the help of the Re-Entrant Self-Relative Sub­
routine ROMs (RS) 3. This standard ROM, which can 
be considered a software extension to the 6800 in­
struction set is also available to be used by the user 
both on the prototype board and in his final produc­
tion system. The user can call one of the 25 (RS) 3 sub­
routines with an SWI instruction followed by the 
number of the desired subroutine. 

The user should be aware of the fact that the (RS) 3 

pushes from 7 to 1 0 bytes of data onto the stack. 
depending upon which subroutines are called. This 
means that if the user calls (RS)3 routines, he must 
make sure that the necessary memory space is avail­
able for stack expansion. 

Since PROTO assigns its own stack area. the user 
need ilot be concerned about how (RS) 3 is used. 

INTERRUPTS 
Of the four available interrupt vectors. IRQ, RESET 

and SWI are used by PROTO while NMI is left for the 
user. The vectors are in RAM (except for RESET which 
is switch controlled) so the user writing his own 
program can completely control the system. 

The upper memory locations are RAM. If the user 
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expects either NMI or IRQ interrupts to occur, he must 
initialize the vector addresses to the starting address of 
the IRQ and NMI handler routines. 

PROTO must have control of the RESET vector so 
that the RESET switch on the Prototyping Board can 
return program control to PROTO at any time. 

The reset routine copies the contents of the B, A. X, 
CC, and S registers into a fixed area of memory. This 
means that the program can be aborted at any time by 
using the reset switch while still saving all the registers 
except the program counter. Unfortunately, the con­
tents of the program counter are lost. 

It is possible for the user to use the NM I interrupt to 
abort a program execution without losing the contents 
of the P and C registers. This condition is auto­
matically set in the NMI handling routine when PROTO 
is called. This interrupt vector will cause the contents 
of the user's registers to be printed when the NMI line 
goes low. 

Since the SWI instruction is used to call sub­
routines between 00 and H' 18 from ( RS) 3 the user is 
somewhat limited in the ways he can use SWI instruc­
tions. However. he can access an SWI handler routine 
in his own program by an SWI instruction followed by 
a byte containing the decimal number less than H'80 
but greater than H' 19 < n < H'80 sequence, PROTO 
passes control at address FFF4. If the user expects to 
access his own SWI routine and use PROTO, he must 
use the Set Memory command to store the address of 
this routine at locations FFF4 and FFF5. 

PROTO makes sure that the user's SWI routine is 
entered from the stack with all registers containing the 
same information that they would hold if the routine 
were entered directly through the SWI vector. 

BREAKPOINTS 
Breakpoints allow the user to halt his program and 

examine the contents of the internal registers. 
PROTO provides two types of breakpoints. In this 
system, breakpoints are actually debugging routines 
that can be called from the user's program just like 
(RS) 3 routines. 

Each breakpoint requires a two byte calling se­
quence: and SWI instruction followed by a number. 

Breakpoints may be inserted either by reassembling 
the program with the extra SWI instructions added or 
the Set Memory command may be used to replace 
parts of the code with SWI instructions. Note that the 
second method is not satisfactory for the snapshot 
option (described below) since the replaced code must 
be restored before execution can be continued. When 
using the second method, the user must make sure 
that he replaces the first two bytes of an instruction. If 
the SWI replaces the second or third byte of an instruc­
tion, it may be interpreted as an address rather than an 
opcode. 

The different types of breakpoints are: 
1. Print registers (SWI. H'80) 
2. Snapshot (SWI. H'81) 
The sequence SWI. H '80 saves the user's registe. s 

at the vector stored in FFF4 - FFF5, prints their con­
tents (in the order CC BB AA XXXX PPPP SSSS). 
then returns control to PROTO. 

The sequence SWI, H'81 prints out the contents of 
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the user's registers then continues executing the user's 
program starting at the address following the byte 
containing the number H'81. Note that if this address 
does not contain a valid opcode. unpredictable results 
will occur. 

6800 PAPER TAPE HEX FORMAT 
The AMI 6800 Hex Tape format provides a com­

pact representation of binary data patterns for trans­
mission using ASCII communication terminals. 

The Hex tape is organized into data records with 
each record containing information in the same format. 
The record information consists of type, length. 
address. data and checksum. All records begin with an 
'S' character for start of record identification. All infor­
mation on the tape which is not between a start of 
record and the checksum is ignored. 

TAPE FORMAT 

ASCII 
Character 

2 

3-4 

Description 

Start of record (S) 

Type of record 
0 - Header record 
1 - Data record 
9 - End of file record 

Byte Count 
Since each data byte is repre­
sented as two hex characters. 
the byte count must be multi­
plied by two to get the number 
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5. 6. 7. 8 

9 ..... N 

N+1. N+2 

of characters to the end of the 
record. (This includes checksum 
and address data.) 

Address Value 
The memory location where this 
record is to be stored. 

Data 
Each data byte is represented by 
two hex characters. 

Checksum 
The one's complement of the 
additive summation (without 
carry) of the data bytes. the 
address. and the byte count. 

Example Data Record 

Memory Contents 

Address Data 

AOOO 10 

A001 lA 

A002 20 

A003 2A 

MICROCOMPUTER DEVELOPMENT SOFTWARE 

Data Record Contents 

Character Tape 

1 Start of record 53 s 
2 Type of record 31 .......- . 1 

3 Byte count 30 
~ 

0 

4 ~ 7 

5 41 A 
~ 

6 30 0 
~ 

7 Address 30 0 

8 30 

9 Data byte 1 31 

0 
E 

1 ::I 

"' 
10 30 

~ N 
0 ·U * Q) 

11 Data byte 2 31 
.£:. ..... 
(.) c 

::I 

12 41 A 
·o 
(.) 

13 Data byte 3 32 2 
Q) ..... 
> 

14 30 0 
al 

15 Data byte 4 32 2 

16 41 A -
17 Checksum 38 8 

18 34 4 

The format for all hex tape records is diagrammed below. 

Header 

Character Record 

1 Start of Record 53 

2 Type of Record 30 

3 31 

4 
Byte Count 

32 

5 30 

6 Address 30 

7 (if any) 30 

8 

9 Data 

10 38 

• 34 

• 34 

• 35 

• 32 

• 
• 
N Checksum 39 - 45 ..... 
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s 
0 

12 

0000 

·9e 

Data 

Record 

53 

31 

31 

36 

31 

31 

30 

30 

39 

38 

30 

32 

41 

48 

End-of-File 

Record 

s 53 s 
39 9 

16 
30 

03 

1100 30 0000 

30 

98 
FC 

43 (Checksum) 

02 

AS (Checksum) 
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SEE MICROCOMPUTER SOFTWARE DEPOSITORY 
PROGRAM INDEX FOR COPIES OF THIS PROGRAM. 

--PAGE 1 PllUTO 01/UQ/Jo 9;U Pwulu PROTO PROGRAM 

. 
• • 1 

• • 10 
II 
ll 
I) 
I• .. 
I• 
1f .. .. •o .. ., .. •• .. .. 
" •• •• •o 
" .. .. 
l• 

" •• 
" .. ,. .. 
•I •• 
" .. .. .. ., 
•• .. .. 
SI 
Sl .. 
•• .. 
•• .. 
•• •• •O 
•1 •• .. .. 
•• .. .. 
•• .. 
70 

" " 11 
1• ,. ,. 
17 ,. ,. 
80 .. •• 11 .. .. .. ., 
•• .. 
•l •• u .. 
•• .. .. •• .. 

100 
101 ... ... 
10• 
10> 
10• 
107 
100 ... 
110 
Ill 
Ill 
113 
II• 
11' ... 
111 
118 
119 
llO 
Ill ,,, 
l" ... 
us ... 
1'7 ... ... 
130 
Ill 
lll 

"' 11• 
lh 
llo 
111 
11• 
13• ... 
1'1 ... ... 
l•• 
laii5 

fFOd 
HOA 
FFDC 
FFO:E 
Fff.O 
FFt.2 
FFt.1 
Fft.11 
HES 
Ff(.7 
HEif 
Ht.A 

HU 
FFEC 
P:F'(O 
l'FH 
FFFO 
FH.t 

FFH 
Fffo 
HF8 ,.,.,., 
FFfC 

0000 

0000 

0002 
11005 

0001 
oooa 
000~ 

\JOOC 
00(10 
1)1)10 
oou 
VO lb 
1)0\f;o 
OOlC 
HlF 
Oil.?.? 
001!'); 
0028 
00.?ts 
OOlE 
OOll 
1.101~ 

0017 
OOl~ 

OOlC. 
UUE 

fdCt. a 
F&Cf A 
r&Cf. ... 
OliC\I A 
ooov ... 
OU lb A 
liGO~ A 
Hff A 
0004 • 
OC.7F A 

OOOb .& 
0008 .. 
OOli & 
OllOf A 
OUIU A 
Olll'> A 
0011 .. 
001'1 " 
Oltli A 
OOui & 

FFOtl A 
OUUi 
UOOi 
001ll 
\jQQi! 
OVU2 
011\ll 
0001 
OUill 
oouz 
OOOi 
OllUl 
1.11101 

OUUl 
0001 
uoo1 
UU\ll 
oooc 
IJUOc! 

0001,) 1 
20 OS 

OOOi 1 
1E Olltt7 1 

~ ISCf. A 

,. 
" 

ll\i01 1 

IH Ht.bit. 
12 
tH Ht.Lo it. 
f 1 f I' t.C " 
Ff Fft.t. .. 
tlf HFi a 
8E Ff8F f. 
Cl 11\IVOI! l 
FF HFC a. 
Ff Hf8 A 
CE QO\)l l 
FF fffoll A 
CE VODI:. 1 
FF fHf. A 
CE. QQ{)';> 1 
fF ffFD A 
80 OJ 
..;7 ftlCI:. A 

&c 01 
D1 fi;CE A 

uo.it 1 
OUl.ll l 

IH> 1100'> A 
ISO IHiilol l 

011•1 I 
!( HOF A 
bO Ol'ID 1 
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r1n.l PMJTO 
OPT LSll:P ·················································· 

• Pfo'OlOTtPE. ti!JA"IO '<IO~ITOll io>MQGIU."' 

* Yt.RSlU'I 2.0 Otf01il1b 

·················································· . 
• lllf h•l T lOkS 

•C11.c. E!.lv 
AC. UIJ Eau 
ACJ.tiS ti.iv 
tsLAPor.: Euu 
CM t.OU 
lSC l!JU 
t.u1 f.ou 
L"ST t.QU 
Lf EQu 
MUBUUl f..Ju 

SFOCE 
IFOCF 
SFOCl 

"' SOD 

'" SO• 
Sff"FF 

'" '" 

ACJA CO<'ITllUL AEG 
&CIA DATA REG 
f.ClA STATUS AEG 
BLAP<J( CMUl 
CAAlllAGE RU Cl-If.A 
Al:IUW T C1-1U~ 

E~O OF "'S~ TO 6E l"MI·'<llO 
MIGt'1fST RV,.. AOORE!S 
Ll"lt. Ff.EC 

l)f.f "40'4["1 T, GE TA"IG, f'O Tl.OW, 1-'X IS TS, R"IGERR, PBAOR 
l)Ef PC>ILF, au TCM. PSP •CE. SE '"'f"'· &BQR' 
DEF PR J•UO, AOI<, •OOL, AOl.lH, COU"IT, .. 0"11 TR 
WU AS~Slil, SUA"I, llllOVE, Al.AO, llF 'f, i>l "1 l T 

•MSNSk kl.IUTl"lt. UEFPHTllJ"ISI 

SUlhAtl Eou 11 
AOOABX Eou 8 
f' .. si;. b~u 1e 
PirO•t• Euu 15 
P1.1,..t.x t.ou lb 
C0'-'"8 f.(.IU i!l 
J'UU t:.~U 17 
Gt.TA t.ou i!u 
A!..P'-U"' t.~U IQ 
Pf.ii lli t.QU Q 

S\JBTAACT X FAOfll A,8 
AOI) A,ll TO X 
PAJ!IOT ,.SG. 
PHINT IUTE •S l ,..fx tHAMS 
PWl"IT ijl.JAD AS Q 11():: (t'1Al<S 
CO!t'lfl<T PIEl TO 81'UJ.i'f 
OUTl"UT TO AClil 
INPUT fROfl1 TTY 
TEST FOil ALP,..U~U"'fAlC 
CONY. X TO Oft. & PRl"lt 

•'SU8R IS A •OCkO TO CA.LI.. ASASR WOUTINES 

SUdlt lllACAO PUA."I 

••I 
iflf; PAkA.fll 

Mt.NV 

• "'ONllOR MAM 

t)NG SfFFE .. 110 
t.wu 
flih.t ••I 

J'Ru~•u t.uu 
(lffSfl Mflld 2 
AOk. olllll8 2 
AOOI. R"IS l 
.lOl.lf'< M"ld Z 
tlUFPHI HOolt; l 
ftt.CHI-' l<M8 1 
l:Uuflll ol"11d 1 
C'-Sl"I ""'8 1 
Sh'lSP ii!olt1 Z 
:S•~EI RMtl i 
H"'O ll°"'tl 1 
TC.UuNl HMI! l 
fl uSlk Nl!OlSlt.MS 
Clff.IO kl'!t! 1 
Si<f.I; WMS l 
AMEG Rfll8 l 
Olli; MOolO 2 
~MEG MM8 l 
SMtlO M"ltt Z 

US•l Mf'l8 
ACUl R ... 8 
Jl<OVH Rfll8 
S111'1t.C RW[j 

'-'"hlt 1111118 

* ••• illi.JN1 TUA t.NTA' llECTOA 

• Rf.STAM:T lNTElfRUPT MANOLEA 
a l"IH.RRUPT Dl<t.AI( o-tf."IOLEA 

!Ste 
SUMT H.iU 

IUU. STAATI 
1Sk.t.A11. E.Qv 

JllllP SAEAI( 1 
ACIU 1tl)R"1 AClAt 

:SUkll tuu 
PSI-I A 
TPA 
SU A (Rf.Ii 
1-'UL A 
STA A 
.)! A IS 

'" STS 
LOS 
LO> 

"' ~J.C. 

LO> 

LO• 

'" LO> 
sr. 
l..D& A 
SU A 

UlfG 
dAEl> 
XAEli 
Sk.EG 
•t>'.JS 
•S"!Ell<. 
"l"'lVEC 
lllJVfC 
#SAUO 
USAl 
•S.,.Jl"IA·'l 
5111111EC 
•AClU 
ACl&l ,, 
ACJlS 

•uCP1U1GE JF A&llll USalif CMA~CES 
d.lSf .lilR \JSt::O '"ITH l'°'!Ot.i UPS 
tslJTTOM Of 1o101111 TOI!: SUCK 

Ll"tE OF TT'f JN?Ul 

AOORESS l"il PHQfll 
QFFSl T FON 1.0&0EA/PUNC., 
PAIUM• E"llf.RlO I!' USER 

i>OlNTER TO L•Sf Cl-If.I< SCUmEO 
T f.PE ~EC )>tO T 1PE 
COUNT flE!..O FRUM UPt. 
CiLCULAlEO CKSM 
Tt.1111P STORAGE FVR S REG 
Tff!IP STORAliE FON l REG 
t:st.CHIJ TTY, Q::iO f.C1-10 
TEMP 1..0C FOM co1.1 .. r 

IJSER S111J VECTUR {fll&Y i>IOT SE [MPL.EMENTEOl 
J"IOIMECI PUJ-.TElil TO AC!& f.J~ RSR:SR: 
llolt.HHUPT llf.~..>EST \IEC1UR 
SQfY,.f.Rt:: l"ITERMuPT VECTQI< 
iUN•lolAS•U"l..I:. l''HfRMuPT ~E1..Til~ 

WESE I INTEAMUPT rl&"tOl..t.M 

tiMEAK ON INTERRUPT HOOT l"IE 

PQJ-.TER TO .I.CU 

SAVE .I. REG If STA.CK EXISTS 
SAYE CO"i101 TIO'- COOt.S 

SAYE CURMHIT VALUE OF Mt.GS 

ShE • 
SA'IE SP 
Iflltl. SR:EC TIJ MQ.'I. ST?CK 
1'REf.l<.PUJ'if ltOUTl~E 

STOME l"t I"ITERlhJPT vECTOMS 

SET UP ACIA PTM 

LOA II •I SU •Cl• C~ 
sr• " 4C!AC 

* 1-'llJ!tl (M,1,.t, I. ~E.l;JR/oi TU "4Q"Olf,IJ~ 

l"IU~t.1111 Ei:u 
M!JlloU.11 EQU 

JSR Pt Hi 
JSM PC:~LF 

Mui.I TR E.wv 
Li.>S •i!iJS 
JSR M!)~;:JFf 

1"11 T '140~. ST&Clt 
TUWN 1JfF ~fA!JlA 

STMT LDC USJl:.CT "' suurttt. Sf.llt.fllE1'iT ... 
1•1 

I•• ... 
ISO 
1'1 
15' 

I" ... 
'" lSb 
1>7 
1'8 
15' 
100 
l•I 

"' "' I•• 
'"' I•• 
lb!• ... ... 
170 
Ill 

'" '" 11• 
11' 

'" 111 
116 
11• ... 
'" .. , 
18l ... ,., ... 
187 ... 
I" 

'" "' .., 
l•l .. . ... 
I .. 
101 
I•• 
"' ... ... •o• 
"' '" , .. ,.. 
'" ... . .. ... 
'" '" '" ... ... ... 
"' ... ... , .. 
Zll 
lil ... ... ... ... ... ... ... 
llO 
lll 

"' "' '" "' '" '" ... ... ... 
241 • •• , .. 
"i'4~ ... 
'" "' ... 
.. 0 
lSI .., .,, ,., .,, ,,. 
c!"i1 ... , .. .. , ,,, 
••• 
'" ... 
••• 
'" ,,, ... . .. 
'" '" "' "' '" "' ... 
211 ... ... 
••• ,., ,., .. , 
••• ,., ... . .. ... 
••• ••o 

001.10 
riO':IO 
it05Z 

llllb( 
0110[ 

OU70 
o.:in 
OUh 
0011 

1)1) 7A 
1.101c 

007E 
0050 

UOf:ll 
OUiB 
00811 
U08'5 
00t18 

oou 

ISO fl:SCf .I. 
b& it. 
e10 u.?ou J 

CE H'PU f. 
fF FHO A ., 
1fi Ht.Q a 

tit H117 A 
lb Ol 
20 1117 
t1J o .. uo I 
A7 OU .. 
111 00 
le E.F 

th) IJlC'> J 

" H nt.Y & 

tE UUtlC l 

" ,. .. 
8C 00.t.u 1 
lb FV 

UUtlC 1 
ooec 11c 
0080 01.1.0 1 
OOISF 111 
OO'fO lllQf 1 
OOQZ SO 
OOQ) 0 308 J 
oo•s 11z 
0011ti 0001 Joi 
0048 Ill) 
OO'ilQ 0002 H 
OO'flt Sti 
OOQ( 0004 R 
004E O 
Ol)Qf OUOi A 
OOAl 'H 
OOAl lllU 1 
oou 1111 
00.1.S OUD l 
OOU Si 
OOA8 001:.t: I 
oou 11<; 
00&~ lil'>O 1 

OO•D 1 

0\1.lO 1 
09AO I 

00.1.0 CE 0271 I 

OOtlO 1 
UOblJ 1 

0080 &E Ff Sf l 
oou 
0085 lO ll& 

Ul.te7 1 
.J0"1 ISV UIJU'j lo! 

UOtl& tlb tlU 
0\ldC .?U 111 

'llUtlE jO 
OOtlF H US 
llOC I Ati llu 
UOCl liJ OC 

OUC'> tlU iG 
1.10<.1 ill u 
OOC.'il 7f 0000 N 

Ui>Ct H FHi. .& 
OIJCF tiE vu 

O\IDI iV 
OOUl DC Ob 
\)1.)0<1 it> uz 
OOOb e.C US 
uuoe CE_Fff.t1 A 

OOUB H 
UOOC f7 U(I 
OOOt. O& 
UOl)f' llC HFZ A 
GOE.ii! l• F 7 

1.0.l l AC I AO 
1..0• A .... 
J.iN OUTC., 

"' Rt.f.0 llY Ll"6l (lhlFPfN) 

OUf!IP TTY INPUT O&TA 
PN(Jlo'l-'T USER 

• STUl<t. TTY 11~Put IN dUF U'wfll. CA lS HIT 

LO• 

'" "' NOi. EC-I'.) 
•blblllo u"ITIL LUUP 
kltU '"°X •tl.JH·71 

ti"'l RT<?O 
rHH A1D~T 

RICO J::Jk ,,Al TTY 
l<TlU SU A O,ll ... 
• "'"lLt. CO~Ol T lUi. ; 
l(TQ(l C"I? ' •C~ 

b••t. RT Ill 
*tf'OV {Jf LU(JP 

• OtCOOt. 1 CHAlo' C0'4"4ANO 

1"111 ULlZE lhJF?HI 

SET ECMQ F!..AG 

TEST f'OR dUF DVElffLOl'I 
"U OVE:.RF!..0'" 

'It.AO NEll 1 CMAR 
l"ISEIH Crl.l.R l"-TU tlUF 
INC !H./FPTR 

CU!RJA(;E METURlll 1 
"IO, cor-.ir I Nut. L.UOP 

* ClJflll'A+.iE C.•'1&+.! "'I Tl'i UBL.E OF VAl..10 C ... il.RS fOLLO,,t.0 tH 
AOl.lktSSl:.S UF A.>?AOPMIAlt. HOIJTlllfS 0 

JSR 
1-. 

'" LU• 
• ol:.Glh 1..UOP 

Pl lSTS 

bUFPTI< 
•CT&!llt: 

GET IST CHAR 
li'OC 6UF?Jlf 

SUl<f Of TABLE 

OLLtlJP C,..1' .I. 0 1 • CUMi>UIE 

'" DLI 0 
• 1-0UNO Cl-IAk. lof T &OORESS l,..llllt.Ol & I t.L. Y fUl.l.UlllJ "9G CHAii. 

I" LO• 
J•P 

• NU CLt"11Pi1.111:.. 
01..10 11<;• 

O,l ~O TO PMJPER l<OUfINE 
flllJ'IE TO J-;fl T C,.AR • 

'" "' '" "' • thD lUUP. 

•CTENO 
OL.JOP 

ENO Uf UBI.fl 
NO. AEPEAT 

.l.SJIH ~UT IN TA8LE. 

1'40Nf.h0 fQU 

• ClltiL.U TAtlLt OF V&LlO 1 CHARACTER CQfll"4AhOS • 
• l"-C" f.lilk'f CO>t:SlSTS l)F i tllTES. IHTE 1 

LU'°'!TlJ'°'!!i fHf. f.SCll (H.lA, liYIES C.l CO"IU.1N T11E 
ADDRESS UF THE APPROPRIATE ROUTl1'1E 0 

1.TAbll:. fQU 

8\'Tt. 1 L 
J1101<U I.CAO 
t:IYTE 'G 
•0"10 GO 
lt'fTE 'P 
111CRO PUNCf't 
1HTE '9 
llOWU 8Ui:IN 
KYTE 'M 
11U110 lllOYE 
&'fTE ,.., 
"0AO YF'f 
UTE 'l 
1111.lWLJ RE&O 
tllTE 'S 
•Ol<LJ S"' 
BYTE '0 
ftQllil OM 
ti.Ht. 'R 
nOkO Pf.IEGS 
8Y IE 'E 
flrUf/0 EOF 

CH.ND EQU . ....................................................... . 
. ....................................................... . 
AbUliT EQu 
IUl.IJtcP f.\IU 

LU> uauES 1-'RlNT 1111 

: PRlhT "45& .I.NU RE TUA"I TO '°'IJNITOR 

MSCJllON ElilU 
JllSIOAbT t.Qu 

LOS •BOS S:i:t1UlTU!i! Of STACI( 
SU8ol P"'SG 
SR.I. 'IONENl 

• 5"1 H.ltojiJL.l:.11: 
111 Ut.lf.M.,Jr>iil "'MElMEM Sttl IS "llflll fUI< CAL1.., RSRSlil CALL, 

Ot< USER S~,l {OT lMPl..l:."'t."ITEOJ. 

dl<tA"-1 ll.l\J 
JSM Pl~IT 
L.LJA A 1111211 
l'!llA 51'11110 

Sn 11".I.~ tbhJ 

blltbPQl'IT E·~T!H 
CLE Al< ~ROM t!URM R . 
?llE ff/\jO TO ti~ Siil 1C8 
SAVE J.ifliS 

• flNIJ l"•OlX tlYlt (thTI:. •Flt.A s .. t Tl-lf.T GUI US MUIEJ 

"' Ll>l 5o l 
LOA f. O, l 
DMJ S..iliO 

• l~ USt.>t HA::ii AODJTIO"IAl 
SUD fl •21.1 

hl.?O 

i;;lo'L S"'l.:00 
JlllJ.> ASR:Sll 

LO> 
J•• 

•i:llfl • AOW. 
1.::r.1'10Ei SYTf 
dl<flK?OINl? 

(RS)uj AOOM JF Fll<ST+.! MUST HE IN Fffli 
R:SRSM C&!..1.? 

"ltJ --

GO i>O lT 

• MU,...llUR CAl.1.o CJPY llt.!;;S FA\]"' !iT&CI( 

lSl 
!NC ... 
INC 

StdltO I.LL\ 
• tlEGlt< L.UOP 
~,.l~O 1-'UL d 

... 
s111.io 

'·' •CilEG 

Si• b 0.1 
l" 
CP• ... 

fl tNO LllUP 

•C'1EG+7 
Sw15.0 

INUIEllllElllT WET. AOOR. 

OEST. FOR \ST AEG 

CU wEG 
CUP'f 
ll!QVE ru NEXT l<EG 
ENO UF LOOP? 

• s ~u .. CU>'ITAIHS ITS VALi.iE SEFORE Swl 
• , .. ,s tittun.o. SA~E 11 • 
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SOFTWARE SECTION 

... ••• 
"' , .. , .. , .. 
"' ... ... ... 
"' '" "' ... ,.. ... 
'" ,,. ,,. 
"' '" ... 
'" ... ... ... 
'" ... 
"' "' "' '" , .. 
"' ... ,.. ,., ... 
HO 

"' "' '" '" us ,,. 
"' "' ,,. 
'" ,,, ,,, ,,, 
"' ,,, ... ,,, , .. 
]'jQ ,,, 
'" J'jJ, 
J,'jW ... ... ,,, ,.. , .. , .. , .. ,., ,., ,., ... ... 
'" ... ... 
"' "' '" '" "' '" ,,. 
'" H• 

"' , .. ... .. , ,., 
"" ••• ••• .. , ... 
'" '" ... ,., 
'" ... ... ... 
'" ... ... 
"" ... 
"' ... ... ... ... .. , ... ... ... 
•II 

"" ... ... 
'" ... ... ... 
•II 

"" "" ... ... ... 
•17 ... ... ... ... ... ... ... ... ... 
"' ... ... .. , ... 
"' . ,, ... ... ... 
"' ,,, ... .. , ... ... .. , 

U0£4 AF 00 

OllEtt IU l:ll 
1)0f8 lf:I. Oi 
OQEA eo U7 
OOE.C i?O If. 

O\llE l 
OOH 80 OJ 
OOFO 7£ 0047 l 

STS O,• 

• A STILL tO~HllriS 5111 I"40Ea:. TESf IT 

CMP A .. , ... 
••• 

•tl9 
PRE GS 
PAI 
RE.SUK 

N01 1Z'11 llAElll 
tZl)1 s111.u•s11or 
l~D ME 1 URN TO USER PROGRAM 

••••••••11••••••••••••••••111.,•lll•••••••••aa•••••••••• . 
"' PAt.GS1 PAllllT USU R£GU1£RS . .................................................... . 
PRElliS Eou 

••• JMP 

. ... 
NOIWENO 

OOF3 l PJU 
DOfl CE fFU l 

EQU 
l..Oll ICREG 

SUBROUTINE TO PRIN1 RUOS 
I POINTS TO lST 8'1£ OF ARU 

• PHlNT J l•tl'flf REGS 
OOFO LOA 8 0 

OOFI PMlO su1Ht PZl-4EI 
O'"' 80 Uto 1 
OOFI> 5' 
OOFE 2E Fl 

0100 Cff OJ 

JStl: PSPAC£ 
OEC B 
lllH PAlO . 

• t'IHfoilT l C!-l:fYlE REGS 
LOA B 0 . 

0101 80 one I PFIZO 
OIOS SA 

JSR P"ltEJIS 
OEC 8 

010• l[ , .. 

(JlOI 80 OlUti 1 
fHOI J' 

OIUC ot. FHi!' A 
UI OF CE HI' I a 

Olli!' Ao 00 
f.11111 .to 
0 ll s 0 ~ 
UI 10 OC·tft.A A 
OU'i lo F1 

Uild id 

8GT PRlO 

JSR PCRLf .,. 

• Wt.Slttkt. U:lt.H'.S STATUS 

l'ft.5JO.. t..DS SHEG 
1.1.U #CWEGo 

•olUlN LUUP 
JoiU~lO L.DA A O, I 

.. 5'1 .. 

"" Li>• •C ~Eii•I 
.,,..t. 11us10 

•lf'.Ll m t..UUP 

"' 

• CHt.11.SMlCKi ... J 
11 vALlUATt. Cll.5111 

OllC l C~t.11.SM '"" OllC lfO Fft." A 
011F lo 
Uli!'O dO ll4:'1t. l 
01.n .u 
Olii!ll SJ 
IHlS II 
Uli?o CO 01 
1111!8 .t .. 

Uti'V iO CSl 
llli!'A 01l 
Ollt:I 
Olcl'D lhl UJOO 1 
01JO Ct. 11210 I 
OIH 7E UUdO I 

LI.IA A (II.SM 
PSH A 
.ISM NflTlO 
PUL ta 
COM ti , .. 
d'-if. CSI 
HIS ... ... 
Su1:1w Pl>4El 
JS+! PSPACf. 
I.Lil *"'CSER 
.JllllP •SGAIT 

SET UP COUNT 

SE1 UP cou~T 

PR1N1' CRLF 
RETURN 

ruP OF USEW STACK 
USUI Ht.GS. 

bET USER REto 
P1,1Sf'I INTU USEH SUCtC 
"0VE fl! ~Eltl Wfli 
LAU ~f.G ? 
iltll. co" T lrtUf. LUOP 

REfUllN TO USEit PlfOG 

SAi/£ CA\.[, CllSM 

Asa t.1£11.T BYTE FR0'4 ft.Pf 

l:•ClLC. CKS"4 
d•T APE CteSMl 

'"· 
.UsADll U"ALC .. CICSJlll 

PRittl" CA1.t. CKSlll 

··················••11••••••••••1111•••••••1111•••••••• 
Olh J OM f.YU • 

OUtt 80 SS. D$11 GElitNli G£T AO~ RUtGE FRO• itUf 

Ul.Ut CE HI)[• 
OISB tti> OHi; l 

llllf FE hi.IL A 
01111 
UlllJ nu UJflO 1 
Ollltt FF ffl)C A 
011111 tit Hue A 
OlllC i1 OC 
Ollif 8tt Fl'IJO A 
01'51 1:14 OF 
OIS.i l!b E.9 

OIS':i UO Olh I 
015tl ii!O i'.lt. 

01'.:IA 1E lllllfl J 

•bt.lollol UIJIE.11 L.JUP 
IJMIU LOI UJDL 

J~51 PllHf.IS 
• Dt.bJlll l••Nt.tt L.UOP 
o ... eo l.Ol •ODL 

lloUb>f P/"1£1 
JSN PSPACE 
$la &DOI. 
C .. 1 ADJ" 
dUI O!o!!:IO 
1.0A A ADl>l.•1 
Al'ID A •IF 
l:llllE D"llll 

• t.flfU U~ J NMtk L.OQ;:t; 
.JSN PC ALF 
Ii~& Olo!IO 

11 [NO Uf \JUTlH LOOP 
UM'.:t(I JM.. \!O'fE"'ll 

AE1UR"IS •DOL,AUO:rt•I 

JF Al.l0L:A00H+1 t E'-ID OF HAt.IGE 
E•l l OuTEA LOLlP 
IF LS8 1 S <JF AODL.•O. Et.ID OF LINE 

1110l E"'D JF LINE. COt.llJNUE 

~RJNT" Clt,LF" 
Eal f lN'-ER LOOP 

CN.~F. tUC• r'u MJl\llTUlll 

•••••11••·············••11••••••••••••11•1111•••11••••11• 
•• PIJl'oLt1 E.NO OF FILE &filO ov HUL.LS 

••11•1111•••••••1111•••••••••••11••·············•••11••11• 
0150 CE Olt:IA 1 t.U~ LDl •11tPEOF .. UNCH t.OF RECOllD 
lllttli SUllK Plo!$G 

u PUNlt< lt<tD UF FILE At.IP bO .. ULLS 

01'.:ID CE UC"& 1 lUf L.Ol •"'PE~f 
OloO .SUtlfoC Plo!SG . 

• .. UN(tt oU "ULL.1 

llloZ Clb ~II NULLI L'JAD cuu .. Tt.R 
d£C.1N L'10P 

Ulb4 t.!F •~UL.LI CLM A 
JSM 
UEC d ... 

LOAD f.4ULL. 
Olb'!i 80 UiUO l 
01011 SA 
Olb4 l• Fii 

Ulttit l!J E.U 

~RI !\It ONE NUt.L 
OlCllE.ME~l cou,.rE• 

NULL) ll0N£? 
ENO UF LOO? 

l)lol!:>O Lll•L" oBACll JO lllOr>il TUii 

• l>ETIUt.!;E. (Al.IOL.ADUl'4,8UFP'TMJ 
• Gt. T AODwE::is Al'<IGE FAUM BUF 

AbUMT IF 1...,WALlG 
Sf.1 Al)iltU:AOD-ttl TU SIMPLIFY COMPUISONS 

RE ft.Jl<NS •ULlL r. &001'4•1 
A\.TCllS AU1'l•ltA•6 

.............. 11••••••••11••11••••11•11•11••···········••11•••• 
OlbV ~CTWlliC. EUiJ • 

01bll HU UCcll I J:;it OUOW .OEl AllDL 
0110 F£ Ft I/A A L.UA AO .. 
0111 FF Ftuc • Sh •DOI. STOME ADDL 
017tt FF HDt. A ST.l &Qil'1 lo!AY l:lt. O'tLY 1 PAltAM 
0114 BtJ G.1:1111 1 .1$N P11J1:Ul>il b(l AODH 
0l1C l1 110 DCw Gf!Rliol U'-Lf I PUAM . 
01n n; Ffu• A \ot.IMl.1 1.011 ao~ 
0181 fF FtOt: • Sf• •DOI'! s•vt AOOM 

II ltif '-Clf 'j 1 .. su TEST ADOH•AOOL 
OU4 CE. Hiiu A C.t.IKi.l 1.011 •iSASE li(F .... 11.r. B•St. OF RAlll 
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... . .. .. , 
"' ... ... ... ... 
•» . .. ... ... 
•57 . .. 
•S'i ... ... . .. ... ... ... ... .. , ... 
• •• •70 
•71 ... 
'" "' .,. ... 
'417 

"' "' . .. ... 
• •• ... ... 
••• ... .. , ... ... ... ... 
'" .. , ... ... ... 
"' ... ... ... ... ... .. , ... ... ... .. , ... ... ... ... ... ... ... .,. ... .,, 
510 ... ... ... ... ... ... ... ... ... ••• 
'" "' ... ... ... 
'" .,. ... .. , ... ... 
••• ••• ••• ... ... 
••• ... .. , 
••• ... ... ... ... 
"' ... ... ... 
S57 ... ... 
••• ... ... ... 
••• • •• ••• .. , ... 
511 ,, . ... .. , 
••• . .. ... ... 
... 
••• 

.. , ... 
••• ... ... ... 
... 
••• 

••• ... 

SOFTWARE EDITORIAL 

utts/ 

"'"'" Ul!ld 

'" <>t. t.o <li' 
LO& A 
t.;lA b 
Sllt> at 
~tiC A 

•cc 
LO• 
Joe 

&VJ"l .. IU.SE,r .MStlYft. 

\1161) 
Olof 
OUl 
Ol~oi 

t'l ""' 
•l .. I. 
1N oo 
CE Oc!t1'> l 
1E. Ouav l 

>t. Hut A 
Ob 
FF ffllE & .. 

Oll1F ti\) ttll:ll:I J ,_O 
OUl l1 Utt 

01"4 FE HuA A 
OU7 FF FFFO A 

01.U 7E Ol!IC l 

Lu• 

••• ... 
.RlS 

&O;)t"l• l-tU~E, 11. 

AOJL.+1•1U.St.11C 
AOOL•USEol 
Gt. T~G'4 
a'4A/1GE~ 
YS:#A'Jl 

lL>DH 

AODH 

JSR IOTlOR 
tit.II GtO 

Jotp AESU.lli 

lL)L)M.(a.£ 4 lL)01,. 

IU,..Gt. E~R ""SG 
P0Hri1' ,..SG a. AtlQIU 

l~C lODM 

GET P4MA'll 
1110 .. AIU.114. CONJJ,..UE UlCUU09-

............................. '11'11•••11•·······•••11••••• . 
uuo 1 

DUD CE 00(10 A 
llUO FF ffUD A 
0181 FF Ft I.IC A 
DIDO 09 
Dlb7 FF fFOt. A 
o IBA dO uetia 1 
OhlLl 27 lt. 
018F FE HOA A 
OlC2 FF FFIJll A 
01(5 DD Oibl I 
U1(8 i.1 U 
OICA FE fFUD a 
UICD fF fFUC A 
0100 CE 0000 A 
UIOJ fF fFOI A 
OlOb Ill> "• 
OIOD Ff. Ffl,;f. A 
Oli>d lO ~~ 

• L.UAIJ CU14flllAl<tU 

LUAO EQU 
LOJI. #0 
SfJI. OFFSE1" 
Sh AOi>L 

L.0UF5T UtJ. 
S1• AOOtot 
JSH ~XU.DR 
llfQ LHfl 
LOI. AOil 
STX OFF SU 
JSW ~ll UDR 
itt,g LHFl 
LOii OFFSET 
SU ADDI. 
LOA •O 
liTX OFFSET 
t:ISW liflotlil 
LOI &Ot>rt 
thfA LOOFST 

• tlf.1.IN UUTf.R LUOP 

PdltALllE RANG£ I OFFSET 
TO 0000 ... FFH.oooo 

ANY UPERA'1110$l 
NO. USE DEF Al.IL T • 
YES, 
IF UlllEt H'S OFFSET 
A'-OTHEA? 

'"· rt.S. FIRST 1'10 ARE MAhWf 

0100 80 Oli~ 1 

OlU tlO 7U 

Dill 110 hlHI l 
DIES 81 Jll 

LtiFl JSR AOA:O~ TuN" Ufil ~EADER 
• SHORT LUUlo' ru SitJP l'IDR R[COilOS 
AIH'Rf. dSN FJ'4DS fl.,.D SU•H Of RECORD 

St.TS <EC1-10J;zO ON fNTitY 
JSR Jl'AITH At.TUNl'iS UJ:srn llP 
C•P" A •'0 lliNOAE totDR Mt.CORDS 

Olt.7 l1 F1 

Oil' 87 F~t.C a 
DIEC 7F Ht.• A 
011:.F 80 Oi•l l 
OIF.i! 4l 
OIFJ IUo 
Olf4 u 
Otf5 87 FFU A 
OIFI 80 Ol•E 1 
Olf8 87 FFDA A 
Olff 80 Oi•E I 
OlOt Bl HO• A 
02011 87 F.FDI A 
Ul07 8b FFOA a 
Oi!OA till FFOI a 
OlOO 111 HOA A 
0210 Sb FFE.i A 
ozu ll Jt 
Olt5 ifll t• 

DEW RD PRE 
• OD SHUMT LllUlo' 

. 

SU A AECTYP 
cu~ CKS'll 
JSW Nf:ll2D 
l>t.C A 
IJEC A 
IJlC A 
SU A 
JSR 
SU A 

••• ADO A 
STA A 
LOA A 
AOC A 
STA A 
LOA A 
CMP A 

••• 

tOUNJ 
Nhf2D 

••• NUUD 
OF",SU•l 
lDUI ••• OFFSET 

••• REC1YP 
•'I 
LH,4 

• LOAD DA TA Rf.CORD 

•BUtlN UlllTIL LUUP 

SAVE llfl:OAD TYPE 

AEAI> BYft. CUUICf FitQlll lAPf. 
LIEDUCT ADA I CteS• 

SAVE BYTE COUNT 
READ ADA FIELD FROM TAPE 
IS1 ITTE 

lJilO IYTl 
CARRY TO '1Rll Hf£ 

GET RliCOllD TYPE (O,J,t) 
DATA R£COA0 1 
•o 

1.0AIO JSR LllUJlO READ 2 MEX DICITI FltOJll 
TAPE. RETURNS )flt & 

OlU 
0210 
Oli!'O 
Oii?I 
OlZI 
Oll1 

fE FfOA A 
80 O.UF J 
•• FF FFDA A 
1A FFU a 
lE EE. 

80 OllC J 
l!i. FHi!' A 
81 n 
l• .. 

OiH 80 OJ98 l 
OlJC CE Oi!bf 1 
02.SF 1E l>O!iO I 

LDl ADii 
JSR SETO,, ... 
ST~ ADii 
DEC COUNT 
8'T LOllU 

•EPtD U .. t IL LOUP 
llRA LtotF"lt 

LMfl CMP A •'' . 
LHF1J 

hE SAD TAP 

JS• 
LOA A 
C~P A 

••• 
CHUS14 
AfCfYP ... 
LHfl 

•lttO Uf OUTER LOOI' 

JSR RDRD,, 
I.DI •ME Of 
JMP 1119'M0til . 

Ol4l ID Ol•ts l UOTAP JSR RORO" 

0245 CE Hll J 
Oi41 

LOI •MUP!R 
SU8H PJl!SG 

DOU COU111t•l1 
ND• CONtlNU£ LOOP 

EDF RECORD f 
ILLEliAL RECORD TYPE 

CHIECll. CtCSlll 
GET RECORD f'fPE 
EDF" RECORD f 
1\10. CQNlll\IUE LIJCW 

PRJJrtf •£of• 
Air.D RETUllll 1'0 NONIH LOOP 

• ACCE.PT HO LOflllMANDS UNY IL UIEM PRESSES Ht 

HllA 7C "U a INC ECHO IU ECMQ 

Ol•D ID OIUO 1 81 l ..1511 •Al TTY ESC CAUSES HORT 
Oi!'50 iO Fl BRA Btt 

·················••11••••••11•••11••·············"··· 

Oi51 11 5J 
OlS.A l• F• 

Ol5C 19 

• FlND I 
CMP A •'S 
&NE. fSto 

•t.NO LUOP ... . 
• ME.HAGES 

Ol~O 4t41 MBAON CHAM /tUD ADii/ 
Oi5F IUliO 
uiol uu 
Old '5l 
Oltt4 O• ntE • 
OCOS S>i?loll MNN!;E.R CtotAN /RAlrtG( EH/ 
OC'b7 4E.&17 
Oltt9 •'iti!U 
Oi!'e.8 4'j';l 
OloD '.:141! 
OlttE O• nrt. 4 
Oii!OF lf5111f ME.OF CHAR /[OF/ 
Ol1l 4CI 
Ol1l U IU1l 4 
Ol7 l IF JF lllWutl CHAR nnu 
Ol75 .JFJF 
DZ77 U dYTt. • 
Oi?I 04ts MCSU CHAR /CCIII! UR/ 
Ol71 ~l.110 

027C lOlll~ 
Oi1£ SiSZ 
Ullll 04 BUE 4 
!)all !J•al MUPU CHAR /UPI [Riii 
OllJ 5U!i 
Ol85 ZO•S. 
Ol81 'SlS.l 
Oll• 04 llTTE 4 
026" Ult MPEOf CHH IHDJOOOOFCI 
oc.c JG.U 

CMAR • I •• 
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SOFTWARE SECTION 

OleE JuJO 
Ol1i'O )OJO 

ol•l cou 

"' o.?111• •• tlYTt. • ••I Ol95 oooa ti!CRL.fl BYTE c1l.LF.o,o,o,o, •1, • 1.• 
Ol•1 0000 
Utt 0000 
Oi!98 5JJI 
OltO •• ... . 

••• ·········•*•······································ ... .,, • Nt.).T l UlGllS•• ... !It.AO r.;t.1T l CHU FMQlll TT'f' UPE Alrll) CONVE•r ... TU ttEX lllUMbt.R 1'11 l ME.G. UPDAT£ ttc.Sfllle ... Mt. TUNlll UPOA TED Cl(Sfll IN 15 REG • ... ... ,. ........... h••······························· ... ... Ol'lt. Nt.xlll) t.iiiu ... ozqE. HO oao11 JSR wAlrT• GET CttlR ... Olli •• ... SAVE CttH IN A 
•II ouz tlD 0400 I JS• •llTH' ... . 
"' 1 UT UP PIMAl'IS FOR CONVERSION RilUTI,.£ • ... • Pusi- Al:iCIJ CttARS INTO sue •• POJl\IT a IT su.c11. • ... : St.T A•TTPt. UF CO'-YEASJON ANO 8H OF CHARS TO CONVENT • ... 
•11 02'5 .. PSH A ... ozo )7 Pll'I I ... 02"7 )0 '" .,. Oi'!ll Cit Ol LOA ti .. 
"' OlU. SU8M CQt,iH8 CO'i1V£RT FMOflll ASCJl TD 8lNAll'f ... Oi!AC l• tit •ct Ui>UP IF NON•H[I CHIR • .lBOIH ... ... OiAE l7 • •• UPDAfE ClliSM ... H.lF Ft1 FFU- A &OD ¥ CUM 

••• Ol8l F7 FFU A SU It CIC.Siii .,, OlBS .. ••• RESTORE STACI!. PlR ... 0289 .. • •• ... 0287 .. . .. ... ... ·················································· ... 
•H • folt.llT ADlllltUFP1RtA011) ... ... SET ADUO UR -~EXT NUlllifR STRlNi IURJlllli ... AT ltUFPHt .. , LEAVES llUFPTR AT CR.DELIMlTfRtOR FIRST ... CHAR bl hU.fol ; • l. • ... LlOES (A)a LAST CHAR SCAtolfolED. ... Ullif& lBJ• LI lt¥TE DF ADii ... 
••• Nl:.tURNSI CC• Z •o• NO PUAlllfTIER ... ASORTI IF NON•HU PARAMUl:R ... ... ... . .................................................. . ., OlH l NJITAOR EQU . 
••• OlH 7F ffOA ~ CLO •OO ADRI• 0 ... UH 7' FFOlt A CLO AOR•l ... OlBE 80 OJI!. l JSR PX1STS IS THEA£ I PlRAlllET£Rt ... OlCI l• 01 • •• ••• . .. ... OlCJ )9 ... ltETURflll •lflllO PAIHN CC•Z 
•S> ••• ... • SET UP PUIMI FOR llCll TO HU CON'IUIION 

••• . 
esr. O..!C• te •7 ... LOA ti •11 lllU. CHARS TO SCAflll ... Ultti SU8M CO'tH8 ... OlC(I Ff ffEI) .. . .. 8UFPTR ... OlCll 81 ffOA A SU a •o• SA'll RESULT 

••• UlCE F7 ffOlt A SUD &Ohl 

••• Oi!Ol ... uu LOA A . .. CHfCll. TERllllNllOR 

••• OlOJ SUt:ltl ALPIVU"4 IS CHHll &LPHU ... OlO'; lS QI •cs ... ... 
••• 0207 .. . .. ... . .. , OlDI n ouao 1 ... J•• ABORT •• ... ••9 
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•10 
•11 ... 
01) .,. ... .,. 
•11 
•71 .,. ... 
••• ... ... ... ... 
••• ... ... 
••• . .. ... ... ... ... 
•95 •9• . ., 
••• ••9 
100 

'" ,.. ,,, 
70• 
705 
10• 
101 
708 
709 

'" '" , .. 
71) , .. , .. 
11• 
111 
111 
11• 
no , .. , .. 
'" "' "' '" "' "' "' 1)0 
rn , .. 
7U 

'" ,,. 
"" '" 1)1 
1)9 , .. , .. , .. 
'" , .. ,.. ,.. ,,, 
741 • •• 
'" , .. 
15Z , .. , .. ... 
15• 
151 
151 , .. ,., ,., ,.. , .. ,.. ,.. ,.. ,., ,., , .. 
"' 111 

'" '" 11• 

'" 11• 
111 
171 
119 
710 ,., 
11l 

'" , .. 
"' ,.. 
117 
111 
719 
790 
191 

'" '" 19• 
195 ,.. ,., ,., ,.. ... ... ... ... 
100 

'" ... . ., 
IOI ... 
110 ... 
"' Ill ... ... 
llb 
117 ... 
119 

••• 
IZI ... ... ... ... ... .. , 
IZI 

OlOI 

0200 
O.?Ot. 
Oi!EI 
OlU 
OlEa 
OlE.1 
Olt9 
UlEB 

OlEE 
OlFO 
UFl 

O.?F• 
OlF• 
OlF6 
OlFt 

ulfS 
U2FD 
Olfl 

OJOO 

OJOl 
0101 

OJOa 
UH 

uoe 
OJIJB 
OJOE 
OJll 
ullJ 
OJ1'5 
011 

nu 
UlE 
Olli 
OJl• 
11Jl7 
0Jl9 
Olli 

0120 

OJlf 
ouo 
O:Ul 
Ol:U 
OHS 
Olli 
Ol.U 
one 
nu 
UtD 
OJ4J 
0J44 
OJ.117 
nu 
OJIC 
Olaf 
01'5l 

Ol'51 
OJ!lo'5 
OlS7 

OJ~& 

Ol'JtC 

015£ 
Util 
Oh14 
OltiS 
U•7 
OJo• 
OJtiC 
O)tif 

OJ71 

OJ74 
0J1Ct 
0171 
OJ7tl 

one" 

•• 00 

OlOD 1 

)7 

,. f\tCt. ' 
S1 
l• Ol 
f&i f8tf A 
Cl 1B 
l• Ul 
7£ ooau 1 

Bl 01> 
Z• Uf 

.. °' .. 
C• u• .. 
l• fl 

Sb OD 

)) .. 
•• uo 
iO D!t 

tlD lllol> l 
CE 0000 A 
H FFoe a 
10 AS 
l1 Oo 
F£ fFOA A 
FF FfOI A 

oJU J 

h ffOF A 
FO FFDO a 
8&1 FfDt A 
H ffOC A 
l&i O• 
Cl 1t. 
ZJ tJl 

Co 1£ 

SC 
SC 
SC 
'1 FHJ A 
CE Olt!lo 1 

SF 
Cf fFU A 
ID 14 
)7 
FE. HOC 6 
8tJ ffOI A 
,,. ff09 " 

,, ffDA A 
CE· ffDA A 
)) 

eo IF 
ao 10 
f£ fFOC A 

80 18 
lE ft 

ff ffOC A 
CE FFt.4 A 
SJ 
E7 00 
80 08 
Fl. FFUC I 
ac FfUE A 
l• u 

7E ooa1 I 

EB 00 

7A FFt:l A .. 

057£ 80 uo 

OHO 8Ct i!" 
OJel 
01d4 S<f 

OJI'; I 

• OUTCft • PR1Nl CHAR IN l 
• UUTCl'tll • P~lf.iT C1d.R at •Ul(X) 
111 If CP4Alt • 1 Clt 1 t fOLL.0111 ttU'4 V I • NUU.I 

OUTC!otl LOA A ... ENTRY l . 
OUT CH EQU . 
• f U~ST CH£CK FOR UC 

PS• ti 
LOA ti ACU9 l(U IN~UT STATUS 
ASR I C1•RDRF 
•cc OCIO ND IN,Uf 
LDA • ACJAD RUD •cu 
ClllP 8 •ESC 

• •• OCIO JtOT UC 
JMP aeo1n . 

OCIO IUIR PUTA PlllfllT CHAI 
CfllP .t. . .. 
••• DClO NOT CR. W£1uR• 

LOA A •LF PRINT \.F 
SUIR (llUTA 
CLR A P•lln • llUU.I 
LOA I 

• M'JPll LOOP 
OCLOUP &UBR PUU 

UEC I 
INl DC LOOP 

• END LOOP 
LOA A ... JtflTORE A 

UtiO PUL B ... 
• PRJllT CM.Lf ,ftULL . ·················································· PCRLF LOA A atR 

•RA DUTCH OUTCM PRl .. TS '"' anu CR 

• PUfllCH lODL • lUOH 
PUNCH MEMOH'I' co .. TUU 8ETdft• lDDL & ADOH 
Jh HEJ, Fl,IMMAT . ........................... ,. ...................... . 

PUIVCH JSW GEfRNIO MUD AOOL I ADOHO 
LOX 10 
ST• DF'SE1 
UR NXUDR 
BEQ PHFIS 
LOii ADii 
Sta OHSE:l 

,._, DfflUI 
NO, 
fES. 

• PUhCH DUA WUORl>I U"TIL ADDI. a ADON 

PHtl5 fQU 
• Bt.,Uw LUOP 

• CALCULArt. ~afl U:Ni;Tl't • MINUOo lDOH•l•AOI) 

PHflO LOI IS AODH•I It I aAODH•AODI,. 
Sutt ts AOOL•I 
LOA A AODfll 
S8C A AODL • •• PU .. D10 Olff .GT • .ZS• 
CMP a •JO LI llfTE .&Te JU 
'LS PUNDlO . 

PUlliDlO LDA l:t ... Dlff .CT .JI 

PU"DlU llrrlC 8 COUNfJ•CDU"hJ 
INC b ••.INCLUDES ADOR & Ct!IM 
INC • •au 1:t COUl\IT 
LOl IMCRL.fl 
SUl:tR '"'' CLR l:t 8 HOL.01 CUM 
LOX IClUNT PUNCtot COUf\llf ••• ftu,.1n 
PIH I 
LDl AODL COMPUTE 0FfS£f AODR£11 
LOA A OFFSET 
LUA 8 D"SEht 
suaa AODUX ... •OR PUNCM no• J.01 • 
LOX IADR 
PUL. I 

••• PUllllU C !NCllEMEfllTI I J • •• PU'118Yl 
LOl J.DDL RESTORE l . 

: PUMC." BYTES FROM ,.[MORT UNTIL COUffT lS UtilUSTED 

• Bt,lff 1..IJUP 
PHf.'10 ••• PUlilBTT lCC•O If COU .. T•OJ ... PR[ClO 
• E.PllD LOOP ... ADDL SAVE I 

LOl •CKSN PUNCM CJl.1111 
COM B 
ISTA b ... CKSMl•I ... PU~Bfl 
LOX AOOL 
CPX &DOK ... PHfZO 

• t.hO LOOP 
JMP lllO'-fNl 

• PUN6Y1 {Mt.111(.0 .COU'r11".CllSlllJ 
• Put.c ... 8Y Tl u lilflll(l) lilfO AUJUST C.JUN1" •'110 C•S• .. 

Ct:sZ If COUN1•0 

PUhtlYT AOO d 0,1 Cl(SMa•CllS .. +"fJt{I) 
SUtlM P2!otU Pill'r!T flllf"lJl.J as l CHAR 
Ott CO.J'rlf 

• •• . ................................................. . 
• Pll"lxSI PMlNf i i'f'T[S Al JI AS • HU CMAAS • Z SPACES 

Pli"£11S SUtstl Plht[I 
d$M PIP ACE 

• .. SP&Cf•••l'Ml!VT I 81...ANll ................................................... 
.. ~P&tf LOA A •BLANK 

Su1:1tt PUU ... . ......... ,. ....................................... . 
• Pl.RAM UUflleur~TR) U9uFPTIU a "9ulPTI 

(I() a BUFPU 
• lhC BUfPHi: UPllT11,,. CotAlt a Al.PM& OR CR 
• LU"rf A • "t.lllOUfPTAJ 
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PXl$T$ Uu • £N1RV FOii , .. UFPllitJ•lufPTa 
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SOFTWARE SECTION ... ... 
UI ... ... ... 
us ... ... ... ... 

OH'i Fl HU l 
UH I 

OJIH let 00 
OJU 
OHC l'5 07 
tUU 81 00 
O.l!IO l1 U 
U•l 09 
OJO Zo Fl 

01''5 " fft.O I 
OHi II OD 
OJ•l Jll 

LOA 
PllSTX Ewu 
•&JEiUt UlOP 
Pal \.DA A 

IUilil 
dCS 

•Ettl> LOOP 

'"' .. ... ... ... 
PX.I! Sfll 

CMP a ... 

BU!llPTR 

... 
ALP!i!UM ... 
•t• ... . .. 
evFPTR 

"" 

ElllUY FQA 'llJ a 8UFPTR 

JS CHAR ALPl'IAlllUlll 1 

VU• EIU L.OOP 
IS Cl'IU CR 1 
YES. f1Uf 1..00P 

'lllQV[ ro lilt.IT '"'"" 

••• ••I ••• ... ... ... ·················································· . 
ti RDR Off 

TUR ... a T APt. ROM Off l ••• ... 
••• ... AC U RYS ,JIP Hl .. H 

AtlA Cl'IU IU (0Cll ... 
HI ... 
IU ... ... ... ... ... ... 

. ........................................................ . 
03U I 

~.sn ao 01 
OHO 17 FltCE. A 
OJIO Ill U 
UAl 
010 H 

lfDkUff EQU 
L.OA A 00\ 

JIOF'O SU A lCIAC 
L.O• A •SU 
SUBll PUTA ... 

llTS HIGH 
SET ACU CONT REG 
SElllD T1¥ MDA CONT CHU 

. ............................................................ . 
ti RON Oh 
• • TUHhS UPI:. MEADER ON ••• .. I ... ... ... ... 
• ACU MTS O/P LO• 

ACU !:MU Ill (DCtJ 

••• ... 
••• ••• ... 

OU'lo 1 ROROlll 
UAS h •l 
nu 17 F8Ct ' AUfrll•O 
OJU h II 
OJAC 
OUE. H 

••u 
LIJA A •1"1 
au .. •CIAC 
I.DA I' 011 
SU8R P'UU ... 

ATS L.0" 
IET lCU CUllilT REG 
SEND TTY ROA COlllT CHAR 

... ... ... ... ... ... .,, ... ... ... 
HI ... ... ... ... ... ... ... ... ... 
1•1 ... ... ... ... ... ... ... ... 

............................................................... . 
• StTMIJll(llJ 
•St.Tl •Ell(OIU A:otO VERIFY 

................................................................... . 

••• ... ... ... ... 
••• ... 

(l!.U 1 
OJAI: J11 
UlBO till Ff UC A 
OJtU Fo FfOO A 
Ut:lb 
OHi .tl QA 

OJ8l 80o HD£ A 
OJttO F11 FfOF A 
Ut.0 
OJCl Zo V7 
OJC• Jl 
OJC'> 1!1e Ff 
UC7 
OJC• iU I' 
03CI Jl 

UCC I 
OJCC AT OV 
OtE Al OU 
OJL.10 U Ill 

OJUl H HOA A 
005 CE. HOA A­
UU& 10 Cl 
OJrJA ID .U 
IUOC CE Ot'!.IJ l 
VJOF 1£ OOtJ.;i I 

OJU J• 

St.YUH t.QU 

SE.Tuur 

PSM A 

I.DA A 
L.UA a 
!:iUBR ... 
1.0A A 
LOA d 
SUlilC 
8tt 
PUI.. A 
1..0A A 
:iutlR ... 

St.TllVI.. PUL. A 
St.TMt.M Euu 

:tU A ,,.p A 

••• • wt.RlFV [lt..iUR 
Sh 
LD• ... ... 

PbAl)k LOI 
JMP 

UTM1 ... 

AOOL. 
AOOL.•1 
SUdU~ 

SE I OUT 

'"""' AOill'l•I 
SUllU8 
SETllUL 

•2S~ 
PUU 
SlTlll 

... ... 
SEt11111 

• P;fJ"'tT lt)M 

••• 
U~ll 

llOliJFf 
P4"'E.CS 
•"'iAOll 
"'5GAllT 

FJNST CHECK RA,.GEs 
LlJ~ LlNlf 

lll•dl 1 SU8llUCT 
IUD LO• 
HIG"4 L.J141T 

O• 
auJSlDE RAIUOE L.lllllTS 
TYPt. DELE fE CMU8JUT) 
ro Sllfl'llAL. FACT TO USER 
0T14ER•ISE IGNOA[ STOAE NEQUUT 

VERIFY 
EwROR 1 

PAINT '1UD AOR' 
PNJlllT 1'1519 I ABORT 

... ... ... ,10 
911 ... ... ... ... ... ... ... ... 

. ..................................................................... . . 
• $• AOH tlfltlrlt¥TE2o •• ~ . ............................................................. 

OJU, l Stt EQU • 
oJ£.J 80 lllde I JSlf NXUDH AORU ffEll PUA• 

••• 9ll ••• tlJ ... ... ... 
•l1 ... 

. 
OJt.e.> ft. fFOl A SM!t LOI 

STA 
•o• 
AOOL UE• Ff HOC. l 

O Jt.C 90 Olio l 

0Jfllf " "" UFI H FFDC A 
OlF• 17 
OJF'5 ID ~'5 
111F7 H 
OlF8 fF FFOi: A 
OJFB 20 U-

• 9Uilr. •HlL.t. LUOP 
5111'1 JSN ~llTlOlf 

dEQ s11111u 
LO& AOOL. 

••• WSR S£.f14[M ... 
:na aoo1.. 
it.RA S•iO 

• t.NO Uf 1.UUP 

UFO 7E 00•1 l SMJU JMP lllO'llENO 

SAVE AOR IN AODL 

lUNI• NEllT P&JU111 
E~I> OF LINE. EXIT 1..UOP. 
11• AOO TO ltf. SEJ 
A1•L.S d!TE 
Mlflll(IJ 13A, vfRIFV 
JlllOVE 10 JtElf ADD 

••• ... . ................................................................. . ... ... ... ... ... ... ... ... ... 
• •All f"Olll fJV<CHU,fC110J C-fCHOJ•ECl'I~ 
• Rt.TUMN Pwt.kT TTY (HAR 1 .. A 

If OEC"UJ N:JT 0 • ECl'IO CHAR 

·······························•••t•••••••••t1•t1••• di TTY EQU 
•l..Ot:11' UPllTIL lNl'UT .-.E. NUBlJUT 

8400 •lO :i.UttR lit. U MEAD TT¥ 

••• ••• ... OilOi ll 18 '"'' ' use ESCAPE 1 
llNE JtlO NO 
JMP ABJRT YUr ABORT ... .. O& l• U 

o•o• 7E ltOAD l 
.... It 7f 
~us z1 FJ 

•iU CllllP Ii #RUBOUT HUISUUT 1 

••• ••• ••• .. 1 

dEQ 1111> YfS CONTlllilUE LOOll 
•U1D UNIJI.. \.OU"' 

UOO JO fft'li A TST ECHO 
au 1130 
J$A OUT CH ••• ... 0410 l1 OJ 

04ll 81) OlUD 1 
0-15 19 "JO llTS ... 

HMIOi. UIL.£1 

AIORl OOlO 1 
ICUl fFFo A 
AODL. FfDC A 
HUl"P OOAO I• 

901 "" A tTl Ol40 1 
CME!tSM OUC l 
CJI GOOD 1 
cn .. o OOIO I 
0111u oue 1 
lDF ono 1 
fllO OlS5 I 
Iii U:GJ 0114 I 
IRQllEC fFf8 a 
L14Fl OlDO I 
LOAD OUO I 
ltCIER Oi!71 1 
MOflllllf to41 I 
lltGUU U7J I 
lllUPU Oil81 I 
fl141'EC ,,ii:c A 
OClO OlEE 1 
Ot.Ul::ft UDO 1 
Plil'tElll OJ7C I · · '"'lO ·uus t 
PIUO OOfl 1 
PRIGS OOU I• 
Pu"1nt U7• l 
PUTA OOU a 
PIUTI OJ&& l• 
IUD 0001 R 

•tl.U. ooos I 
AClAS lllBCt: A 
lOR HOA l 
WAQUP 04!112 1 
BREU. OOOC I 
IUf H'il1 l 
CK/iM Hi.11 A 
C.REG HU A 
01..10 ooec 1 
0Mill 111Jt. l 
tQt 00011 A• 
CHO OlU J 
Gt.TRGll Ul'7 1 
LllST FFFF A• 
\.11fl ulU te 
LIJ1.JJ'ST 0111• I 
llliOF OCOF I 
lltOPlllU 00117 I 
NIH-tGER OlD5 I 
NAl 02tll J 
111\JL.L.l 01011 l 
OClO Ollli 1 
OUftHll 02Lld l• 
PIUON OJDt I 
PlNlf 0005 R 
PRtO Otoi l 
PRU"'lD Ffl.l& A 
fllUJllCH QJl.IO 1 
Pll UH l 
lllJPRf ·O-SEO l 
REC1 "f'P ff"El & 
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ACIAC FSCE A 
Ai.tDlBX gou " 
.lL,PNUM 00 t l l 
d.l:Sf fFllO A 
tlMfAKl 0087 I 
BVFPTN fFEO l 
CLINl'ltl lilOIS A 
tSl 012• 1 
lll..OOP UOU 1 
ll"''SO OISA l 
UC 0011) A 
GtU 001it A 
GETlf .. G 0100 l 
1..DRIU UiZl7 1 
i,.Hflt UZC!t l 
ltl!tlADll 11251) 1 
lllUNE"l 0041 I 
14UVE OOOl R 
lllSGlllT 0080 I 
NU 0208 l 
NUl..L.S 01.C 1• 
IJCl..OUP 02F8 I 
ll'lMU oooii: a 
l'CRa.F 01011 l 
Plll$ii OOtl A 
PllECUI IJJSA 1 
P~txu ooo• A• 
Pu.-.iOIO OllD l 
PIZ OH5 l 
lllD~~FF UJ'9it 1 
ME.STU fllOC 1 

acuo FBCF A 
ADO"' FFDE A 
AREG FFED a 
tlL.A .. I( 0020 A 
8AEG Fffl; A 
ltUAN 0001 If 
COUNT !llll"EJ A 
CTA8LE uoec, l 
Olll 0110 I 
ECHO FfEQ A 
Fl~DS U52 I 
GETRGt Ol1E I 
GO OUF I 
1..F OOUA A 
1,.H!llll 02ZF I 
"4CRl.FS 02QS I 
'4Uill(ND oo.-7 J 
"'Ptoii: oau I 
1111SGMON ooao 1 
tfEXT20 029E 1 
ruUOA O.lH 1 
OFFSET HOii A 
PitHU 01110 A 
Pl'llll\'5 OJ18 1 
P!ol\ OOFJ t 
PAE.G FHO A 
!'SPACE OHO 1 
Pu-.020 OJ.lF I 
PXISTS UH I 
ADA.ON OUS l 
M~GUR 01•1 1 
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ltDFn ono I• 
RTlO 000& I 
ltUUO Olli 1 
SUNtllf OJCC I 
IN OJU I 
IRE' ffFil A 
l•Ull oocc i 
bll'IAlt OOdE l 
vFY 0004 R 
...1rn 0400 I 

R0k90 OJO I• 
R1Ji.t OOo•· I• 
SAVt.SP FFt.~ U 
St.TIJFF U.UF l 
SllllO oJt.C I 
SfART 0000 1• 
5'1130 001)1 1 
S•Ivt.C HFA A 
•10 0.1100 I 
ARt.i, fFU. A 

CHEC1tsUN • 015E 

LErlGTH U' DSfCT s U lUOOOJ 
U: .. &T11 UF UECT :r 10•• lOi.ltil 

PAGE 1 PNUM UlJO•U I• •sl• 

fCSlfSIC 11000 R 
R?40 UOtiC l• 
SA¥t.A HE7 A• 
SETOUT OJC4 l 
S"4JO UFO 1 
SU.RU 0007 1 
51111140 0008 1 
TCUUHT HEA l• 
t1111Ht oi.09 l 

RTlO OOSF I 
RU60UT 007F l 
SlfliH OJ.Ell 0 

SETPUI.. OlC6 1 
SN'j OJt.ti l• 
SUllUB OOH A 
Sfl.LSO 00011 t 
USfll fff4 A 
do Ol.llS I 

PMU"' "UNNEM IDDlT IO"' ro PMOTU 

ltllT LOt OBJtCT . SOURCt. SlAlfllllllll 

--

. ....................................................................... . . 
TlU.t. PRO"ll BUNNElf lODITlUN TrJ PllOTO 

• PROM BUNNEii . 
1 • YEH:ilUll i.O 01/0817• • . .. • COP'tNli;HT Hlti BY A"lt.MlCAlll 111lCNll8¥STElllS INC • .. 

11 .. ...................................................................... 
u . 
I• ASSEMlll..Y Ol'JlONS 
15 . 
•• OUOl A MUVi.R EOU I 0• MOVE AOUTilllE E•CLUOEO 
11 oova a Oll..AT ••u 10 POST PRQ;ltAM 0£LAYo Bf.fOME VF¥ C!lfS) 
11 DPT LSCP,LMAC .. 0000 ISt.t. . •• 041• ••• 1416 •• . .. MO'llE Iii T •GE TRHG • Nll T lOR • P It IS TS, ANGE AM• PlllON •• . .. PC ALF 1PSl'ACE, SE TMEM, A80AT, 11110"'1 Tit .. . .. PN:lMADo AON, AODl..1 llOOH,CUUlllT •• .., su;e111,MOyE,RUO. vn ,PIHi T .. .. PIA LUCAT1UkSi •• •• FICO Ii Pl A , . ., l'l'FICO .. 0001 .. ... ••u M'F8C1 .. PlA 
JO 01104 " l'RUN ••u 11•ii:ac•·PU 
Jl . .. . $UhD•NO lfiflll auFFER <DEFAULT) .. . .. Hoo A ... uu H 1 FCOO .. •• . 4:PIAIUC1Ut IO'ING 'lllACRQ .. . .. ""t. MAC NU CHU •• u CHAh 0 .. L.U&A •CHAM •• IENO •• taLL t'ICllllU •• .. .. .. •• MiRSR CAL\. M•CMO .. ., CALL MACflll ITEM •• • •• •• IYTE 1T£N . •• M£1110 .. .. . kSNIN CALI. LUCA TlONS .. . •• 0011 .. PRlhU ••• .. .. OOIO A P4HU. ••u •• •• . ., . lHlTIAl..Ut. PICON ~UltPl!Efll PIA'S .. . .. 0111$ Ct. f'•Co A PIP!IIT LOX •PU 

•• 0111• •• l8 \.OU •6'00111000 TUM'4 UlllF 50¥ .. 01118 u 01 !JMU vso,• .. UtD A7 01 STU ¥50,ll .. 041F I• JA I.OU •8'00111010 .. .. ,l A7 OS SfU llRJllll•l,X R/11 TO MEAD 

•• 04ll l7 47 STU PRO"ll•J,X (l'IQPE NO DUultLE•DIHVE HfMEJ 

•• 04iS ftF O• CL• P'RQIOl,)( PROM DAU SET TO INPUTS •• 0427 ., .. CL• PRJ,..,X 

•• O.tl• •l 011 to• PRJl41X SELECJ lOOMfSS AS OUTPUTS 

•• 0428 a. lE , a.au •B'OOl 11110 
70 04.i!D 111 05 iTAA PR'114+1 0 X POINT TD Al)OitEH OUTPUT lfEG. 
11 04.lf .. •Tl 
1l .. . TYl't & IN UNU"f', ENCl..05£0 ltY Sti'ACES 
1• . 
" 000 .. P8b1N P'SHli SAVE It 
1• Od1 •• PSHA 
11 .... 90 OF ... PSP PRINT LEADING SPACf ,. 004 .. PUl.l 
19 005 "' oa L.DAIS .. I OliI T COUNft.R .. 0417 .. . . AD\.A .. oua .. PSHA .. OOtl 8• 11 Ll>U ... (•l/l Altll •O"J .. uue •• """' •• 04Jt lYPE 

If 
1.DA.l • 

It.hi> 
ouc CALL PRllllU 
OdC .. ••• IUD II ll'fTE. PRINTA .. 04JE •• PUL..t. 

•• OOF .. DEC¥ .. 0440 l• 115 ••• II .. QHl .. PUL.I .. 01143 7E 0007 M ••• J•• PSPACE PRltH ONE NORE SPACE .. .. . kAMJPRU"I ADURESS SETUP • \llt.lOAflON •• . .. ouo CE t"CUO & ii:ASV LDX •Rl14 INTITALlZE POINTERS TO Dt.FlULT RAlll .. 04114 fF 11000 R STA IDOL .. ohc CE HOO A LOX •MAM+5ll .. .... , Fiil OllQE R Sn AOOl'I 
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._ -AM l's Re-entrant self-relative 
Subroutine ROM: (RSRSRS) = (RS)3 

Edited by Robert A. Stevens 

FOREWORD 

This software article is the .l§J>1J?L9-~.f9j,1J~. 
part serje.~on the EVK 6800 microcomputer hard­
ware, firmware and supporting software. This 
month's article covers the EVK re-entrant self­
relative subroutine program library software resi­
dent in ROM. 

INTRODUCTION 

The cost of microprocessor software develop­
ment involves many small items: the cost of 
assembly time, storage time, transmission time, 
loading time, design, development, documentation 
and debug. The cost of many of these items 
continues to accumulate even though a sub­
routine library exists for common functions, in 
particul~r the time and cost of transmission, 
loading and ROM pattern generation. 

The purpose of Re-entrant Self-Relative Sub­
routine ROMs (RS)3 is to give the user a hard­
ware subroutine package which exists in the bread­
board design from the beginning. The programs 
are documented, debugged and constitute some of 
the most commonly performed subroutines that 
assembly language programmers generate. 

CONCEPTS 

The (RS)3 uses a number of concepts to allow 
flexibility in the user environment. The first concept 
is self-relative programming. This simply means 
that the program will function correctly regard­
less of where it is located in memory. The user 
will need to know where it is located so he 
can reference it. However, this actual location 
will only have to be recorded once. The self­
relative program uses relative address instructions 
for program control and the index and stack 
pointer instructions for data manipulation. 

The stack is used for temporary storage of data 
to prevent (RS)3 from being tied to fixed addresses. 
This allows the program to be re-entrant; i.e. the 
program can be called at different times without 
completing the previous call. This means that the 
same r9utine can be called by the interrupt proces­
sor as well as by the program which was inter­
rupted. The concept of re-entrant code is not to be 
confused with recurs·ive code; even through recur-
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sive coding could have been used in the subroutine 
package, it is not. 
· The subroutine calling mechanism uses the SWI 

instruction followed by a single byte index for the 
particular subroutine invoked. This was chosen 
because the SWI from an internal programming 
viewpoint is the most convenient and the safest. It 
is safe because an error in a ROM can be cor­
rected by replacing the subroutine ROM without 
altering any other user ROM. If direct addresses to 
subroutine code exist in the user's domain, his 
ROMs would change if the location of the routine 
in the (RS)3 changed. 

IMPLEMENTATION 

The user places the base address of the (RS)3 into 
the SWI vector address. Each SWI instruction re­
quires an index byte to follow the SWI instruction 
where the index indicates the function to be exe­
cuted. After the function is performed, the user 
program will continue with the instruction follow­
ing the index byte. In essence, a whole new set of 
instructions have been created for the user which 
are two bytes long. 

To make the entry easier, a macro call can be 
provided which will assemble the correct index byte 
when the function name is used. A set of EQU 
assembler commands associates the name and the 
index byte value. 

Example: 

MUL8 
MUL16 
DIVS 
DIV16 

FUN 

EQU 
EQU 
EQU 
EQU 

MACRO 
SWI 
BYTE 
MEND 

FUN 

10 
11 
12 
13 

INDEX 

INDEX 

MUL8 
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Each (RS)3 ROM will have the ability to interro­
gate the index byte and vector to the appropriate 
subroutine if it is included in the ROM. If the 
index extends the number of subroutines included 
on the ROM, the number is subtracted from the 
temporary index ·value and the next (RS)3 ROM is 
automatically branched to. This allows the user to 
select any of several subroutine sets, where each set 
of subroutines is represented by a separate ROM. 
The selected RO Ms are concatenated together into 
a contiguous region of the user's memory space, 
and are automatically linked together by the index 
value. Thus the actual value of the index byte for 
any particular subroutine is the sum of the total 
number of subroutines in the physically previous 
(RS)3 ROMs plus the offset in its own ROM. 
It must be noted that address assignments for 
(RS)3 ROMs must be made beginning at 1 K boundary 
addresses. 

The 2K X 8 ROM provided with the PROTO pro­
totypi ng system includes a set of (RS)3 subrou­
tines with a slightly different linkage from the 
standard (RS)3 form, although the calling sequence 
is the same. In particular, the provision for addi­
tional subroutines in the form of other (RS)3 

ROMs is limited to a total of 127 subroutines. The 
first additional (RS) 3 ROM address must be placed 
in RAM location FFF4 (which can be set via the 
Set Memory command or modified by an initializa­
tion code in a user program). Also, since it is incor­
porated into a larger program, the whole of which 
nearly fills the 2K bytes of the ROM, the (RS)3 

part of the ROM does not start on an even 
page boundary, making it awkward for isolated 
use. However, the 24 subroutines included in this 
ROM are available to user program calls with the 
SWI calling sequence, as described. 

(RS)3 SUBROUTINES 

The ROM Subroutine library (RS)3 operates on 
a single SWI (3F) command and a second byte 
of offset giving the S6800 an additional set of 
two-byte instructions. 

Each of the subroutines in the ROM are de­
scribed, giving the index for the call, a mnemonic 
subroutine name, and a descriptive title. A brief 
description of the subroutine operation is also 
given. 

SUBROUTINE 
INDEX NUMBER 

MNEMONIC 
NAME 

~I 
00 PUSH ALL 
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FUNCTIONAL TITLE 
AND DESCRIPTION 
I 

Push All Registers . 

Five bytes are pushed onto the stack, 
containing, respectively, the Condition 
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01 

02 

03 

04 

05 

06 

07 

Codes, the B and A accumulators, and 
the Index Register. No registers are 

. altered (except the. Stack Pointer, 
which is decremented by 5). 

POPALL Pop (=Pull) All Registers 

TXAB 

TABX 

XABX 

Five bytes are pulled from the stack 
into the Condition Codes, the Band A 
accumulators, and the Index Register, 
respectively. The Stack Pointer is 
incremented by 5. 

Transfer Index Register to 
Aand B 

The most significant eight bits of the 
Index Register are copied to the A 
accumulator, and the least significant 
eight bits are copied to the 8 accumu­
lator. 

Transfer A and B to Index 

Accumulator A is copied to the most 
significant byte position of the Index 
Register, and accumulator 8 is copied 
to the least significant byte position 
of the Index Register. 

Exchange A and B with Index 

The contents of the Index Register 
and the two accumulators are ex­
changed, A with the most significant 
byte of X, B with the least significant 
byte. 

PUSHX Push Index Register 

PULLX 

The contents of the Index Register is 
pushed onto t~e stack. The Stack 
Pointer is decremented by two. 

Pop (=Pull) Index Register 
from stack 

Two bytes are pulled from the stack 
into the Index Register, and the Stack 
Pointer is incremented by two. 

ADDXAB Add Index to A and B 

Add the contents of the Index Register 
to the two accumulators, as a 16-
bit sum, leaving the result in the 
two accumulators. The most significant 
byte is assumed to be in accumulator 
A. The condition codes are set ac­
cording to the result. 

Condition 
Codes: H = carry from bit 11 to 

bit 12 of sum 
N =bit 15 of sum 
Z = 1 if sum is zero; 

else=O. 
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08 

09 

OA 

OB 

oc 

OD 

V = 1 if two's comple­
ment overflow 

C =carry out of bit 15 
of sum 

ADDABX Add A and B to Index Register 
Add the contents of the two accum­
ulators to the Index Register, leaving 
the 16-bit sum in the Index Register. 
Accumulator A is assumed to be more 
significant than accumulator 8. The 
condition codes are set according to 
the result. 

Condition H =carry from bit 11 to 
Codes: bit 12 of sum 

N=bit 15ofsum 
Z= 1 if sum is zero,=O 

otherwise 
V = 1 if two's comple­

ment overflow 
C =carry out of bit 15 

of sum 

ADDAX Add A to Index Register 
Add the A accumulator to the con­
tents of the Index Register, and return 
the sum to the Index Register. The 
Condition Codes are set according to 
the result. 

Condition 
Codes: (Same as ADDABX) 

ADDBX Add B to Index Register 
Add the contents of the B accumu­
lator to the Index Register, and leave 
the sum in the Index Register. The 
Condition Codes are set according 
to the result. 

Condition 
Codes: (Same as ADDABX) 

SUBXAB Subtract Index from A, B 
Subtract the contents of the Index 
Register from accumulators A and B 
as a 16-bit difference. The Condition 
Codes are set according to the result. 

Condition 
Codes: H =undefined 

N =bit 14 of difference 
z = 1 if result is zero, 

= 0 otherwise 
V = 1 if two's comple­

ment overflow 
C =borrow into bit 15 

of difference 

SUBABX Subtract A and B from Index 
Register 
Subtract the contents of the A and B 
accumulators from the Index Register, 
leaving the difference in the Index. 
The Condition Codes are set according 
to the result. 

Condition 
Codes: (Same as SUBXAB) 

SUBAX Subtract A from Index Register 
Subtract the contents of the A ac­
cumulator from the contents of the 
Index ·Register and return the differ­
ence to the Index Register. The Condi-

'!:; lion Codes are set according to the 
result. 

Condition 
Codes: (Sarne as SUBXAB) 
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OE SUB BX 

OF P2HEX 

10 P4HEX 

11 PRINT A 

12 PMSG 

13 VALAN 

Subtract B from Index Register 
Subtract the contents of the B ac­
cumulator from the Index Register, 
leaving the difference in the Index 
Register. The Condition Codes are 

. .set according to the result. 

Condition 
Codes: (Same as SUBXAB) 

Print Byte in Hex 
The byte pointed to be the address in 
the Index Register is converted to 
hexadecimal notation in ASCII, and 
output to the ACIA located as follows: 
Memory locations FFF6-FFF7 contain 
an address of a pair of bytes (in­
direct pointer) which in turn contain 
the address of the ACIA Status 
register. 

FFF7 il 
FFF6 iH 

i+ 1 al 
aH 

a+ 1 ACIA Data 
a ACIA Status 

Each byte of the output is stored 
into the ACIA Data Register after 
bit 1 of the Status Register is true. 
The Control Register of the ACIA is 
not altered, and the Data Register is 
not read by this routine. The Index 
Register is incremented past the byte 
which is output. 

Print Address in Hex 
The two bytes in memory pointed to 
by the Index Register are converted 
to four ASCII digits and output to 
the ACIA located at the address pointed 
to by the pointer pointed to by the 
byte pair at FFF6-FFF7 (see P2HEX). 
The Index Register is incremented 
by two. 

Print the Byte in A 
The byte in accumulator A is output 
to the ACIA, the address of whose 
address is the locations FFF6-FFF7. 
No registers are altered except the 
ACIA Data Register. 

Print Message String 
A message string, the first byte of 
which is pointed to by the Index 
Register, is output to the ACIA, the 
address of whose address is in lo­
cations FFF6- FFF7. The string is 
terminatad by an ASCII EXT (=hex 04), 
and the Index Register is left pointing 
to that byte on return. 

Validate AlphaNumeric 
The character pointed to by the Index 
Register is analyzed, and the Carry 
flag is set if it is a letter or digit; 
if it is not a hexadecimal digit, the 
Overflow flag is set. Other than the 
condition codes, no registers are 
altered. 

Exit:Condition 
Codes: H = undefined 

N =undefined 
Z= 0 
V = 0 if character in 

range 0-9, A-F; 
else= 1 
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C = 1 if character in 
range 0-9, A-Z; 
else=O 

Input ACIA byte to A 
One byte is input from the ACIA, 
the address of whose address is at 
location FFF6-FFF7, and this byte 
is returned to accumulator A. The ACIA 
Is not written to, and except for the 
A accumulator, no registers are 
changed. (RS)' samples bit 0 of the 
status register of the ACIA, and when 
It goes to one, reads the Data Register. 
The input byte has bit 7 removed 
(set to zero). 

Convert Hex String to Binary 
A string of characters in memory 
beginning at the address in the Index 
Register is scanned for valid Hexa­
decimal digits; when one is found, 
it and all immediately following hex 
digits are converted to a binary number, 
which is left in the A and B accumu­
lators (A is more significant). When 
this routine is called, the maximum 
length of the string is in the B 
accumulator. On exit, the Carry flag 
is set to one if the conversion resulted 
in a valid binary number, and the 
Index Register is left pointing to the 
next character in the string, or if 
the string is exhausted before finding 
any hex digits, to the last character 
of the string. Max string length in 
Bis(< 128). 

Condition 
Codes: H =undefined 

N =undefined 
Z= undefined 
V = undefined 
C= 1 ifvalid number; 

=0 if not 

Multiply AX B and Add to Index 
The contents of the A accumulator 
is multiplied by the contents of the 
B accumulator, an1 the product is 
added to the Index Register. The 
Condition Codes are set according to 
the Result. 

Condition 
Codes: (Same as ADDA BX) · 

Multiply A Times B 
Multiply the contents of the A ac­
cumulator times the content of the 
B accumulator, and leave the product 
in both accumulators as a 16-bit 
number, with the most significant 
part in A. This is an unsigned 
multiply, and if either or both of the 
factors is negative (two's complement 
signed) the product will not be a true 
signed product of the signed factors, 
as may be seen in this formula: 

(-n)X(m) = (256-n)Xm = 256m +(-nm) 
The condition codes are nonetheless 
set according to the result. 

'· Condition 
Codes: H = undefined 

N =bit 15 of product 
V=O 
Z= 1 if product is zero; 

otherwise= D 
C=O 
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