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1.1 INTRODUCTION 

SECTION 1 
GENERAL DESCRIPTION 

This section contains a general description of the Motorola MC6809 and MC6809E 
Microprocessor Units (MPU). Pin assignments and a brief description of each input/out­
put signal are also given. The term MPU, processor, or M6809 will be used throughout this 
manual to refer to both the MC6809 and MC6809E processors. When a topic relates to 
only one of the processors, that specific designator (MC6809 or MC6809E) will be used . 

. 1.2 FEATURES 

The MC6809 and MC6809E microprocessors are greatly enhanced, upward compatible, 
computationally faster extensions of the MC6800 microprocessor. 

Enhancements such as additional registers (a Y index register, a U stack pOinter, and a 

direct page register) and instructions (such as MUL) simplify software design. Improved 
addressing modes have also been implemented. 

Upward compatibility is guaranteed as MC6800 assembly language programs may be 
assembled using the Motorola MC6809 Macro Assembler. This code, while not as com­
pact as native M6809 code, is, in most cases, 100% functional. 

Both address and data are available from the processor earlier in an instruction cycle 
than from the MC6800 which simplifies hardware design. Two clock signals, E (the 
MC6800 <1>2) and a new quadrature clock Q (which leads E by one-quarter cycle) also 
simplify hardware design. 

A memory ready (MRDY) input is provided on the MC6809 for working with slow 
memories. This input stretches both the processor internal cycle and direct memory ac­
cess bus cycle times but allows internal operations to continue at full speed. A direct 
memory access request (DMAIBREQ) input is provided for immediate memory access or 
dynamic memory refresh operations; this input halts the internal MC6809 clocks. 
Because the processor's registers are dynamic, an internal counter periodically recovers 
the bus from direct memory access operations and performs a true processor refresh 
cycle to allow unlimited length direct memory access operation. An interrupt 
acknowledge signal is available to allow development of vectoring by interrupt device 
hardware or detection of operating system calls. 
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Three prioritized, vectored, hardware interrupt levels are available: non-maskable, fast, 
and normal. The highest and lowest priority interrupts, non-maskable and interrupt re­
quest respectively, are the normal interrupts used in the M6800 family. A new interrupt on 
this processor is the fast interrupt request which provides faster service to its interrupt 
input by only stacking the program counter and condition code register and then servic­
ing the interrupt. 

Modern programming techniques such as position-independent, system independent, 
and reentrant programming are readily supported by these processors. 

A Memory Management Unit (MMU), the MC6829, allows a M6809 based system to ad­
dress a two megabyte memory space. Note: An arbitrary number of tasks may be sup­
ported - slower - with software. 

This advanced family of processors is compatible with all M6800 peripheral parts. 

1.3 SOFTWARE FEATURES 

Some of the software features of these processors are itemized in the following 
paragraphs. Programs developed for the MC6800 can be easily converted for use with the 
MC6809 or MC6809E by running the source code through a M6809 Macro Assembler or 
any one of the many cross assemblers that are available. 

The addressing modes of any microprocessor provide it with the capability to efficiently 
address memory to obtain data and instructions. The MC6809 and MC6809E have a ver­
satile set of addressing modes which allow them to function using modern programming 
techniques. 

The addressing modes and instructions of the MC6809 and MC6809E are upward com­
patible with the MC6800. The old addressing modes have been retained and many new 
ones have been added. 

A direct page register has been added which allows a 256 byte "direct" page anywhere in 
the 64K logical address space. The direct page register is used to hold the most­
significant byte of the address used in direct addreSSing and decrease the time required 
for address calculation. 

Branch relative addressing to anywhere in the memory map (- 32768 to + 32767) is 
available. 

Program counter relative addreSSing is also available for data access as well as branch 
instructions. 

The indexed addreSSing modes have been expanded to include: 

0-, 5-, 8-, 16-bit constant offsets, 

8- or 16-bit accumulator offsets, 

autoincrement/decrement (stack operation). 
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In addition, most indexed addressing modes may have an additional level of indirection 
added. 

Any or all registers may be pushed on to or pulled from either stack with a single instruc­
tion. 

A multiply instruction is included which multiplies unsigned binary numbers in ac­
cumulators A and B and places the unsigned result in the 16-bit accumulator D. This un­
signed multiply instruction also allows signed or unsigned multiple precision multiplica­
tion. 

1.4 PROGRAMMING MODEL 

The programming model (Figure 1-1) for these processors contains five 16-bit and four 
8-bit registers that are available to the programmer. 

15 

A 

, 

o 

x - I ndex Register 

Y - Index Register 

U - User Stack Pointer 

S - Hardware Stack Pointer 

P C  

I B 

D 

7 0 

} Po;",,, Rog;""" 

Program Counter 

Accumulators 

LoI ____ D_P ___ ... 1 Direct Page Register 

7 0 

I ElF I H I I I N I z I V I C I Condition Code Register 

Figure 1·1. Programming Model 

1.5 INDEX REGISTERS (X, y) 

The index registers are used during the indexed addressing modes. The address informa­
tion in an index register is used in the calculation of an effective address. This address 
may be used to point directly to data or may be modified by an optional constant or 
register offset to produce the effective address. 

1.6 STACK POINTER REGISTERS (U, S) 

Two stack pOinter registers are available in these processors. They are: a user stack 
pOinter register (U) controlled exclusively by the programmer, and a hardware stack 
pOinter register (5) which is used automatically by the processor during subroutine calls 
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and interrupts, but may also be used by the programmer. Both stack pOinters always 
point to the top of the stack. 

These registers have the same indexed addressing mode capabilities as the index 
registers, and also support push and pull instructions. All four indexable registers (X, Y, 
U, S) are referred to as pOinter registers. 

1.7 PROGRAM COUNTER (PC) 

The program counter register is used by these processors to store the address of the 
next instruction to be executed. It may also be used as an index register in certain ad· 
dressing modes. 

1.8 ACCUMULATOR REGISTERS (A, B, D) 

The accumulator registers (A, B) are general·purpose 8·bit registers used for arithmetic 
calculations and data manipulation. 

Certain instructions concatenate these registers into one 16·bit accumulator with 
register A positioned as the most·significant byte. When concatenated, this register is 
referred to as accumulator D. 

1.9 DIRECT PAGE REGISTER (DP) 

This 8-bit register contains the most·significant byte of the address to be used in the 
direct addressing mode. The contents of this register are concatenated with the byte 
following the direct addressing mode operation code to form the 16·bit effective address. 
The direct page register contents appear as bits A15 through A8 of the address. This 
register is automatically cleared by a hardware reset to ensure M6800 compatiblity. 

1.10 CONDITION CODE REGISTER (CC) 

The condition code register contains the condition codes and the interrupt masks as 
shown in Figure 1·2. 

Carry 

...... -Overflow 
----Zero 

----- Negative 
....... ---- IRQ Mask 

..... ----- Half Carry 
'-------- FIRQ Mask 

--------- Entire Flag 

Figure 1·2. Condition Code Register 
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1.10.1 CONDITION CODE BITS. Five bits in the condition code register are used to in­
dicate the results of instructions that manipulate data. They are: half carry (H), negative 
(N), zero (Z), overflow (V), and carry (C). The effect each instruction has on these bits is 
given in the detail information for each instruction (see Appendix A). 

1.10.1.1 Half Carry (H), Bit 5. This bit is used to indicate that a carry was generated from 
bit three in the arithmetic logiC unit as a result of an a-bit addition. This bit is undefined in 
all subtract-like instructions. The decimal addition adjust (OAA) instruction uses the 
state of this bit to perform the adjust operation. 

1.10.1.2 Negative (N), Bit 3. This bit contains the value of the most-significant bit of the 
result of the previous data operation. 

1.10.1.3 Zero (Z), Bit 2. This bit is used to indicate that the result of the previous opera­
tion was zero. 

1.10.1.4 Overflow (V), Bit 1. This bit is used to indicate that the previous operation caused 
a signed arithmetic overflow. 

1.10.1.5 Carry (C), Bit O. This bit is used to indicate that a carry or a borrow was generated 
from bit seven in the arithmetic logic unit as a result of an a-bit mathematical operation. 

1.10.2 INTERRUPT MASK BITS AND STACKING INDICATOR. Two bits (I and F) are used 
as mask bits for the interrupt request and the fast interrupt request inputs. When either 
or both of these bits are set, their associated input will not be recognized. 

One bit (E) is used to indicate how many registers (all, or only the program counter and 
condition code) were stacked during the last interrupt. 

1.10.2.1 Fast Interrupt Request Mask (F), Bit 6. This bit is used to mask (disable) any fast 
interrupt request line (FIRQ). This bit is set automatically by a hardware reset or after 
recognition of another interrupt. Execution of certain instructions such as SWI will also 
inhibit recognition of a FIRQ input. 

1.10.2.2Interru�equest Mask (I), Bit 4. This bit is used to mask (disable) any interrupt 
request input (IRQ). This bit is set automatically by a hardware reset or after recognition 
of another interrupt. Execution of certain instructions such as SWI will also inhibit 
recognition of an IRQ input. 
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1.10.2.3 Entire Flag (E), Bit 7. This bit is used to indicate how many registers were stack­
ed. When set, all the registers were stacked during the last interrupt stacking operation. 
When clear, only the program counter and condition code registers were stacked during 
the last interrupt. 

The state of the E bit in the stacked condition code register is used by the return from in­
terrupt (RTI) instruction to determine the number of registers to be unstacked. 

1.11 PIN ASSIGNMENTS AND SIGNAL DESCRIPTION 

Figure 1-3 shows the pin assignments for the processors. The following paragraphs pro­
vide a short description of each of the input and output signals. 

MC6809 MC6809E 

VSS H'A'CT VSS HALT 

NMI XTAL NMI TSC 

IRQ EXTAL IRQ LlC 

FIRQ 4 RESET FIRQ 37 RESET 

BS 5 MROY BS 36 AVMA 

BA 6 Q. 35 Q 

VCC 7 E VCC 34 E 

AO 8 OMA/BREQ AO 33 BUSY 

Al 9 R/W 32 R/W 
A2 10 DO 31 DO 

A3 11 01 30 01 

02 29 02 

03 28 03 

A6 04 27 04 

A7 05 26 05 

A8 16 06 25 06 

A9 07 A9 24 07 

Al0 Al5 Al0 23 Al5 

All A14 All 22 Al4 

A12 Al2 21 A13 

Figure 1-3. Processor Pin Assignments 

1.11.1 MC6809 CLOCKS. The MC6809 has four pins committed to developing the clock 
signals needed for internal and system operation. They are: the oscillator pins EXTAL 
and XTAL; the standard M6800 enable (E) clock; and a new, quadrature (Q) clock. 

1.11.1.1 Oscillator (EXTAL, XTAL). These pins are used to connect the processor's inter­
nal oscillator to an external, parallel-resonant crystal. These pins can also be used for in­
put of an external TTL timing signal by grounding the XTAL pin and applying the input to 
the EXT AL pin. The crystal or the external timing source is four times the resulting bus 
frequency. 
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1.11.1.2 Enable (E). The E clock is similar to the phase 2 (<p2) MC6800 bus timing clock. 
The leading edge indicates to memory and peripherals that the data is stable and to 
begin write operations. Data movement occurs after the Q clock is high and is latched on 
the trailing edge of E. Data is valid from the processor (during a write operation) by the 
rising edge of E. 

1.11.1.3 Quadrature (Q). The Q clock leads the E clock by approximately one half of the E 
clock time. Address information from the processor is valid with the leading edge of the 
Q clock. The Q clock is a new signal in these processors and does not have an equivalent 
clock within the MC6800 bus timing. 

1.11.2 MC6809E CLOCKS (E and Q). The MC6809E has two pins provided for the TIL 
clock signal inputs required for internal operation. They are the standard M6800 enable 
(E) clock and the quadrature (Q) clock. The Q input must lead the E input. 

Addresses will be valid from the processor (on address delay time after the falling edge 
of E) and data will be latched from the bus by the falling edge of E. The Q input is fully TIL 
compatible. The E input is used to drive the internal MOS circuitry directly and therefore 
requires input levels above the normal TIL levels. 

1.11.3 THREE STATE CONTROLS (TSC) (MC6809E). This input is used to place the ad­
dress and data lines and the RIW line in the high-impedance state and allows the address 
bus to be shared with other bus masters. 

1.11.4 LAST INSTRUCTION CYCLE (LIC)(MC6809E). This output goes high during the last 
cycle of every instruction and its high-to-Iow transition indicates that the first byte of an 
opcode will be latched at the end of the present bus cycl�. 

1.11.5 ADDRESS BUS (AO·A15). This 16-bit, unidirectional, three-state bus is used by the 
processor to provide address information to the address bus. Address information is 
valid on the rising edge of the Q clock. All 16 outputs are in the high-impedance state 
when the bus available (BA) signal is high, and for one bus cycle thereafter. 

When the processor does not require the address bus for a data transfer, it outputs ad­
dress FFFF16, and read/write (RIW) high. This is a "dummy access" of the least­
significant byte of the reset vector which replaces the valid memory address (VMA) func­
tions of the MC6800. For the MC6809, the memory read signal internal circuitry inhibits 
stretching of the clocks during non-access cycles. 

1.11.6 DATA BUS (00·07). This 8-bit, bidirectional, three-state bus is the general purpose 
data path. All eight outputs are in the high-impedance state when the bus available (BA) 
output is high. 
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1 .11.7 READIWRITE (RIW). This output indicates the d i rection of data transfer on the data 
bus. A low indicates that the processor is writing onto the data bus; a high indicates that 
the processor is reading data from the data bus. The signal at the R/W output is val id  at 
the leading edge of the Q clock. The R/W output is in the h igh-impedance state when the 
bus avai lable (BA) output is h igh.  

1 .1 1 .8 PROCESSOR STATE INDICATORS (BA, BS). The processor uses these two output 
l i nes to indicate the present processor state. These pins are val id with the leading edge 
of the Q clock. 

The bus available (BA) output is used to i ndicate that the buses (address and data) and 
the read/write output are in the h igh-Impedance state. This  signal can be used to indicate 
to bus-sharing or d irect memory access systems that the buses are available. When BA 
goes low, an additional dead cycle will elapse before the processor regains control of the 
buses. 

The bus status (BS) output is used in conjunction With the BA output to Indicate the pre­
sent state of the processor. Table 1 -1 is a l isting of the BA and BS outputs and the pro­
cessor states that they Indicate. The fol lowing paragraphs briefly explain each processor 
state. 

Table 1-1. BAIBS Signal Encoding 

M U Pl'OC8IIOr State 

0 0 Normal (Running) 
0 1 Interrupt or Reset Acknowledge 
1 0 Sync Acknowledge 
1 1 Haiti Bus Grant Acknowledged 

1 _1 1 .8.1 Normal. The processor is running and executing instructions. 

1 .1 1 .8.2 Interrupt or Reset Acknowledge. This processor state is ind icated during both 
cycles of a hardware vector fetch which occurs when any of the fol lowing interrupts have 
occurred: RESET, N MI, FIRQ, IRQ, SWI, SWI2, and SWI3. 

This output, p lus decoding of address lines A3 through A1 provides the user with an 
i ndication of which interrupt is being serviced. 

1 .11.8.3 Sync Acknowledge. The processor is waiting for an external synchron ization in­
put on an interrupt l i ne.  See SYNC instruction i n  Appendix A. 

1 .11.8.4 Halt/Bus Grant. The processor is halted or bus control has been granted to some 
other device. 
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1.11 .9 RESET (RESET). This input is used to reset the processor. A low input lasting 
longer than one bus cycle will reset the processor. 

The reset vector is fetched from locations $FFFE and $FFFF when the processor enters 
the reset acknolwedge state as indicated by the BA output being low and the BS output 
being high. 

During initial power-on, the reset input should be held low until the clock oscillator is ful­
ly operational. 

1.1 1 .10  INTERRUPT�The processor has three separate interrupt input�s: non­
maskable interrupt (NMI), fast interrupt request (FIRQ), and interrupt request (IRQ). These 
interrupt inputs are latched by the falling edge of every Q clock except during cycle steal­
ing operations where only the NMI input is latched. Using this pOint as a reference, a 
delay of at least one bus cycle will occur before the interrupt is recognized by the pro­
cessor. 

1.1 1 .10.1 Non-Maskable Interrupt (NMI). A negative edge on this input requests that a 
non-maskable interrupt sequence be generated. This input, as the name indicates, can­
not be masked by software and has the highest priority of the three interrupt inputs. After 
a reset has occurred, a NMI input will not be recognized by the processor until the first 
program load of the hardware stack pointer. The entire machine state is saved on the 
hardware stack during the processing of a non-maskable interrupt. This interrupt is inter­
nally blocked after a hardware reset until the stack pOinter is initialized. 

1 .1 1 .10.2 Fast Interrupt Request (FIRQ). This input is used to initiate a fast interrupt re­
quest sequence. Initiation depends on the F (fast interrupt request mask) bit in the condi­
tion code register being clear. This bit is set during reset. During the interrupt, only the 
contents of the condition code register and the program counter are stacked resulting in 
a short amount of time required to service this Interrupt. This interrupt has a higher priori­
ty than the normal interrupt request (IRQ). 

1 .1 1 .10.3 Interrupt Request (IRQ). This input is used to initiate what might be considered 
the "normal" interrupt request sequence. Initiation depends on the I (interrupt mask) bit 
in the condition code register being clear. This bit is set during reset. The entire machine 
state is saved on the hardware stack during processing of an IRQ input. This input has 
the lowest priority of the three hardware interrupts. 

1 .1 1 .11 MEMORY READ (MRDy) (MC6809). This input allows extension of the E and Q 
clocks to allow a longer data access time. A low on this input allows extension of the E 
and Q clocks (E high and Q low) in integral multiples of quarter bus cycles (up to 1 0  
cycles) to allow interface with slow memory devices. 
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Memory ready does not extend the E and Q clocks during non-val id memory access 
cycles and therefore the processor does not slow down for "don't care" bus accesses. 
Memory ready may also be used to extend the E and Q clocks when an external device is 
using the halt and d i rect memory access/bus request inputs. 

1.11 .12 ADVANCED VALID MEMORY ADDRESS (AVMA)(MC8809E). This output signal in­
d icates that the MC6809E wi l l  use the bus In the fol lowing bus cycle. This output is low 
when the MC6809E Is in either a halt or sync state. 

1.11 .1 3 HALT. This input is used to halt the processor. A low input halts the processor at 
the end of the present instruction execution cycle and the processor remains halted in­
defin itely without loss of data. 

When the processor is halted, the BA output is high to indicate that the buses are in the 
h igh-impedance state and the BS output is also high to indicate that the processor is i n  
the  halt/bus grant state. 

During the halt/bus grant state, the processor wil l  not respond to external real-t ime re­
quests such as FIRQ or IRQ. However, a d irect memory accesslbus request input wi l l  be 
accepted. A non-maskable Interrupt or a reset input wi l l  be latched for processing later. 
The E and Q clocks continue to run during the halt/bus grant state. 

1.11.14 DIRECT MEMORY ACCESS/BUS REQUEST (DMAIBREQ) (MC8809). This input is 
used to suspend program execution and make the buses avai lable for another use such 
as a direct memory access or a dynamic memory refresh. 

A low level on this input occurring during the Q clock high time suspends instruct ion ex­
ecution at the end of the current cycle. The processor ac�nowledges acceptance of this 
input by setting the BA and BS outputs high to sign ify the bus grant state. The requesting 
device now has up to 15 bus cycles before the processor retrieves the bus for self-refresh.  

!n!!...c� direct memory access controller wi l l  request to use the bus by sett ing the 
DMAIBREQ Input low when E goes high. When the processor acknowledges this input by 
setting the BA and BS outputs high, that cycle will be a dead cycle used to transfer bus 
mastership to the direct memory access control ler. False memory access during any 
dead cycle should be prevented by externally developing a system DMAVMA signa·1 
which Is low in any cycle when the BA output changes. 

When the BA output goes low, either as a result of a d irect memory access/bus request or 
a processor self-refresh, the d irect memory access device should be removed from the 
bus. Another dead cycle wi l l  elapse before the processor accesses memory, to al low 
transfer of bus mastership without contention. 

1.1 1 .15  BUSY (MC8809E). This output ind icates that bus re-arbitrat ion should be deferred 
and provides the indlvisable memory operation required for a "test-and-set" primitive. 
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This output wi l l  be high for the fi rst two cycles of any Read-Modify-Wrlte instruction, h igh 
during the fi rst byte of  a double-byte access, and h igh dur ing the fi rst byte of any indirect 
access or vector-fetch operation. 

1 .1 1 .16 POWER. Two inputs are used to supply power to the processor: Vee is  + 5.0 
± 5%, whi le VSS is ground or 0 volts. 
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2.1 INTRODUCTION 

SECTION 2 
ADDRESSING MODES 

This section contains a description of each of the addressing modes available on these 
processors. 

2.2 ADDRESSING MODES 

The addressing modes available on the MC6809 and MC6809E are: Inherent, Immediate, 
Extended, Direct, Indexed (with various offsets and autoincrementing/decrementing), 
and Branch Relative. Some of these addressing modes require an additional byte after 
the opcode to provide additional addressing interpretation. This byte is called a postbyte. 

The following paragraphs provide a description of each addressing mode. In these 
descriptions the term effective address is used to indicate the address in memory from 
which the argument for an instruction is fetched or stored, or fram which instruction pro· 
cessing is to proceed. 

2.2.1 INHERENT. The information necessary to execute the instruction is contained in 
the opcode. Some operations specifying only the index registers or the accumulators, 
and no other arguments, are also included in this addressing mode. 

Example: MUL 

2.2.2 IMMEDIATE. The operand is contained in one or two bytes immediately following 
the opcode. This addressing mode is used to provide constant data values that do not 
change during program execution. Both 8- bit and 16-bit operands are used depending on 
the size of the argument specified in the opcode. 

Example: LOA #CR 
LOB #7 
LOA #$FO 
LOB #%1110000 
LOX #$8004 

Another form of immediate addressing uses a postbyte to determine the registers to be 
manipulated. The exchange (EXG) and transfer (TFR) instructions use the post byte as 
shown in Figure 2-1 (A). The push and pull instructions use the post byte to designate the 
registers to be pushed or pulled as shown in Figure 2-1(8). 
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b7 b6 b5 b4 b3 b2 bl 

I SOURCE ( R l 1  DESTINATION ( R21 

Code- Register Code- Register 

0000 D ( A : B I  0101 Program Counter 
0001 X Index 1000 A Accumulator 
0010 Y Index 1001 B Accumulator 
001 1 U Stack Pointer 1010 Condition Code 
0100 S Stack Pointer 101 1 Direct Page 

• All other combinations of bits produce undefined results. 

(A) Exchange ( EXG) or Transfer (TFR) Instruction Postbyte 

b7 b6 b5 b4 b3 b2 bl bO 

I PC ls/ u I y I X I DP I B I A I cc I 
PC = Program Counter 
S t U  = Hardware/ User Stack Pointer 
y = Y Index Register 
X = U Index Register 
DP = Direct Page Register 
B = B Accumulator 
A = A Accumulator 
CC = Condition Code Register 

(B) Push (PSH) or Pull ( PUll Instruction Postbyte 

bO 

I 

Figure 2·1. Post byte Usage for EXGrrFR, PSH/PUL  Instructions 

2.2.3 EXTENDED. The effective address of the argument is contained in the two bytes 
fol lowing the opcode. Instructions using the extended addressing mode can reference 
arguments anywhere in the 64K addressing space. Extended addressing is general ly not 
used in  position independent programs because it suppl ies an absol ute address. 

Example: LOA > CAT 

2.2.4 DIRECT. The effective address is developed by concatenation of the contents of the 
d i rect page reg ister with the byte immediately fol lowing the opcode. The d i rect page 
register contents are the most·signif icant byte of the address. This al lows accessing 256 
locations within  any one of 256 pages. Therefore, the enti re addressing range is  avai lable 
for access using a single two·byte instruct ion. 

Example: LOA > CAT 

2.2.S INDEXED. In  these addressing modes, one of the pOinter reg isters (X, V, U, or S), and 
sometimes the program counter (PC) is used in the calculation of the effective address of 
the instruct ion operand. The basic types (and their variations) of indexed addressing 
avai lable are shown in  Table 2-1 along with the post byte conf iguration used. 

2.2.S.1 Constant Offset from Register. The contents of the register deSignated in  the 
post byte are added to a twos complement offset value to form the effective address of 
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the instruction operand. The contents of the designated register are not affected by this 
addition. The offset sizes available are: 

No 
offset 

5-bit 

8·bit 

16-bit 

designated register contains the effective 
address 

16 to + 15 

128 to + 127 

32768 to + 32767 

Table 2·1. Postbyte Usage for Indexed Addressing Modes 

Mode Type Variation Direct Indirect 
Constant Offset from Register No Offset l R R00100 1 R R 1 0l 00  

(twos Complement Offset) 5-B it Offset ORRnnnnn Defaults to 8-bit 
8-Bit Offset l RR01000 l R R l l 000 
1 6-Bit Offset l R R0100l 1 R R l l00l 

Accumulator Offset from Register A Accumulator Offset l R ROOl l 0  l R R 10l l 0  
(twos Complement Offset) B Accumulator Offset l R R0010l 1 R R 1 0l 0l 

D Accumulator Offset 1 R R010l l l R R l l0l l 

Auto I ncrement/ Decrement from I ncrement by 1 l R ROOOOO Not Allowed 
Register I ncrement by 2 l RROOOOl l RR 1 000l 

Decrement by 1 l R ROOO1 0  N o t  Allowed 
Decrement by 2 1 RROOOl l l R R 100l l 

Constant Offset from Program 8-Bit Offset l XXOl l 00  1 XX 1 1 1  00 
Counter 1 6-Bit Offset l XXOl l 0 l  l XX l l l 0l 

Extended I ndi rect 1 6- Bit Address ---......... - 1 001 1 1 1 1  

The 5·bit offset value is contained in the postbyte. The 8· and 16·bit offset values are con· 
tained in the byte or bytes immediately following the postbyte. If the Motorola assembler 
is used, it will automatically determine the most efficient offset; thus, the programmer 
need not be concerned about the offset size. 

Examples: LOA ,X LOY - 64000, U 
LOB O,Y LOA 17, PC 
LOX 64,000,5 LOA There, PCR 

2.2.5.2 Accumulator Offset from Register. The contents of the index or pOinter register 
designed in the post byte are temporarily added to the twos complement offset value con· 
tained in an accumulator (A, B, or D) also designated in the postbyte. Neither the 
designated register nor the accumulator contents are affected by this addition. 

Example: LOA A,X LOA O,U 
LOA B,Y 

2.2.5.3 Autoincrement/Decrement from Register. This addressing mode works in a 
postincrementing or predecrementing manner. The amount of increment or decrement, 
one or two positions, is designated in the postbyte. 
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I n  the autoincrement mode, the contents of the effective address contained in  the 
pOinter register, designated in the postbyte, and then the pOinter register is automatical­
ly incremented ; thus, the pOinter reg ister is post incremented. 

In the autodecrement mode, the pointer reg ister, designated in the postbyte, is 
automatical ly decremented fi rst and then the contents of the new address are used; 
thus,  the pointer reg ister is predecremented. 

Examples: Autolncrement 
LOA ,X + LOY ,X + + 
LOA ,Y + LOX ,Y + + 
LOA ,5 + LOX ,U + + 
LOA ,U + LOX ,5 + + 

Autodecrement 
LOA , - X  LOY , - - X  
LOA , - V LOX , - - Y  
LOA , - 5 LOX , - - U  
LOA , - U  LOX , - - 5 

2.2.5.4 Indirection. When using indirect ion, the effect ive address of the base indexed ad­
dressing mode is used to fetch two bytes which contain the final effective address of the 
operand. It can be used with al l the indexed addressing modes and the program counter 
relat ive addressing mode. 

2.2.5.5 Extended Indirect. The effect ive address of the argument is located at the ad­
dress specified by the two bytes fol lowing the post byte. The postbyte is used to indicate 
ind irection . 

Example: LOA [$FOOO] 

2.2.5.8 Program Counter Relative. The program counter can also be used as a pOinter 
with either an 8- or 1 6-bit signed constant offset. The offset val ue is added to the program 
counter to develop an effective address. Part of the post byte is used to indicate whether 
the offset is 8 or 16 bits. 

2.2.8 BRANCH RELATIVE. This addressing mode is used when branches from the current 
instruction location to some other locat ion relative to the current program counter are 
desired. If the test condition of the branch instruction is true, then the effective address 
is calculated (program counter p lus twos complement offset) and the branch is taken. I f  
the test condit ion is  false, the processor proceeds to the next in-l ine instruction. Note 
that the program counter is always point ing to the next instruction when the offset is ad­
ded. Branch relative addressing is always used in  position independent programs for a l l  
contro l  transfers. 

For short branches, the byte fol lowing the branch instruction opcode is treated as an 
8-bit s igned offset to be used to calcu late the effective address of the next instruction if 
the branch is  taken. This is cal led a short relative branch and the range is l imited to p lus 
1 27 or minus 1 28 bytes from the fol lowing opcode. 

For long branches, the two bytes after the opcode are used to calculate the effective ad­
dress. This is cal led a long relative branch and the range is p lus 32,767 or minus 32,768 
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bytes from the fol lowing opcode or the fu l l  64K address space of memory that the pro­
cessor can address at one t ime. 

Examples: Short Branch 
BRA POLE 

Long Branch 
LBRA CAT 
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3.1 INTRODUCTION 

SECTION 3 
I NTERRUPT CAPABILITI ES 

The MC6809 and MC6809E microprocessors have six vectored interrupts (th ree hardware 
and three software). The hardware interrupts are the non-maskable interrupt (N M I), the 
fast maskable interrupt request (FI RQ), and the normal maskable interrupt request (I RQ). 
The software Interrupts consist of SWI ,  SWI2, and SWI3. When an interrupt request is 
acknowledged, al l  the processor registers are pushed onto the hardware stack, except in  
the case of  F IRQ where only the program counter and the condition code register is sav­
ed, and control is transferred to tl!!.!ddress1!!.1he interrupt vector. The priority of these 
interrupts is, h ighest to lowest, N M I ,  SWI ,  FIRQ, IRQ, SWI2, and SWI3. Figure 3-1 is a 
detai led f lowchart of interrupt processing in  these processors. The i nterrupt vector loca­
tions are g iven in Table 3-1 . The vector locations contain the address for the interrupt 
routine. 

Add itional information on the SWI ,  SWI2, and SWI3 interrupts is g iven in Appendix A. The 
hardware interrupts, N M I ,  FI RQ, and I RQ are l isted alphabetical ly at the end of Appendix 
A. 

Table 3·1. Interrupt Vector Locations 

Interrupt Vector Location 
Description MS Byte LS Byte 

Reset (RESET) FFFE FFFF 

Non-Maskable I nterrupt (NMi) FFFC FFFD 

Software Interrupt �I l  FFFA FFFB 

Interrupt Request ( I RQ) FFF8 FFF9 

Fast I nterrupt Request iFiRQ) FFF6 FFF7 

Software Interrupt 2 ( SWI2) FFF4 FFF5 

Software Interrupt 3 ( SWI3) FFF2 FFF3 

Reserved FFFO FFFl 

3.2 NON-MASKABLE INTERRUPT (NMI) 

The non-maskable interrupt is edge-sensit ive in  the sense that if it is  sampled low one cy­
cle after it has been sampled high,  a non-maskable interrupt wi l l  be triggered. Because 
the non-maskable interrupt cannot be masked by execution of the non-maskable inter­
rupt handler routine, it is possible to accept another non-maskable interrupt before ex­
ecut ing the f irst instruct ion of the interrupt routine. A fatal error wi l l  exist if a non­
maskable interrupt is repeatedly al lowed to occur before complet ing the return from i n­
terrupt (RTI) instruction of the previous non-maskable interrupt request,  since the stack 
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w i l l  eventual ly overflow. Th is i nterrupt is especial ly appl icable to gain ing immediate pro­
cessor response for powerfa i l ,  software dynamic memory refresh ,  or other non-delayable 
events. 

3.3 FAST MASKABLE INTERRUPT REQUEST (FIRQ) 

A low level on the F IRQ input with the F (fast i nterrupt request mask) bit in  the condit ion 
code register c lear triggers this interrupt sequence. The fast i nterrupt request provides 
fast interrupt response by stacking only the program counter and condit ion code 
reg ister. Th is  al lows fast context switching with m in imal overhead . I f  any reg isters are 
used by the interrupt routine then they can be saved by a s ingle push i nstruct ion. 

After accepting a fast interrupt request, the processor clears the E flag, saves the pro­
g ram c2!:!IDer and cond ition code register, and then sets both the I and F bits to mask any 
further I RQ and F IRQ interrupts. After servic ing the orig inal interrupt ,  the user may selec­
t ively clear the I and F bits to al low mult iple-level interrupts if  so desired . 

3.4 NORMAL MASKABLE INTERRUPT REQUEST (IRQ) 

A low level on the I RQ input with the I (interrupt request mask) bit in  the cond ition code 
register clear tr iggers th is interrupt sequence. The normal maskable interrupt req uest 
provides a slower hardware response to interrupts because it causes the ent i re machi ne 
state to be stacked. However, this means that i nterrupt ing software routines can use al l  
p rocessor resources without fear of damaging the interrupted routine. A normal i nterrupt 
request, having lower priority than the fast interrupt request, is  prevented from i nterrup­
t ing the fast i nterrupt handler by the automatic sett ing of the I bit by the fast i nterrupt re­
q uest handler. 

After accepting a normal interrupt request, the processor sets the E flag, saves the ent i re 
machine state, and then sets the I bit to mask any further interrupt request inputs. After 
servicing the orig inal interrupt, the user may clear the I bit to al low m u lt iple-level normal 
i nterrupts. 

All interrupt hand l ing routines should return to the formerly executing tasks us ing a 
return from interrupt (RiT) instruction. Th is instruction recovers the saved machine state 
from the hardware stack and control is retu rned to the interrupted program. If the 
recovered E bit is clear, it indicates that a fast i nterrupt request occurred and only the 
program counter address and condit ion code register are to be recovered. 

3.5 SOFTWARE INTERRUPTS (SWI, SWI2, SWI3) 

The software i nterrupts cause the processor to go through the normal interrupt request 
sequence of stacking the complete machine state even though the interrupt ing source is  
the processor itself .  These interrupts are commonly used for program debugg ing and for 
cal ls  to an operat ing system. 
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Normal processing of the SWI input sets the I and F bits to prevent either of these i nter­
rupt requests from affecting the com pletion of a software i nterrupt request. The remain­
ing software interrupt request inputs (SWI2 and SWI3) do not have the priority of the SWI 
input and therefore do not mask the two hardware i nterrupt request inputs (FI RQ and 
I RQ). 
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Figure 3·1. Interrupt Processing Flowchart 



4.1 I NTRODUCTION 

SECTION 4 
PROG RAM MING 

These processors are designed to be source-code compatible with the M6800 to make 
use of the substantial  exist ing base of M6BOO software and train ing .  However, this asset 
shou ld not overshadow the capabi l i t ies bu i lt i nto these processors that a l low more 
modern programm ing techn iques such as position-independence, modu lar programm­
ing ,  and reentrancy/recursion to be used on a m icroprocessor-based system. A brief 
review of these methods is given in the fol lowing paragraphs. 

4.1 .1 POSITION IN DEPENDENCE. A program is said to be "posit ion-independent" i f  it 
wil l run correct ly when the same machine code is  posit ioned arbitrarily in memory. Such 
a program is usefu l  i n  many d i fferent hardware conf igurat ions, and m ight be copied from 
a d isk i nto RAM when the operat ing system first sees a request to use a system util ity. 
Posit ion-independent programs never use absol ute (extended or direct) addressing: in­
stead, i nherent immed iate, reg ister, i ndexed and relat ive modes are used. In particu lar, 
there should be no jump (absol ute) or jump to subroutine i nstruct ions nor shou ld  ab­
sol ute addresses be used. A posit ion-independent program is almost always preferable 
to a posit ion-dependent program (although position-independent code is  usual ly 5 to 
1 0% slower than normal code). 

4.1 .2 MODULAR PROG RAMMING. Modu lar programming is another indication of q ual ity 
code. A module  is a program element which can be easi ly disconnected from the rest of 
the program either for re-use in a new environment or for replacement. A module is usual­
ly a subroutine (although a subroutine is  not necessari ly a modu le); frequently, the pro­
g rammer isolates reg ister changes internal to the module by pushing these reg isters 
onto the stack upon entry, and pu l l i ng them off the stack before the return.  I so lat ing 
reg ister changes i n  the cal led module ,  to that module alone, al lows the code in  the cal l ­
i ng  program to be more eas i ly analyzed since it can be assumed that al l registers (except 
those spec if ical ly  used for parameter transfer are u nchanged by each cal led modu le.  
Th is  leaves the processor's registers free at each level for loop counts, address com­
parisons, etc. 

4.1 .2.1 Local Storage. A clean method for al locat ing " local" storage is requ i red both by 
posit ion-independent programs as wel l  as modu lar programs. Local or temporary storage 
is used to hold va lues on ly during  execution of a module (or cal led modu les) and is releas­
ed upon return .  One way to al locate local storage is to decrement the hardware stack 
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pOinter(s) by the number of bytes needed. Interrupts wi ll then leave th is  area intact and i t  
c a n  b e  de-allocated o n  exit ing the module. A module  wi ll almost always need more tem­
porary storage than just the M PU registers. 

4.1.2.2 Global Storage. Even in a modu lar envi ron ment there may be a need for "global" 
val ues which are accessible by many modules with in  a given system. These provide a 
convenient means for storing values from one i nvocat ion to another invocat ion of the 
same rout ine. Global storage may be created as local storage at some level, and a 
pOinter reg ister (usual ly U) used to pOint at th is area. This register is passed u nchanged 
i n  al l subroutines, and may be used to index into the global area. 

4.1.3 REENTRANCY/RECURSION. Many programs wi l l  eventually involve execution in an 
i nterrupt-driven environment. If the interrupt handlers are complex, they might wel l  cal l 
the same routine wh ich has just been interrupted. Therefore, to protect present programs 
against certain obsolescence, al l programs should be written to be reentrant. A reentrant 
rout ine allocates d ifferent local variable storage u pon each entry. Thus, a later entry 
does not destroy the processing associated with an earl ier entry. 

The same technique which was implemented to allow reentrancy also allows recursion. 
A recursive rout ine is  defined as a routine that cal ls  itself .  A recursive routine might be 
written to simplify the solution of certain types of problems, especially those which have 
a data structure whose elements may themselves be a structure. For example, a paren­
thet ical equat ion represents a case where the expression in  parenthesis may be con­
sidered to be a value which is operated on by the rest of the equation. A programmer 
m ight choose to write an expression evaluator passing the parenthetical expression 
(which might also contain parenthetical expressions) i n  the call , and receive back the 
returned value of the expression with in  the parenthesis. 

4.2 M8809 CAPABILITIES 

The following paragraphs briefly explain how the MC6809 is used with the programming 
techn iques mentioned earl ier. 

4.2.1 MODULE CONSTRUCTION. A module can be defined as a log ically self-contained 
and discrete part of a larger program. A properly constructed module accepts well defi n­
ed inputs, carries out a set of  processing actions, and produces a specified output. The 
use of parameters, local storage, and g lobal storage by a program module is g iven i n  the 
following paragraphs. Since reg isters wi ll be used inside the module (essential ly a form 
of local storage), the f i rst th ing that is usually done at entry to a module is to push (save) 
them on to the stack. This can be done with one instruction (e.g., PSHS Y, X, B, A). After 
the body of the module is executed, the saved registers are collected, and a subrout ine 
return is  performed, at one time, by pu l l i ng the program counter from the stack (e.g., 
PULS A,B,X,Y,PC). 
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4.2.1.1 Parameters. Parameters may be passed to or from modul es either i n  reg isters, i f  
they will provide sufficient storage for parameter passage, or on the stack. I f  parameters 
are passed on the stack, they are placed there before call ing the lower level modu le. The 
called module is then written to use local storage ins ide the -stack as needed (e.g., ADDA 
offset,S). Notice that the requ ired offset consists of the number of bytes pushed (upon 
entry), plus two from the stacked return address, plus the data offset at the t ime of the 
call. Th is value may be calculated, by hand, by drawing a "stack picture" d iagram 
representing module entry, and assign ing conven ient mnemonics to these offsets with 
the assembler. Returned parameters replace those sent to the routine. If more 
parameters are to be returned on the stack than would normal ly be sent, space for the i r  
return is a l located by the call ing rout ine before the actual call (i f four additional bytes are 
to be returned, the caller wou ld execute LEAS -4,S to acquire the additional storage). 

4.2.1.2 Local Storage. Local storage space is acqu i red from the stack whi le the present 
rout ine is executing and then returned to the stack prior to exit. The act of push ing 
reg isters which wi l l  be used in later calcu lations essentially saves those registers i n  tem­
porary local storage. Add itional local storage can easi ly be acqui red from the stack e.g., 
executing LEAS -2048,S acqui res a buffer area runn ing from the O,S to 2047,S i nclusive. 
Any byte in this area may be accessed d i rectly by any instruct ion which has an i ndexed 
addresing mode. At the end of the rout ine, the area acquired for local storage is released 
(e.g. ,  LEAS 2048,S) prior to the final pull .  For c leaner programs, local storage should be 
al located at entry to the module and released at the exit of the module. 

4.2.1.3 Global Storage. The area requ i red for global storage is also most effecti vely ac­
qui red from the stack, probably by the h ighest level  routi ne in the standard package. 
Although this is local storage to the h ighest level routine, it becomes "global" by posi ­
t ion i ng a reg ister to point at this storage, (sometimes referred to as a stack mark) then 
establ ishing the convention that all modules pass that same pOinter value when cal l ing 
lower level modules. I n  practice, it i s  conven ient to leave this stack mark reg ister un­
changed in  all  modules, especial ly if  g lobal accesses are common. The highest level 
rout ine in the standard package would execute the fol lowing sequence upon entry (to in ­
it ialize the  g lobal area): 

PSHS U h igher level mark, i f  any 

TFR S,U new stack mark 

LEAS -1 7,U a l locate global storage 

Note that the U register now defines 1 7-bytes of local ly allocated (permanent) g lobals 
(which are -1 ,U through -17,U) as well as other external globals (2,U and above) which 
have been passed on the stack by the routine which called the standard package. Any 
global may be accessed by any modu le using exact ly  the same offset value at any level 
(e.g., ROL, RAT,U; where RAT EaU -1 1 has been defined). Furthermore, the values stack­
ed prior to invoking the standard package may i nclude pOinters to data or I /O peripherals.  
Any indexed operat ion may be performed indexed indi rect through those pOinters, which 
means, for example, that the module need know noth ing about the actual hardware con­
f igurat ion, except that (upon entry) the pOi nter to an I/O register has been placed at a 
given location on the stack. 
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4.2.2 POSITION·INDEPENDENT CODE. Position-independent code means that the same 
machine language code can be placed anywhere in memory and sti l l  function correct ly. 
The M6809 has a long relat ive (16-bit offset) branch mode along with the common 
MC6800 branches, p lus program-counter relat ive addressing.  Program-counter rel at ive 
addressing uses the program counter l ike an i ndexable reg ister, which al lows all instruc­
tions that reference memory to also reference data relative to the program counter. The 
M6809 also has load effect ive address (LEA) instructions which al low the user to pOi nt to 
data in a ROM in a posit ion-independent manner. 

An important rule for generat ing position-independent code is: NEVER USE ABSOLUTE 
ADDRESSING. 

Program-counter relative addressing on the M6809 is a form of indexed addressing that 
uses the program counter as the base register for a constant-offset indexing operat ion.  
However, the M6809 assembler treats the PCR address f ield differently from that used in 
other i ndexed instructions. In  PCR addressing, the assembly t ime location value is  sub­
tracted from the (constant) value of the PCR offset. The result ing distance to the desired 
symbol is the value placed into the machine language object code. During execution, the 
processor adds the value of the run t ime PC to the d istance to get a posit ion-independent 
absol ute address. 

The PCR indexed addressing form can be used to point at any locat ion relat ive to the pro­
gram regard less of position in memory. The peR form of i ndexed addressing al lows ac­
cess to tables with in  the program .space in a posit ion-independent manner via use of the 
load effective address instruct ion. 

I n  a program which is completely position-ind$pendent, some absolute locations are 
usual ly requi red, part icularly for I /O. If the locations of I /O devices are placed on the 
stack (as g lobals) by a smal l  setup rout ine before the standard package Is invoked, all  in­
ternal modules can do their I /O through that pOinter (e.g.,  STA [ACIAD, UD, al lowing the 
hardware to be easi ly changed, i f  desi red. Only the Single, smal l ,  and obvious setup 
rout ine need be rewritten for each different hardware configurat ion. 

Global, permanent, and temporary values need to be easi ly avai lable in a posit ion­
independent manner. Use the stack for this data s ince the stacked data is d i rect ly ac­
cessible.  Stack the absolute address of I /O devices before cal l ing any standard software 
package s ince the package can use the stacked addresses for I /O in any system. 

The LEA instructions al low access to tables, data, or immediate values in  the text of the 
program in a position-independent manner as shown in  the fol lowing example: 

MSG1 

LEAX MSG1 ,PCR 
LBSR PDATA 

FCC IPRI NT TH IS !I 
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Here we wish to pOint at a message to be printed from the body of the program. By 
writ ing "MSG1 , peR" we s ignal the assembler to compute the d istance between the pre­
sent address (the address of the LBSR) and MSG1 . This resu lt is inserted as a constant 
i nto the LEA instruct ion which wi l l  be indexed from the program counter value at the t ime 
of execution. Now, no matter where the code is  located, when i t  is executed the com­
puter offset from the program counter wi ll poi nt at MSG1 . Th is code is position­
independent. 

It is common to use space in the hardware stack for temporary storage. Space is made 
for temporary variables from O,S through TEMP-1 , S by decrement ing the stack pOinter 
equal to the length of requ ired storage. We could use: 

LEAS -TEMP,S. 

Not only does this facil itate position-independent code but i t  is structured and helps 
reentrancy and recursion. 

4.2.3 REENTRANT PROGRAMS. A program that can be executed by several d ifferent 
users sharing the same copy of it in memory is called reentrant. Th is is important for in ­
terrupt driven systems. This method saves considerable memory space, especia l ly with 
large i nterrupt rout i nes. Stacks are requi red for reentrant programs, and the M6809 can 
support up to four stacks by using the X and Y index registers as stack poi nters. 

Stacks are simple and convenient mechanisms for generating reentrant programs. 
Subrouti nes which use stacks for pass ing parameters and results can be easi ly made to 
be reentrant. Stack accesses use the i ndexed addressing mode for fast, efficient execu­
t ion.  Stack addressing is qu ick. 

Pure code, or code that is not self-modifying, is mandatory to produce reentrant code. No 
internal information within the code Is subject to modificat ion . Reentrant code never has 
internal temporary storage, is simpler to debug, can be placed in  ROM, and must be inter­
ruptable. 

4.2.4 RECURSIVE PROGRAMS. A recursive program is one that can call itself. They are 
quite convenient for parsing mechanisms and certain arithmetic functions such as com­
puting factorials. As with reentrant programming, stacks are very usefu l  for th is techni­
que. 

4.2.5 LOOPS. The usual structured loops (i.e., REPEAT . . .  UNTIL, WHILE ... DO, FOR ... , etc.) 
are avai lable In assembly language in  exactly the same way a h igh-level language com­
piler cou ld translate the construct for execution on the target machine. Using a 
FOR . . .  NEXT loop as an example, it is possible to push the loop count, i ncrement value, 
and termination value on the stack as variables local to that loop. On each pass through 
the loop, the working register is saved, the loop count picked up, the increment added in ,  
and the result compared to the termination value. Based on th is  comparison, the loop 
counter might be updated, the working  register recovered and the loop resumed, or the 
working  register recovered and the loop variables de-allocated. Reasonable macros 
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cou ld make the source form for loop trivial , even in  assembly language. Such macros 
might reduce errors resu lt ing from the use of mu lt iple instructions simply to impl ement a 
standard control structure. 

4.2.6 STACK PROGRAMMING. Many microprocessor applications requ ire data stored as 
cont inguous pieces of i nformation in  memory. The data may be temporary, that is,  sub­
ject to change or it may be permanent. Temporary data w i l l  most likely be stored in RAM. 
Permanent data will most l i kely be stored in  ROM. 

It is  important to al low the main program as well as subrouti nes access to th is block of 
data, especially i f  arguments are to be passed from the main program to the subroutines 
and vice versa. 

4.2.6.1 M6809 Stacking Operations. Stack pOinters are markers which point to the stack 
and its i nternal contents. Although a l l  four  i ndex reg isters may be used as stack 
registers, the S (hardware stack pointer) and the U (user stack pOinter) are generally 
preferred because the push and pull instructions apply to these registers. Both are 16-bit 
i ndexable registers. The processor uses the S register automatical ly during i nterrupts 
and subroutine cal ls. The U register is free for any purpose needed. It is  not affected by 
i nterrupts or subroutine cal ls implemented by the hardware. 

Either stack pointer can be specif ied as the base address in i ndexed addreSSing. One use 
of the ind i rect addressing mode uses stack poi nters to al low addresses of data to be 
passed to a subroutine on a stack as arguments to a subroutine. The subroutine can now 
reference the data with one instruction. High-level language cal l s  that pass argu ments 
by reference are now more eff iciently coded. Also, each stack push or pull operation in a 
program uses a post byte which specifies any register or set of registers to be pushed or 
pu l led from either stack. With this option, the overhead associated with subroutine calls  
i n  both assembly and  high-level language programs is  greatly decreased. I n  fact, with the 
large number of instructions that use autoincrement and autodecrement, the M6809 can 
emu late a true stack computer architecture. 

Using the S or U stack pointer, the order in  which the registers are pushed or pu l led is  
shown in  Figure 4-1. Not ice that we push "onto" the stack towards decreas ing memory 
locations. The program counter is pushed fi rst. Then the stack pointer is decremented 
and the "other" stack pOinter is pushed onto the stack. Decrement ing and storing con­
t inues u nt i l  all the reg isters requested by the postbyte are pushed onto the stack. The 
stack pOinter pOi nts to the top of the stack after the push operation. 

The stacking order is  specif ied by the processor. The stacking order is identical to the 
order used for a l l  hardware and software interrupts. The same order is used even if a 
subset of the registers is  pushed. 

Without stacks, most modern block-structured h igh-level languages would be c umber­
some to implement. Subroutine l i nkage is very important in h igh-level language genera­
tion. Paragraph 4.2.6.2 describes how to use a stack mark pOinter for this important task. 
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Good programming pract ice dictates the use of the hardware stack for temporary 
storage. To reserve space, decrement the stack pointer by the amount of storage re­
qu i red with the instruction LEAS -TEMPS, S. This instruct ion makes space for tem­
porary variables from 0,5 through TEM PS -1,5. 

Memory 

=R · ... 

Stack Pointer 
After Stacking 

Stack Pointer 
Before Stacking 

-

.. 

. 

CC 

A 

B 

DP 

X.H 
- -

X . L  

.Y .H 
- -

Y. L 

U . H  or S.H 
- � 

U . L  or S . L .  

PC.H 
- -

PC. L 

· 
· . 

} Condition Code Register Contents 

} A Accumulator Contents 

} B �ccumulator Contents 

} Direct Page Register Contents 

} X Contents 

} Y Contents 

} Other Stack Pointer Contents 

} Program Counter Contents 

Figure 4·1 . Stacking Order 

4.2.6.2 Subroutine Linkage. In the h ighest level routine, global variables are someti mes 
considered to be local. Therefore, global storage is al located at th is poi nt, but access to 
these same variables requ ires different offset val ues depending on subroutine depth.  
Because subroutine depth changes dynamically, the length may not be known 
beforehand.  This problem is solved by assign ing one pOinter (U will be used in  the fol low­
ing descript ion, but X or Y could also be used) to "mark" a location on the hardware stack 
by using the instruct ion TFR S,U. I f  the programmer does this immediately prior to 
al locat ing g lobal storage, then all variables will then be available at a constant negat ive 
offset location from this stack mark. I f  the stack is  marked after the global variables are 
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al located, then the g lobal variables are avai lable at a constant positive offset from U.  
Register U is  then cal led the stack mark pOinter. Recall that the hardware stack pointer 
may be modi f ied by hardware i nterrupts. For th is reason, i t  is  fatal to use data referred to 
by a negative offset with respect to the hardware stack pOinter, S. 

4.2.6.3 Software Stacks. I f  more than two stacks are needed, autoincrement and 
autodecrement mode of addressing can be used to generate addi tional software stack 
pOinters. 

The X, Y, and U i ndex registers are qui te useful i n  loops for i ncrementing and decremen­
t ing purposes.  The pOinter is used for searching tables and also to move data from one 
area of memory to another (block moves). Th is auto increment and autodecrement 
feature is  avai lable i n  the i ndexed addressi ng mode of the M6809 to fac i l itate such opera­
t ions. 

In autoincrement, the value contained in  the i ndex reg ister (X or Y, U or S) is used as the 
effect ive address and then the register is  i ncremented (post incremented). I n  autodecre­
ment, the index regi ster is f i rst decremented and then used to obtain the effective ad­
dress (predecremented). Postincrement or predecrement is always performed in this ad­
d ressing mode. Th is is equivalent in operat ion to the push and pu l l  from a stack. This 
equ ivalence allows the X and Y index registers to be used as software stack pOinters. The 
i ndexed addressi ng mode can a lso implement an extra level of post indirection. This  
feature supports parameter and pOinter operations. 

4.2.7 REAL TIME PROGRAMMING. Real t ime programming requires special care. 
Sometimes a peripheral or task demands an immediate response from the processor, 
other t imes it can wait. Most real t ime app l icat ions are demanding in terms of processor 
response. 

A common solution is to use the interrupt capabi l i ty of the processor in solvi ng real time 
problems. I nterrupts mean just that; they request a break i n  the current sequence of 
events to solve an asynchronous service request. The system designer must consider all 
variat ions of the conditions to be encountered by the system inc luding software i nterac­
t ion with interrupts. As a resu lt, problems due to software design are more common in in ­
terrupt implementation code for real t ime programming than most other s ituations. Soft­
ware t imeouts, hardware i nterrupts, and program control i n terrupts are typically used i n  
solving real t ime programming problems.  

4.3 PROGRAM DOCUMENTATION 

Common sense dictates that a wel l documented program is mandatory. Comments are 
needed to explain each group of i nstruct ions since thei r  use is  not always obvious from 
looking at the code. Program boundaries and branch instructions need ful l  clarif ication .  
Consider the fol lowing pOints when writ ing comments: up-to-date, accuracy, com­
pleteness, conciseness, and understandabi l ity. 
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Accurate documentation enables you and others to maintain and adapt programs for u p­
dat ing and/or addi tional use with other programs. 

The following program documentation standards are suggested. 

A) Each subroutine should have an associated header block contain ing at least the 
following elements: 

1 )  A full specif ication for th is subrout ine - including associated data struc­
tures - such that replacement code cou ld  be generated from this descript ion 
alone. 

2) All usage of memory resources must be defined, i ncluding: 
a) Al l RAM needed from temorary (local) storage used duri ng execution of 

this subroutine or called subroutines. 
b) All RAM needed for permanent storage (used to transfer values from one 

execution of the subrout ine to future executions). 
c) All RAM accessed as global storage (used to transfer values from or to 

h igher-level subroutines). 
d) All possible exit-state condit ions, if these are to be used by calling  

routines to  test occurrences i nternal to the  subroutine. 
B) Code internal to each subrout ine shou l d  have sufficient associated line com­

ments to help i n  understanding the code. 
C) All code must be non-self-modify ing and posit ion-independent. 
D) Each subroutine which i ncludes a loop m ust be separately documented by a 

flowchart or pseudo h igh-level language algorithm. 
E) Any module or subroutine should be executable start ing at the fi rst locat ion and 

exit  at the last location. 

4.4 INSTRUCTION SET 

The complete instruction set for the M6809 is given in Table 4-1. 

Table 4·1 . Instruction Set 

Instruction Description 
ABX Add Accumulator B into Index Register X 

ADC Add with Carry into Register 

ADD Add Memory into Register 

AND logical A N D  Memory into Register 

ASl Arithmetic Shift left 

ASR Arithmetic Shift R ight 

BCC Branch on Carry Clear 

BCS Branch on Carry Set 

BEQ Branch on Equal 

BGE Branch on Greater Than or Equal to Zero 

BGT Branch on Greater 

BH I Branch if Higher 

BH S Branch if H igher or Same 

BIT Bit Test 

BlE Branch if less than or Equal to Zero 
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Table 4·1. Instruction Set (Continued) 

Instruction Description 

B LO Branch on Lower 

B LS Branch on Lower or Same 

B LT Branch on Less than Zero 

BMI Branch on Minus 

B N E  Branch Not Equal 

BPL  Branch on Plus 

BRA Branch Always 

B R N  Branch Never 

B S R  Branch t o  Subroutine 

BVC Branch on Overflow Clear 

BVS Branch on Overflow Set 

CLR Clear 

C M P  Compare Memory from a Register 

COM Complement 

CWAI Clear CC bit's and Wait for Interrupt 

DAA Decimal Addition Adjust 

D EC Decrement 

EOR Exclusive OR 

EXG Exchange Registers 

I N C  Increment 

J MP Jump 

J S R  Jump to Subroutine 

LD Load Register from Memory 

LEA Load Effective Address 

LSL Logical Shift Left 

LS R  Logical Shift Right 

MU L Multiply 

N EG Negate 

NOP No Operation 

OR Inclusive OR Memory into Register 

PSH Push Registers 

P U L  Pull Registers 

ROL Rotate Left 

ROR Rotate Right 

RTI Return from Interrupt 

RTS Return from Subroutine 

S B C  Subtract with Borrow 

S EX Sign Extend 

ST Store Register into Memory 

S U B  Subtract Memory from Register 

SWI Software I nterrupt 

SYNC Synchronize to External Event 

TFR Transfer Register to Register 

TST Test 
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The instruction set can be functional ly divided into f ive categories. They are: 

8-Bit Accumulator and Memory Instructions 

16-Bit Accumulator and Memory I nstructions 

I ndex Register/Stack Pointer I nstructions 

Branch Instructions 

Miscellaneous Instructions 

Tables 4-2 through 4-6 are l istings of the M6809 instructions and their variations grouped 
into the f ive categories l isted. 

Table 4·2. 8·Bit Accumulator and Memory Instructions 

Instruction Description 
ADCA, ADCB Add memory to accumulator with carry 

ADDA, ADDB Add memory to accumulator 

AN DA, A N D B  And memory with accumulator 

ASL, A S LA,  ASLB Arithmetic shift of accumulator or memory left 

ASR, ASRA, AS R B  Arithmetic shift o f  accumulator o r  memory right 

BITA, BITB Bit  test memory with accumulator 

CLR, CLRA, CLRB Clear accumulator or memory location 

CMPA, CMPB Compare memory from accumulator 

COM, COMA, COMB Complement accumulator or memory location 

DAA Decimal adjust A accumulator 

DEC, D ECA, DECB Decrement accumulator or memory location 

EORA, EOR B  Exclusive o r  memory with accumulator 

EXG R l , R2 Exchange R l  with R2 ( R l , R2", A, B, CC, DP)  

I N C, I NCA, INCB I ncrement accumulator or memory location 

LOA, LOB Load accumulator from memory 

LSL, LSLA, LSLB Logical shltt lett accumulator or memory location 

LSR ,  LSRA,  L S R B  Logical shift right accumulator o r  memory location 

MUL Unsigned multiply (Ax B-D) 

NEG, N EGA, N EG B  Negate accumulator o r  memory 

ORA, O R B  O r  memory with accumulator 

ROL, R O LA, ROLB Rotate accumulator or memory left 

ROR, RORA, R O R B  Rotate accumulator o r  memory right 

SBCA, S BCB Subtract memory from accumulator with borrow 

STA, STB Store accumulator to memroy 

S U BA, S U B B  Subtract memory from accumulator 

TST, TSTA, TSTB Test accumulator or memory location 

TFR R l ,  R2 Transfer Rl to R2 ( R l ,  R2",A, B, CC, DP)  

NOTE: A, B, CC,  or D P  may be pushed to (pul led from) either stack with PSH S ,  PSHU 
( P U LS ,  P U LU )  instructions. 
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Table 4·3. 16·Bit Accumulator and Memory Instructions 

Instruction Description 

ADDD Add memory to D accumulator 

CMPD Compare memory from D accumulator 

EXG D, R Exchange D with X, y, S, U, or PC 

LDD Load D accumulator from memory 

S EX Sign Extend B accumulator into A accumulator 

STD Store D accumulator to memory 

S U B D  Subtract memory from D accumulator ... 

TFR D, R Transfer D to X, Y, S, U, or PC 

TFR R ,  D Transfer X, Y, S ,  U, or PC to D 

NOTE: D may be pushed (pulled) to either stack with PSHS, PSHU ( P U LS, PULU) 
instructions. 

Table 4·4. Index/Stack Pointer Instructions 

Instruction Description 
C M P S ,  CMPU Compare memory from stack pointer 

C M PX, CMPY Compare memory from index register 

EXG R 1 ,  R2 Exchange D, x, Y, �, U or PC Wltn D, x, Y, 5, U or PC 
LEAS,  LEAU Load effective address into staCk·pointer 

LEAX, LEAY Load effective address into index register 

LDS, LDU Load stack pointer from memory 

LDX, LDY Load index register from memory 

PSHS Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 

P SHU Push A, B, CC, DP,  D,  X, Y,  X,  or PC onto user stack 

P U LS Pull A, B, CC, DP, D, X, Y, U, or PC from hardware stack 

P U LU Pull A, B, CC, DP, D, X, Y, S, or PC; from hardware stack 

STS, STU Store stack pointer to memory 

STX, STY Store index register to memory 

TFR R 1 ,  R2 Transfer D, X, Y, S, U, or PC to D, X, Y, S, U, or PC 

ABX Add B accumulator to X ( unsigned) 
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Table 4·5. Branch Instructions 

Instruction I Description 
SIMPLE BRANCHES 

BEQ, lBEQ Branch if equal 

B N E, lBNE Branch i f  not equal 

B M I, lBMI  Branch i f  minus 

BPl,lBPl Branch if  plus 

BCS, lBCS Branch if carry set 

BCC, lBCC Branch if carry clear 

BVS, lBVS Branch if overflow set 

BVC, lBVC Branch if overflow clear 

SIGNED BRANCHES 

BGT, lBGT Branch if greater (signed) 

BVS, lBVS Branch if invalid twos complement result 

BGE, lBGE Branch if  greater than or equal (signed) 

BEQ, lBEQ Branch if equal 

BNE, lBNE Branch i f  not  equal 

BlE, lBlE Branch if less than or equal (Signed) 

BVC, lBVC Branch if valid twos complement result 

BlT, lBlT Branch if less than (Signed) 

UNSIGNED BRANCHES 

BHI, lBHI  Branch i f  higher (unsigned) 

BCC, lBCC Branch if higher or same (unsigned) 

B H S,lB H S  Branch i f  higher or same (unsigned) 

B EQ, lBEQ Branch if equal 

B N E, lBNE Branch i f  not  equal 

B lS, lBlS Branch if lower or same ( unsigned) 

BCS, lBCS Branch if lower (unsigned) 

B lO, lBlO Branch if lower (unsigned) 

OTHER BRANCHES 
BSR, lBSR Branch to subroutine 

BRA,lBRA Branch always 

BRN, lBRN Branch never 

Table 4·6. Miscellaneous Instructions 

Instruction Description 
ANDCC AND condition code register 

CWAI AND condition code register, then wait for interrupt 

NOP No operation 

ORCC OR condition code register 

JMP Jump 

JSR Jump to subroutine 

RTI  Retum from interrupt 

RTS Retum from subroutine 

SWI, SWI2, SWI3 Software interrupt (absolute indirect) 

SYNC Synchronize with interrupt l ine 
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A.1 INTRODUCTION 

APPENDIX A 
INSTRUCTION SET DETAILS 

This appendix contains detailed information about each instruction in the MC6809 in­
struction set. They are arranged in  an alphabetical order with the mnemonic heading set 
in larger type for easy reference. 

A.2 NOTATION 

I n  the operation description for each instruction, symbols are used to indicate the opera­
tion.  Table A-1 l ists these symbols and their meanings. Abbreviations for the various 
registers, b its, and bytes are also used. Table A-2 l ists these abbreviations and their 
meanings. 

Table A·1. Operation Notation 

� Meaning 
Is transferred to 

A Boolean A N D  

V Boolean O R  

• Boolean exclusive OR 

(Overlinel Boolean NOT 

Concatenation 

+ Arithmetic plus 

Arithmetic minus 

X Arithmetic multiply 

A-1 



Table A·2. Register Notation 

Abbreviation 
ACCA or A 

ACCB or B 

ACCA:ACCB or 0 
ACCX 

CCR or CC 

D P R  or DP 

EA 

I FF 

IX or X 

I Y  or Y 

LSN 

M 

M I  

M S N  

PC 

R 

R' 

TEMP 

xxH 

xxL 

Sp or S 

Us or U 

P 

Q 

( ) 

dd 

DODD 

I 
$ 
[ 1 

Accumulator A 

Accumulator B 

Meaning 

Double accumulator 0 
Either accumulator A or B 

Condition code register 

Direct page register 

Effective address 

If and only if 

I ndex register X 

Index register Y 

Least significant nibble 

Memory location 

Memory immediate 

Most significant nibble 

Program counter 

A register before the operation 

A register after the operation 

Temporary storage location 

Most signifcant byte of any 16-bit register 

Least significant byte of any 1 6-bit register 

Hardware Stack pointer 

User Stack pointer 

A memory argument with Immediate, Di­
rect, Extended, and Indexed addressing 
modes 

A read-modify-write argument with Direct, 
I ndexed, and Extended addressing modes 

The data pointed to by the enclosed 
( 1 6-bit address) 

�bit branch offset 

16-bit branch offset 

Immediate value follows 

Hexadecimal value fol lows 

I ndirection 

I ndicates indexed addressing 
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ABX Add Accumulator B into Index Register X 

Source Form: ABX 

Operation: IX' - IX + ACCB 

Condition Codes: Not affected . 

ABX 

Description: Add the a·bit unsigned value in accumulator B i nto i ndex reg ister X. 

Addressing Mode: I nherent 
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ADC Add with Carry into Register 

Source Forms: ADCA P; ADCB P 

Operation: R' - R + M + C 

Condition Codes: H - Set if a half-carry is generated ; c leared otherwise. 
N - Set if the result is  negat ive; c leared otherwise. 
Z - Set if  the result is  zero; c leared otherwise. 
V - Set if an overf low is generated ; c leared otherwise.  
C - Set if a carry is  generated ; c leared otherwise.  

ADC 

Description: Adds the contents of the C (carry) bit and the memory byte i nto an 
8-bit accumulator. 

Addressing Modes: Immed iate 
Extended 
Di rect 
Indexed 
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ADD (8-Bit) Add Memory into Register 

Source Forms: ADDA P; ADDB P 

Operation: R' - R + M 

AD D (8-Bit) 

Condition Codes: H - Set if a hal f-carry is  generated ; c leared otherwise.  
N - Set if the resu lt is  negat ive;  cleared otherwise.  
Z - Set if the resu lt is  zero; c leared otherwise. 
V - Set if an overflow is generated; c leared otherwise. 
C - Set if  a carry is generated; c leared otherwise. 

Description: Adds the memory byte i nto an a-bit accumulator. 

Addressing Modes: Immediate 
Extended 
Di rect 
Indexed 
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AD D (16-Bit) 

Source Forms: ADDD P 

Add Memory into Register 

Operation: R' - R + M : M  + 1 

Condition Codes: H - Not affected . 

AD D (16-Bit) 

N - Set if the resu lt is negat ive; c leared otherwise.  
Z - Set if the result  is zero; c leared otherwise.  
V - Set if an overflow is generated ; c leared otherwise.  
C - Set if  a carry is generated ; cleared otherwise. 

Description: Adds the 1 6·bit memory val ue into the 1 6·bit accumulator 

Addressing Modes: Immed iate 
Extended 
D i rect 
Indexed 

A·6 



AN D Logical AN D Memory into Register 

Source Forms: ANDA P; AN DB P 

Operation: R' - RAM 

Condition Codes: H - Not affected. 
N - Set if the resu lt is  negat ive; c leared otherwise.  
Z - Set if  the resu lt is  zero; c leared otherwise. 
V - Always c leared . 
C - Not affected . 

AN D 

Description: Performs the logical AN D operat ion between the contents of an ac· 
cumulator and the contents of memory locat ion M and the result  is  
stored i n  the accumulator. 

Addressing Modes: Immediate 
Extended 
D i rect 
I ndexed 
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AN D Logical AND Immediate Memory Into Condition Code Register AN D 

Source Form: AN DCC #xx 

Operation: A' - A A M I 

Condition Codes: Affected according to the operat ion.  

Description: Performs a logical AN D between the cond it ion code reg ister and the 
immediate byte specified in the instruction and places the result  in 
the condit ion code reg ister. 

Addressing Mode: I mmediate 
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ASL Arithmetic Shift Left 

Source Forms: ASL Q; ASLA; ASLB 

Operation: c+-I I I I I I I I 1- 0 
b7 .. bO 

Condition Codes: H - Undef ined 
N - Set if the result  is negat ive; c leared otherwise.  
Z - Set i f  the result  is  zero; c leared otherwise.  

ASL 

V - Loaded with the resu lt of the exc lusive OR of bits s ix  and 
seven of the orig inal operand. 

C - Loaded with bit seven of the orig inal operand .  

Description: Sh i fts a l l  bits of the operand one place to the left. Bit zero is loaded 
with a zero. Bit seven is sh i fted into the C (carry) bit .  

Addressing Modes: Inherent 
Extended 
Di rect 
Indexed 
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ASR 

Source Forms: 

Operation: 

Arithmetic Shift Right 

ASR Q; ASRA; ASRB 

�""""rl---r---r-�-'Ir---T'I---r-I --'1 -. c 
b7 bO 

Condition Codes: H - Undefined. 
N - Set if the result  is negat ive; c leared otherwise. 
Z - Set if  the resu lt is zero; c leared otherwise. 
V - Not affected. 
C - Loaded with bit zero of the orig inal operand.  

ASR 

Description: Shifts a l l  bits of the operand one p lace to the r ight.  Bit seven is  held 
constant. Bit zero is  shifted i nto the C (carry) bit .  

Addressing Modes: I nherent 
Extended 
Direct 
I ndexed 
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Bee Branch o n  Carry Clear 

Source Forms: BCC dd; LBCC DODD 

Operation: TEM P - M I 
I F F  C = 0 then PC' - PC + TEM P 

Condition Codes: Not affected. 

Bee 

Description: Tests the state of the C (carry) bit and causes a branch if it is c lear. 

Addressing Mode: Relat ive 

Comments: Equ ivalent to BHS dd; LBHS DODD 
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BCS Branch on Carry Set 

Source Forms: BCS dd;  LBCS DODD 

Operation: TEM P - M I  
I F F  C=1 then PC' - PC + TEM P 

Condition Codes: Not affected . 

BCS 

Description: Tests the state of the C (carry) bit and causes a branch if it is set . 

Addressing Mode: Relat ive 

Comments: Equivalent to BLO dd;  LBLO DODD 
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BEQ Branch on Equal 

Source Forms: BEQ dd; LBEQ DODD 

Operation: TEM P - M I  
I FF Z = 1  then PC' - PC + TEM P 

Condition Codes: Not affected . 

B EQ 

Description: Tests the state of the Z (zero) bit and causes a branch if it is set . 
When used after a subtract or compare operat ion ,  th is instruct ion 
wi l l  branch if the compared values, s igned or unsigned, were exact ly 
the same. 

Addressing Mode: Relat ive 
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BG E Branch on Greater than or Equal to Zero 

Source Forms: BGE dd; LBGE DODD 

Operation: TEM P- M I  
I FF [NeV1 = O then PC' - PC + TEM P 

Condition Codes: Not affected. 

BG E 

Description: Causes a branch if the N (negat ive) bit and the V (overflow) bit are 
either both set or both c lear. That is ,  branch if the sign of a val id 
twos complement resu lt is ,  or would  be,  posit ive.  When used after a 
subtract or compare operat ion on twos complement val ues, th is  in­
struction wi l l  branch i f  the reg ister was greater than or equal to the 
memory operand.  

Addressing Mode: Relat ive 
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BGT Branch on Greater 

Source Forms: BGT dd;  LBGT DODD 

Operation: TEM P - M I 
I FF Z A  [NeV] = O  then PC' - PC + TEM P 

Condition Codes: Not affected .  

BGT 

Description: Causes a branch if the N (negat ive) bit and V (overflow) bit are either 
both set or both clear and the Z (zero) bit is  c lear. In  other words, 
branch if  the s ign of a val id twos complement resu l t  is ,  or wou ld  be, 
posit ive and not zero. When used after a subtract or compare opera­
tion on twos complement values, th is  instruct ion wi l l  branch if the 
reg ister was greater than the memory operand. 

Addressing Mode: Relat ive 
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BHI Branch if Higher 

Source Forms: BH I  dd; LBH I DODD 

Operation: TEM P - M I  
I FF [C v Z] = 0 then PC' - PC + TEMP 

Condition Codes: Not affected . 

BHI 

Description: Causes a branch if  the previous operat ion caused neither a carry nor 
a zero result .  When used after a subtract or compare operat ion on 
unsigned binary val ues, th is  instruct ion w i l l  branch if the reg ister 
was h igher than the memory operand.  

Addressing Mode: Relative 

Comments: General ly not usefu l  after I NC/DEC, LDITST, and TST/CLR/COM i n­
struct ions. 
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BHS Branch if Higher or Same BHS 

Source Forms: BHS dd ; LBHS DDDD 

Operation: TEM P - M I  
IFF  C = O  then PC' - PC+M I 

Condition Codes: Not affected . 

Description: Tests the state of the C (carry) bit and causes a branch i f  it is c lear. 
When used after a subtract or compare on unsigned binary val ues, 
th is  instruct ion w i l l  branch i f  the reg ister was h igher than or the 
same as the memory operand.  

Addressing Mode: Relat ive 

Comments: This is a dup l icate assembly-language mnemonic for the single 
mach ine instruction BCC. General ly not useful  after I NC/DEC, 
LD/ST, and TST/CLR/COM instruct ions. 
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BIT Bit Test 

Source Form: Bit P 

Operation: TEM P - RAM 

Condition Codes: H - Not affected. 
N - Set if the resu lt is negat ive; c leared otherwise. 
Z - Set if the resu lt is zero; c leared otherwise. 
V - Always c leared . 
C - Not affected . 

BIT 

Description: Performs the log ical AN D of the contents of accumulator A or B and 
the contents of memory location M and modifies the cond it ion 
codes accord ing ly. The contents of accumulator A or B and memory 
locat ion M are not affected . 

Addressing Modes: Immed iate 
Extended 
Di rect 
Indexed 
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BlE Branch on Less than or Equal to Zero 

Source Forms: BlE dd;  lBlE DODD 

Operation: TEM P-M I 
I F F  Z v [N ED V] = 1 then PC'-PC + TEM P 

Condition Codes: Not affected . 

BlE 

Description: Causes a branch if the exclusive OR of the N (negative) and V 
(overflow) bits is  1 or i f  the Z (zero) bit is  set . That is ,  branch i f  the 
s ign of a val id twos complement resu l t  is ,  or  wou ld be, negat ive. 
When used after a subtract or compare operat ion on twos comple­
ment values, th is  instruct ion wi l l  branch i f  the reg ister was less than 
or equal to the memory operand.  

Addressing Mode: Relat ive 
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BlO Branch on Lower BlO 
Source Forms: BLO dd; LBLO DODD 

Operation: TEMP - MI 
I FF C=1 then PC'-PC+TEMP 

Condition Codes: Not affected. 

Description: Tests the state of the C (carry) bit and causes a branch if it is set. 
When used after a subtract or compare on unsigned binary val ues, 
this instruction wil l branch if the register was lower than the 
memory operand. 

Addressing Mode: Relative 

Comments: This is a duplicate assembly-language mnemonic for the single 
machine instruction BCS. General l y  not useful after INC/DEC, 
LD/ST, and TST/CLR/COM instructions. 
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BLS Branch on Lower or Same 

Source Forms: BLS dd;  LBLS DODD 

Operation: TEM P - M I  
I FF (C v Z) = 1 then PC' - PC + TEM P 

Condition Codes: Not affected. 

BLS 

Description: Causes a branch if the previous operat ion caused either a carry or a 
zero result .  When used after a subtract or compare operat ion on un­
s igned binary val ues, th is instruction wi l l  branch i f  the reg ister was 
lower than or the same as the memory operand. 

Addressing Mode: Relat ive 

Comments: General ly not usefu l  after I N C/DEC, LD/ST, and TST/CLR/COM in­
structions. 
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Bll Branch on Less than Zero 

Source Forms: BL T dd; LBL T DODD 

Operation: TEMP-MI 
IFF [NeV]=1 then PC'-PC+TEMP 

Condition Codes: Not affected. 

Bll 

Description: Causes a branch if either, but not both,  of the N (negative) or  V 
(overflow) bits is set. That is, branch if the s ign of a val id  twos com­
plement result Is, or would be, negat ive. When used after a subtract 
or compare operation on twos complement b inary values, th is  in ­
struction wi l l  branch if the register was less than the memory 
operand. 

Addressing Mode: Relative 
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BMI Branch on Minus 

Source Forms: BM I dd; LBM I DODD 

Operation: TEM P - M I  
IFF N =1 then PC' - PC + TEM P 

Condition Codes: Not affected. 

BMI 

Description: Tests the state of the N (negative) bit and causes a branch if set. 
That is ,  branch i f  the s ign of the twos complem ent result is  negative. 

Addressing Mode: Relative 

Comments: When used after an operation on signed binary values, this instruc­
tion w i l l  branch if  the resu lt is  minus. It is general ly preferred to use 
the LBL T instruction after s igned operations. 
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BN E Branch Not Equal 

Source Forms: B N E  dd;  LBN E  DODD 

Operation: TEM P - M I  
I FF Z = O  then PC' - PC +  TEM P 

Condition Codes: Not affected . 

B N E 

Description: Tests the state of the Z (zero) bit and causes a branch if it is c lear. 
When used after a subtract or compare operat ion on any b inary 
val ues, th is instruct ion w i l l  branch i f  the reg ister is, or would be, not 
equal to the memory operand.  

Addressing Mode: Relat ive 

A-24 



BPL Branch o n  Plus 

Source Forms: BPL dd;  LBPL DODD 

Operation: TEM P - M I 
IFF N = 0 then PC' - PC + TEM P 

Condition Codes: Not affected. 

BPL 

Description: Tests the state of the N (negative) bit and causes a branch if it is 
c lear. That is,  branch i f  the s ign of the twos complement result  is  
posit ive.  

Addressing Mode: Relative 

Comments: When used after an operat ion on signed binary values, th is i nstruc­
tion wi l l  branch i f  the resu lt (possibly inval id) is positive. It is general­
ly preferred to use the BGE instruction after signed operations. 
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BRA Branch Always 

Source Forms: BRA dd;  LBRA DODD 

Operation: TEM P - M I 
PC' - PC + TEM P 

Condition Codes: Not affected . 

Description: Causes an unconditional branch .  

Addressing Mode: Relat ive 
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B RN Branch Never 

Source Forms: BRN dd; LBRN DODD 

Operation: TEM P - MI  

Condition Codes: Not affected . 

B RN 

Description: Does not cause a branch.  Th is instruction is essent ia l ly a no opera­
t ion,  but has a bit pattern log ica l ly  re lated to branch always. 

Addressing Mode: Relat ive 
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BSR Branch to Subroutine 

Source Forms: BSR dd;  LBSR DODD 

Operation: TEMP - M I  
SP' - SP - 1 , (SP)- PCL 
SP' - SP - 1 , (SP)- PCH 
PC' - PC + TEM P 

Condition Codes: Not affected . 

BSR 

Description: The program counter is pushed onto the stack. The program counter 
is  then loaded with the sum of the program counter and the offset . 

Addressing Mode: Relat ive 

Comments: A return from subroutine (RTS) inst ruction is  used to reverse th is pro­
cess and must be the last inst ruction executed in a subrouti ne. 
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Bve Branch on Overflow Clear 

Source Forms: BVC dd; LBVC DODD 

Operation: TEM P - M I  
I FF V=O then PC' - PC + TEM P 

Condition Codes: Not affected. 

Bve 

Description: Tests the state of the V (overflow) bit and causes a branch if it is  
c lear. That is ,  branch if the twos complement result was val id .  When 
used after an operation on twos complement b inary values, th is  i n­
struct ion wi l l  branch if there was no overflow. 

Addressing Mode: Relat ive 
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BVS Branch on Overflow Set 

Source Forms: BVS dd; LBVS DODD 

Operation: TEM P - M I  
I FF V = 1 then PC' - PC + TEM P 

Condition Codes: Not affected. 

BVS 

Description: Tests the state of the V (overf low) bit and causes a branch i f  it i s  set . 
That is,  branch if the twos complement result was i nval id .  When us­
ed after an operation on twos .complement binary values, th is  i n­
struction wi l l  branch i f  there was an overflow. 

Addressing Mode: Relat ive 
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CLR 

Source Form: CLR a 

Operation: TEM P - M 
M - 001 6 

Condition Codes: H - Not affected. 

Clear 

N - Always cleared. 
Z - Always set. 
V - Always cleared. 
C - Always cleared. 

CLR 

Description: Accumulator A or B or memory location M is loaded with 00000000. 
Note that the EA is read dur ing th is operation . 

Addressing Modes: I nherent 
Extended 
Direct 
I ndexed 
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CMP (8-Bit) Compare Memory from Register CMP (8-Bit) 

Source Forms: CM PA P; CM PB P 

Operation: TEM P - R - �  

Condition Codes: H - Undefined. 
N - Set if the result is negat ive; c leared otherwise. 
Z - Set if the result is zero; cleared otherwise. 
V - Set if an overflow is generated ; cleared otherwise. 
C - Set if a borrow is generated; cleared otherwise. 

Description: Compares the contents of memory locat ion to the contents of the 
specified reg ister and sets the appropriate condition codes. Neither 
memory location M nor the specif ied reg ister is modif ied . The carry 
f lag represents a borrow and is set to the inverse of the result ing 
binary carry. 

Addressing Modes: I mmediate 
Extended 
Di rect 
I ndexed 
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CMP (1 6-Bit) Compare Memory from Register CMP (1 6-Bit) 

Source Forms: CM PD P; CM PX P; CM PY P; CM PU P; CM PS P 

Operation: TEM P - R - M:M + 1 

Condition Codes: H - Not affected. 
N - Set if the resu lt is negative; c leared otherwise. 
Z - Set if the resu lt is zero; c leared otherwise.  
V - Set if an overf low is generated; c leared otherwise. 
C - Set if a borrow is generated; c leared otherwise. 

Description: Compares the 1 6-bit contents of the concatenated memory locations 
M:M + 1 to the contents of the specif ied reg ister and sets the ap­
propriate condit ion codes. Neither the memory locations nor the 
specif ied reg ister is  modif ied un less autoincrement or autodecre­
ment are used. The carry flag represents a borrow and is set to the 
inverse of the result ing binary carry. 

Addressing Modes: I mmediate 
Extended 
Direct 
I ndexed 
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COM Complement 

Source Forms: COM Q; COMA; COM B  

Operation: M '  - 0 + f\f 

Condition Codes: H - Not affected. 
N - Set if the resu lt is  negat ive; c leared otherwise. 
Z - Set if the resu lt is  zero; c leared otherwise. 
V - Atways c leared . 
C - Always set . 

COM 

Description: Replaces the contents of memory location M or accumulator A or B 
with its log ical com plement . When operat ing on unsigned val ues, 
only BEQ and BNE branches can be expected to behave properly 
fol lowing a COM inst ruct ion . When operat ing  on twos complement 
values, al l signed branches are avai lable. 

Addressing Modes: I nherent 
Extended 
Direct 
I ndexed 
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CWAI Clear CC bits and Wait for Interrupt 

Source Form: CWAI #$XX I E l F I H I I  I N I z I V I C I 
Operation: CCR - CCR A M I  (Possib ly c lear masks) 

Set E (ent i re state saved) 
SP' - SP - 1 ,  (SP) - PCL 
SP' - SP - 1 ,  (SP) - PCH 
SP' - SP - 1 ,  (SP)- USL 
SP' - SP - 1 ,  (SP) - USH 
SP' - SP - 1 , (SP) - IYL 
SP' - SP - 1 ,  (SP) - IYH 
SP' - SP - 1 ,  (SP) - IXL 
SP' - SP - 1 ,  (SP)- IXH 
SP' - SP - 1 ,  (SP)- DPR 
SP' - SP - 1 , (SP)- ACCB 
SP' - SP - 1 ,  (SP)- ACCA 
SP' - SP - 1 ,  (SP)- CCR 

Condition Codes: Affected according to the operation . 

CWAI 

Description: This  i nstruct ion AN Ds an immed iate byte with the condit ion code 
reg ister which may c lear the i nterrupt mask bits I and F, stacks the 
ent i re machine state on the hardware stack and then looks for an i n­
terrupt. When a non-masked i nterrupt occurs, no further mach ine 
state informat ion need be saved before vectori ng to the i nterrupt 
hand l ing rout ine.  Th is instruction rep laced the MC6800 CLI WAI se­
quence, but does not p lace the buses in a h igh-impedance state. A 
Fi"RO' (fast interrupt request) may enter its i nterrupt handler with its 
ent i re mach ine state saved. The RTI (return from interrupt) i nstruc­
tion w i l l  automat ical ly return the ent i re machine state after test ing 
the E (ent i re) b i t  of  the recovered cond it ion code reg ister. 

Addressing Mode: Immed iate 

Comments: The fol lowing immediate values w i l l  have the fol low ing resu lts: 
FF = enable neither 
EF = enable 'iRa 
BF = enable FI RQ 
AF = enable both 
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DAA 

Source Form: 

Operation: 

Decimal Addition Adjust DAA 

DAA 

ACCA' - ACCA + CF (MSN):CF(LSN) 
where CF is a Correct ion Factor, as fol lows: the CF for each n ibble 
(BCD) d ig it is  determined separately, and is e ither 6 or o.  
Least Significant Nibble 
CF(LSN) = 6 I FF 1) C = 1 

or 2) LSN > 9  

Most Significant Nibble 
CF(MSN) = 6 I FF 1) C = 1 

or 2) MSN > 9  
or 3) MSN > 8  and LSN > 9  

Condition Codes: H - Not affected . 
N - Set if the result is negative; c leared otherwise. 
Z - Set if the result is zero; c leared otherwise. 
V - Undefined .  
C - Set i f  a carry is generated or if the carry bit was set before the 

operat ion;  c leared otherwise. 

Description: The sequence of a s ingle-byte add instruct ion on accumulator A 
(e ither ADDA or ADCA) and a fol lowing decimal  add ition adjust in ­
struct ion resu lts i n  a BCD add it ion with an appropriate carry bit .  
Both values to be added must be in  proper BCD form (each n i bble 
such that:  Os n ibble s 9). M u lt ip le-precision add it ion m ust add the 
carry generated by th is decimal  addition adjust i nto the next h igher 
d ig it du ring the add operat ion (A DCA) immediately pr ior to the next 
dec imal add it ion adjust. 

Addressing Mode: I nherent 
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DEC Decrement 

Source Forms: DEC Q; DECA; DECB 

Operation: M' - M - 1  

Condition Codes: H - Not affected . 
N - Set if the resu lt is  negat ive; c leared otherwise.  
Z - Set if  the result is  zero; c leared otherwise.  

DEC 

V - Set i f  the orig inal  operand was 1 0000000; c leared otherwise.  
C - Not affected . 

Description: Subtract one from the operand. The carry bit is not affected, thus 
a l lowing th is  instruct ion to be used as a loop counter i n  m u lt i ple­
prec ision computations. When operat ing  on uns igned values, on ly 
BEQ and B N E  branches can be expected to behave consistently. 
When operat ing on twos complement values, a l l s igned branches 
are avai lable. 

Addressing Modes: I nherent 
Extended 
Di rect 
I ndexed 
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EO R Exclusive O R 

Source Forms: EORA P; EORB P 

Operation: R' - R ED M 

Condition Codes: H - Not affected. 
N - Set if the result  is negat ive; c leared otherwise. 
Z - Set i f  the result  is  zero; c leared otherwise. 
V - Always cleared . 
C - Not affected . 

EO R 

Description: The contents of memory location M is exc l usive ORed into an 8-bit 
reg ister. 

Addressing Modes: Immediate 
Extended 
Di rect 
I ndexed 

A-38 



EXG 

Source Form: EXG R1 ,R2 

Operation: R1 - R2 

Exchange Registers EXG 

Condition Codes: Not affected (un less one of the reg isters is the condit ion code 
reg ister). 

Description: Exchanges data between two designated reg isters. Bits 3-0 of the 
post byte defi ne one reg ister, wh i le  bits 7-4 def ine the other, as 
fo l lows: 

OOOO = A:B 
0001 = X  
001 0 = Y  
001 1 = US 
01 00 = SP 
01 01 = PC 
01 1 0  = Undefi ned 
01 1 1  = Undefi ned 

1 000 = A  
1 001 = B 
1 0 1 0  = CCR 
1 01 1  = DPR 
1 1 00 = Undefined 
1 1 01 = Undefined 
1 1 1 0 = Undefined 
1 1 1 1  = Undefined 

Only l i ke size reg isters may be exchanged. (8-bit with 8-bit or 1 6-bit 
with 1 6-bit .) 

Addressing Mode: I mmed iate 
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I N C  Increment 

Source Forms: I NC Q; INCA; INCB 

Operation: M '  - M + 1 

Condition Codes: H - Not affected. 
N - Set if the result is negat ive; c leared otherwise. 
Z - Set if the result is  zero; c leared otherwise .  

I NC 

V - Set if the original operand was 01 1 1 1 1 1 1 ;  c leared otherwise.  
C - Not affected . 

Description: Adds to the operand. The carry bit is not affected, thus al lowing th is  
instruction to be used as a loop counter in  mu lt iple-precis ion com­
putat ions. When operat ing on unsigned values, only the BEQ and 
BN E branches can be expected to behave consistently .  When 
operat ing on twos complement values, al l s igned branches are cor­
rectly avai lable. 

Addressing Modes: I nherent 
Extended 
Direct 
Indexed 
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J M P  

Source Form: J M P  EA 

Operation: PC' - EA 

Condition Codes: Not affected. 

J ump 

Description: Program contro l  is transferred to the effect ive address. 

Addressing Modes: Extended 
Di rect 
I ndexed 
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JSR 

Source Form: JSR EA 

Jump to Subroutine 

Operation: SP' - SP - 1 , (SP) - PCL 
SP' - SP - 1 ,  (SP) - PCH 
PC' - EA 

Condition Codes: Not affected. 

JSR 

Description: Program control is transferred to the effective address after stori ng 
the return address on the hardware stack. A RTS instruct ion shou ld 
be the last executed instruct ion of  the subrout ine.  

Addressing Modes: Extended 
Di rect 
I ndexed 

A·42 



LD (8-Bit) Load Register from Memory 

Source Forms: LOA P; LOB P 

Operation: R' - M 

Condition Codes: H - Not affected . 

L D  (8- Bit) 

N - Set if  the loaded data is  negative;  c leared otherwise. 
Z - Set if  the loaded data is zero; c leared otherwise. 
V - Always c leared . 
C - Not affected . 

Description: Loads the contents of memory location M i nto the designated 
reg ister. 

Addressing Modes: I mmed iate 
Extended 
Di rect 
Indexed 
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LD (1 6-Bit) Load Register from Memory 

Source Forms: LOO P; LOX P: LOY P; LOS P; LOU P 

Operation: R' - M : M  + 1 

Condition Codes: H - Not affected . 

LD (1 6-Bit) 

N - Set if the loaded data is negat ive; c leared otheriwse. 
Z - Set if  the loaded data is zero; c leared otherwise. 
V - Always cleared. 
C - Not affected . 

Description: Load the contents of the memory locat ion M :M + 1 i nto the 
designated 1 6-bit reg ister. 

Addressing Modes: I mmed iate 
Extended 
Di rect 
I ndexed 
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LEA Load Effective Address LEA 

Source Forms: LEAX, LEA Y, LEAS, LEAU 

Operation: R' - EA 

Condition Codes: H - Not affected . 
N - Not affected . 
Z - LEAX, LEAY: Set if the resu lt is  zero; c leared otherwise. 

LEAS, LEAU: Not affected. 
V - Not affected . 
C - Not affected . 

Description: Calcu lates the effect ive address from the indexed addressi ng mode 
and places the address in an i ndexable reg ister. 

LEAX and LEAY affect the Z (zero) bit to al low use of these reg isters 
as counters and for M C6800 I NXIDEX compat ib i l ity. 

LEAU and LEAS do not affect the Z bit to al low clean ing up the stack 
wh i le  return ing the Z bit as a parameter to a cal l i ng rout ine,  and also 
for MC6800 INSIDES compat ib i l ity. 

Addressing Mode: I ndexed 

Comments: Due to the order i n  which effect ive addresses are calcu lated i nter­
nal ly ,  the LEAX, X + + and LEAX, X + do not add 2 and 1 (respect ive­
ly) to the X reg ister; but instead leave the X reg ister unchanged . Th is 
also appl ies to the Y,  U ,  and S reg isters. For the expected resu lts, 
use the faster instruct ion LEAX 2, X and LEAX 1 ,  X. 

Some examples of LEA i nstruct ion uses are g iven in the fol lowi ng 
table.  

Instruction 
LEAX 1 0, X 
LEAX 500, X 
LEAY A, Y 
LEAY 0, Y 
LEAU - 1 0, U  
LEAS - 1 0, S 
LEAS 1 0, S 
LEAX 5, S 

Operation 
X +  1 0 - X  
X + 500 - X  
Y + A - Y  
Y + D - Y  
U - 1 0 - U  

- S - 1 0 - S  
S + 1 0 - S  
S + 5 - X  
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Comment 
Adds 5-bit constant 1 0  to X 
Adds 1 6-bit constant 500 to X 
Adds 8-bit accumulator to Y 
Adds 1 6-bit 0 accumulator to Y 
Subt racts 1 0  from U 
Used to reserve area on stack 
Used to 'clean up' stack 
Transfers as wel l as adds 



LSL 

Source Forms: 

Operation: 

Logical Shift Left 

LSL Q; LSLA; LSLB 

c- I I I I I I I I 1- 0 

b7 bO 

Condition Codes: H - Undefi ned . 
N - Set if the resu lt is negat ive; c leared otherwise.  
Z - Set i f  the resu lt is zero;  c leared otherwise. 

LSL 

V - Loaded with the resu lt of the exc lusive OR of bits six and 
seven of the or ig inal  operand. 

C - Loaded with bit  seven of the orig inal operand . 

Description: Sh ifts al l bits of accumu lator A or B or memory locat ion M one p lace 
to the left . Bit zero is loaded with a zero. Bit seven of accumu lator A 
or B or memory locat ion M is shifted into the C (carry) bit .  

Addressing Modes: I nherent 
Extended 
Di rect 
I ndexed 

Comments: This  is a dup l icate assem bly-language mnemonic for the s ing le 
mach ine instruction ASL. 
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LSR Logical Shift Right 

Source Forms: LSR Q; LSRA; LSRB 

Operation: 0-+1 I I I I I I I 1- c 
b7 bO 

Condition Codes: H - Not affected. 
N - Always cleared . 
Z - Set if the result is zero; c leared otherwise.  
V - Not affected. 
C - Loaded with bit zero of the orig inal operand.  

LSR 

Description: Performs a logical shift right on the operand .  Sh ifts a zero i nto bit 
seven and bit zero into the C (carry) bit .  

Addressing Modes: I nherent 
Extended 
D i rect 
I ndexed 
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M U L  

Source Form: MUL 

Multiply M U L  

Operation: ACCA':ACCB' - ACCA x ACCB 

Condition Codes: H - Not affected . 
N - Not affected . 
Z - Set if the resu lt is zero; c leared otherwise. 
V - Not affected. 
C - Set if ACCB bit 7 of resu lt is set ; cleared otherwise. 

Description: Mult ip ly the unsigned b inary numbers in the accumu lators and 
place the resu lt in both accumulators (ACCA contains the most­
signif icant byte of the resu lt). Unsigned mu lt i ply a l lows mu lt ip le­
precis ion operations. 

Addressing Mode: I nherent 

Comments: The C (carry) bit a l lows rou nding the most-s ign i f icant byte through 
the sequence: M UL, ADCA #0. 
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N EG Negate 

Source Forms: N EG Q; N EGA; N EG B 

Operation: M '  - 0 - M 

Condition Codes: H - U ndefined. 
N - Set if the result  is negat ive; c leared otherwise. 
Z - Set if the result  is zero; c leared otherwise. 
V - Set if the orig inal operand was 1 0000000. 
C - Set if a borrow is generated ; c leared otherwise.  

N EG 

Description: Replaces the operand with its twos complement. The C (carry) bit 
represents a borrow and is  set to the inverse of the result ing b inary 
carry. Note that 801 6  i s  replaced by itself  and only i n  th is  case i s  the 
V (overflow) bit set . The value 001 6  is also rep laced by itself ,  and only 
in  th is  case is the C (carry) bit c leared . 

Addressing Modes: I nherent 
Extended 
Di rect 
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NOP 

Source Form: NOP 

Operation: Not affected . 

No Operation NOP 

Condition Codes: This instruct ion causes only the program counter to be incremented. 
No other reg isters or memory locations are affected. 

Addressing Mode: I nherent 
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OR Inclusive OR Memory into Register 

Source Forms: ORA P; ORB P 

Operation: R' - R v M 

Condition Codes: H - Not affected . 
N - Set if the resu lt is negat ive; cleared otherwise. 
Z - Set if the result  is zero;  c leared otherwise. 
V - Always c leared. 
C - Not affected . 

O R  

Description: Performs an inc lusive OR operation between the contents of ac­
cumulator A or B and the contents of memory locat ion M and the 
resu lt i s  stored in accumulator A or B. 

Addressing Modes: I mmed iate 
Extended 
Di rect 
Indexed 
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O R  I nclusive OR Memory Immediate i nto Condition Code Register 

Source Form: ORee #XX 

Operation: R' - R v M I 

Condition Codes: Affected according to the operation. 

O R  

Description: Performs an inclusive OR operation between the contents of the 
cond ition code reg isters and the immediate value, and the result is 
placed in the cond ition code reg ister. This instruct ion may be used 
to set interrupt masks (d isable i nterrupts) or any other bit(s). 

Addressing Mode: Immediate 
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PS·HS 

Source Form: 

Operation: 

Push Registers on the Hardware Stack 

PSHS reg ister l i st 
PSHS # LABEL 
Post byte: 

b7 b6 b5 b4 b3 b2 b1 bO 

I pc I U I Y I X l op I B I A I cci 
push order----. 

PSHS 

I FF b7 of post byte set, then: SP' - SP - 1 , (SP) - PCL 
SP' - SP - 1 , (SP) - PCH 

I FF b6 of post byte set , then: SP' - SP - 1 , (SP) - USL 
SP' - SP - 1 ,  (SP)- USH 

I FF b5 of post byte set , then: SP' - SP - 1 , (SP) - IYL 
SP' - SP - 1 , (SP)- IYH 

IFF  b4 of postbyte set , then: SP' - SP - 1 , (SP) - IXL 
SP'  - SP - 1 , (SP) - I XH 

I FF b3 of postbyte set, then: SP' - SP - 1 , (SP) - DPR 
I FF b2 of postbyte set, then:  SP' - SP - 1 , (SP) - ACCB 
I FF b1  of postbyte set, then:  SP' - SP - 1 , (SP)- ACCA 
IFF  bO of post byte set, then: SP' - SP - 1 , (SP) - CCR 

Condition Codes: Not affected . 

Description: Al l ,  some, or none of the processor reg isters are pushed onto the 
hardware stack (with the exception of the hardware stack pOinter 
itself). 

Addressing Mode: Immed iate 

Comments: A single reg ister may be placed on the stack with the condition 
codes set by doing an autodecrement store onto the stack (example: 
STX , - - S). 
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PSH U 

Source Form: 

Operation: 

Push Registers on the User Stack 

PSH U  reg ister l i st 
PSH U  #LABEL 
Postbyte: 

b7 b6 b5 b4 b3 b2 b1 bO 

I PC I U I Y I X I DP I B I A I cc I 
push order-----� 

PSH U 

I FF b7 of postbyte set , then:  US' - US - 1 , (US)- PCL 
US' - US - 1 ,  (US) - PCH 

I FF b6 of postbyte set , then:  US' - US - 1 , (US)- SPL 
US' - US - 1 , (US)- SPH 

I FF b5 of postbyte set , then: US' - US - 1 ,  (US)- IYL 
US' - US - 1 ,  (US)- IYH 

I FF b4 of post byte set , then:  US' - US - 1 ,  (US)- IXL 
US' - US - 1 , (US) - IXH 

I FF b3 of postbyte set , then: US' - US - 1 , (US) - DPR 
I FF b2 of post byte set , then: US' - US - 1 , (US) - ACCB 
I FF b1 of postbyte set , then:  US' - US - 1 , (US)- ACCA 
I FF bO of postbyte set , then:  US' - US - 1 , (US)- CCR 

Condition Codes: Not affected . 

Description: Al l ,  some, or none of the processor reg isters are pushed onto the 
user stack (with the except ion of the user stack pointer itself). 

Addressing Mode: Immed iate 

Comments: A s ing le reg ister may be p laced on the stack with the condit ion 
codes set by doing an autodecrement store onto the stack (example: 
STX , - - U). 
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PU LS 

Source Form: 

Operation: 

Pull Registers from the Hardware Stack 

PU lS reg ister l i st 
PUlS #lABEl 
Postbyte: 

b7 be b5 b4 b3 b2 b1 bO 

I pc I U I Y I x l op I B I A I cc i 
... - - -- - - pu l l  order 

PU LS 

I FF bO of post byte set , then: CCR' - (SP), SP' - SP + 1  
I FF b1 of postbyte set , then: ACCA' - (SP), SP' - SP + 1  
I FF b2 of postbyte set , then: ACCB' - (SP), SP' - SP + 1 
I FF b3 of post byte set , then: OPR' - (SP), SP' - SP + 1 
I FF b4 of post byte set , then: IXH'  - (SP), SP'  - SP + 1 

I Xl' - (SP), SP' - SP + 1 
I FF b5 of postbyte set , then: IYH ' - (SP), SP' - SP + 1  

IYl' - (SP), SP' - SP +  1 
I FF b6 of post byte set , then: USH' - (SP), SP' - SP + 1 

USl' - (SP), SP' - SP + 1 
I FF b7 of post byte set , then: PCH '  - (SP), SP' - SP + 1  

PCl' - (SP), SP' - SP +  1 

Condition Codes: May be pu l led from stack; not affected otherwise. 

Description: Al l ,  some, or none of the processor reg isters are pu l led from the 
hardware stack (with the exception of the hardware stack pointer 
itself). 

Addressing Mode: I mmediate 

Comments: A sing le reg ister may be pu l led from the stack with condit ion codes 
set by doing an auto increment load from the stack (example:  
lOX ,S + + ). 
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PU LU 

Source Form: 

Operation: 

Pull Registers from the User Stack 

PU lU reg ister l ist 
PU lU #lASEl 

Post byte: 

b7 b6 b5 b4 b3 b2 b1 bO 

I PC I U I Y I X I OP I S I A I cci 
. - - - - - - pu l l  order 

PU LU 

I FF bO of postbyte set , then:  CCR' - (US), US' - US +  1 
I FF b1 of postbyte set , then:  ACCA' - (US), US' - US + 1 
I FF b2 of post byte set , then:  ACCS' - (US), US' - US + 1 
I FF b3 of postbyte set , then:  OPR' - (US), US' - US +  1 
I FF b4 of postbyte set , then:  IXH ' - (US), US' - US +  1 

IXl' - (US), US' - US + 1 
I FF b5 of postbyte set , then:  IYH' - (US), US' - US +  1 

IYl' - (US), US' - US + 1 
I FF b6 of postbyte set , then:  SPH' - (US), US' - US + 1 

SPl' - (US), US' - US + 1 
I FF b7 of postbyte set , then:  PCH - (US), US' - US +  1 

PCl' - (US), US' - US + 1 

Condition Codes: May be pul led from stack; not affected otherwise. 

Description: Al l ,  some, or none of the processor reg isters are pu l led from the user 
stack (with the exception of the user stack pOinter itself). 

Addressing Mode: I mmediate 

Comments: A single reg ister may be pu l led from the stack with condit ion codes 
set by doing an auto increment load from the stack (example: 
lOX ,U + + ). 
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ROL Rotate Left 

Source Forms: ROL Q; ROLA; ROLB 

Operation: 

��j=r"""""--"'I ,.......,..--� 
b7 .... 'II(�----- bO 

Condition Codes: H - Not affected . 
N - Set if the result is  negat ive; c leared otherwise. 
Z - Set if  the resu lt is zero; c leared otherwise. 

RO L 

V - Loaded with the result  of the excl usive O R  of bits six and 
seven of the orig i nal operand. 

C - Loaded with bit seven of the orig inal operand .  

Description: Rotates a l l  bits of the operand one place left through the C (carry) 
bit .  Th is is a 9-bit rotat ion.  

Addressing Mode: I nherent 
Extended 
Di rect 
Indexed 
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RO R Rotate Right 

Source Forms: ROR Q; RORA; RORB 

Operation: 

Y"--'---I �_c -_I --I --I � 
b7 -----�. bO 

Condition Codes: H - Not affected. 
N - Set i f  the result  is negat ive; c leared otherwise. 
Z - Set i f  the result  is zero; c leared otherwise.  
V - Not affected . 
C - Loaded with bit zero of the previous operand .  

RO R 

Description: Rotates al l bits of the operand one p lace r ight through the C (carry) 
bit .  Th is  is a 9·bit rotat ion.  

Addressing Modes: I nherent 
Extended 
Di rect 
I ndexed 
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RTI 

Source Form: 

Operation: 

Return from Interrupt 

RTI 

CCR' - (SP), SP' - SP + 1 ,  then 

I F F  CCR bit E is set , then: ACCA' - (SP), SP' - SP +  1 
ACCS' - (SP), SP' - SP + 1 
OPR' - (SP), SP' - SP + 1 
IXH ' - (SP), SP' - SP +  1 
IXL' - (SP), SP' - SP + 1 
IYH ' - (SP), SP' - SP +  1 
IYL' - (SP), SP' - SP +  1 
USH' - (SP), SP' - SP + 1 
USL' - (SP), SP' - SP + 1 
PCH '  - (SP), SP' - SP +  1 
PCL' - (SP), SP' - SP +  1 

I F F  CCR bit E is  c lear, then: PCH '  - (SP), SP' - SP + 1 
PCL' - (SP), SP' - SP +  1 

Condition Codes: Recovered from the stack. 

RTI 

Description: The saved mach ine state is recovered from the hardware stack and 
contro l  is  returned to the i nterrupted program. I f  the recovered E (en­
t i re) bit is clear, it i nd icates that only a subset of the machine state 
was saved (return address and cond it ion codes) and only that subset 
is recovered . 

Addressing Mode: I nherent 
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RTS 

Source Form: RTS 

Return from Subroutine 

Operation: PCH ' - (SP), SP' - SP +  1 
PCl' - (SP), SP' - SP + 1 

Condition Codes: Not affected. 

RTS 

Description: Program control is returned from the subrout ine to the cal l i ng pro­
gram. The return address is pul led from the stack. 

Addressing Mode: I nherent 
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SBe Subtract with Borrow 

Source Forms: SBCA P; SBCB P 

Operation: R' - R - M - C 

Condition Codes: H - Undefi ned .  
N - Set if the  resu lt is  negative;  c leared otherwise. 
Z - Set if the resu lt is  zero; c leared otherwise. 
V - Set if an overflow is generated; c leared otherwise. 
C - Set if a borrow is  generated ; c leared otherwise .  

SBe 

Description: Subtracts the contents of memory locat ion M and the borrow ( in  the 
C (carry) bit) from the contents of the designated a·bit reg ister, and 
p laces the resu lt i n  that reg ister. The C bit  represents a borrow and 
is  set to the i nverse of the resu l t ing binary carry. 

Addressing Modes: I mmediate 
Extended 
Di rect 
I ndexed 
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SEX Sign Extended 

Source Form: SEX 

Operation: If bit seven of ACCe is set then ACCA' - FF1 6 

Condition Codes: H - Not affected. 

e lse ACCA' - 001 6 

N - Set if the resu lt is negat ive; c leared otherwise. 
Z - Set if the resu lt is  zero; c leared otherwise.  
V - Not affected. 
C - Not affected. 

SEX 

Description: This i nstruct ion transforms a twos complement 8-bit value i n  ac­
cumulator e into a twos complement 1 6-bit value in the 0 ac­
cumulator. 

Addressing Mode: I nherent 
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ST (8-Bit) Store Register· into Memory 

Source Forms: STA P; STe P 

Operation: M' - R 

Condition Codes: H - Not affected . 

ST (8-Bit) 

N - Set if the resu lt is  negat ive; c leared otherwise. 
Z - Set if the result is  zero; c leared otherwise. 
V - Always cleared . 
C - Not affected . 

Description: Writes the contents of an 8·bit reg ister i nto a memory locat ion . 

Addressing Modes: Extended 
Di rect 
I ndexed 
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8T (1 6-Bit) Store Register Into Memory 

Source Forms: STD P; STX P; STY P; STS P; STU P 

Operation: M ':M + 1 ' - R 

Condition Codes: H - Not affected . 

8T (1 6-Bi·t) 

N - Set i f  the result  is negative; c leared otherwise. 
Z - Set if  the resu lt is zero; c leared otherwise. 
V - Always c leared. 
C - Not affected . 

Description: Writes the contents of a 1 6·bit reg ister into two consecutive memory 
locations. 

Addressing Modes: Extended 
Di rect 
I ndexed 
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SU B (8-Bit) Subtract Memory from Register 

Source Forms: SUBA P; SUBB P 

Operation: R' - R - M 

Condition Codes: H - Undefined. 

SU B (8-Bit) 

N - Set if the resu lt is  negative; c leared otherwise. 
Z - Set if the result is  zero; c leared otherwise. 
V - Set if the overflow is generated; c leared otherwise. 
C - Set if  a borrow is generated; c leared otherwise. 

Description: Subtracts the value in  memory location M from the contents of a 
designated 8-bit register. The C (carry) bit represents a borrow and is 
set to the inverse of the resu lt ing b inary carry. 

Addressing Modes: Immed iate 
Extended 
Direct 
I ndexed 
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SU B (1 6-Bit) Subtract Memory from Register SU B (1 6-Bit) 

Source Forms: SUBD P 

Operation: R' - R - M:M + 1 

Condition Codes: H - Not affected. 
N - Set if the resu lt is negat ive; c leared otherwise. 
Z - Set if the resu lt is zero; c leared otherwise. 
V - Set if the overf low is generated; c leared otherwise.  
C - Set if a borrow is generated; c leared otherwise. 

Description: Subtracts the value in memory location M :M + 1 from the contents of 
a designated 1 6-bit reg ister. The C (carry) bit represents a borrow 
and is set to the inverse of the result ing b inary carry. 

Addressing Modes: I mmed iate 
Extended 
Di rect 
I ndexed 
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SWI Software Interrupt 

Source Form: SWI 

Operation: Set E (ent i re state wi l l  be saved) 
SP' - SP - 1 , (SP) - PCL 
SP' - SP - 1 , (SP) - PCH 
SP' - SP - 1 , (SP) - USL 
SP' - SP - 1 ,  (SP)- USH 
SP' - SP - 1 , (SP) - IYL 
SP' - SP - 1 , (SP)- IYH 
SP' - SP .- 1 ,  (SP) - IXL 
SP' - SP - 1 , (SP) - IXH 
SP' - SP - 1 ,  (SP) - DPR 
SP' - SP - 1 , (SP) - ACCB 
SP' - SP - 1 , (SP) - ACCA 
SP' - SP - 1 , (SP) - CCR 
Set I ,  F (mask interrupts) 
PC' - (FFFA):(FFFB) 

Condition Codes: Not affected. 

SWI 

Description: Al l of the processor reg isters are pushed onto the hardware stack 
(with the except ion of the hardware stack pointer itsel f), and control 
is t ransferred through the software interrupt vector. Both the normal 
and fast interrupts are masked (disabled). 

Addressing Mode: I nherent 
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SWI2 

Source Form: SWI2 

Software Interrupt 2 

Operation: Set E (ent i re state saved) 
SP' - SP - 1 , (SP) - PCL 
SP' - SP - 1 , (SP) - PCH 
SP' - SP - 1 , (SP) - USL 
SP' - SP - 1 , (SP)- USH 
SP' - SP - 1 ,  (SP(- IYL 
SP' - SP - 1 , (SP)- IYH 
SP' - SP - 1 ,  (SP) - IXL 
SP' - SP - 1 , (SP) - IXH 
SP' - SP - 1 ,  (SP) - DPR 
S P' - SP - 1 , (SP) - ACCB 
S P' - SP - 1 ,  (SP)- ACCA 
SP' - SP - 1 , (SP) - CCR 
PC' - (FFF4):(FFF5) 

Condition Codes: Not affected. 

SWI2 

Description: Al l  of the processor reg isters are pushed onto the hardware stack 
(with the except ion of the hardware stack pOinter itself), and control 
i s  transferred through the software i nterrupt 2 vector. Th is  interrupt 
i s  avai lable to the end user and must not be used in  packaged soft­
ware. Th is interrupt does not mask (d isable) the normal and fast in­
terrupts. 

Addressing Mode: I nherent 
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SWI3 Software Interrupt 3 

Source Form: SWI 3 

Operation: Set E (ent i re state wi l l  be saved) 
SP' - SP - 1 , (SP) - PCl 
SP' - SP - 1 , (SP)- PCH 
SP' - SP - 1 ,  (SP) - USl 
SP' - SP - 1 , (SP)- USH 
SP' - SP - 1 ,  (SP) - IYl 
SP' - SP - 1 , (SP) - IYH 
SP' - SP - 1 , (SP)- IXl 
SP' - SP - 1 , (SP) - IXH 
SP' - SP - 1 , (SP)- DPR 
SP' - SP - 1 , (SP) - ACCB 
SP' - SP - 1 ,  (SP) - ACCA 
SP' - SP - 1 , (SP)- CCR 
PC' - (FFF2):(FFF3) 

Condition Codes: Not affected . 

SWI3 

Description: Al l of the processor reg isters are pushed onto the hardware stack 
(with the except ion of the hardware stack poi nter itself), and control  
is  transferred through the software i nterrupt 3 vector. Th is interrupt 
does not mask (d isable) the normal and fast i nterrupts. 

Addressing Mode: I nherent 
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SYN C  Synchronize to External Event SYN C  

Source Form: SYNC 

Operation: Stop processing instructions 

Condition Codes: Not affected . 

Description: When a SYNC instruct ion is excuted , the processor enters a syn­
chron izing state, stops processing instruct ions,  and waits for an in ­
terrupt .  When an interrupt occurs, the synchron izi ng state is  c leared 
and processing cont inues. If the interrupt is enabled , and it  lasts 
three cyc les or more, the processor w i l l  perform the i nterrupt 
rout ine.  i f  the interrupt is masked or i s  shorter than three cycles,  the 
processor s imply cont inues to the next i nstruct ion.  Wh i le  in the syn­
chronizing state, the address and data buses are in the h igh­
impedance state. 

This instruction provides software synchronization with a hardware 
process. Consider the fol lowing example for h igh-speed acqu is it ion 
of data: 

FAST SYNC 
I nterru pt I 
LDA 
STA 
DECB 
BNE 

WAIT FOR DATA 

DISC DATA FROM DISC A N D  CLEAR I NTERRUPT 
,X + PUT IN BU FFER 

COUNT IT, DON E? 
FAST GO AGAIN I F  NOT. 

The synchron izing state is c leared by any interrupt .  Of course, enabl­
ed interrupts at this pOint may destroy the data transfer and,  as 
such, shou ld represent only emergency condit ions. 

The same connect ion used for i nterrupt-driven I/O service may also 
be used for h igh-speed data transfers by sett ing  the i nterrupt mask 
and us i ng  the SYN C  i n st ruct ion  as t h e  above exam p l e  
demonstrates. 

Addressing Mode: I nherent 
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TFR Transfer Register to Register 

Source Form: TFR R1 , R2 

Operation: R1 - R2 

Condition Code: Not affected un less R2 is the cond it ion code reg ister. 

TFR 

Description: Transfers data between two designated reg isters. Bits 7-4 of the 
postbyte def ine the source reg ister, wh i l e  bits 3-0 define the dest i na­
t ion reg ister, as fol lows: 

OOOO = A:B 1 000 = A  
0001 = X  1 001  = B 
001 0  = Y 1 01 0  = CCR 
001 1 = US 1 01 1 = CPR 
01 00 = SP 1 1 00 = Undefined 
01 01 = PC 1 1 01 = Undefined 
01 1 0  = Undefined 1 1 1 0 = Undefined 
01 1 1  = Undef ined 1 1 1 1  = Undefined 

Only l i ke size reg isters may be t ransferred. (8-bit to 8-bit ,  or  1 6-bit to 
1 6-bit.) 

Addressing Mode: Immed iate 
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TST 

Source Forms: TST Q; TST A; TSTB 

Operation: TEM P - M - 0 

Condition Codes: H - Not affected . 

Test 

N - Set if the resu lt is negat ive; cleared otherwise.  
Z - Set if  the resu lt is  zero; c leared otherwise.  
V - Always cleared. 
C - Not affected . 

TST 

Description: Set the N (negat ive) and Z (zero) bits accordi ng to the contents of 
memory location M ,  and c lear the V (overf low) bit .  The TST instruc­
t ion provides only m in imum information when test ing uns igned 
values; s ince no unsigned val ue is less than zero, BlO and BlS have 
no ut i l ity. Wh i le B H I  cou ld  be used after TST, it provides exactly the 
same control as BN E, wh ich i s  preferred. The s igned branches are 
avai lable. 

Addressing Modes: I nherent 
Extended 
Direct 
I ndexed 

Comments: The MC6BOO processor c lears the C (carry) bit .  
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FI RQ 

Operation: 

Fast Interrupt Request (Hardware Interrupt) 

I FF F bit c lear, then: SP' - SP - 1 , (SP) - PCL 
SP' - SP - 1 , (SP) - PCH 
Clear E (subset state is saved) 
SP' - SP - 1 , (SP) - CCR 
Set F, I (mask further i nterrupts) 
PC' - (FFF6):(FFF7) 

Condition Codes: Not affected . 

FI RQ 

Description: A F IRQ (fast i nterrupt request) with the F (fast i nterrupt request 
mask) bit c lear causes th is  i nterrupt sequence to occur at the end of 
the current i nstruct ion.  The program counter and condit ion code 
reg ister are pushed onto the hardware stack. Program control  is 
transferred through the fast i nterrupt request vector. An RTI (return 
from interrupt) instruct ion returns the processor to the orig inal task. 
I t  is  possible to enter the fast i nterrupt request rout ine with the en­
t i re mach ine state saved if the fast i nterrupt request occurs after a 
c lear and wait for i nterrupt i nstruct ion.  A normal i nterrupt request 
has lower priority than the fast i nterrupt request and is prevented 
from i nterrupt i ng the fast i nterrupt request rout ine by automat ic set­
t ing  of the I ( interrupt request mask) bit .  Th is  mask bit cou ld then be 
reset during  the interrupt rout i ne if priority was not desired. The fast 
interrupt request al lows operat ions on m emory, TST, INC, DEC, etc. 
i nstruct ions without the overhead of sav ing the ent i re machine state 
on the stack. 

Addressing Mode: I nherent 
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I RQ 

Operation: 

Interrupt Request (Hardware Interrupt) 

I FF I bit c lear, then: SP' - SP - 1 , (SP) - PCL 
SP' - SP - 1 , (SP) - PCH 
SP' - SP - 1 , (SP)- USL 
SP' - SP - 1 ,  (SP)- USH 
SP' - SP - 1 , (SP) - IYL 
SP' - SP - 1 , (SP) - IYH 
SP' - SP - 1 , (SP)- IXL 
SP' - SP - 1 , (SP) - IXH 
SP' - SP - 1 , (SP) - DPR 
SP' - SP - 1 , (SP) - ACCB 
SP' - SP - 1 , (SP)- ACCA 
Set E (ent i re state saved) 
SP' - SP - 1 , (SP) - CCR 
Set I (mask further I RQ interrupts) 
PC' - (FFF8):(FFF9) 

Condition Codes: Not affected . 

I RQ 

Description: If the I (i nterrupt request mask) bit is c lear, a low level on the I RQ in ­
put  causes th is i nterrupt sequence to occur at  the end of the current 
instruct ion.  Control  is retu rned to the i nterrupted program using a 
RTI (return from interrupt) i nstruction . A FI RQ (fast i nterrupt request) 
may i nterrupt a normal I RQ (interrupt request) rout ine and be 
recogn ized anyt ime after the interrupt vector is taken.  

Addressing Mode: I nherent 
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N M I Non·Maskable Interrupt (Hardware Interrupt) 

Operation: SP' - SP - 1 , (SP)- PCl 
SP' - SP - 1 , (SP)- PCH 
SP' - SP - 1 , (SP)- USl 
SP' - SP - 1 , (SP) - USH 
SP' - SP - 1 ,  (SP)- IYl 
SP' - SP - 1 , (SP) - IYH 
SP' - SP - 1 , (SP) - IXl 
SP' - SP - 1 , (SP) - IXH 
SP' - SP - 1 , (SP)- OPR 
SP' - SP - 1 , (SP) - ACCB 
SP' - SP - 1 ,  (SP)- ACCA 
Set E (ent i re state save) 
SP' - SP - 1 , (SP) - CCR 
Set I, F (mask i nterrupts) 
PC' - (FFFC):(FFFO) 

Condition Codes: Not affected . 

N M I  

Description: A negat ive edge on the N M I  (non-maskable i nterrupt) i nput causes 
al l of the processor's reg isters (except the hardware stack pointer) 
to be pushed onto the hardware stack,  start ing  at the end of the cur­
rent instruct ion.  Program control  is  transferred through the N M I  vec­
tor. Successive negat ive edges on the N M I  i n put wi l l  cause suc­
cessive N M I  operations. Non-maskable i nterrupt operat ion can be 
i nternal ly blocked by a RESET operation and any non-maskable  in ­
terrupt that occurs wi l l  be  latched . I f  th is  happens,  the non­
maskable i nterrupt operat ion w i l l  occur  after the f i rst load into the 
stack pointer (lOS; TFR r,s;  EXG r,s; etc.) after RESET. 

Add ressing Mode: I nherent 
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RESTART Restart (Hardware Interrupt) 

Operation: CCR' - X1 X1 XXXX 
DPR' - 001 6  
PC' - (FFFE):(F FFF) 

Condition Codes: Not affected . 

RESTART 

Description: The processor is i n it ia l ized (requ i red after power-on) to start pro­
g ram execution. The start i ng address is fetched from the restart vec­
tor. 

Addressing Mode: Extended Ind i rect 
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APPEN DIX B 
ASSIST09 MONITOR PROG RAM 

B.1 G ENERAL DESCRIPTION 

The M6809 is  a h igh-performance microprocessor which supports modern programm i ng 
techn iques such as posit ion-independent, reentrancy, and modular programming.  For a 
software monitor to take advantage of such capabi l it ies demands a more refi ned and 
sophist icated user i nterface than that provided by previous monitors. ASSIST09 is  a 
monitor which supports the advanced features that the M6809 makes possi ble.  
ASSIST09 features inc l ude the fol lowing: 

• Coded i n  a posit ion (address) independent manner. Wi l l  execute anywhere i n  the 
64K address space. 

• M ult ip le means avai lable for instal l i ng  user modif icat ions and extensions. 

• Fu l l  complement of commands for program development i nc lud ing breakpoi nt and 
trace. 

• Sophist icated mon itor cal ls  for completely address-independent user program ser­
vices. 

• RAM work area is located relative to the ASSIST09 ROM ,  not at a f ixed address as 
with other monitors. 

• Easi ly  adapted to real-t ime envi ronments. 

• Hooks for user command tables, 110 handlers, and default specif ications. 

• A complete user i nterface with services normal ly only seen in fu l l  disk operat ing 
systems.  

The concise instruction set of  the M6809 al lows al l  of  these functions and more to  be 
contained in on ly 2048 bytes. 

The ASSIST09 monitor is easi ly adapted to run under control of a real -t ime operat ing 
system.  A special  function is  avai lable which a l lows vol untary t ime-s l ic ing ,  as wel l  as 
forced t ime-sl ic ing upon the use of  several service rout ines by a user program. 

B.2 IM PLEM ENTATION REQUIREM ENTS 

Since ASSIST09 was coded in  an address-independent manner, it wi l l  properly execute 
anywhere in the 64K address space of the M6809. However, an assumption must be made 
regard ing the location of a work area needed to hold miscel laneous variables and the 
default stack locat ion.  Th is  work area is cal led the page work area and it is addressed 
with in  ASSIST09 by use of the d i rect page reg ister. It is located relat ive to the start of the 
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ASSIST09 ROM by an offset of - 1 900 hexadec imal .  Assuming ASSIST09 resides at the 
top of the memory address space for d i rect contro l  of the hardware interrupt vectors, the 
memory map wou ld  appear as shown in  Figure B-1 . 

FFFF 

ASSIST09 
Base R O M  

FSOO 
User 

Extension R O M  

FOOO 
(Unused) 

ESOO 

PTM /ACIA 

EOOO 

Work Pagel Stack 

ASSIST09 at Top of 
Memory Map 

Extension ROM or Other Use 

Unused 2K 

Default PTM and ACIA 
Locations 

Work Page and Default 
Stack I DFFF and Down) 

Figure B-1 . M emory Map 

I f  F800 is  not the start of the mon itor ROM the addresses wou ld  change, but the relat ive 
locations would remain the same except for the programmable t imer modu le  (PTM) and 
asynchronous commun icat ions i nterface adapter (ACIA) default  addresses which are f ix­
ed . 

The defau lt console i nput/output hand lers access an ACIA located at EOO8. For trace 
commands, a PTM with default  address EOOO is used to force an N M I  so that s ing le  in­
structions may be executed . These default addresses may eas i ly be changed using one 
of several methods.  The console I /O handlers may also be rep laced by user rout i nes. The 
PTM is i n it ia l ized during the MON ITR service cal l (see Paragraph B.9 SERVICES) to f i reup 
the monitor un less its default  address has been changed to zero, i n  which case no PTM 
references w i l l  occur. 

B.3 INTERRUPT CONTROL 

U pon reset , a vector table is  created which contains,  among other th ings,  default  i nter­
rupt vector handler appendage addresses. These routines may easi ly  be rep laced by user 
appendages with the vector swap service described later. The defau lt act ions taken by 
the appendages are as fol lows: 

RESET - Bui ld  the ASSIST09 vector table  and setup mon itor defaults,  then i nvoke 
the mon itor startup rout ine.  

SWI - Request a service from ASSIST09. 

FIRQ - An i mmediate RTI is done. 

SWI2, SWI3, I RQ, Reserved , N M I  - Force a breakpoint and enter the command 
processor. 
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The use of I RQ is recommended as an abort funct ion du ring program debugg ing ses­
sions, as breakpoints and other ASSIST09 defaults are rei n it ial ized upon RESET. On ly the 
pr imary software i nterrupt instruct ion (SWI) is used , not the SWI2 or SWI3. Th is  avoids 
page fau l t  problems which would otherwise occur with a memory management un it as 
the SWI2 and SWI3 i nstruct ions do not d isable i nterrupts.  

Counter number one of the PTM is used to cause an N M I  i nterrupt for the trace and break­
pOint commands. At RESET the control reg ister for t imer one is i n it ia l ized for trac ing  pur­
poses. If no trac ing  or breakpoint ing i s  done then the ent i re PTM is avai lable to the user. 
Otherwise, on ly counters two and three are avai lable. Although control  reg ister two m ust 
be used to i n it ia l ize control reg ister one, ASSIST09 returns contro l  reg ister two to the 
same value i t  has after a RESET occurs. Therefore, the on ly condit ion imposed on a user 
program is that if  the "operate/preset" b it in contro l  reg ister one m ust be turned on , $A7 
shou ld be stored, $A6 should be stored if it must be turned off. 

B.4 INITIALIZATION 

During ASSIST09 execution , a vector table  is  used to address certain service rout i nes 
and default  val ues. Th is table is generated to provide easi ly  changed control  information 
for user mod if icat ions.  The f i rst byte of the ASSIST09 ROM contains the start of a 
subrout ine which i n it ia l izes the vector table along with sett i ng up certain default  values 
before return ing  to the cal ler. 

If the ASSIST09 RESET vector receives contro l ,  it does three th ings:  

1 .  Ass igns a default  stack in  the work space, 

2. Cal ls  the aforement ioned subrout ine to i n it ia l ize the vector table, and 

3. F ires up the ASSIST09 mon itor proper w ith a M O N ITR SWI serv ice request . 

However, a user rout ine can perform the same functions with a bonus. After cal l i ng  the 
vector i nt i t ial izat ion subroutine, it may examine or alter any of the vector table values 
before start ing  normal  ASSIST09 processi ng .  Thus, a user rout ine may "bootstrap" 
ASSIST09 and alter the defau lt standard val ues. 

Another method of insert ing user mod ificat ions is  to have a user rout ine reside at an ex­
tension ROM locat ion 2K below the start of the ASSIST09 ROM .  The vector table i n­
it ia l izat ion rout ine ment ioned above, looks for a "BRA * "  f lag ($20FE) at th is address, and 
if  found cal ls the locat ion fol lowing the f lag as a subrout ine  with the U reg ister point ing 
to the vector table. S ince th is is done after vector table i n it ia l izat ion , any or al l defau lts 
may be altered at th is  t ime. A big advantage to us ing th is  method is  that the mod if ica­
t ions are "automat ic" i n  that upon a RESET con�it ion the changes are made without 
overt act ion requ i red such as the execut ion of a memory change command. 

No special  stack is used dur ing ASSIST09 processing .  Th i s  means that the stack pOi nter 
must be val id at al l i nterruptable t imes and shou ld  contain enough room for the stacking 
of at least 21 bytes of i nformat ion . The stack in  use during the i n it ia l  MON ITR service cal l 
to start up  ASSIST09 processing becomes the "off ic ial " stack. I f  any later stack val id ity 
checks occur, th is  same stack w i l l  be re-based before entering the command handler. 
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ASSIST09 uses a work area which is addressed at an offset from the start of the 
ASSIST09 ROM .  The offset val ue is  - 1 900 hexadecimal . Th is  poi nts to the base page us· 
ed during mon itor execution and contains the vector table as wel l  as the start of the 
default stack. I f  the default stack is  used and it exceeds 81 bytes in  s ize, then cont iguous 
RAM must exist below this base work page for proper extension of the stack. 

85. I NPUT/OUTPUT CONTRO L  

Output generated by use of  the  ASSIST09 services may be  halted by  pressing any  key, 
causing a ' FREEZE' mode to be entered . The next keyboard entry w i l l  re lease th is condi·  
t ion a l lowing normal output to cont inue. Commands which generate large amounts of 
output may be aborted by enter ing CANCEL (CONTROL·X). User programs may also 
mon itor for CANCEL along with the 'FREEZE' condit ion even when not performing  con· 
sole I/O (PAUSE service). 

8.6 COM MAND FORMAT 

There are three possible formats for a command: 
< Command > CR 

< Command > < Expression 1 >  CR 

< Command > < Expression1 >  < Expression2> CR 

The space character is used as the del im iter between the command and al l arguments. 
Two special  qu ick commands need no carriage return,  " ." and "/" . To re-enter a command 
once a m istake is made, type the CANCEL (CONTROL·X) key. 

Each "expression" above consists of one or more val ues separated by an operator. 
Values can be hex strings, the letters "P" ,  " M " ,  and "W", or the result of a function. Each 
hexadecimal  st r ing is converted internal ly to a 1 6·bit b inary number. The letter " P" 
stands for the current program counter, " M "  for the last memory examine/change ad· 
dress, and "W" for the w indow value. The window value is set by us ing the WI N DOW 
command. 

One funct ion exists and it  is  the I N DI RECT funct ion.  The character " @ "  fol lowing a val ue 
rep laces that value with the 1 6·bit number obtained by using that value as an address. 

Two operators are a l lowed, " + " and " - " which cause add it ion and subtract ion. Values 
are operated on in a left·to·right order. 

Examples: 

480 - hexadecimal 480 

W + 3 - value of window p lus three 

P·200 - current program counter minus 200 hexadecimal 

M - W - current memory pointer minus window value 

1 00 @  - value of word addressed by the two bytes at 1 00 hexadecimal 

P + 1 @ - value addressed by the word located one byte up from the current program 
counter 

8·4 



B.7 COMMAND LIST 

Table B·1 l i sts the commands avai lable i n  the ASSIST09 monitor. 

Table B·1 . Command List 

Command Name Description Command Entry 

B reakpoint Set, clear, display, or delete breakpoints B 

Call Cal l  program as subroutine C 

Display Display memory block in hex and ASCI I  D 

Encode Return indexed postbyte value E 

Go Start or resume program execution G 

Load Load memory from tape L 

Memory Examine or alter memory M 
Memory change or examine last referenced / 
Memory change or examine hex/ 

N ul l  Set new character and new l ine padding N 

Offset Compute branch offsets 0 
Punch Punch memory on tape P 

Registers Display or alter registers R 

Stlevel Alter stack trace level value S 

Trace Trace number of instructions T 
Trace one instruction 

Verify Verify tape to memory load V 

Window Set a window value W 

B.8 COMMANDS 

Each of the com mands are explained on the fo l lowi ng pages. They are arranged i n  
alphabet ical order b y  t h e  command name used in  t h e  command l ist . The command name 
appears at each marg i n  and i n  S l ight ly larger type for easy reference. 
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B REAKPOI NT 

Format: Breakpoint 
Breakpoint -
Breakpoint < Address > 
Breakpoint - < Address > 

• 

B REAKPOI NT 

Operation: Set or change the breakpoint table.  The f i rst format d isp lays a l l  breakpoints. 
The second c lears the breakpoint table. The th i rd enters an address i nto the 
table. The fourth deletes an address from the table. At reset, al l  breakpoints 
are deleted. Only instruct ions in RAM may be breakpoi nted. 

CALL 

Format: Cal l 
Cal l < Address > 

CALL 

Operation: Cal l and execute a user rout ine as a subrout ine. The current program counter 
w i l l  be used un less the address is specif ied. The user rout ine shou ld  eventual­
ly term inate with a " RTS" i nstruct ion.  When this occurs, a breakpoi nt w i l l  en­
sue and the program counter wi l l  point i nto the mon itor. 
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DISPLAY 
Format: Display < From > 

Display < From > < Length > 
Display < From > < To >  

DISPLAY 

Operation: Display contents of memory i n  hexadeci mal and ASC I I  characters. The se­
cond arg ument,  when entered, is  taken to be a length i f  it is less than the f i rst , 
otherwise it is  the ending address. A default length of 1 6  decimal is  assumed 
for the f i rst format. The addresses are adjusted to inc lude a l l  bytes with i n  the 
surround ing  modu lo 16 address byte boundary. The CANCEL (CONTROL-X) 
key may be entered to abort the d isplay.  Care m ust be exercised when the last 
1 5  bytes of memory are to be d isplayed . The < Length > opt ion shou ld a lways 
be used in th is  case to assure proper terminat ion:  D FFEO 40 

Examples: 

D M 1 0  - Display 1 6  bytes surrounding the last memory 
location examined. 

D EOOO FOOO - Display memory from EOOO to FOOO hex. 

ENCO D E  

Format: Encode < I ndexed operand > 

ENCO D E  

Operation: The encode command w i l l  return the index ing i nstruct ion mode postbyte 
value from the entered assembler-l i ke syntax operand.  This is useful  when 
hand coding  instruct ions. The letter " H "  i s  used.to ind icate the number of hex 
d ig its needed in  the expression as shown in  the fol lowing examples: 

E ,V - Return zero offset to V reg ister postbyte. 

E [H H H H ,PCR] - Return two byte peR offset using ind i rect ion. 

E [ ,S + + 1 - Return autoincrement S by two ind i rect. 

E H ,X - Return 5-bit offset from X. 

Note that one " H "  specif ies a 5-bit offset , and that the result  g iven w i l l  have 
zeros in the offset value posit ion.  Th is comand does not detect a l l  i ncorrect ly 
specif ied syntax or i l l egal i ndexing modes. 
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GO GO 

Format: Go 
Go < Address > 

Operation: Execute start ing from the address g iven .  The f i rst format w i l l  cont inue from 
the current program counter sett ing .  I f  it is a breakpoint no break w i l l  be 
taken.  This a l lows cont inuation from a breakpoint. The second format wi l l  
breakpoint i f  the address specif ied i s  i n  the breakpoint l ist. 

LOAD 

Format: Load 
Load < Offset > 

LOAD 

Operation: Load a tape f i le  created using the 51 -59 format.  The offset opt ion,  i f  used, is  
added to the  address on the  tape to  specify the  actual load address. Al l off­
sets are positive ,  but wrap around memory modulo 64K. Depend ing on the 
equ ipment i nvolved, after the load i s  complete a few spurious characters may 
st i l l  be sent by the input device and interpreted as command characters. I f  
th is  happens, a CANCEL (CONTROL-X) should  be entered to cause such 
characters to be ignored . I f  the load was not successfu l  a "7" is d isp layed. 
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M EMO RY M EMORY 

Format: M EMORY < Address > /  
< Address > /  
I 

Operation: I n it iate the memory examine/change funct ion. The second format w i l l  not ac­
cept an expression for the address, only a hex stri ng .  The th i rd format 
defau lts to the address d isplayed dur ing the last memory change/exami ne 
function. (The same value is obtained i n  expressions by use of the letter " M ".) 
After act ivat ion, the fol lowing act ions may be taken unt i l  a carriage return is  
entered: 

< Expr> 

S PACE 

LF 

/ 

CR 

Replaces the byte w i th  the  specif ied val ue .  The value may 
be an expression. 

Go to next address and pr int the byte val ue. 

(Comma) Go to next address without print ing the byte 
val ue. 

(Line feed) Go to next address and print it  along with the 
byte value on the next l i ne. 

(Circumflex or Up arrow) Go the previous address and print 
it along with the byte value on the next l i ne.  

Pr int the current address with the byte value on the next 
l i ne. 

(Carriage return) Term inate the command. 

' <  Text > ' Replace succeed ing bytes with ASCI I characters u nt i l  the 
second apostrophe i s  entered. 

I f  a change attempt fai ls  (i .e. ,  the locat ion is not val id  RAM) then a quest ion 
mark wi l l  appear and the next location d isplayed . 
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N U LL N U LL 

Format: N u l l  < Specif ication > 

Operation: Set the new l i ne and character padd ing count values. The expression value is  
t reated as  two values. The upper two hex represent the  character pad count, 
and the lower two the new l i ne pad count (tr iggered by a carriage retu rn). An 
expression of less than three hex d ig its wi l l  set the character pad count to 
zero. The val ues must range from zero to 7F hexadec imal (1 27 decimal). 

Example: 

N 3 - Set the character count to zero and new l i ne count 
to three. 

N 207 - Set character padding count to two and new l i ne 
count to seven.  

Sett ings for TI S i lent 700 term i na ls  are: 

Baud Setting 
1 00 0 
300 4 
1 200 31 7 
2400 72F 

O FFSET 

Format: Offset < Offset addr >  < To inst ruct ion > 

O F FSET 

Operation: Print the one and two byte offsets needed to perform a branch from the f i rst 
expression to the instruct ion.  Thus,  offsets for branches as wel l  as indexed 
mode instruct ions wh ich use offsets may be obtained. If only a fou r  byte 
value is printed , then a short branch count cannot be done between th.e two 
addresses. 

Example: 

o P + 2 AOOO - Com pute offsets needed from the current pro-
g ram counter p lus two to AOOO. 
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PU N C H  

Format: Punch < From > < To >  

P U N C H  

Operation: Punch or record formatted binary object tape in  51 -59 (M I KBUG ) format. 

REG ISTER REG ISTER 
Format: Reg ister 

Operation: Print the reg ister set and prompt for a change. At each prompt the fol lowi ng 
may be entered. 

SPACE Skip to the next reg ister prompt 

< Expr > SPACE Replace with the specif ied value and prompt for the next 
reg ister. 

< Expr > CR (carriage return) Replace with the specif ied value and ter­
minate the command. 

CR Term inate the command. 

M I KBUG is a trademark o f  Motorola I nc. 
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STLEVEL 

Format: St level 
St level < Address > 

STLEVEL 

Operation: Set the stack trace level for i nh ibi t ing tracing information . As long as the 
stack is at or above the stack level address, the trace display wi l l  cont inue. 
However, when lower than the address it is inh ibited . Th is a l lows trac ing of a 
rout i ne without inc luding a l l subrout i ne and lower level cal l s  i n  the trace i n­
formation.  Note that tracing through a ASSIST09 "SWI" service request may 
a lso temporari ly supress t race output as explained i n  the descript ion of the 
t race command. The f i rst format sets the stack trace level to the current pro­
gram stack value. 

T RACE 

Format: Trace < Cou nt > 
. (period) 

TRACE 

Operation: Trace the specif ied number of i nstruct ions. At each trace, the opcode just ex­
ecuted w i l l  be shown along with the reg ister set. The program counter i n  the 
reg ister d isp lay pOints to the N EXT instruct ion to be executed. A CANCEL 

(CONTROL-X) wi l l  premature ly  ha l t  t racing.  The second format (period) w i l l  
cause a s i ng le  trace to  occur. Breakpoints have no  effect du ring the  trace. 
Selected port ions of a trace may be d isabled using the STLEVEL command. 
I nstruct ions i n  ROM and RAM may be traced, whereas breakpoints may be 
done only in RAM . When tracing through a ASSIST09 service request, the 
t race d isp lay wi l l  be supressed start ing  two instructions into the mon itor u nt i l  
short ly before contro l  is  returned to the  user program. This is  done to  avoid an  
i nord inate amount o f  d isp lay ing because ASSIST09, at t imes, performs a 
sizeable amount of processing  to provide the requested services. 
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VERI FY VERI FY 

Format: Verify 
Verify < Offset > 

Operation: Verify or compare the contents of memory to the tape f i le .  Th is command has 
the same format and operat ion as a LOAD command except the f i le  i s  com­
pared to memory. I f  the verify fai ls  for any reason a "?" is d isplayed.  

WI N DOW 

Format: Window < Value > 

WI N DOW 

Operation: Set the  w indow to  a value. Th is  value may be  referred to when enter ing ex­
pressions by use of the letter "W". The window may be set to any 1 6-bit val ue. 
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B.9 SERVICES 

The fol lowi ng describes services provided by the ASSIST09 mon itor. These services are 
invoked by us ing the "SWI" instruction fol lowed by a one byte funct ion code. Al l services 
are designed to al low complete address i ndependence both in i nvocation and operat ion.  
U n less specif ied otherwise, a l l  reg isters are transparent over the "SWI" cal l .  I n  the 
fol lowing descriptions, the terms " input hand ler" and "output handler" are used to refer 
to appendage rout ines which may be replaced by the user. The default rout i nes perform 
standard 1/0 through an ACIA for console operat ions to a term inal . The ASCI I  CANCEL 
code can be entered on most term inals by depressing the CONTROL and X keys 
s imu ltaneously.  A l ist of services is g iven in Table 8-2. 

Table B·2. Services 

Service Entry Code Description 

Obtain input character INCHP 0 Obtain the input character in register A from the input handler 

O utput a character O UTCH 1 Send the character in the register A to the output handler 

Send string PDATA1 2 Send a string of characters to the output handler 

Send new line and string P DATA 3 Send a carriage return .  l ine feed . and string of characters to the 
output handler 

Convert byte to hex OUT2HS 4 Display the byte pointed to by the X register in hex 

Convert word to hex OUT4H S 5 Display the word pointed to by the X register in hex 

Output to next l ine PCRLF 6 Send a carriage return and line feed to the output handler 

Send space S PACE 7 Send a blank to the output handler 

Fireup A S S I ST09 MONITR 8 Enter the A S S I ST09 monitor 

Vector swap VCTRSW 9 Examine or exchange a vector table entry 

User breakpoint B R K PT 1 0  Display registers a n d  enter the command handler 

Program break and check PAU SE 1 1  Stop processing and check for a freeze or cancel condition 
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B RKPT 

Code: 1 0  

Arguments: None 

User Breakpoint B RKPT 

Result: A d isabled breakpoint is taken.  The reg isters are d isp layed and the com­
mand handler of ASSIST09 is  entered . 

Description: Establ ishes user breakpoints. Both SWI2 and SWI3 default  appendages 
cause a breakpoint as wel l ,  but do not set the I and F mask bits. However, 
s ince they may both be replaced by user rout ines the breakpoint service 
always ensures breakpoint avai labi l ity. These user breakpoints have 
noth ing to do with system breakpoints which are hand led d i fferently by the 
ASSIST09 mon itor. 

Example: BRKPT EaU 1 0  

SWI 
FCB BRKPT 

I N PUT CODE FOR B RKPT 

REaUEST SERVICE 
FUNCTION CODE BYTE 

I N CH P Obtain Input Character I NC H P 

Code: 0 

Arguments: None 

Result: Reg ister A contains a character obtained from the i nput handler. 

Description: Contro l  is not returned unt i l  a val id  i nput character is received from the in­
put hand ler. The input character wi l l have its parity bit  (bit  7) stri pped and 
forced to a zero. Al l N U LL ($00) and RUBOUT ($7F) characters are ignored 
and not returned to the cal ler. The ECHO f lag,  which may be changed by 
the vector SWAP service, determ i nes whether or not the input character is 
echoed to the output hand ler (fu l l  duplex operat ion). The defau lt at reset is  
to echo input. When a carriage return ($00) is  received , l i ne feed ($AO) is 
automat ical ly sent back to the output hand ler. 

Example: I NCH N P  

SWI 
FCB 

Eau o 

I NC H N P  

I N PUT CODE F O R  I N CH P  

PERFORM SERVICE CALL 
FUNCTION FOR I N CH N P  

A REGISTER N OW CONTAI N S  N EXT CHARACTER 
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MON ITR Startup ASSISl09 MON ITR 

Code: 8 

Arguments: S - Stack to become the "off ic ia l " stack 
DP- Direct page defau lt for executed user programs 
A = 0 Cal l i nput and output conso le  i n it ia l ization handlers and g ive the 

"ASSIST09" startup message 
A##O Go d i rect ly to the command handler 

Result: ASSIST09 is entered and the com and handler g iven control 

Description: The purpose for th is funct ion is to enter ASSIST09, either after a system 
reset, or  when a user program des i res to term inate. Contro l  is not returned 
un less a "GO" or "CALL" command is done without altering the program 
counter. ASSIST09 runs on the passed stack, and if  a stack error is  
detected dur ing user program execution th is is  the  stack that is rebased. 
The d i rect page reg ister value i n  use remains the default for user program 
execut ion .  

Example: 

The ASSIST09 restart vector rout ine uses th is funct ion to startup  mon itor 
processing after cal l i ng the vector bu i ld  subrout ine as explained in I N· 
ITIALIZA TION .  

I f  ind icated by the A reg ister, the i nput and output i n it ia l izat ion handlers 
are cal led fol lowed by the send ing of the str ing "ASSIST09" to the output 
handler. The programmable t imer (PTM) is  i n it ial ized, i f  its address is  not 
zero, such that reg ister 1 can be used for causing an N M I  during t race com· 
mands. The command handler is then entered to perform the command re· 
quest prompt.  

M O N ITR EQU 8 

LOOP 
* 

CLRA 

TFR A,DP 
LEAS STACK, PCR 
SWI 
FCB MON ITR 
BRA LOO P  
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I N PUT CODE FOR MONITR 

PREPARE ZERO PAGE REG ISTER AN D 
I N ITIALIZATION PARAM ETER 
SET DEFAULT PAGE VALUE 
SETUP DEFAULT STACK VALU E 
REQUEST SERVICE 
FUNCTION CODE BYTE 
REENTER I F  FALLOUT OCCURS 



OUTCH 

Code: 1 

Output a Character 

Arguments: Reg ister A contains the byte to transmit .  

Result: The character is sent to the output handler 

OUTCH 

The character is set as fol lows O N LY if a Ll N EFEED was the character to 
transmit:  

CC = 0 if normal output occurred. 
CC = 1 if CANCEL was entered during output. 

Description: If  a FREEZE Occurs (any i nput character is received) then control is  not 
returned to the user rout ine unt i l  the condit ion is re leased. The FREEZE 
condit ion is  checked for only when a l i nefeed is being sent. Padd ing n u l l  
characters (SOO) may be sent fol lowing the outputted character depend i ng 
on the current sett ing of the N ULLS command. For DLE (Data Link Escape), 
character nu l l s  are never sent. Otherwise,  carriage returns (SOO) receive the 
new l ine count of nu l ls ,  a l l  other characters the character count of nu l ls .  

Example: OUTCH EQU 1 

LDA #'0 
SWI 
FCB OUTCH 

I N PUT COD E  FOR OUTCH 

LOAD CHARACTER "0" 
SEN D OUT WITH MON ITOR CODE 
SERVICE CODE BYTE 

OUT2HS Convert Byte to Hex OUT2HS 

Code: 4 

Arguments: Reg ister X points to a byte to d isp lay in  hex. 

Result: The byte is converted to two hex d ig its and sent to the output handler 
fol lowed by a blank. 

Example: OUT2HS EQU 4 

LEAX DATA, PCR 
SWI 
FCB OUT2HS 
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I N PUT CODE FOR OUT2HS 

POI NT TO ' DATA' TO DECODE 
REQUEST SERVICE 
SERVICE CODE BYTE 



O UT4HS Convert Word to Hex OUT4HS 

Code: 5 

Arguments: Reg ister X pOints to a word (two bytes) to d isplay i n  hex. 

Result: The word is  converted to four hex d ig its and sent to the output handler 
fol lowed by a blank. 

Example: OUT4HS EQU 5 

LEAX DATA, PCR 
SWI 
FCB OUT4HS 

I N PUT CODE FOR OUT4HS 

LOAD 'DATA' ADDRESS TO DECODE 
REQUEST ASSIST09 SERVICE 
SERVICE CODE BYTE 

PAUSE Program Break and Check PAUSE 

Code: 1 1  

Arguments: None 

Result: CC = 0 For a normal return.  
CC = 1 I f  a CANCEL was entered dur ing the i nterim .  

Description: The PAUSE service should b e  used whenever a s ign if icant amount o f  pro­
cessing is  done by a program without any external i nteract ion (such as con­
sole 110). Another use of the PAUSE service is for the monitoring of FREEZE 
or CANCEL requests from the i nput hand ler. Th is  al lows m ult i -tasking  
operat ing systems to  receive control  and possibly re-d ispatch other pro­
g rams in a t imesl ice-l i ke fash ion.  Testing for FREEZE and CANCEL condi­
t ions is performed before return.  Return may be after other tasks have had 
a chance to execute, or after a FREEZE condit ion is l i fted . I n  a one task 
system, retu rn is a lways immed iate un less a FREEZE occurs. 
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PCRLF 

Code: 6 

Arguments: None 

Output to Next Line PCRLF 

Result: A carriage return and l i ne feed are sent to the output hand ler. 
C = 1 if normal output occurred. 
C = 1 i f  CONTROL-X was entered during output. 

Description: I f  a FREEZE occurs (any i nput character is received), then control is not 
retu rned to the user rout ine unt i l  the cond it ion is released . The str ing is  
completely sent regard less of  any FREEZE or CANCEL events occurring .  
Padd ing characters may be sent as  described under the  OUTCH service. 

Example: PCRLF 

P DATA 

Code: 3 

EQU 6 

SWI 
FCB PCRLF 

I N PUT CODE PCRLF 

REQUEST SERVICE 
SERVICE CODE BYTE 

Send New Line and String P DATA 

Arguments: Reg ister X points to an output stri ng terminated with an ASCI I  EOT ($04). 

Result: The str ing is sent to the output handler fol lowi ng a carriage return and l i ne 
feed . 

CC = 0 if normal output occurred.  
CC = 1 i f  CONTROL-X was entered during output. 

Description: The output str ing may contain embedded carriage returns and l i ne feeds 
thus al lowing several l i nes of data to be sent with one function cal l .  If a 
FREEZE occurs (any input character is received), then control  is not retu rn­
ed to the user routine unt i l  the cond it ion is re leased . The stri ng is complete­
ly sent regard less of any FREEZE or CANCEL events occurri ng.  Padd ing  
characters may be sent as  described by the OUTCH funct ion.  
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P DATA 
Send New Line and String 

(Continued) P DATA 
Example: PDATA EQU 3 I N PUT CODE FOR PDATA 

MSGOUT FCC 'TH IS IS A M U LTI PLE LI N E  M ESSAG E: 
FCB $OA, $00 LI N E  FEED, CARRIAG E RETURN 
FCC 'TH IS IS TH E SECO N D  LI N E.' 
FCB $04 STRI N G  TERM I N ATOR 

LEAX M SGOUT, PCR LOAD M ESSAG E ADDRESS 
SWI REQU EST A SERVICE 
FCB PDATA SERVICE CODE BYTE 

P DATA1 Send String P DATA1 

Code: 2 

Arguments: Register X points to an output str ing terminated with an ASCI I  EOT ($04). 

Result: The str ing i s  sent to the output hand ler. 
CC = 0 if  normal  output occurred. 
CC = 1 i f  CONTROL-X was entered dur ing output . 

Description: The output str ing may contain  embedded carriage returns and l i ne feeds 
thus al lowing several l i nes of data to be sent with one function cal l .  I f  a 
FREEZE occurs (any i nput character is  received), then control is not return­
ed to the user rout ine unt i l  the condit ion is released . The string is  complete­
ly sent regard less of any FREEZE or CANCEL events occurring .  Padding 
characters may be sent as described by the OUTCH funct ion.  

Example: PDATA EQU 2 I N PUT CODE FOR PDATA1 

MSG FCC 'TH IS IS AN OUTPUT STRING'  
FCB $04 STRING TERM I NATOR 

LEAX M SG,  PCR 
SWI 
FCB PDATA1 
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LOAD 'MSG'  STR I N G  ADDRESS 
REQUEST A SERVICE 
SERVICE CODE BYTE 



SPACE Single Space Output SPACE 
Code: 7 

Arguments: None 

Result: A space is sent to the output hand ler. 

Description: Padd ing characters may be sent as described under the OUTCH service. 

Example: SPACE EQU 7 
SWI 
FCB SPACE 

I N PUT CODE SPACE 
REQU EST ASSIST09 SERVICE 
SERVICE CODE BYTE 

VCTRSW Vector Swap VCTRSW 
Code: 9 

Arguments: Reg ister A contains the vector swap input code. 
Reg ister X contains zero or a rep lacement val ue. 

Result: Reg ister X contains the previous val ue for the vector. 

Description: The vector swap service exami nes/alters a word entry in the ASSIST09 vec­
tor table. Th is table contains  pOi nters and default values used du ring 
mon itor processing.  The entry is  replaced with  the value contained i n  the X 
reg ister un less it is  zero. The codes avai lable are l i sted i n  Tab le  B·3. 

Example: VCTRSW EQU 9 
. IRQ EQU 1 2  

I N PUT CODE VCTRSW 
I RQ APPEN DAG E SWAP FU N CTION 
CODE 

LEAX MYIRQH,PCR LOAD N EW I RQ HAN DLER ADDRESS 
LOA I. I RQ LOAD SU BCODE FOR VECTOR SWAP 
SWI REQUEST SERVICE 
FCB VCTRSW SERVICE CODE BYTE 

X NOW HAS TH E PREVIOUS APPEN DAGE ADDRESS 
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B.1 0 VECTO R SWAP SERVICE 

The vector swap service al lows user modif icat ions of the vector table to be easi ly  i nstal l­
ed. Each vector hand ler, inc lud ing the one for SWI , performs a val id ity check on the stack 
before any other processing .  If the stack is not pOint ing to val id  RAM , it is reset to the in­
it ia l  value passed to the MON ITR request which f i red-up ASSIST09 after RESET. Also, the 
cu rrent reg ister set is  pri nted fol lowing a "?" (question mark) and then the command 
hand ler is  entered . A l i st of each entry i n  the vector table i s  g iven in Table 8-3. 

Table B·3. Vector Table Entries 

Entry Code Description 
. AVTB L  0 Returns address of vector table 

.CMDLl 2 Primary command list 

. R SVD 4 Reserved M C6809 interrupt vector appendage 

. SWI3 6 Software interrupt 3 interrupt vector appendage 

. SWI2 8 Software interrupt 2 interrupt vector appendage 

. FIRO 10  Fast interrupt request vector appendage 

. I RO 1 2  Interrupt request vector appendage 

. SWI 1 4  Software interrupt vector appendage 

. N M I  1 6  Non-maskable interrupt vector appendage 

. R ES ET 1 8  Reset interrupt vector appendage 

. CION 20 Input console intiialization routine 

.C IDTA 22 I nput data byte from console routine 

. CIOFF 24 Input console shutdown routine 

. COON 26 Output console initialization routine 

. CODTA 28 Output/ data byte to console routine 

. COOFF 30 Output console shutdown routine 

.HSDTA 32 High speed display handler routine 

. BSON 34 Punch/ load initialization routine 

. BS DTA 36 Punch/ load handler routine 

. BSOFF 38 Punch/ load shutdown routine 

. PAU SE 40 Processing pause routine 

.CMDL2 44 Secondary command list 

. ACIA 46 Address of ACIA 

. PAD 48 Character and new l ine pad counts 

. ECHO 50 Echo flag 

. PTM 52 Programmable timer module address 

The fol lowing pages descr ibe the purpose of each entry and the requ i rements which 
must be met for a user rep laceable val ue or rout ine  to be successfu l ly substituted. 
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.ACIA 

Code: 46 

ACIA Address .ACIA 

Description: This entry contains the address of the ACIA used by the defau lt console in­
put and output device handlers. Standard ASSIST09 in it ia l izat ion sets th is 
val ue to hexadec imal E008. I f  th is m ust be altered , then it m ust be done 
before the MON ITR startup service is  i nvoked , si nce that service cal ls  the 
.COON and .COIN input and output device i n it ia l izat ion routines which i n­
it ia l ize the ACIA pOi nted to by th is vector slot .  

.AVTB L  

Code: 0 

Return Address of Vector Table .AVTB L  

Description: The address of the vector table is retu rned with th is code. Th is al lows mass 
changes to the table without ind iv idual  cal ls  to the vector swap service. 
The code values are identical to the offsets in  the vector table.  Th is entry 
shou ld never be changed , only exami ned. 

8-23 



. BSOTA 

Code: 36 

Punch/Load H andler Routine .BSOTA 

Description: This entry contains the address of a routine which performs punch,  load ,  
a n d  verify operat ions. The . BSON routine is always executed before the 
rout ine is g iven contro l .  Th is rout ine is g iven the same parameter l i st 
documented for . BSON.  The default hand ler uses the .COOTA rout ine to 
punch or the .CI OTA rout ine to read data in  S1 /S9 (M I KBUG) format. The 
function code byte must be exami ned to determine the type request being 
hand led . 

A return code must be given which ref lects the f ina l  processing d isposit ion : 

Z = 1 Successfu l complet ion 
or 

Z = 0 Unsuccessfu l  complet ion . 

The . BSOFF rout ine w i l l  be cal led after th is rout ine i s  completed . 

. BSO F F  

Code: 38 

Punch/Load Shutdown Routine . BSO F F  

Description: This entry points to a subrout ine which is  des ignated to term inate device 
processing for the punch, load , and verify handler . BSOTA. The stack con­
tains a parameter l i st as documented for the . BSON entry. The default 
ASSIST09 rout ine issues OC4 ($1 4 or stop) and OC3 ($1 3  or x-off) fol lowed 
by a one second delay to g ive the reader/punch t ime to stop. Also, an i nter­
nal ly used f lag by the I NCH P service rout ine is c leared to reverse the ef­
fect caused by its sett ing in the .BSON handler. See that descript ion for an 
exp lanation of the proper use of th is  f lag .  
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. BSON Punch/Load Init ial ization Routine . BSON 

Code: 34 

Description: This  entry points to a subrout ine with the assigned task of turn ing on the 
device used for punch, load, and verify processing .  The stack contains a 
parameter l i st describing which funct ion is  requested. The defau lt rout ine 
sends an ASCI I  "reader on" or "punch on" code of DC1 ($1 1 )  or DC2 ($1 2) 
respect ively to the output handler (.CODTA) . A flag is a lso set which 
d isables test for FREEZE condit ions d uri ng I N CH N P  processing .  Th is is 
done so characters are not lost by be ing i nterpreted as FREEZE mode in­
d icators. I f  a user replacement rout ine a lso uses the I NCH N P  service, then 
it a lso should set this same byte non-zero and c lear it i n  the .BSOFF 
routine. The ASSIST09 source l i st ing should be consu lted for the  location 
of th is byte. 

The stack is setup as fol lows: 

.CI OTA 

Code: 22 

S + 6 = Code byte, VERI FY ( - 1 ), PUNCH (0) , LOAD (1 ) 

S + 4 = Start address for punch on ly 

S + 2 = End address for punch, or offset for READ/LOAD 

S + 0 = Return address 

Input Data Byte from Console Routine .CI OTA 

Description: This entry determines the console i nput handler appendage. The respon­
s ib i l ity of th is  rout ine is  to furnish the requested next i nput character in the 
A reg ister, if avai lable, and return with a condit ion code. The I N CH P  ser­
vice rout ine cal ls  this appendage to supply the next character. Also, a 
" FREEZE" mode rout ine cal ls at various t imes to test for a FREEZE condi­
t ion or determ ine if the CANCEL key has been entered. Processing  for th is  
appendage must abide by the fol lowing  conventions: 

Input: PC - ASSIST09 work page 
S- Return address 

Output: C = 0, A = i nput character 
C = 1 i f  no i nput character is  yet avai l able 

Volatile Registers: U,  B 

The hand ler shou ld always pass contro l  back immediately even i f  no 
character is  yet avai lable. Th is enables other tasks to do product ive work 
wh i le  input is unavai lable. The defau lt rout ine reads an ACIA as expla ined 
in Paragraph B.2 Implementat ion Requ i rements. 
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.CIO FF 

Code: 24 

Input Console Shutdown Routine .CIO FF 

Description: This entry points to a rout ine which is  cal led to termi nate input processing.  
It is not cal led by ASSIST09 at any t ime,  but is  incl uded for consistency. 
The defau lt rout ine merely does an "RTS". The environment is as fol lows: 

.C ION 

Input: None 
Output: I nput device termi nated 
Volatile Registers: None 

Input Console Initialization Routine 

Code: 20 

.C ION 

Description: This entry is  cal led to i n it iate the input device. It is cal led once during the 
MON ITR service which i n it ia l izes the monitor so the .command processor 
may obtain commands to p rocess. The defau lt handler resets the ACIA 
used for standard input and output and sets up the fol lowing default condi· 
t ions: 8-bit word length, no parity checking,  2 stop bits, divide·by·1 6 counter 
ratio. The effect of an 8·bit word with no parity checking is to accept 7·bit 
ASCI I and ignore the parity b it .  

Input: .ACIA Memory address of the ACIA 
Output: The output device is i n it ia l ized 
Volatile Registers: A, X 
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.CM DL1 
Code: 2 

Primary Command List .CM D L  1 

Description: User suppl ied command tables may either subst itute or rep lace the 
ASSIST09 standard tables. The command hand ler scans two l i sts,  the 
pr imary table f i rst fo l lowed by the secondary table .  The primary table is 
poi nted to by th is entry and contains ,  as a defau lt ,  the ASSIST09 command 
table. The secondary table defaults to a n u l l  l ist . A user may insert their own 
table into either posit ion.  I f  a user l i st is  i nstal led in  the secondary table 
posit ion,  then the ASSIST09 l i st wi l l  be searched f i rst . The default  
ASSIST09 l ist contains a l l  one character command names. Thus, a user 
command "PRI NT" would be matched if the letters "PR" are typed , but not 
j ust a " P" si nce the system command l ist wou ld  match f i rst . A user may 
rep lace the pr imary system l ist i f  des i red . A command is chosen on a f i rst 
match basis comparing only the character(s) entered . Th is means that two 
or more commands may have the same in it ia l  characters and that if only 
that much is  entered then the f i rst one in  the l i st(s) is  chosen. 

Each entry i n  the users command l i st must have the fo l lowing format : 

+ 0 FCB L Where "L" is the s ize of the entry in ­
c l ud ing th is  byte 

+ 1 FCC ' < string > '  Where " <  stri ng > "  is the command 
name 

+ N FOB EP - * Where " EP" represents the symbol  de­
f i n i ng the start of the command rou­
t i ne 

The f i rst byte is an entry length byte and is always three more than the 
length of the command string (one for the length itself  p lus two for the 
rout ine offset). The command string m ust contai n only ASCI I  alphan umeric 
characters, no special  characters. An offset to the start of the com mand 
rout ine i s  used instead of an absol ute address so that posit ion­
i ndependent programs may contain command tables. The end of the com­
mand table is a one byte f lag .  A - 1 ($FF) specif ies that the secondary table 
is  to be searched , or a -2 ($FE) that command l ist search ing is to be ter­
m inated. The table represented as the secondary command l i st must end 
with - 2. The f i rst l ist must end with a - 1  if both l i sts are to be searched , or 
a - 2 i f  on ly one l i st is  to be used . 

A command rout ine i s  entered with the fol lowing  reg isters set : 

DPR- ASSIST09 page work area. 

S- A return address to the command processor. 

Z = 1 A carriage return term i nated the command name. 

Z = 0 A space del im iter fol lowed the command name. 
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.CM DL1  Primary Command List 
(Continued) .CM DL1 

A command routine is  entered after the del im iter fol lowing the command 
name is typed in .  Th is means that a carriage return may be the de l im iter 
entered with the input device rest ing on the next l i ne.  For this reason the Z 
bit  in  the condit ion code is set so the command rout ine  may determ ine the 
current position of the input device. The command rout ine should ensure 
that the console device is  left on a new l i ne before returning to the com­
m and handler. 

.CM D L2 Secondary Command List .CM DL2 

Code: 44 

Description: This entry points to the second l i st table. The defau lt  is a nu l l  l i st fol lowed 
by a byte of - 2. A complete explanation of the use for th is  entry is provided 
under the descr iption of the .CM D L  1 entry. 

.CO DTA 

Code: 28 

Output Data Byte to Console Routine .CO DTA 

Description: The responsib i l ity of th is  handler is  to send the character in  the A reg ister 
to the output device. The default  rout ine also fol lows with padding 
characters as explained in  the descr iption of the OUTCH service. If the out­
put device is not ready to accept a character, then the "pause" subroutine 
should be cal led repeatedly wh i le  th is condit ion lasts.  The address of the 
pause routine is  obtained from the . PAUSE entry i n  the vector table.  The 
character counts for padding are obtained from the . PAD entry in  the table. 
Al l ASSIST09 output is done with a cal l to this appendage. Th is includes 
punch processing as wel l .  The default rout ine sends the character to an 
ACIA as explai ned in  Paragraph 8.2 Implementat ion Requ i rements. The 
operat ing environment is  as fol lows: 

Input: A = Character to send 
DP = ASSIST09 work page 
. PAD = Character and new l ine  padding counts 

(i n vector table) 
.PAUSE = Pause routine (in vector table) 

O utput: Character sent to the output device 
Volati le Registers: None. Al l work reg isters m ust be restored 
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.COO FF 

Code: 30 

Output Console Shutdown Routine .COO FF 

Descript ion: This entry addresses the rout ine to term inate output device processing .  
ASSIST09 does not cal l th is  rout ine.  It is  inc l uded for completeness. The 
defau lt rout ine is an "RTS".  

.COO N 

Code: 26 

Input: DP- ASSIST09 work page 
Output: The output device is term inated 
Volati le Registers: None 

Output Console Initial ization Routine .COON 

Description: This entry points to a rout ine to in it ia l ize the standard output device. The 
defau l t  rout ine i n it ia l izes an ACIA and is the very same one described 
under the .CION vector swap def in it ion.  

Input: .ACIA vector entry for the ACIA address 
Output: The output device is i n it ial ized 
Volati le Registers: A, X 
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. ECHO 

Code: 50 

Echo Flag . ECHO 

Description: The f i rst byte of th is word is used as a f lag for the I NCH P service rout ine 
to determine the requ i rement of echoing input received from the i nput 
hand ler. A non-zero value means to echo the input; zero not to echo. The 
echoing w i l l  take p lace even if user handlers are subst ituted for the defau lt 
.CI DTA handler as the INCHP service rout ine performs the echo . 

. F I RQ 

Code: 1 0  

Fast Interrupt Request Vector Appendage . F I RQ 

Description: The fast i nterrupt request rout ine is  located via th is pointer. The MC6809 
addresses hexadecimal FFF6 to locate the hand ler  when processi ng a 
F IRQ. The stack and mach ine status is as defined for the F IRQ interrupt 
u pon entry to th is appendage. It should be noted that th is  rout ine is 
"jumped" to with an ind i rect jump instruct ion which adds e leven cycles to 
the i nterrupt t ime before the handler  actual ly receives contro l .  The default 
handler does an immediate "RTI"  which,  i n  essence, ignores the i nterrupt. 
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.HSDTA High Speed Display Handler Routine .HSDTA 

Code: 32 

Description: This entry is i nvoked as a subrout ine by the DISPLAY command and passed 
a parameter l i st contain ing the "TO" and " FROM "  addresses. The from 
value is rounded down to a 1 6  byte address boundary. The defau lt routine 
d isp lays memory i n  both hexadecimal and ASCI I  representations, with a 
t it le produced on every 1 28 byte boundary. The purpose for th is vector table 
entry is  for easy implementation of a user rout ine for special  purpose 
hand l i ng  of a block of data. (The data cou ld ,  for example,  be sent to a h igh 
speed printer for later analysis .) The parameters are a l l  passed on the 
stack. The envi ronment is as fol lows: 

. I RQ 

Input: S + 4 = Start address 
S + 2 = Stop address 
S + 0 = Return Address 
DP- ASSIST09 work page 

Output: Any purpose desi red 
Volatile Registers: X, 0 

Interrupt Request Vector Appendage . I RQ 

Code: 1 2  

Description: Al l  i nterrupt requests are passed to the rout ine  pointed to by th is vector. 
Hexadecimal  FFF8 is the MC6809 location where th is  i nterrupt vector i s  
fetched. The stack and  processor status i s  that def ined for  the  IRQ inter­
rupt upon entry to the hand ler. S ince the rout i ne's address is in the vector 
table, an i nd i rect jump must be done to i nvoke it. Th is adds eleven cycles to 
the i nterrupt t ime before the I RQ handler receives contro l .  The default I RQ 
handler pri nts the reg isters and enters the ASSIST09 command handler. 
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.N M I  

Code: 1 6  

Non·Maskable Interrupt Vector Appendage .N M I  

Description: Th is entry pOints to the non-maskable interrupt handler to receive control 
whenever the processor branches to the address at hexadecimal  FFFC. 
S ince ASSIST09 uses the N M I  i nterrupt during trace and breakpoint pro­
cess ing ,  such commands should not be used if a user handler is in control . 
Th is is  true un less the user handler has the intel l igence to forward control 
to the default handler i f  the NMl i nterrupt has not been generated due to 
user fac i l it ies. The NMT handler g iven control wi l l  have an e leven cycle 
overhead as its address must be fetched from the vector table . 

. PAD 

Code: 48 

Character and New Line Pad Count . PAD 

Description: Th is entry contains the pad count for characters and new l ines. The f i rst of 
the two bytes is the count of nu l l s  for other characters, and the second is 
the number of nu l ls (SOO) to send out after any l i ne feed is transmitted . The 
ASCI I Escape character (S1 0) never has nu l l s  sent fol lowing it. The defau lt 
.CODTA handler is responsib le for transm itt ing these nu l ls .  A user handler 
may or may not use these counts as requ i red . 

The " N U LLS" command a lso sets these two bytes with user specif ied 
values. 
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.PAUSE Processing Pause Routine .PAUSE 

Code: 40 

Description: I n  order to support real-t ime (also known as mult i -tasking) envi ronments 
ASSIST09 cal ls a dead-t ime rout ine whenever processing must wait for 
some external change of state. An example would be when the OUTCH ser­
vice routine attempts the sending  of a character to the ACIA through the 
default  .CODTA hand ler and the ACIA status reg isters shows that i t  cannot 
yet be accepted. The defau lt dead-t ime rout ine res ides in a reserved four  
byte area which contains the  s ing le  instruct ion,  "RTS". The .PAUSE vector 
entry points to this rout ine after standard i n it ia l izat ion .  This pointer may be 
changed to point to a user rout ine which d ispatches other programs so that 
the MC6809 may be ut i l ized more eff ic iently. Another example of use wou ld  
be to  increment a counter so that dead-t ime cycle counts may be ac­
cumu lated for stat ist ical or debugg ing purposes. The reason for the four  
byte reserved area (wh ich exists i n  the ASSIST09 work page) is so other 
code may be overlayed without the need for another space in  the address 
map to be assigned.  For example,  a master mon itor may be using a memory 
management unit  to assign a complete 64K block of memory to ASSIST09 
and the programs being executed/tested under ASSIST09 contro l .  The 
master monitor wishes, or course, to be reentered when any "dead t ime" 
occurs, so it overlays the default rout ine ("RTS") with i ts  own "SWI" .  S ince 
the master monitor wou ld  be "front ending" al l "SWI 's" anyway, it knows 
when a "pause" call is  being performed and can red ispatch other systems 
on a t ime-sl ice basis.  

. PTM 

Al l reg isters must be transparent across the pause handler. Along w ith 
selected points in  ASSIST09 user service processing ,  there is  a specia l  ser­
vice cal l specif ical ly for user programs to invoke the pause rout ine.  I t  may 
be suggested that i f  no services are bei ng requested for a g iven t ime period 
(say 10 ms) user programs should cal l the .PAUSE service rout ine so that 
fai r-task d ispatch ing can be guaranteed . 

Programmable Timer Module Address .PTM 

Code: 53 

Description: Th is  entry contains the address of the M C6840 programmable t imer mod u le 
(PTM). Alterat ion of th is  s lot should  occur before the MON ITR startup  ser­
vice is  cal led as explained i n  Paragraph 8.4 I n it ia l izat ion.  If no PTM is  
ava i lable,  then the address shou ld  be changed to a zero so that no i n­
it ia l izat ion attempt w i l l  take p lace. Note that i f  a zero i s  suppl ied, ASSI ST09 
Breakpo int and Trace commands should not be issued. 
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. RESET 

Code: 1 8  

Reset Interrupt Vector Appendage . RESET 

Description: This entry returns the address of the RESET rout i ne which i n i t ia l izes 
ASSIST09. Chang ing it has no effect , but it is i nc luded in the vector table i n  
case a user program wishes to determi ne where t h e  ASSIST09 restart code 
resides. For example,  i f  ASSIST09 resides in the memory map such that it 
does not control the MC6809 hardware vectors, a user rout ine may wish to 
start i t  up and thus need to obtai n  the standard RESET vector code ad­
d ress. The ASSIST09 reset code assigns the default  in the work page, cal ls  
the vector bu i ld  subrout ine,  and then starts ASSIST09 proper w i th  the 
M O N ITR service cal l .  

. RSVD 

Code: 4 

Reserved MC6809 Interrupt Vector Appendage .RSVD 

Description: This  is  a pointer to the reserved interrupt vector rout ine addressed at hex­
adec imal  FFFO. Th is MC6809 hardware vector is not defined as yet. The 
default  rout ine setup by ASSIST09 w i l l  cause a reg ister d isp lay and en­
trance to the command handler. 



.SWI .SWI 
Softare Interrupt Vector Appendage 

Code: 1 4  

Description: This vector entry contains the address of the Software I nterrupt rout ine.  

.SWI2 

Normal ly,  ASSIST09 hand les these i nterrupts to provide services for user 
p rograms.  If a user handler is  i n  p lace, however, these fac i l it ies cannot be 
used un less the user rout ine "passes on" such requests to the ASSIST09 
default handler. Th is is easy to do, s ince the vector swap funct ion passes 
back the address of the default handler when the switch is made by the 
user. Th is  "front ending" al lows a user rout ine to examine al l  serivce cal ls ,  
or  alter/rep lace/extend them to h is requ i rements. Of course, the reg isters 
must be transparent across the transfer of control  from the user to the 
standard handler. A "J M P" instruction branches d i rect ly to the rout i ne 
pointed to by this vector entry when a SWI occurs. Therefore, the envi ron­
ment is that as defined for the "SWI" i nterrupt. 

Software Interrupt 2 Vector Appendage .SWI2 

Code: 8 

Description: This entry contains a pointer to the SWI2 hand ler entered whenever that in­
struction i s  executed . The status of the stack and machine are those defi n­
ed for the SWI2 interrupt which has its i nterrupt vector address at FFF4 
hexadecimal .  The default handler prints the reg isters and enters the 
ASSIST09 command handler. 
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.SWI3 

Code: 6 

Software Interrupt 3 Vector Appendage .SWI3 

Description: Th is entry contains a pointer to the SWI3 handler entered whenever that i n­
struction is executed . The status of the stack and mach ine are those def in­
ed for the SWI3 i nterurpt which has its interrupt vector address located at 
hexadecimal FFF2. The default handler prints the reg isters and enters the 
ASSIST09 command handler. 
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8.1 1 MON ITO R LIST I N G  

The fo l low ing pages contain  a l ist ing of the ASSIST09 mon itor. 

PAGE 0 0 1  ASS I ST0 9 . SA : 0 

0 0 0 0 1  
0 0 0 0 2  

0 0 0 0 4  
0 0 0 0 5  
0 0 0 0 6  

0 00 0 8  
0 00 0 9  
0 0 0 1 0  
0 0 0 1 1  
0 0 0 1 2  
0 0 0 1 3  
0 0 0 1 4  
0 0 0 1 5  

0 0 0 1 7  
0 00 1 8  
0 0 0 1 9  
0 00 2 0  
0 0 0 2 1  
0 0 0 2 2  
0 0 0 2 3  
0 0 0 2 4  
0 0 0 2 5  
0 0 0 2 6  
0 0 0 2 7  
0 00 2 8  
0 0 0 2 9  
0 00 3 0  

0 00 3 2  
0 0 0 3 3  
0 00 3 4  
0 00 3 5  
0 0 0 3 6  
0 0 0 3 7  
0 0 0 3 8  
0 00 3 9  
0 0 0 4 0  
0 0 0 4 1  
0 0 0 4 2  
0 0 0 4 3  
0 00 4 4  
0 00 4 5  
0 00 4 6  
0 0 0 4 7  

0 0 0 4 9 

0 0 0 5 1  
0 0 0 5 2  

F 8 0 0  
E7 0 0 
0 8 0 0  
F O O O  
E0 0 8  
EO O O  
0 0 0 0  
0 0 0 5  
0 0 3 E  
OQ 0 8  

0 0 0 4  
0 0 0 7  
O O O A  
0 0 0 0 
0 0 1 0  
0 0 1 8 

EO O l  
EO O O  
EO O l  
E0 0 2  
E0 0 4  
E0 0 6  

0 0 8 C  

A 
A 
A 
A 
A 

ASS I S T0 9  - MC6 8 0 9  MON I TOR 

TTL 
OPT 

ASS I ST0 9 - M C 6 8 0 9  MON I TOR 
ABS , LLE= 8 5 , S , CRE 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* COPY RIGHT ( C )  MOTOROLA , INC . 1 9 7 9  * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* 
* 
* 
* 
* 

TH I S  IS THE BAS E ASS I ST0 9 ROM . 
IT MAY RUN WI TH OR WITHOUT THE 
EXTENS I ON ROM WH I CH 
WHEN PRESENT WILL BE AUTOMATI CALLY 
INCORPORATED BY THE BLDVTR 
SUBROUT I N E . 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* GLOBAL MODULE EQUATES 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
ROMBEG EQU $ F 8 0 0 ROM START ASS EMBLY ADDRESS 
RAMOFS EQU -$ 1 9 0 0  ROM OFFSET TO RAM WORK PAGE 
ROMSI Z EQU 2 0 4 8  ROM S I Z E  
ROM 20F EQU ROMBEG-ROMS I Z  START OF EXTENS ION ROM 
AC IA EQU $ E0 0 8  DEFAULT AC I A  ADDRESS 

A PTM EQU $EO O O  DEFAULT PTM ADDRESS 
A DFTCHP EQU 0 DE FAULT CHARACTER PAD COUNT 
A DFTNLP EQU 5 DEFAU LT NEW LINE PAD COUNT 
A PROMPT EQU , >  PROMPT CHARACTER 
A NUMBKP EQU 8 NUMB E R  OF BREAKPO I NTS 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* M I SC E LANEOUS EQUATES 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

A EOT EQU 
A BELL EQU 
A LF EQU 
A CR EQU 
A DLE EQU 
A CAN EQU 

* p'rM ACCESS 
A PTMSTA EQU 
A PTMC 1 3  EQU 
A PTMC 2 EQU 
A PTMTMl BQU 
1\ PTMTM2 EQU 
A PTMTM3 EQU 

A S K I P 2  EQU 

$ 0 4  E N D  O F  TRANSM ISS I ON 
$ 0 7  BE LL CHARACTER 
$ O A  LINE FEED 
$ 0 0  CARRIAGE RETU RN 
$ 1 0  DATA LINK ESCAPE 
$ 1 8  CANCEL ( CTL-X ) 

DEF INIT IONS 
PTM+ l READ STATUS REG I STER 
PTM CONTROL REG I STERS 1 AND 3 
PTM+ l CONT ROL REG ISTER 2 

PTM+2 LATCH 1 
PTM+4 LATCH 2 
PTM+6 LATCH 3 

$ 8 C  " CMPX # n  O PCODE - SK I P S  TWO BYTES 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ASS I ST0 9 MON ITOR SW I FUNCT IONS 
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PAG E  0 0 2  ASS I ST0 9 . SA : 0 ASS I ST0 9 - MC6 8 0 9  MON ITOR 

0 00 5 3  * THE FOLLOWI NG EQUA'fES DE F I NE FUNC'nONS PROV IDED 
0 0 0 5 4  * B Y  THE ASS I S'r0 9 MON ITOR VIA THE SWI INSTRUCT ION . 
0 0 0 5 5  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
0 0 0 5 6  0 0 0 0  A I NCHNP EQU 0 I NPUT CHAR IN A REG - NO PAR I TY 
0 00 5 7  0 0 0 1  A OUTCH EQU 1 OUTPUT CHAR FROM A REG 
0 0 0 5 8  00 0 2  A PDATAl EQU 2 OUTPUT STRI NG 
0 00 5 9  0 0 0 3  A PDATA EQU 3 OUTPUT CR/LF THEN STRI NG 
0 0 0 6 0  0 0 0 4  A OUT2HS EQU 4 OUTPUT TWO HEX AND S PACE 
0 0 0 6 1  0 0 0 5 A OUT4 HS EQU 5 OUTPUT FOU R HEX AND S PACE 
0 0 0 6 2  0 0 0 6  A PCRLF EQU 6 OUTPUT CR/LF 
0 00 6 3  0 0 0 7  A SPACE EQU 7 OUTPUT A S PACE 
0 00 6 4  0 0 0 8  A MON ITR EQU 8 ENTER ASS I ST0 9 MON I TOR 
0 0 0 6 5  0 0 0 9  A VCTRSW EQU 9 VECTOR EXAM I NE/SWITCH 
0 0 0 6 6  O O O A  A SRKPT EQU 1 0  USER PROGRAM BREAK PO I NT 
0 0 0 6 7  O O O B  A PAUSE EQU 1 1  TAS K PAUSE FUNCT ION 
0 0 0 6 8  O O O B  A NUMFUN EQU 1 1  NUMBER O F  AVA I LABLE FUNCTIONS 
0 0 0 6 9  * N EXT SUB-CODES FOR ACCESS I NG THE VECTOR TABLE . 
0 0 0 7 0  * THEY ARE EQU IVALENT To OFFSETS I N  THE TABLE . 
0 0 0 7 1  * RELAT IVE POS l 'r I ON I NG MUST BE MA I NTAI NF;D . 
0 0 0 7 2  0 0 0 0  A . AVTBL EQU 0 ADDRESS OF VECTOR TABLE 
0 0 0 7 3  0 0 0 2 A . C MDLl EQU 2 F I RST COMMAND L I ST 
0 0 0 7 4  0 0 0 4  A . RSVD EQU 4 RES E RVED HARDWARE VECTOR 
0 0 0 7 5  0 0 0 6  A . SWI 3 EQU 6 5WI 3  ROUT I NE 
0 00 7 6  0 0 0 8  A . SWI 2 EQU 8 SWI 2 ROUT I NE 
0 00 7 7  O O O A  A . F I RQ EQU 1 0  F I RQ ROUT I NE 
0 0 0 7 8  O O O C  A . I RQ EQU 1 2  IRQ ROUTI N E  
0 0 0 7 9  O O O E  A . SWI EQU 1 4  SWI ROUT I N E  
0 0 0 8 0  0 0 1 0  A . N M I  EQU 1 6  NM I ROUT I N E  
0 0 0 8 1  0 0 1 2  A . RESET EQU 1 8  RES ET ROUT I NE 
0 0 0 8 2  0 0 1 4  A . C ION EQU 2 0  CONSOLE ON 
0 0 0 8 3  0 0 1 6  A . C I DTA EQU 2 2  CONSOLE INPUT DATA 
0 0 0 8 4  0 0 1 8  A . C IOFF EQU 2 4  CONSOLE I NPUT OFF 
0 0 0 8 5  0 0 1 A  A . COON EQU 2 6  CONSOLE OUTPUT O N  
0 0 0 8 6  0 0 1 C  A . CODTA EQU 28  CONSOLE OUTPUT DATA 
0 0 0 8 7  0 0 1 E  A . COOFF EQU 30  CONSOLE OUTPUT OFF 
0 0 0 8 8  0 0 2 0  A . HSDTA EQU 3 2  H I GH SPEED PRINTDATA 
0 0 0 8 9  0 0 2 2  A . SSON EQU 3 4 PUNCH/LOAD ON 
0 00 9 0  0 0 2 4 A . SSDTA EQU 3 6 PUNCH/LOAD DATA 
0 0 0 9 1  0 0 2 6  A . SSOFF EQU 3 8  PUNCH/LOAD OFF 
0 0 0 9 2  0 0 2 8  A . PAUSE EQU 4 0  TASK PAUSE ROUTI NE 
0 0 0 9 3  0 0 2A A . EXPAN EQU 4 2  EXP RESS ION ANALYZ E R  
0 0 0 9 4  0 0 2C A . CMDL2 EQU 4 4  SECOND COMMAND LI ST 
0 0 0 9 5  0 0 2 E  A . AC I A  EQU 4 6  AC I A  ADDRESS 
0 0 0 9 6  0 0 3 0  A . PAD EQU 4 8 CHARACTER PAD AND NEW L I N E  PAD 
0 0 0 9 7  0 0 3 2  A . ECHO EQU 5 0  ECHO/LOAD AND NULL BKPT F LAG 
0 00 9 8  0 0 3 4  A . PTM EQU 5 2  PTM ADDRE S S  
0 00 9 9  0 0 1 B  A NUMVTR EQU 52/2+1 NUMBER OF VECTORS 
0 0 1 0 0  0 0 3 4  A H I VTR EQU 5 2  H I G HEST VECTOR OFFSET 
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PAGE 0 0 3  ASS I ST0 9 . SA : 0 

0 0 1 0 2 
0 0 1 0 3  
0 0 1 0 4  
0 0 1 0 5 
0 0 1 0 6  
0 0 1 0 7  
0 0 1 0 S  
0 0 1 0 9  
0 0 1 1 0  
0 0 1 1 1  
0 0 1 1 2  
0 0 1 l 3A EO O O  
0 0 1 1 4  
0 0 1 1 5  
0 0 1 l 6A DFFC 
0 0 1 1 7  
O O l l SA DFFB 
0 0 1 1 9  
0 0 1 2 0 A  DFFA 
0 0 1 2 1  
0 0 1 2 2A DF F S  
0 0 1 2 3  
0 0 1 2 4 A  DFC2 
0 0 1 2 5 
0 0 1 2 6 A  DF B 2  
0 0 1 2 7  
0 0 1 2 SA DFA2 
0 0 1 2 9  
0 0 l 3 0A DFAO 
0 0 1 3 1  
0 0 1 3 2A DF 9 E  
0 0 1 3 3  
0 0 1 3 4A DF9D 
0 0 1 3 5  
0 0 1 3 6A DF9 B  
0 0 1 3 7  
0 0 1 3 S A  DF99 
0 0 1 3 9  
0 0 1 4 0 A  DF9 7  
0 0 1 4 1  
0 0 1 4 2A DF 9 5  
0 0 1 4 3  
0 0 1 4 4A DF 9 3  
0 0 1 4 5  
0 0 1 4 6A DF9 1  
0 0 1 4 7  
0 0 1 4 SA DF 9 0  
0 0 1 4 9  
0 0 1 5 0 A  DF S F  
0 0 1 5 1  
0 0 1 5 2A DF S E  
0 0 1 5 3  
0 0 1 5 4 A DF 6 6  
0 0 1 5 5  
0 0 1 5 6A DF 51 
0 0 1 5 7  
0 0 1 5 S  

DFO O 
O O DF 

DFFC 

DF FB 

DFFA 

DFF S  

DFC 2 

DFB 2  

DFA2 

DFAO 

DF9E 

DF 9 D  

DF 9 B  

DF 9 9  

DF 9 7  

DF 9 5  

DF 9 3  

DF 9 1  

DF 9 0  

DFS F  

DF S E  

DF 6 6  

DF 5 1  
DF 5 1  

ASS I ST0 9 - MC6 S 0 9  MON ITOR 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* WORK AREA 
* TH I S  WORK AREA IS ASS IGNED TO THE PAGE ADDRESSED BY 
* -S l S 0 0 , PCR FROM THE BASE ADDRESS OF THE ASS I ST0 9  
* ROM . THE DI RE CT PAGE REG I STER DURI NG MOST ROUT I NE 
* OPERAT I ONS WI LL PO I NT TO TH I S  WORK AREA . THE STACK 
* I N I T I ALLY STARTS UNDER THE RESERV E D  WORK AREAS AS 
* DEF INED HERE I N . 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

A WORKPG EQU ROMBEG+RAMOFS SETU P DI RECT PAGE ADDRESS 
A SETDP WORKPG ! > S NOT I F Y  ASS E MB LER 

ORG WORKPG+ 2 5 6  READY PAGE DEF I N I T IONS 
* THE FOLLOW I NG THRU BK PTOP MUST RES I DE I N  TH I S  ORDER 
* FOR PROPER INITIAL I Z AT I ON 

ORG *-4  
A PAUSER EQU * 

ORG *-1 
A SWI B F L  EQU * 

ORG *-1 
A BK PTCT EQU * 

ORG *-2 

PAUSE ROUT I N E  

BYPASS SWI AS BREAK PO I NT F LAG 

BREAKPO I NT COUNT 

A SLEVEL EQU * STACK TRACE LEVEL 
ORG *-NUMVTR* 2  

A VECTAB EQU * VECTOR TABLE 
ORG * - 2 * NUMBKP 

A BK PTBL EQU * BREAKPO I NT TABLE 
ORG * - 2 * NUMBKP 

A BKPTOP EQU * BREAKPO I NT OPCODE TABLE 
ORG *- 2 

A WI NDOW EQU * 

A ADDR 
ORG * - 2  
EQU * 
ORG *-1 

A BASE PG EQU * 
ORG *- 2 

A NUMBER EQU * 
ORG *-2 

A LASTOP EQU * 
ORG * - 2  

A RSTACK EQU * 
ORG *-2  

A PSTACK EQU * 
ORG *-2 

A PCNTER EQU * 
ORG *-2 

A TRACEC EQU * 
ORG *-1 

A SWICNT EQU * 

ORG *-1 
A M I S F LG EQU * 

ORG *-1 
A DEL I M  EQU * 

ORG * - 4 0  
A ROM2WK EQU * 

ORG *-21 
A TSTACK EQU * 
A STACK EQU * 
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WINDOW 

ADDRESS PO I NTER VALUE 

BASE PAGE VALUE 

B INARY BU I LD AREA 

LAST OPCODE TRACE D  

RESET STACK PO I NTER 

COMMAN D  RECOVERY STACK 

LAST PROGRAM COUNTER 

TRACE COUNT 

TRACE " SW I " N E ST LEVEL COU NT 
( M I SF LG MUST FOLLOW SWI CNT ) 
LOAD CMD/THRU BREAKPO I NT F LAG 

EXPRESS I ON DEL I M ITER/WORK BYTE 

EXTENS ION ROM RESERVED AREA 

TEMPORARY STACK HOLD 
START OF I N IT IAL STACK 



PAG E  0 0 4  ASS I ST0 9 . SA : 0  ASS I ST0 9 - MC6 8 0 9  MON I TOR 

0 0 1 6 0  
0 0 1 6 1  
0 0 1 6 2  
0 0 1 6 3  
0 0 1 6 4  
0 0 1 6 5  
0 0 1 6 6  
0 0 1 6 7 A  F 8 0 0  

0 0 1 6 9  
0 0 1 7 0  
0 0 1 7 1  
0 0 1 7 2  
0 0 1 7 3  
0 0 1 7 4  
0 0 1 7 5  
0 0 1 7 6  
0 0 1 7 7  
0 0 1 7 8  
0 0 1 7 9 
0 0 1 80 
0 0 1 8 1  

0 0 1 8 3A F 8 0 0  3 0  
0 0 1 8 4A F 8 0 4  I F  
0 0 1 8 5A F a 0 6  I F  
0 0 1 86A F 8 0 8  9 7  
0 0 1 87A F aO A  3 3  
0 0 1 8 8 A  F 80 C  3 l  
0 0 1 8 9 A  F 8 0 F  E F  
0 0 l 90A F a l l  C 6  
0 0 1 9 1A F 8 1 3  3 4  
0 0 1 9 2A F 8 1 5  I F  
0 0 1 9 3A F 8 1 7  E3 
0 0 1 94A F819 ED 
0 0 1 9 5A F 8 1 B  6A 
0 0 1 96A F 8 1 D  26 
0 0 1 9 7A F 8 1 F  C6  
0 0 1 9 8A F 8 2 1  A6 
0 0 1 9 9A F 8 2 3  A7 
0 0 2 0 0 A  F 8 2 5  SA 
0 0 2 0 1A F 8 2 6  26  
0 0 2 0 2A F 8 2 8  3 1  
0 0 2 0 3A F 8 2C 8 E  
0 0 2 0 4A F 8 2 F AC 
0 0 2 0 5A F 8 3 l  26  
0 0 2 0 6A F 8 3 3  AD 
0 0 2 0 7 A  F 8 3 5  35  

0 0 2 0 9  
0 0 2 1 0  
0 0 2 1 1  
0 0 2 1 2  
0 0 2 1 3  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* DEFAULT THE ROM BEG I N N I NG ADDRES S  TO ' ROMBEG ' 
* ASS I ST0 9 IS POS I T I ON ADDRESS INDE PENDENT , HOWEVE R  
* WE ASSEMBLE ASSUM I NG CONTROL OF TH E HARDWARE VECTORS . 
* NOTE THAT THE WORK RAM PAGE MUST BE ' RAMOFS ' 
* F ROM THE ROM BEG I N N I NG ADDRESS . 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * *  

ORG ROMBEG ROM ASS EMBLY/DEFAULT ADDRE S S  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* BLDVTR - BU I LD ASS I ST0 9 VECTOR TABLE 
* HARDWARE RESET CALLS TH I S  SUBROUT I N E  TO BU I LD THE 
* ASS I ST0 9  VECTOR TABLE . TH I S  SUBROUTINE RES I DES AT 
* THE F I RST BYTE OF THE ASS I ST0 9 ROM , AND CAN BE 
* CALLED VIA EXTERNAL CONTROL CODE FOR REMOTE 
* ASS I ST0 9  EXECUTION . 
* I NPUT : S->VAL I D  STACK RAM 
* OUTPUT : U- >VECTOR TABLE ADDRESS 
* DPR- > AS S I ST0 9 WORK AREA PAGE 
* THE VECTOR TABLE AND DEFAULTS ARE I N I 'r I AL I Z E D  
* ALL REG I STERS VOLAT I LE 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

8 0  E7 BE BLDVTR LEAX 
TFR 
TFR 
STA 
LEAU 
LEAY 
STU 
LOB 
PSHS 
TFR 
ADDD 
STD 
DEC 
BNE 
LOB 
LOA 
STA 
DECB 
BNE 
LEAY 
LDX 
CMPX 
BNE 
J S R  
PULS 

VECTAB , PCR ADDRESS VECTOR TABLE 
1 0  A 
8 B  A 
9 0  A 
8 4  A 
8C 3 5  
8 1  A 
16  A 
04  A 
20 A BLD2 
Al A 
8 1 � 
E4 A 
F 6  F 8 1 5  
0 0  A 
AO A BLD3 
8 0 A 

F9  F 8 2 1  
80 F 7 D4 
2 0 F E  A 
Al A 
0 2  F 8 3 5  
A4 A 
8 4  A BLORTN 

X , D  OBTAI N  BASE PAGE ADDRES S  
A , DP SETU P DPR 
BASE PG STORE FOR QU ICK RE FERENCE 
, X  RETURN TABLE TO CALLER 
< I N ITVT , PCR LOAD F ROM ADDR 
, X++ INIT VEc'rOR TABLE ADDRE SS 
# NUMVTR- 5 NUMBER RELOCATABLE VECTORS 
B STORE INDEX ON STACK 
Y , D  PRE PARE ADDRES S  RESOLVE 
, Y++ TO ABSOLUTE ADDRESS 
, X++ INTO VECTOR TABLE 
, S  COUNT DOWN 
BLD2 BRANCH I F  MORE TO INSERT 
# INTVE- I NTVS STAT I C  VALUE I N I T  LENGTH 
, Y+ LOAD NEXT BYTE 
, X+ STORE INTO POS IT ION 

COUNT DOWN 
BLD3 LOOP UNT I L  DONE 
ROM20F , PCR TEs'r POS S I BLE EXTENS ION ROM 
# $ 20 F E  LOAD " BRA * - F LAG PATTE RN 
, Y++ ? EXTENDED ROM HE RE 
BLDRTN BRANCH NOT OUR ROM TO RETURN 
, Y  CALL EXTENDED ROM I N I T I AL I Z E  
PC , B  RETURN TO I N I T I ALI Z E R  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* RES ET ENTRY PO I NT 
* HARDWARE RESET ENTE RS HERE I F  ASS I ST0 9 IS ENABLED 
* TO RECE IVE TH E MC 6 8 0 9  HARDWARE VECTORS . WE CALL 
* THE BLDVTR SUBROUT I N E  TO I N I T I AL I Z E  THE VECTOR 
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PAG E 00 5 ASS I ST0 9 . SA : 0 ASS I ST0 9 - M C 6 8 0 9  MON ITOR 

0 0 2 1 4  * TAB LE , STACK , AN D THEN F I REUP TH E MON I TOR VIA SWI 
0 0 2 1 5  * CALL . 
0 0 2 1 6  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
0 0 2 1 7A F 8 3 7  3 2  8 0  E7 1 6 RESET LEAS STACK , PCR S ETUP I N I T I AL STACK 
0 0 2 1 8A F 8 3 B  8 0  C3 F 8 0 0  BSR B LDVTR BU I LD VECTOR TABLE 
0 0 2 1 9A F 8 3 D  4 F  RESET2 CLRA I S S U E  STARTUP MESSAGE 
0 0 2 2 0 A  F 8 3 E  I F  8 B A TFR A , D P DEFAUL'r TO PAGE Z E RO 
0 0 2 2 1A F 8 4 0  3 F  SWI PERFORM MON ITOR F I REUP 
0 0 2 2 2A F 8 4 1  0 8  A FC B MON ITR TO ENTER COMMAN D PROC ES S I NG 
0 0 2 2 3 A  F 8 4 2  2 0  F 9  F 8 3 D  BRA RE S ET2 REENTER MON ITOR I F  ' CONT I NU E ' 

0 0 2 2 5  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
0 0 2 2 6  * I N I TVT - I N I T IAL VECTOR TABLE 
0 0 2 2 7  * TH I S  TABLE IS RE LOCATED TO RAM AND RE PRESENTS THE 
0 0 2 2 8  * I lHT I AL STATE OF THE VECTOR TABLE . ALL ADDRESSES 
0 0 2 2 9  * ARE CONVE R'£E D  TO ABSOLUTE FORM . TH IS TABLE STARTS 
0 0 2 3 0  * W I TH THE SECON D ENTRY , ENDS WITH STAT I C  CONSTANT 
0 0 2 3 1  * I N I T IALI ZAT I ON DATA WH I C H  CARRI ES BEYOND TH E TABLE . 
0 0 2 3 2  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
0 0 2 3 3A F 8 4 4  0 1 5 8  A I N I TVT F OB CMDTB L- * DEFAULT F I RST COMMAND TABLE 
0 0 2 3 4 A  F 8 4 6  0 2 9 2  A F OB RS RVDR- * DEFAULT UNDEF I N E D  HARDWARE VECTOR 
0 0 2 3 5A F 8 4 8  0 2 9 0  A F DB SW I 3 R- * DEFAULT SWI 3 
0 0 2 3 6 A  F 8 4 A  0 2 8 E  A F OB SW I 2 R- * DEFAULT SWI 2  
0 0 2 3 7 A  F 8 4 C  0 27 0  A FDB F I RQR- * DEFAU LT F I RQ 
0 0 2 3 8 A  F 8 4 E  0 2 8 A  A FDB I RQR- * DE FAUL'r I RQ ROUT I N E  
0 0 2 3 9 A  F 8 5 0  0 0 4 5  A FDB SW I R- * DEFAU LT SWI ROUTINE 
0 0 2 4 0 A F 8 5 2  0 2 2 B  A F DB NM I R- * DEFAULT NMI ROUT I NE 
0 0 2 4 1A F 8 5 4  F F E 3  A F OB RES ET-* RESTART VECTOR 
0 0 2 4 2A F 8 5 6  0 2 9 0  A F OB C ION- * DEFAU LT C ION 
0 0 2 4 3A F 8 5 8  0 2 8 4  A F DB C I D'£A-* DEFAULT C I DTA 
0 0 2 4 4 A  F 8 5 A  0 2 9 6  A F OB C IO F F- * DEF AULT C IOFF 
0 0 2 4 5 A  F 8 5 C  0 2 8 A A F OB COON- *  DE FAULT COON 
0 0 2 4 6 A  F 8 5 E  0 2 9 3  A FOB CODTA- * DEFAU LT CODTA 
0 0 2 4 7A F 8 6 0  0 2 9 0  A FOB COOFF- * DEFAULT COOFF 
0 0 2 4 8A F 8 6 2  0 3 9 A A F OB HS DTA- * DE FAULT HS DTA 
0 0 2 4 9 A  F 8 6 4  0 2 B 7  A F OB BSON-* DEFAU LT BSON 
0 0 2 5 0A F 8 6 6  0 2 02 A F OB BS DTA-* DEFAULT BS DTA 
0 0 2 5 1A F 8 6 8  0 2 B F  A F OB BSOFF- * DE FAULT BSOFF 
0 0 2 5 2A F 8 6 A  E7 9 2  A F O B  PAUS E R- * DEFAU LT PAUSE ROUT I N E 
0 0 2 5 3A F 8 6 C  0 4 7 0 A F OB EX P1 - * DEFAULT EXPRESS ION ANALYZ E R  
0 0 2 5 4 A  F 8 6 E  0 1 2 D A F OB CMDTB 2 - * DEFAULT SECOND COMMAND TABLE 
0 0 2 5 5  * CONSTANTS 
0 0 2 5 6 A  F 8 7 0  E0 0 8  A INTVS F DB AC IA DEFAU L'£ AC IA 
0 0 2 5 7 A  F87 2 0 0  A FCB DFTCHP , DFTNLP DEFAULT NU LL PADDS 
0 0 2 5 8 1\  F 8 7 4  0 0 0 0  A FOB 0 DEFAULT ECHO 
0 0 2 5 9 A  F 8 7 6  EO O O  A FOB PTM DEFAU LT PTM 
0 0 2 6 0A F 8 7 8  0 0 0 0  A F OB 0 I N I T I AL STACK TRACE LEVEL 
0 0 2 6 1A F 8 7 A  0 0 A FCB 0 I N IT IAL BREAK POI NT COUNT 
0 0 2 6 2A F 8 7 B  0 0  A FCB 0 SWI BREAKPO I NT LEVEL 
0 0 2 6 3A F 8 7 C  3 9  A FCB $ 3 9  DEFAULT PAUSE ROUT I NE ( RTS ) 
0 0 2 6 4  F 8 7 D A I NTVE EQU * 
0 0 2 6 5  *B 

0 0 2 6 7  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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PAGE 0 0 6  ASS I S'r0 9 . SA : 0  

0 0 2 6 8  
0 0 2 6 9  
0 0 2 7 0  
0 0 2 7 1  
0 0 2 7 2  
0 0 2 7 3  
0 0 2 7 4  
0 0 2 7 5  
0 0 2 7 6  
0 0 2 7 7  
0 0 2 7 8  
0 0 2 7 9  
0 0 2 8 0  

0 0 2 8 2  
0 0 2 8 3A F 8 7 D  0 1 9 4  A 
0 0 2 8 4A F 8 7 F  O l B l  A 
0 0 2 8 5A F 8 8 1 O l C B  A 
0 0 2 8 6 A  F 8 8 3 0 1 C 3  A 
0 0 2 8 7A F 8 8 S  0 1 7 5  A 
0 0 2 8 8A F 8 8 7  0 1 7 3 A 
0 0 2 8 9A F 8 8 9  O l C O  A 
0 0 2 9 0A F 8 8 B  0 1 7 9  A 
0 0 2 9 1A F 8 8 D  0 0 5 5  A 
0 0 2 9 2A F 8 8 F  0 1 7 D  A 
0 0 2 9 3A F 8 9 1  0 2 5 6  A 
0 0 2 9 4A F 8 9 3 O l Dl A 

0 0 2 9 6A F 8 9 S  6A 8 D  E6 F 7  
0 0 2 9 7A F 8 9 9  1 7  0 2 2 5  FACl 
0 0 2 9 B  
0 0 2 9 9 A  F 8 9 C  E E  6A A 
0 0 3 0 0 A  F 8 9 E  3 3  S F  A 
0 0 3 0 1A F BAO O D  FB A 
0 0 3 0 2A F 8 A2 2 6  1 1  F B B S  
0 0 3 0 3A F 8 A4 1 7  0 6 9 B  F F 4 2  
0 0 3 0 4A F BA7 5 0  
0 0 3 0 SA FBAB SA 
0 0 3 0 6A F 8A9 2B OA F 8 B S  
0 0 3 0 7 A  FBAB l lA3 Al A 
0 0 3 0 BA F BAE 2 6  F 8  FBAB 
0 0 3 0 9A F B BO E F  6 A  A 
0 0 3 1 0 A  F 8 B2 1 6  0 2 1 E  FAD3 
0 0 3 l lA F B B S  O F  FB A 
0 0 3 1 2A F 8 B7 37  06  A 
0 0 3 1 3A F B B 9  C l  O B  A 
0 0 3 1 4A F B BB 1 0 2 2  0 2 0 F  FACE 
0 0 3 1 SA F B BF EF  6A A 
0 0 3 1 6 A  FBCl S B  
0 0 3 1 7A F8C2 33  B C  B8  
0 0 3 l 8A F 8 C S  EC CS A 
0 0 3 1 9A F 8C7 6E CB A 

0 0 3 2 1  
0 0 3 2 2  
0 0 3 2 3  
0 0 3 2 4 

ASS I ST0 9 - MC 6 8 0 9  MON I 'fOR 

* AS S I ST0 9 SWI HANDLER 
* TH E SWI HANDLER PROV I DES ALL I NTERFAC I NG NECESSARY 
* FOR A USE R PROGRAM . A FUNCT ION BYTE IS ASSUMED TO 
* FOLLOW TH E SWI I NSTRUCT ION . IT IS BOUND CHECK ED 
* AN D  THE PROPER ROUT INE IS GIVEN CONTROL . TH I S  
* INVOCAT ION MAY ALSO BE A BREAK PO I NT I NTE RRUPT . 
* I F  SO , TH E BREAK PO I NT HAN DLER I S  ENTERE D . 
* I NPUT : MAC H I NE STA'rE DEF INED FOR SWI 
* OUTPUT : VAR I E S  ACCORD I NG TO FUNCT ION CALLE D . PC ON 
* CALLERS STACK I NCREMENTED BY ON E I F  VAL I D  CALL . 
* VOLAT I LE REG I STERS : SE E FUNCT IONS CALLED 
* STATE : RUNS D I SABLED UNLESS FUNCT ION CLEARS I F LAG . 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* SWI FUNCT I ON VECTOR TABLE 
SWIVTB F DB Z I NCH-SWIVTB INCHNP 

F DB ZOTCH1 -SWIVTB OUTCH 
F DB Z P D'fAl -SW I VTB PDA'fAl 
F OB Z P DATA-SWIVTB PDATA 
F DB ZOT2HS- SWIVTB OUT2HS 
F DB ZOT4HS-SWIVTB OUT4 HS 
F DB Z PCRLF-SWIVTB PCRLF 
FDB ZS PACE-SWIVTB SPACE 
F DB ZMONTR-SWIVTB MON ITR 
F DB ZVSWTH-SWIVTB VCTRSW 
F DB Z BKPNT-SWI VTB BREAKPO I NT 
F OB Z PAUSE-SWIVTB TASK PAUSE 

SWI R  DEC SWI CNT , PCR UP " SWI " LEVEL FOR TRACE 
LBSR LDDP SETUP PAGE AND VERI FY STACK 

* CHECK FOR BREAK PO I N'f TRAP 
LDU 1 0 , S  LOAD PROGRAM COUNTER 
LEAU -l , U  BACK TO SWI ADDRESS 
TST SWI B F L  ? TH I S  · SW I " BREAKPOI NT 
BNE SWI DNE BRANCH IF SO TO LET THROUGH 
LBSR CBKLDR OBTAI N  BREAK PO I NT POINTERS 
NEGB OBTAI N  POS I T IVE COUNT 

SWI LP DECB COUNT DOWN 
BM I SWI DN E  BRANCH WHEN DONE 
CMPU , Y++ ? WAS TH I S  A BREAKPO I NT 
BNE SWI LP BRANCH I F  NOT 
STU 1 0 , 5  SET PROGRAM COU NTER BACK 
LBRA ZBKPNT GO DO BREAKPO I NT 

SWI DN E  CLR SWI BFL CLEAR IN CASE SET 
PULU 0 OBTAI N  FUNCT ION BYTE , UP PC 
CMP B  # NUMFUN ? TOO HIGH 
LBH I ERROR YES , DO BREAK PO I NT 
STU 1 0 , 5  BUMP PROGRAM COUNTER PAST SWI 
AS LB F UNCTION CODE T I MES TWO 
LEAU SWIVTB , PCR OBTAIN VECTOR BRANCH ADDRESS 
LDO B , U  LOAD OF FSET 
JMP D , U  JUMP TO ROUT INE 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* REG I STE RS TO FUNCT ION ROUT I NES : 
* DP- )  WORK AREA PAGE 
* D , Y , U = U N RE L I ABLE X=AS CALLED FROM USE R  
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PAGE 0 0 7  AS S I s 'r0 9 . S� :  0 

0 0 3 2 5  
0 0 3 2 6  

0 0 3 2 8  
0 0 3 2 9  
0 0 3 3 0  
0 0 3 3 1  
0 0 3 3 2  
0 0 3 3 3  
0 0 3 3 4  
0 0 3 3 5  
0 0 3 3 6 
0 0 3 3 7 
0 0 3 3 8  
0 0 3 3 9  
0 0 3 4 0  

0 0 3 4 2A F 8 C 9  
0 0 3 4 3A F 8 D 1  

4 1  
0 4 

A 
A 

�S S I s'r0 9 - MC 6 8 0 9  MON I 'rOR 

* S=hS FROM SWI I N'r r; RRU P'r 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* [ S ri I  PUNCT I U N  8 )  
* MON I 'rU i{  EN'rRY 
* F I REU P  'ru E AS S I ST0 9 MON I 'rU R . 
* THE STACK WITH I'rs VA Lll E S  POR TII l� l > I jU� CT PAm: 
* REG I ST E l{ AN D CONDI 'r I ON CO DE F LAG S ARE U l:> t:: l)  AS I ::i . 
* 1 )  I N I T I A L I Z 8  CO N l:> U L E  I /O 
* 2 )  O P T I UNALLY P R I NT S I G NON 

* 3 )  I N I T I A L I Z E  PTM POR S I NG L �  ST � P P I NG 

* 4 )  E NTER COMMAND PROC E�SOR 
* I N PUT : A= O IN l 'r CON S O L E  AND P IU N'r STAH'ru p �IE S SAGE 

* A# O OM I 'r CO N SO L E  m I 'l' AN D STA RTU P �If';SSAGE 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

S IGNON FCC 

FCB 

/ASS I S'l'0 9/S IGNUN EY \::- C A'rC H E R  

Eo'r 

0 0 3 4 5A F8D2  1 0 DF 
0 0 3 4 6A F8D5 6 0  
0 0 3 4 7 A  F 8 D7 26  
0 0 3 4 8 A  F 8D9 AD 
0 0 3 4 9 A  F8DD AD 
0 0 3 5 0 A  F8E1  3 0  
0 0 3 5 1A F8E4  3F 
0 0 3 5 2A F 8 E 5  
0 0 3 5 3 A F 8 E 6  9E  
0 0 3 54A F 8 E 8  2 7  
0 0 3 5 5A F 8 EA 6F 
0 0 3 5 6 A  F8EC 6F  
0 0 3 5 7 A  F 8E E  CC 
0 0 3 5 8A F 8 F 1  A7 
0 0 3 5 9 A  F 8 F 3  E7  
0 0 3 6 0  

9 7  A ZMONTR STS RSTACK SAVE FOR BAO s'rACK RECOVERY 
1 , S  ? I N IT CONSOLE AND SEND MSG 
Z MONT2 BRANCH IF NOT 
[ VECTAB+ . C I O N , PCR] READY CON SOLE I NPUT 
[ VECTAB+ . COON , PCR]  READY CONSOL E OUTPUT 
S I GNON , PCR READY S IGNON EYE-CATCH E R  

0 0 3 6 1A F 8 F 5  6 F  
0 0 3 6 2  

0 0 3 6 4  
0 0 3 6 5  
0 0 3 6 6  
0 0 3 6 7  
0 0 3 6 8  
0 0 3 6 9  
0 0 3 7 0  
0 0 3 7 1  
0 0 3 7 2  
0 0 3 7 3  
0 0 3 7 4  
0 0 3 7 5  
0 0 3 7 6  
0 0 3 7 7  
0 0 3 7 8  

6 1 A 
0 0  F 8 E 6  
9 0  E6 F 9  
9 0  E6FB 
8C  E 5  

0 3  A 
F6  A 
0 0  F 8 F 7  
0 2 A 
0 3  A 
0 1A6 A 
0 1  A 
8 4  A 

0 1  A 

TST 
BNE 
JS R 
JSR 
LF.AX 

SWI 
FCB 

PERFORM 
PDATA PRI NT ST R I NG 

ZMONT2 LOX VECTAB+ . PTM LOAD PTM ADDRESS 
BEQ 
CLR 
CLR 
LDO 
STA 
STB 

* S I NGLE 
CLR 

CMD BRANCH I F  NOT TO USE A PTM 
PTMTMI- PTM , X  SET LATCH TO CLEAR RES ET 
PTMTM1+ 1-PTM , X  AN D  SET GATE H IGH 
# $ 0 1A6 SETUP TI MER 1 MODE 
PTMC 2-PTM , X  SETUP FOR CONTROL REG I STERl 
PTMC 1 3 - PTM , X  SET OUTPUT ENABLED/ 

* FALL I NTO 

SHOT/ DUAL 8 B I T/ I NTERNAL MODE/OPERATE 
PTMC2 -PTM , X  SET CR2 RACK TO RESET FORM 

COMMAND PROCESSOR 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

COMMAN D HAN DLER 
BREAKPO I NTS ARE REMOVED AT TH I S  TI ME . 

PROMPT FOR A COMMAND , AND STORE ALL CHARACT E RS 
UNTI L A SEPARATOR ON TH E STACK . 
SEARCH FOR F I RST MATCH I NG COMMAND SUBSET , 
CALL IT OR G IV E  1 1 1  RES PONSE . 
DURING COMMAND SEARC H : 

B=OFFSET TO NEXT ENTRY ON X 
U=SAVE D  S 

U- l =ENTRY S I Z E+ 2  
U- 2 =VALI D  NUMBER FLAG ( > = 0  VAL I O ) /COMPARE CNT 
U- 3 =CARRIAGE RE 'rU RN F LAG ( O =CR HAS BEEN OON E ) 
U-4=START OF COMMAN D s'rORE 
S+O =END OF COMMAND STORE 
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PAG E 0 0 8  ASS I S ' r o 9 . S A : 0  

0 0 3 7 9  

0 0 3 8 0 A F 8 F 7  3 F  

0 0 3 8 1A F 8 F 8 0 6 A 
0 0 3 8 2 
0 0 3 8 3 A  F 8 F 9  1 7  U 6 4 6  F F 4 2 

0 0 3 8 4 A F 8 FC 2A OC F 9 0 A  
0 0 3 8 5 A  F 8 F E 5 0  

0 0 3 8 6 A F 8 F £o' D7 F A  A 
0 0 3 8 7 A F 9 0 1  5 11.  
0 0 3 8 8 A  F 9 0 2  2 B  0 6  F 9 0 /\  

0 0 3 8 9 A  F 9 0 4  A 6  3 0  A 
0 0 3 9 0 A  F 9 0 6  A7 B1 1\ 
0 0 3 9 1A 1" 9 0 8  2 0 F 7  F 9 0 1  

0 0 3 9 2A 1" 9 0 A  AE 6A A 
0 0 3 9 3A F 9 0 C  9 F 9 3  A 
0 0 3 9 4A F 9 0 E 8 6  3 E  A 
0 0 3 9 5A F 9 1 0  3F 
0 0 3 9 6A F 9 1 1  0 1 A 
0 0 3 9 7 A  F 9 1 2  3 3  E4 A 
0 0 3 9 8A F 9 1 4  OF 9 5  A 
0 0 3 9 9A F 9 1 6  4 F  
0 0 4 0 0A F 9 1 7  S F  
0 0 4 0 1A F 9 1 8 DO 9 B  A 
0 0 4 0 2A F 9 1A DO 8 F  A 
0 0 4 0 3A F 9 1C DO 9 1 A 
0 0 4 0 4A F 9 1 E  C 6  0 2  A 
0 0 4 0 5 A  F 9 20 3 4  0 7  A 
0 0 4 0 6  
0 0 4 0 7 A  F 9 2 2  1 7  0 4 5 4  F D7 9  

0 0 4 0 8 A  F 9 2 5  3 0  8 0  0 5 8 1  
0 0 4 0 9 A F 9 2 9  8 1  2 E  A 
0 0 4 1 0 A  F 9 2B 2 7  5A F 9 8 7  
0 0 4 1 1A F 9 2 D  3 0  8 0  0 4 E 9  
0 0 4 1 2A F 9 3 1  8 1  2F A 
0 0 4 1 3A F 9 3 3  27 52 F 9 8 7  
0 0 4 1 4  
0 0 4 1 5A F 9 3 5  8 1  20 A 
0 0 4 1 6A F 9 3 7  2 3  1 4  F 9 4 D  
0 0 4 1 7A F 9 3 9  34 0 2  A 
0 0 4 1 8 A F 9 3 B  6 C  S F  A 
0 0 4 1 9A F 9 3 D  8 1  2F A 
0 0 4 2 0 A  F 9 3 F  2 7  4 F  F 9 9 0  

0 0 4 2 1 A  F 9 4 1  1 7 04 0 B F D4 F  
0 0 4 2 2 A  F 9 4 4  27 0 2 F 9 4 8  

0 0 4 2 3 A  F 9 4 6  6 A  5E A 

0 0 4 2 4A F 9 4 8  1 7  0 4 2 E  F D7 9  
0 0 4 2 5 A  F 9 4 B  2 0  E 8  F 9 3 5  
0 0 4 2 6  

AS S I ST 0 9 - M C 6 13 0 9  1>10N I 'l'O R 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C 1>1 D  S I'l I  

F e B  

* D I SARM TiU': 
C M D tJ t:: P L B S R  

BP L 
N E G B  

S T �  

CM DDDL DEC B 
8M I 
I.J)A 
STA 
BRA 

CMDNOL LOX 
STX 
LOA 
SWI 
FCB 
LEAU 
STU 
CLRA 
CLRB 
STD 
STD 
STD 
LOAS 
PSIiS 

* CHECK FOR 
LBS R 

LEAX 
CMPA 
BEQ 
LEAX 
CMPA 
BEQ 

TU NEW L I N E  

P C R L F  F UNCT ION 
BHCAK PO I 1'� 'l'S 

C B K I. D R  OBTA I N  BREAK PO Hl'r PO I NT E RS 
C!'t DNOL BRAN CH I F'  NO'I' ARM E D  OR NON E  

MAK E POS I 'r I V t:: 
13K P'rCT F LAG AS DI SARM E D  

? F ! N I S H E: D  

C�DNOL BRAN C H  H� SO 
- N U M B K P * 2 , Y LOAD OPCODE STORE D 
[ ,  Y+ + )  
CMDDDL 
1 0 , S  
PCNTER 
# P ROMPT 

DUTCH 
, S  
PSTACK 

NUMBER 
M I S F LG 
TRACEC 
#2 
D , CC 

STO RE BACK OVE R  II SW I  It 

LOOP UNT I L  DON E  
LOAD USERS PROGRAM COUNTER 
SAVE FOR EXPRESS ION ANALYZ E R  
LOAD PROMPT CHARACTER 
SEND TO OUTPUT HANDLER 
FUNCT ION 
REMEMBER STACK RESTORE ADDRESS 
REMEMBER STACK FOR ERROR USE 
PRE PARE Z E RO 
PRE PARE Z ERO 
CLEAR NUMBE R BU I LD AREA 
CLEAR MISCE L . AND SWI CNT F LAGS 
CLEAR TRACE COUNT 
SET 0 TO TWO 
P LACE DEFAULTS ONTO STACK 

" QU I CK " COMMAN DS . 
READ OBTAI N  F I RST CHARACTER 
CDOT+ 2 , PCR PRESET FOR S I NGLE TRACE 
i I • ? QU ICK TRACE 
CMDXQT BRANCH EQUAL FOR TRACE ONE 
CMPADP+ 2 , PCR READY MEMORY ENTRY POI NT 
i ' l  ? OPEN LAST USED MEMORY 
CMDXQT BRANCH TO DO IT I F  SO 

* P ROCESS NEXT CHARACTER 
CMD2 CMPA t ' ? B LANK OR DEL I M ITER 

BLS CMDGOT BRANCH YES , WE HAVE IT 
PSHS A BU I LD ONTO STACK 
INC -l , U  COUNT TH I S  CHARACTER 
CMPA t i l ? MEMORY COMMAND 
BEQ CMDMEM BRANCH I F  SO 
LBS R BLDHXC TREAT AS HEX VALUE 
BEQ CMD3 BRANCH I F  ST I LL VAL I D  NUMBER 
DEC -2 , U  FLAG AS I NVALI D NUMBER 

CMD3 LBS R READ OBTAI N  NEXT CHARACTER 
BRA CMD2 TEST NEXT CHARACTER 

* GOT COMMAN D , NOW SEARCH TABLES 
0 0 4 2 7 A  F 9 4 D  8 0  0 0  A CMDGOT SUBA I CR SET ZERO I F  CARRI AGE RETURN 
0 0 4 2 8A F 9 4 F  A7 5 0  A STA - 3 , u  SE'fUP FLAG 
0 0 4 2 9A F 9 5 1  9 E C4 A LOX VECTAB+ . CMDL1 START WITH F I RST CMD LIST 
0 0 4 3 0 A  F 9 5 3  E 6  8 0  A CMDSCH LOB , X +  LOAD ENTRY LENGTH 
0 0 4 3 1A F 9 5 5  211. 10 F 9 6 7 BP L CMDSME BRANCH IF NOT LI ST END 
0 0 4 3 2A F 9 5 7  9 E  E E  A LOX VECTAB+ . CMDL2 NOW TO SECOND CMD L I ST 
0 0 4 3 3A F 9 5 9  5 C  I NC B ? TO CONT I NU E  TO DEFAULT L I ST 
0 0 4 3 4 A  F 9 5A 2 7  F 7  F9 5 3  BEQ CMDseH BRANCH I F  SO 
0 0 4 3 5 A  F 9 5 C  l O DE 9 5  A CM DBAD LOS PSTACK RESTORE STACK 
0 0 4 3 6 A  F 9 5 F  3 0  8 0  0 1 5 A  LEAX ERRMSG , PCR PO I NT TO E RROR STRING 
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PAG E  0 0 9  ASS I ST0 9 . SA : 0 

0 0 4 3 7 A  F 9 6 3  3 F  
0 0 4 3 8 A  F 9 6 4  
0 0 4 3 9 A F 9 6 5  2 0  
0 0 4 4 0  
0 0 4 4 1A F 9 6 7  5A 
0 0 4 4 2A F 9 6 8  E l  
0 0 4 4 3A F 9 6 A  24 
0 0 4 4 4A F 9 6 C  3 .11. 
0 0 4 4 5A F 9 6 D  20  
0 0 4 4 6A F 9 6 F  3 1  
0 0 4 4 7 A  F 9 7 1  A6 
0 0 4 4 8 A  F 9 7 3  8 0  
0 0 4 4 9 A F 9 7 5 A 7  
0 0 4 5 0 A  F 9 7 7  5 A  
0 0 4 5 1 A  F 9 7 8  A 6  
0 0 4 5 2A F 9 7 A  A l  
0 0 4 5 3 A F 9 7 C  26  
0 0 4 5 4A F97E 6A 
0 0 4 5 5A F980  26  
0 0 4 5 6A F 9 8 2 3A 
0 0 4 5 7 A  F 9 8 3  EC 
0 0 4 5 8A F 9 8 5  3 0  
0 0 4 5 9A F 9 8 7  6 0  
0 0 4 6 0A F 9 8 9  3 2  
0 0 4 6 1A F 9 8 B  AD 
0 0 4 6 2A F 9 8 D  16 
0 0 4 6 3A F 9 9 0  6 0  
0 0 4 6 4A F 9 9 2 2 B  
0 0 4 6 5A F 9 9 4  3 0  
0 0 4 6 6A F 9 9 7  DC 
0 0 4 6 7 A  F 9 9 9  20 

0 0 4 6 9  
0 0 4 7 0  
0 0 4 7 1  
0 0 4 7 2 
0 0 4 7 3  
0 0 4 7 4  
0 0 4 7 5  

0 0 4 7 7  
0 0 4 7 8  
0 0 4 7 9  
0 0 4 8 0  
0 0 4 8 1  
0 0 4 8 2  
0 0 4 8 3  
0 0 4 8 4  
0 0 4 8 5  
0 0 4 8 6  
0 0 4 8 7  
0 0 4 8 8  
0 0 4 8 9  
0 0 4 9 0  
0 0 4 9 1  
0 0 4 9 2  

0 2  A 
9 0  F 8 F 7  

5 F  A 
0 3  F 9 6 F  

E4 F 9 5 3  
5 D  A 
5F A 
0 2  A 
5E A 

8 0  A 
A2 A 
E E  F 9 6 C  
5E A 
F 5  F 9 7 7  

1E  A 
8 B  A 
5 0  A 
C4 A 
I E  A 
FF7A F90A 
5E A 
C 8 F 9 5C 
8 8  AE A 
9 B  A 
EC F 9 8 7  

ASS I ST 0 9  - M C 6 8 0 9  MON I TOR 

SWI S E N D  OUT 
FCB PDATAI TO CONSOLE 
BRA CMD AN D TRY AGA I N  

* SEARCH NEXT ENTRY 
CM DSME DECR TAK E  ACCOU NT OF LENGTH BYTE 

CMPB -l , U ? ENTERED LONGER THAN ENTRY 
BHS CMDS I Z BRANCH I F  NOT TOO LONG 

CMDFLS ABX SK I P  'ro NEXT ENTRY 
B RA CMDSCH AND 'fRY NEXT 

CMDS I Z  LEAY -3 , U  PRE PARE TO COMPARE 
LOA - l , U  LOA D  S I Z E+ 2  
SUBA # 2 TO ACTUAL S I Z E  ENTERED 
STA -2 , U SAVE S I Z E  FOR COUNTDOWN 

CMDCMP DEC B  DOWN ONE BYTE 
LOA , X+ NEXT COMMAN D CHARACT E R  
CMPA , -Y ? S AME AS THAT ENTERED 
SNE CMDF LS BRANCH TO F LUSH IF  NOT 
DEC -2 , U  COUNT DOWN LENGTH OF ENTRY 
BNE CMDCMP 8RANCH IF MORE TO TE ST 
ABX TO NEXT EN'fRY 
LDD -2 , X  LOAD OFFSET 
LEAX D , X  COMPUTE ROUT I N E  ADDRESS+ 2  

CMDXQT TST - 3 , U  SET CC FOR CARRIAGE RETURN TEST 
LEAS , U  DELETE STACK WORK AREA 
J S R -2 , X  CALL COMMAN D  
LBRA CMDNOL GO GET NEXT COMMAND 

CMDMEM TST -2 , U  ? VAL I D  HEX NUMBER ENTERED 
BM I CMDBAD BRANCH ERROR I F  NOT 
LEAX <CMEMN-CMPADP , X  TO DI FFERENT ENTRY 
LCD NUMBER LOAn NUMBE R ENTERE D 
BRA CMDXQT AND ENTER MEMORY COMMAND 

* *  COMMAN DS ARE ENTE RED A S  A SUBROUT I N E  WI'fH : 
* *  DPR- > ASS IST0 9 DI RECT PAGE �ORK AREA 
* *  Z = l  CARRIAGE RE'fURN ENTE RED 
** Z = O  NON CARRIAG E  RETU RN DEL I M ITER 
** S-NORMAL RETU RN ADDRESS 
* * THE LABEL n CMDBA D n  MAY BE ENTERED TO ISSUE AN 
* *  A N  ERROR FLAG ( * ) . 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* 
* 
* 
* 

ASS I ST0 9 COMMAND 'fABLES 
THESE ARE THE DEF .e. 1J  [,1' COMMAND TABLES . EXTERNAL 
'fABLES OF THE SAME FORMAT MAY EXTEND/RE PLACE 
THESE BY US I NG THE VECTOR SWAP FUNCT I ON . 

* ENTRY FORMAT : 
* +O • • •  TOTAL S I Z E OF ENTRY ( I NCLUDING TH I S  BYTE ) 
* +l • • •  COMMAN D  STR I NG 
* +N • • •  TWO BYTE OF FSE'r TO COMMAN D  ( ENTRYADDR-* ) 
* 
* THE 'fABLES TE RM INATE WITH A ONE BYTE - l OR - 2 . 
* 'l'H E  - 1  CONT I NUES TH E COMMAND SEARCH WITH THE 
* SECO N D  COMMAND TABLE . 
* THE -2 TERM I NA'rE S  COMMA N D  SEARCH E::> . 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *� * * * * * * * * * * * * * 
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PAG E  0 1 0 ASs I ST0 9 . sA : 0 ASS I ST 0 9  - MC6 8 0 9  MON I'fOR 

0 0 4 9 4  * T H I S  IS THE DE FAU LT LIST (O'OR THE SECOND COMMAN D 

0 0 4 9 5  * L IST ENTHY . 
0 0 4 9 6A F 9 9 8  FE A CMDT82 FCB -2 STOP COMMAND SEARCHES 

0 0 4 9 8  * TH I S  I S  'fH E  DEFAULT LIST FOR THE F I RST COMMAN D 

0 0 4 9 9  * L I ST ENTRY . 
0 0 5 0 0  F 9 9 C  A CMDTBL EQU * MON I'fOR COMMAND TABLE 
0 0 5 0 1A F 9 9 C  0 4  A FCB 4 

0 0 5 0 2A F 9 9 D  4 2  A FCC IBI ' BREAK PO I NT ' COMMAN D 
0 0 5 0 3 A F 9 9 E  0 5 4 0  A F OB CSK PT- * 

0 0 5 0 4A F 9AO 0 4  A FCB 4 

0 0 5 0 5A F 9A1 4 3  A FCC IC I ' CALL ' COMMAN D 
0 0 5 0 6 A  F 9 A2 0 4 1 7  A FOB CCALL- *  

0 0 5 0 7 A F 9 A4 0 4  A FCB 4 

0 0 5 0 8A F 9 A5 4 4  A FCC 101 ' D I S P LAY ' COMMAND 
0 0 5 0 9 A  F 9 A6 0 4 9 0  A F OB C D I S P- *  

0 0 5 1 0 A  F 9A8 0 4  A FCB 4 

O O S l lA F9A9 45 A FCC lEI ' ENCODE ' COMMAND 
O O S loilA F 9AA O S 9 F  A F OB CENC DE - * 
0 0 S 1 3 A F 9 AC 0 4  A FCB 4 
0 0 S 1 4 A  F 9AD 47 A FCC IGI ' GO '  COMMAND 
0 0 S 1 5A F 9 AE 0 3 02 A F DB CGO- * 
0 0 S 1 6A F 9 BO 0 4  A FCB 4 

0 0 S 1 7A F 9 Bl 4C A FCC ILl ' LOAD ' COMMAND 
0 0 S 1 8A F 9 B2 0 4 00 A F OB CLOAD- * 
0 0 S 1 9A F 9 B4 0 4  A FCB 4 
0 0 5 2 0 A  F9&S 4 0  A FCC IMI ' MEMORY ' COMMAND 
0 0 5 2 1A F 9 B6 0 4 0 0 A F OB CMEM-* 
0 0 5 2 2A F9B8 0 4  A FCB 4 
0 0 5 2 3A F9B9 4E A FCC INI ' NULLS ' COMMAND 
0 0 5 2 4A F 9 BA 0 4 F D  A F OB CNULLs-* 
0 0 5 2 5 A  F 9 BC 0 4  A FC B 4 
0 0 5 2 6 A  F9BD 4 F  A FCC 101 ' OFFSET ' COMMAND 
0 0 5 2 7 A  F 9 BE 0 5 0 A  A F OB COF F S- * 
0 0 5 2 8A F9CO 04  A FCB 4 
0 0 5 2 9 A  F 9C1 50 A FCC IPI ' PUNCH ' COMMAND 
0 0 5 3 0A F9C2 0 4AF A F OB CPUNCH - *  
0 0 5 3 1A F 9 C 4  0 4  A FCB 4 
0 0 5 3 2A F 9 C 5  5 2  A FCC IRI ' REG I STERS ' COMMAND 
0 0 5 3 3A F9C6 0 2 8 4  A FOB CREG- *  
0 0 5 3 4A F 9 C 8  0 4  A FCB 4 
0 0 5 3 5 A  F 9 C 9  5 3  A FCC lSI ' STLEVEL ' COMMAND 
0 0 5 3 6 A  F 9 CA 0 4 F 2  A FOB CSTLEV-* 
0 0 5 3 7 A  F 9 CC 0 4  A FCB 4 
0 0 5 3 8 A  F 9 C D  5 4  A FCC ITI ' TRACE ' COMMAND 
0 0 5 3 9 A  F9CE 0 4 06 A F OB CTRACE-* 
0 0 5 4 0 A  F 9DO 0 4  A FCB 4 
0 0 5 4 1A F9Dl  56  A FCC IVI ' VERI FY ' COMMAND 
0 0 5 4 2A F9D2 04CF A FOB CVER- *  
0 0 5 4 3A F 9D4 0 4  A FCB 4 
0 0 5 4 4A F 9D5 57 A FCC IWI ' WI NDOW ' COMMAND 
0 0 5 4 5A F 9D6 0 4 6 8  A FOB CWI N DO- * 
0 0 5 4 6 A F 9 D8 F F  A FCB -1 EN D ,  CONT I NUE WITH THE S ECOND 

0 0 5 4 8  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
0 0 5 4 9  * [ SWI FUNCTIONS 4 AND 5 )  
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P AGE 0 1 1  ASS I ST0 9 . SA : 0 

0 0 5 5 0  
0 0 5 5 1  
0 0 5 5 2  
0 0 5 5 3  
0 0 5 5 4  
0 0 5 5 5  

ASS I ST0 9 - MC 6 8 0 9  MON ITOR 

* 4 - OUT2HS - DeCODE BYTE TO HEX AND ADD S PACE 
* 5 - OUT4HS - DECODE riORD TO HEX ru�D ADD SPAC E  
* I NPUT : X-> BYTE O R  WORD TO DECODE 
* OUTPUT : CHARACTE RS SENT TO OUTPUT HANDLER 
* X->NEXT BYTE OR WORD 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

0 0 5 5 7 A  F9D9 A6 
0 0 5 5 8A F 9 DB 3 4  
0 0 5 5 9A F9DD C 6  
0 0 5 6 0A F 9DF 3 D  
0 0 5 6 1A F 9 E O  8 0  
0 0 5 6 2A F 9 E 2  3 5  
Ot0 5 6 3A F 9 E 4  8 4  
0 0 5 6 4A F 9 E 6  8 B  
0 0 5 6 5A F 9 E 8  1 9  
0 0 5 6 6A F 9 E 9  8 9  
0 0 5 6 7 A  F 9 E B  1 9  
0 0 5 6 8 A  F 9 E C  6 E  

8 0  A ZOUT 2H LOA 
PSHS 
LOB 
MUL 
BS R 
PULS 
ANDA 
ADDA 
OM 
ADCA 
OM 
JMP 

, X +  
o 
# 1 6  

LOAD NEXT BYTE 
0 6  A 
10  A 

0 4  F 9 E 6  
0 6  A 
OF  A 

ZOUTIiX 
o 

SAVE - DO NOT REREAD 
SH I FT BY 4 B ITS 
WITH MULT I P LY 

9 0  A ZOUTHX 
# $ O F  
# $ 9 0  

SEND OUT AS HEX 
RESTORE BYTES 
I SOLATE RIGHT HEX 
PRE PARE A-F ADJUST 
ADJUST 

40 -A # $ 4 0  PRE PARE CHARACTER B ITS 
ADJ UST 

90 E 5 E E  SEND [VECTAB+ . CODTA , PCR)  S E N D  TO OUT HANDLER -

0 0 5 7 0A F 9 F O  8 0  
0 0 5 7 1A F 9 F 2  8 0  
0 0 5 7 2A F9F4 AF 
0 0 5 7 3  

0 0 5 7 5 
0 0 5 7 6  
0 0 5 7 7  
0 0 5 7 8  
0 0 5 7 9  
0 0 5 8 0  
0 0 5 8 1A F 9 F 6  8 6  
0 0 5 8 2A F 9 F 8  20 

0 0 5 8 4  
0 0 5 8 5  
0 0 5 8 6  
0 0 5 8 7  
0 0 5 8 8  
0 0 5 8 9  
0 0 5 9 0  

E7 
E5 
64 

20 
3 D  

0 0 5 9 1A F 9 FA A6 6 1  
0 0 5 9 2A F 9 FC 8 1  3 4  
0 0 5 9 3A F 9 F E  2 2  39  
0 0 5 9 4A FAO O 1 0 9 E  C2  
0 0 5 9 5A FA0 3 EE A6 
0 0 5 9 6A FA0 5 EF 6 4  
0 05 9 7 A  FA0 7 AF 7 E  
0 0 5 9 8A FA0 9 2 7  2 E  
0 0 5 9 9 A  FAO B AF A6 
0 0 6 0 0A FAO D 2 0  2A 
0 0 6 0 1  

F 9 D9 Z OT4 HS BSR 
F 9 D9 ZOT2HS BSH. 

ZOUT2H CONVERT F I RST BYTE 
ZOUT2H CONVERT BYTE TO HEX 

A STX 4 , S UPDATE USERS X REG I �TER 
* F ALL I NTO SPACE ROUT I N E  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* [ SWI FUNCTION 7 )  
* S PACE - SEND BLANK TO OUTPUT HANDLER 
* I NPUT : NONE 
* OUT PUT : BLANK SE N D  '::0 CONSOLt� lIANDLER 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

A Z S PACE LOA # '  LOAD BLANK 
FA3 7 BRA ZOTCH2 SEND AN D RETURN 

A 
A 

FA3 9 
A 
A 
A 
A 

FA3 9 
A 

FA3 9 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* [ SriI FUNCT ION 9 )  
* SWAP VECTOR TABLE ENTRY 
* I NPUT : A-VECTOR TABLE CODE ( OFFSET ) 
* X=O OR REPLACEMENT VALUE 
* OUTPUT : X=PREVIOUS VALUE 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
ZVSWTH LOA 

CMPA 
BH I 
LDY 
LOU 
STU 
STX 
BEQ 
STX 
BRA 

* 0  

1 , S  LOAD REQUESTERS A 
# H IVTR ? SUB-CODE TOO H IGH 
ZOTCH3 IGNORE CALL I F  SO 
VECTAB+ . AVTBL LOAD VECTOR TABLE ADDRESS 
A , Y  U=OLD ENTRY 
4 , S RETURN OLD VALUE TO CALLERS X 
- 2 , S  ? X= O 
ZOTCH3 YES , DO NOT CHANGE ENTRY 
A ,  Y REPLACE ENTRY 
ZOTCH 3 RETURN FROM SWI 
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PAGE 0 1 2  ASS I ST 0 9 . SA : 0  ASS I ST0 9 - MC6 8 0 9  MON ITOR 

0 0 6 0 3 
0 0 6 0 4  
0 0 6 0 5  
0 0 6 0 6  
0 0 6 0 7  
0 0 6 0 8  
0 0 6 0 9  
0 0 6 1 0  
0 0 6 1 1A FAO F 8 0  5 0  
0 0 6 1 2A FAl l 8 0  SF 
0 0 6 1 3A FA1 3 2 4  FA 
0 0 6 1 4A FA1 5 4 0  
0 0 6 1 5A FA1 6 2 7  F9  
0 0 6 1 6A FA1 8 8 1  7F 
0 0 6 1 7A FA1A 27 F5 
0 0 6 1 8A FA1 C A7 6 1  
0 0 6 1 9A FA1 E 0 0  8F 
0 0 6 2 0 A  FA2 0 26 17 
0 0 6 2 1A FA2 2 8 1  0 0  
0 0 6 2 2A FA2 4 2 6  0 4  
0 0 6 2 3 A  FA2 6 8 6  OA 
0 0 6 2 4 A  FA2 8 8 0  C2 
0 0 6 2 5A FA2A 0 0  F4 
0 0 6 2 6 A  FA2C 26 OB 
0 0 6 2 7 

6 1  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* 
* 
* 
* 
* 

[ SWI FUNCT ION 0 ]  
INCHNP - OBTAI N  I N P UT CHAR I N  A ( NO PARI TY ) 

NULLS AN D RUBOUTS ARE IGNORED . 
AUTOMAT I C  L I N E  F E E D  I S  SENT UPON HEC I EV I NG A 

CARRIAGE RE'l'URN . 
UNLESS �E ARE LOADI NG F ROM TAPE . 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
FA6 E Z I NCHP 
FAn Z I NCH 
FAO F 

BSR XQPAUS HELEASE PROC ESSOR 
aSR XQC I DT CALL I NPUT DATA APPENDAGE 
BCC Z I NCHP LOOP I F  NONE AVA I LABLE 

FAl l 
A 

FAl l 
A 
A 

FA3 9 
A 

FA2A 
A 

F9EC 

TSTA ? T EST FOR NU LL 
BEQ Z I NCH IGNORE NULL 
CMPA # $ 7 F  ? RUBOUT 
BEQ Z I NCH BRANCH YES TO IGNORE 
STA 1 , S STORE I NTO CALL E RS A 
TST M I S F LG ? LOAD IN PROG RE S S  
BNE ZOTCH3 BRANCH I F  SO TO NOT ECHO 
CMPA #CR ? CARRIAGE RETURN 
BNE Z I N2 NO , TES'l' ECHO BYTE 
LOA # LF LOAD L I NE FEED 
BSR SEND ALWAYS ECHO LINE FEED 

A Z IN 2 
FA3 9 

TST VEC'l'AB+ . ECHO ? ECHO DES I RE D  
BNE ZOTCH3 NO , RETURN 

* FALL TH ROUGH TO OUTCH 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* [ SWI FUNCTION 1 ]  
* OUTCH - OUTPUT CHARACTER FROM A 
* INPUT : NONE 
* OUTPUT : I F  LINEFEED I S  THE OUTPUT CHARACTE R  THEN 
* C = O  NO CTL-X REC I EVED , C= l CTL-X REC I EVED 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

1 , S  LOAD CHARACTER TO SEND 

0 0 6 2 9  
0 0 6 3 0  
0 0 6 3 1  
0 0 6 3 2  
0 0 6 3 3  
0 0 6 3 4  
0 0 6 3 5  
0 0 6 3 6 A  
0 0 6 3 7 A 
0 0 6 3 8 A  
0 0 6 3 9 A  
0 0 6 4 0 A  
0 0 6 4 1A 
0 0 6 4 2A 

FA2E A6 
FA3 0 30 
FA3 3 8 1  
FA3 5 27 
FA3 7 80 
FA3 9 OC 
FA3B 3 B  

8 C  0 9  
OA 

A ZOTCH 1 LOA 
LEAX 

A CMPA 
< Z PCRLS , PC R  DEFAU LT FOR L I NE FEED 
# L F  ? L I NE FEED 

0 0 6 4 4  
0 0 6 4 5  
0 0 6 4 6  
0 0 6 4 7  
0 0 6 4 8  
0 0 6 4 9  
0 0 6 5 0  

0 0 6 5 2A FA3C 

0 0 6 5 4 A  FA3 D 3 0  
0 0 6 5 5  

OF 
B3 
90 

04 

FA4 6 BEQ 
F9EC ZOTCH 2 BSR 

A ZOTCH3 INC 
RT I 

Z P DTLP BRANCH TO CHECK PAUSE IF SO 
SEND SEND TO OUTPUT ROUT INE 
SWICNT BUMP UP A SWI n T RACE NEST LEVEL 

RETURN FROM n SWI n F UNCT ION 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* [ SW I  FUNCTION 6 ]  
* PCRLF - SEND CR/LF TO CONSOLE HANDLER 
* INPUT : NONE 
* OUT PUT : CN. AND LF SENT TO HANDLER 
* C= O NO CTL- X , C= l CTL-X REC I EVED 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

A ZPCRLS FCB EOT NULL STRING 

8C FC Z PCRLF LEAX Z PCRLS , PCR READY CR , LF STR I NG 
* FALL I NTO CR/LF CODE 
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PAGE 0 1 3  ASS I �T0 9 . S A : 0 ASS I �T0 9 - MC 6 8 0 9  MON I T O R  

0 0 6 5 7 
0 0 6 5 8  
0 0 6 5 9 
0 0 6 6 0  
0 0 6 6 1  
0 0 6 6 2  
0 0 6 6 3  
0 0 6 6 4  
0 0 6 6 5  
0 0 6 6 6 
0 0 6 6 7 A  r�A 4 0  8 6  
0 0 6 6 8 A  FA4 2 8 0  
0 0 6 6 9 A  FA4 4 8 6  
0 0 6 7 0  

0 0 6 7 2  
0 0 6 7 3  
0 0 6 7 4  
0 0 6 7 5  
0 0 6 7 6  
0 0 6 7 7  
0 0 6 7 8  
0 0 6 7 9  
0 0 6 8 0  
0 0 6 8 1  
0 0 6 8 2A FA 4 6  8 0  
0 0 6 8 3 A FA 4 8  A6 
0 0 6 8 4A FA4A 8 1  
0 0 6 8 5A FA4 C  2 6  
0 0 6 8 6  

0 0 6 8 8  
0 0 6 8 9  
0 0 6 9 0  
0 0 6 9 1  
0 0 6 9 2  
0 0 6 9 3  
0 0 6 9 4  
0 0 6 9 5  
0 0 6 9 6  
0 0 6 9 7  
0 0 6 9 8  
0 0 6 9 9  
0 0 7 0 0A FA4 E 8 0  
0 0 7 0 IA F A 5 0  8 0  
0 07 0 2A FA5 2  I F  
0 0 7 0 3 A F A 5 4  E 7  
0 0 7 0 4 A  FAS6  20 

0 0 7 0 6  
0 0 7 0 7  
0 0 7 0 8  
0 0 7 0 9 A  FAS a  8 0  
0 0 7 10 A  FA5A 2 4  

o n  
A8 
OA 

A4 
8 0  
0 4  
F8 

lE 
0 6  
A9 
E4 
E1 

18 
05 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* [ S W I  FUNCT I ON 3 J 
* PDATA - OUT P U 'f CR/I.F AND S T � I NG 
* I N P UT : X- > ST � I �G 
* OUT P U'l' : CR/LF AN D ST R I NG �EN'l' 're OUT P UT CONSOLE 
* liAlWL E H . 
* C - O  NO CT L-X , C - l  CT L-X Hi::C n: V Ell  
* NOT E : LINe 1�' E t: D  MUST r'OLf.OW CA!{IU l\GF.: HET U RN FOR 
* PRO p e l{  P U NCH l)ATA . 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

A Z P DA'rA LDA # C R  
S E N D  
# LF 

LOAD CARR I AG E  RE 'l'U RN 
� E N D  I T  F 9 E C  BS H 

l\ I. nil LOAn L I N E  �' E i': J) 

F 9 E C  
A 
A 

FA4 6 

* FALr. L N'l'O PDATAl 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* [ SWI FUNCT ION 2 J  

* PDATAl - OUTPUT �TRING T I LL EOT ( $ 0 4 ) 
* TK I S  ROUT I NE PAUSES IF AN I NPUT BYTE BECOMES 
* AVA I LABLE DURI NG OUTPUT TRANSM I S S ION UNT I L A 
* SECOND IS REC I EVED . 
* I NPUT : X- ) STRI NG 
* OUTPUT : STRING SENT 're OUTPUT CONSOLE DRIVER 
* C-O NO CTL-X , C- l CTL-X REC I EVED 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
Z P DTLP SSR 
ZPDTAl LOA 

CMPA 
BNE 

* FALL INTO 

S E N D  SEND CHARACTE R T O  DRIVER 
, X+ LOAD NEXT CHARACT ER 
# EOT ? EOT 
Z P DTLP LOOP I F  NOT 

PAUSE CHECK FUNCT ION 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* [ SW I  FUNCT ION 1 2 J  
* PAUSE - RETURN TO TASK D I S PATCH I NG AND CHECK 
* FOR FRE E Z E  CONDIT ION OR CTL-X BREAK 
* TH I �  FUNCT I ON ENTERS THE TASK PAUSE HANDLER SO 
* OPTIONALLY OTH E R  6 8 0 9  PROCESSES MAY GAI N  CONTROL . 
* UPON RETURN , CHECK FOR A ' FREE Z E ' CON DITION 
* WITH A RESULT I NG WAIT LOOP , DR CONDITION CODE 
* RETURN IF A CONTROL-X IS ENTERED FROM THE I NPUT 
* HANDLER . 
* OUTPUT : C= 1 IF CTL-X HAS ENTERE D ,  C= O OTHERWI SE 
* * * * *  • • • • • • • • • • • • • • • • • • • • •  * • • • • • • •  * . * * • • •  * 

FA6 E ZPAUSE BSR XQPAUS 
CHKABT 
CC , B 
, 5  
ZOTCH3 

RE LEASE CONTROL AT EVERY L I N E  
CKECK FOR FRE E Z E  OR ABORT 
PREPARE TO REPLACE CC 

FAS 8 BSR 
A TF R 
A STB 

FA3 9  B RA  
OVERLAY OLD ONE O N  STACK 
RETU RN FROM " SWI " 

• CHKABT - SCAN FOR INPUT PAUSE/ABORT DURI NG OUTPUT 
* OUTPUT : C= O OK , C= 1 ABORT ( CTL-X ISSUE D ) 
• VOLAT I LE : U , X , D  

FA7 2 CHKABT BSR XQC I DT ATTEMPT I N PUT 
FA6 1 BCC CHKRTN BRANCH NO TO RETU RN 
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PAGE 0 1 4  ASS I ST0 9 . SA : 0 ASS I ST0 9 - MC 6 8 0 9  MON ITOR 

0 0 7 1 1 A  FASC 8 1  
0 0 7 l 2A FAS E  2 6  
0 0 7 l 3A FA6 0  5 3  
0 0 7 l 4 A  FA6 1 3 9  
0 0 7 l SA FA6 2  8 0  
0 0 7 l 6A FA6 4  8 0  
0 0 7 l 7 A  FA6 6 24 
0 0 7 l 8A FA6 8 81 
0 0 7 l 9A FA6A 27 
0 0 7 2 0 A  FA6C 4 F  
0 0 7 2 1 A  FA6 D 3 9  

0 0 7 2 3 
0 0 7 2 4A FA6E 6 E  
0 0 7 2 S A  FA7 2 AD 
0 07 2 6 A  FA7 6 8 4  
0 0 7 2 7 A  F A 7 8  3 9  

0 0 7 2 9  
0 0 7 3 0  
0 0 7 3 1  
0 0 7 3 2  
0 0 7 3 3  
0 0 7 3 4  
0 0 7 3 5  
0 0 7 3 6  

0 0 7 3 8A FA7 9 

0 0 7 4 0A FA7 D  8 0  
0 0 7 4 1A FA7 F  0 0  
0 0 7 4 2A FA8 1  26 
0 0 7 4 3A FA8 3 0 0  
0 0 7 4 4A FA8 S  2 B  
0 0 7 4 S A  FA87 30 
0 0 7 4 6A FA8 9  9C 
0 0 7 4 7 A  FA8 B  25 
0 0 7 4 8A FA8D 30 
0 0 7 4 9A FA9 0  3F 
0 0 7 5 0 A  FA9 1 
0 0 7 S 1A FA9 2 09 
0 0 7 S 2 A  FA9 4  30 
0 0 7 S 3 A  �'A98 3F 
0 0 7 S 4 A  FA99 
0 0 7 S SA FA9A 80 
0 0 7 S 6 A  FA9C 25 
0 0 7 5 7 A  FA9 E  06 
0 0 7 S8A FAAO 2 5  
0 0 7 S 9 A  FAA2 9 E  
0 0 7 6 0 A  FAM 2 7  
0 0 7 6 1A FAA 6  3 0  
0 0 7 6 2A FAA8 9 F  
0 0 7 6 3 A FAAA 2 7  
0 0 7 6 4A FAAC 8 0  
0 0 7 6 SA FAAE 2 5  

1 8  
0 2  

OA 
OC 
FA 
1 8  
F4 

A 
FA6 2 

CHKSEC 
CHKRTN 

FA6 E CHKWT 
FA7 2 
FA6 2 

A 
FA6 0 

CMPA 
BNE 
COMB 
RTS 
BSR 
BSR 
BCC 
CMPA 
BEQ 
CLRA 
RTS 

90 E S 7 8  
9 0  E S 6 2  
7 F  

* SAVE MEMORY 
XQPAUS JMP 
XQC I DT JSR 

A ANDA 
RTS 

# CAN 
CHKWT 

XQPAUS 
XQC I DT 
CHKWT 
# CAN 
CHKSEC 

? CTL-X FOR ABORT 
BRANCH NO TO PAUSE 
S E'f CARRY 
RETURN TO CALLER WI TH CC SET 
PAUSE FOR A MOMENT 
? K EY FOR START 
LOOP UNT I L  REC I EVEO 
? ABORT S IGNALED FROM WAI T  
BRANCH YES 
SET C=O FOR NO ABORT 
AND RETURN 

WITH JUMP S 
[ VECTAB+ . PAUS E , PCR)  TO PAUSE ROUTINE 
[ V.ECTAB+ . C I DTA , PCR)  TO I NPUT ROUTI NE 
# $ 7 F  STR I P  PARITY 

RETURN
"
TO CALLER 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* NM I DEFAULT IN'fERRUPT HANDLER 
* THE NMI HANDLER IS US E D  FOR TRAC I NG INSTRUCT IONS . 
* TRACE PRI NTOUTS OCCUR ONLY AS LONG AS THE STACK 
* THACE LEV E L  I� NOT BREACHED BY FALL I NG BE LOW IT . 
* TRAC I NG CONT I NUES UNT I L  THE COUNT TU RNS Z E RO OR 
* A CTL-X I S  ENTERED F ROM THE I N PUT CONSOLE DEVI C E . 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

4 F  A MSHOWP F C B  ' O , ' P , ' - , EOT OPCODE PREP 

4 2  FAC1 NM I R  
8 F  A 
34  FAB7 
90 A 
29 FABO 
6C A 
F8  A 
2 3  FABO 
8C £9 

0 2  A 
8E A 
8 0 E S O I  

0 5  A 

17 FAB3 
37  FADS 
8E A 
33 FADS 
91 A 
2F FADS 
IF A 
9 1 A 
29  FADS 
AA FAS 8 
25 FADS 

BSR 
TST 
BNE 
TST 
BM I 
LEAX 
CMPX 
BLO 
LEAX 
SWI 
FCB 
ROL 
LEAX 
SW I 
FCB 
BSR 
BCS 
ROR 
BCS 
LDX 
BEQ 
LEAX 
STX 
BEQ 
BSR 
BCS 

LOOP LOAD PAGE AND VERI F Y  STACK 
M I S F LG ? THRU A BREAK PO I NT 
NMICON BRANCH I F  SO TO CONT I NUE 
SWI CNT ? I N H I B I T  " SWI " DU R I NG TRACE 
NM ITRC BRANCH Y E S  
1 2 , S  OBTA I N  US E RS STACK PO I NTER 
SLEVEL ? TO TRACE HERE 
NMITRC BRANCH I F  'roo LOW TO D I S PLAY 
MSUOWP , PCR LOAD OP PRE P 

SEND TO CON SOLE 
PDATAI FUNCTION 
DE L I M  SAVE CARRY I H 'r 
LASTOP , PCR PO I NT TO LAST OP 

OUT 4 H S  

REGPRS 
Z BKCMD 
DE L I M  
Z BKCMD 
TRACEC 
ZBKCMD 
-1 , X 
TRAC EC 
ZBKCMD 
CHKABT 
Z BKCMD 
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SEND OUT AS HEX 
FUNCTION 
FOLLOW MEMORY WITH REG I ST E RS 
BRANCH I F  " CANCE L "  
RESTORE CARRY B I T  
BRANCH I F  " CANCE L "  
LOAD TRACE COUNT 
IF Z E RO TO COMMAND HANDLER 
MINUS ON E 
REI-' RESH 
STOP TRACE WHEN Z E RO 
? A BORT THE TRACE 
BRANCH YES TO COMMAND HAN DLER 



PAGE 0 1 5  ASS I ST0 9 . SA : 0  ASS I ST0 9 - MC6 8 0 9  MON ITOR 

0 07 6 6A FAB O 1 6  

0 0 7 6 8 A  FAB 3 1 7  
0 0 7 6 9 A  FAB 6 3 9  

0 0 7 7 1  
0 0 7 7 2A 
0 0 7 7 3A 
0 0 7 7 4A 

FAB 7 OF  
FAB9 17  
FABC 3B 

0 0 7 7 6  
0 0 7 7 7  
0 0 7 7 8  
0 0 7 7 9  
0 0 7 8 0  

0 0 7 8 2A PABD 

0 0 7 8 4A FAC I 
0 0 7 8 5A FAC 5 
0 0 7 8 6A FAC 7 
0 0 7 8 7 A FAC 9 
0 0 7 8 8 A  FACB 
0 0 7 8 9 A  FACE 
0 0 7 9 0A FADI 
0 0 7 9 1A FAD2 
0 0 7 9 2  

0 0 7 9 4  
0 0 7 9 5  
0 0 7 9 6  
0 0 7 9 7  
0 0 7 9 8  

E6 
IF 
Al 
27 
l O DE 
3 0  
3F  

0 0 7 9 9 A  FAD3 8D 
0 08 0 0 A  FADS 1 6  

0 0 8 0 2  
0 0 8 0 3  
0 0 8 0 4  
0 0 8 0 5  
0 0 8 0 6  
0 0 8 0 7  
0 0 8 0 8  
0 0 8 0 9 A  FADS 8 D  
0 0 8 l0 A  FADA 2 0  

0 0 8 1 2 
0 0 8 1 3  
0 0 8 1 4  
0 0 8 1 5  
0 0 8 1 6  

0 3 F 7  F EAA NMITRC LBRA CTRC E 3  NO , TRACE ANOTHE R  INSTRUCT ION 

0 1 B 9  FC6F HEGPRS LBSR 
RTS 

REGPRT PRI NT REG I STERS AS FROM COMMAN D 
RETURN TO CALLER 

* JUST 
8 F  A NMI CON 

EXECUTE D 'fHRU A 
CLR M I S F LG 

LBSR ARMBK2 
RT I 

BRKPNT . NOW CONT I NUE NORMALLY 
CLEAR THHU F LAG 

0 2 EB F DA7 ARM BREAKPOI NTS 

3F 

RT I AND CONTI NUE USERS P ROGRAM 

* LDDP - SETUP DI RECT PAGE REG I STER , VERI FY STACK . 
* AN I NVAI. I D  STACK CAUSES A RETURN TO THE COMMAND 
* HANDLER . 
* I NPUT : FULLY STACKED REG I STERS FROM AN I NTERRU PT 
* OUTPUT : DPR LOADED TO WORK PAGE 

A ERRMSG FCB ' ? , BELL , $ 20 , EOT ERROR RES PONSE 

8 D  E4 D8 
9 B  A 

A 
FAFO 

A 

LOOP LOB 
TFR 
CMPA 
BEQ 
LDS 
LEAX 
SWI 
FCB 
I NTO 

BASEPG , PCR LOAD DIRECT PAGE H IGH BYTE 
B , DP SETU P DI RECT PAGE REG I STER 

63 
2 5  
9 7  
SC EC ERROR 

3 , S  ? I S  STACK VALI D  
RTS YES , RETU RN 
RSTACK RESET TO I N I T I AL STACK PO INTER 
ERRMSG , PCR LOAD ERROR REPORT 

SEND OUT BEFORE REG I STERS 
0 3  A PDATA ON NEXT LINE 

* FALL BREAK PO INT HANDLER 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* [ SW I  FUNCT I ON 10 ] 
* BREAK PO I NT PROGRAM FUNCT ION 
* PRI NT REG I ST ERS AN D  GO TO COMMAND HANLER 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * t * 

DE FAS3 ZBKPNT BSR 
F E 2 1  F8F9 Z SKCMD LBRA 

REGPRS 
CMDN E P  

PRI NT OUT REG I STERS 
NOW ENTER COMMAND HANDLER 

FADS 
FAD8 
FADS 
E7 
F7 

FABC 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* 

IRQ , RES E RVED , SWI 2  AND SWI 3 INTERRUPT HANDLERS 
THE DEF AULT HAN DL I NG I S  TO CAUS E  A BREAKPOI NT .  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

A SWI 2R EQU 
A SWI JR EQU 
A I RQR EQU 

FACI RSRVDR BSR 
FAD3 BRA 

* 
* 
* 
LDDP 
Z B K PNT 

SWI 2 ENTRY 
SWI J ENTRY 
I RQ ENTRY 
SET BASE PAGE , VALI DATE STACK 
FORCE A BREAKPO I NT 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* F I RQ HANDLER 
* JUST RETURN FOR THE F I RQ INTERRU PT 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

A F I RQR EQU RT I I MMEDIATE RETURN 
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PAGE 0 1 6  ASS I ST0 9 . SA : 0  ASS I ST0 9 - MC 6 8 0 9  MON ITOR 

0 0 8 1 8  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
0 0 8 1 9  * DEFAUL'r I/O DRIVERS 
0 0 8 20 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

0 0 8 2 2  * C I DTA - RETURN CONSOLE I NPUT CHARACTER 
0 0 8 2 3  * OUTPUT : C=O I F  NO DATA READY , C = l  A=CHARACTER 
0 0 8 2 4 * U VOLAT I LE 
0 0 8 2 5 A  FADC DE FO  A C I D'rA LDU VECTAB+ . A C I A  LOAD AC I A  ADDRESS 
0 0 8 2 6 A  FADE A6 C4 A LOA , U  LOAD STATUS REG ISTER 
0 0 8 2 7 A  FAEO 44 LS RA TEST REC I EVER REG I STER F LAG 
0 0 8 2 8 A  FAE1 24 0 2  FAE 5 BCC C I RTN RETURN I F NOTH I NG 
0 0 8 2 9 A  FAE3 A6 41  A LOA 1 , U LOAD DATA BYTE 
0 0 8 3 0 A  FAE5 3 9  C I RTN RTS RETURN TO CALLER 

0 0 8 3 2  * C ION - INPUT CONSOLE I N ITIAL I ZAT ION 
0 0 8 3 3  * COON - OUTPUT CONSOLE IN ITIALI ZAT ION 
0 0 8 3 4  * A , X VOLAT I LE 
0 0 8 3 5  FAE6 A C I ON EOU * 
0 0 8 3 6A FAE6 8 6  0 3  A COON LOA # 3  RESET AC I A  CODE 
0 0 8 3 7 A  FAE8 9E FO  A LOX VECTAB+ .ACIA LOAD AC I A  ADDRESS 
0 0 8 3 8 A  FAEA A7 8 4  A STA , X  STORE INTO STATUS REG ISTER 
0 0 8 3 9A FAEC 8 6  5 1  A LDA # $ 5 1  SET CONTROL 
0 0 8 4 0 A  FAEE A7 8 4  A STA , X  REG I STER UP 
0 0 8 4 1 A FAF O 39  RTS RTS RETURN TO CALLER 

0 0 8 4 3  * THE FOLLOW I NG HAVE NO DUT I ES TO PERFORM 
0 0 8 4 4  FAF O A C IOF F  EOU RTS CONSOLE INPUT OF F 
0 0 8 4 5  FAF O A COOFF EOU RTS CONSOLE OUTPUT OF F 

0 0 8 4 7  * CODTA - OUTPUT CHARACTER TO CONSOLE DEVICE 
0 0 8 4 8  * I NPUT : A-CHARACTER TO SEND 
0 0 8 4 9  * OUTPUT : CHAR SENT TO TERM I NAL riITH PROPER PADD I NG 
0 0 8 5 0  * ALL REG I STERS TRANSPARENT 

0 0 8 S 2A FAF 1 3 4  4 7  A CODTA PSHS U , D , CC SAVE REG I S 'rERS , WORl( BYTE 
0 0 8 S 3 A FAF 3 DE F O  A LDU VECTAB+ . AC I A  ADDRES S  AC IA 
0 0 8 S 4 A  FAF S 8 D  IB F a 1 2 BSR CODTAO CALL OUTPUT CHAR SUBROTI N E  
0 0 8 S SA FAF 7 8 1  1 0  A CMPA tDLE ? DATA L I N E  ESCAPE 
0 0 8 S 6 A  FAF 9 27 1 2 F B O D BEO CODTRT YES , RETURN 
0 0 8 S 7 A  FAF B 06 F2 A LDB VECTAB+ . PAD DEFAULT TO CHAR PAD COUNT 
0 0 8 S 8 A  FAF D 8 1 0 0  A CMPA #CR ? C R  
0 0 S S 9 A FAFF 2 6  0 2  FB0 3 BNE CODTP D  BRANCH NO 
0 0 8 6 0 A  FB O l  06 F 3  A LOB VECTAB+ . PAD+1 LOAD NEW L I N E  PAD COUNT 
0 0 8 6 1A F B 0 3 4 F  CODTPD CLM CREATE NULL 
0 0 8 6 2A F B 0 4  E 7  E4 A STB , S  SAVE COUNT 
0 0 8 6 3A F B 0 6  8C A FCB S K I P 2  ENT E R  LOOP 
0 0 8 6 4 A F B 0 7  80 0 9  F B 1 2 CODTLP BSH CODTAO SEND NU LL 
0 0 8 6 SA F B 0 9  6 A  E4 A DEC , S  ? F I N I StiED 
0 0 8 6 6 A F a O B  2A FA F B 0 7 BPL CODTLP NO , CONT I NUE WITH MORE 
0 0 8 6 7 A  F B O D  3 5  C7 A COD'rRT PULS PC , U , D , CC RESTORE REG I STERS AND RETURN 

0 0 8 6 9 A  F B O F  1 7  F F S C  FA6 E CODTAD LBS R XQPAUS TEMPORARY GIVE UP CONTRO L  
0 0 8 7 0 A  F B 1 2  £6 C4 A CODTAO LOB , U  LOAD AC I A  CONTROL REG I ST E R  
0 0 8 7 1 A  F B l 4  C S  0 2  A B ITB 1 $ 0 2  ? TX REG I STER CLEAR 
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PAGE 0 1 7  ASS I ST0 9 . SA : 0  ASS I ST0 9 - MC 6 8 0 9  MON ITOR 

0 0 8 7 2A F B 1 6 27 
0 0 8 7 3 A FB 1 8  A7 
0 0 8 7 4A FBIA 3 9  
0 0 8 7 5  

0 0 8 7 7  
0 0 8 7 8  

0 0 8 8 0 A FB I B  8 6  

0 0 8 8 1A FB I D  6 D  
0 0 8 8 2A F B I F  2 6  
0 0 8 8 3 A F B 2 1  4 C  
0 0 8 8 4A F B 2 2  3 F  
0 0 8 8 sA FB 2 3  
0 0 8 8 6 A FB 2 4 OC 
0 0 8 8 7 A  FB 2 6  3 9  

0 0 8 8 9  
0 0 8 9 0  
0 0 8 9 1A F B 2 7  8 6  
0 0 8 9 2A F B 2 9  3 F  
0 0 8 9 3A F B 2A 
0 0 8 9 4A F B 2 B  4 A  
Q 0 8 9 sA F B 2C 3 F  
0 0 8 9 6A FB2 D 
0 0 8 9 7A F B 2 E  O A  
0 0 8 9 8A FB 3 0  8 E 
0 0 8 9 9 A  FB 3 3  3 0  
0 0 9 0 0 A  FB 3 s  26 
0 0 9 0 1 A  FB 37  39 

0 0 9 0 3  
0 0 9 0 4  
0 0 9 0 5  
0 0 9 0 6  
0 0 9 0 7 

0 0 9 0 B 
0 0 9 0 9  

0 0 9 1 1 A F B 3 8  B E  
0 0 9 1 2 A F B 3 A 6 0  
0 0 9 1 3 1\ F B 3 C 2 7  

0 0 9 1 4  

0 0 9 1 5  

O O ! H 6  
0 0 9 1 7  

0 0 9 1 B A  P B 3 E  3 2  
0 0 9 l 9 A P B 4 0 3 F  

0 0 9 20 A P B 4 l  

0 0 9 2 1 A F B 4 2 8 1  

0 0 9 2 2 A  E' B 4 4  2 6  
0 0 9 2 3 ,\ E' B 4 &  3 F  

F7 
41  

11  
66  
01  

0 1 
8 F 

1 4  

0 1  

0 1 
8 F  
61A8 
IF 
FC 

6 2  
6 6  
5 4  

7 0  

0 0  
5 3  
FA 

FBO F 
A 

* E  

* BSON 
* A IS 

BEQ 
STA 
RTS 

CODTAD RELEASE CONTROL IF NOT 
1 , U STORE INTO DATA REG ISTER 

RETU RN TO CALLE R 

- TURN ON READ/VERI FY/PUNCH MECHAN I S M  
VOLAT I LE 

A BSON LDA # $ 1 1  SET READ CODE 

A TST 6 , S  ? READ OR VER I F Y  
F B 2 2  BNE BSON 2 BRANCH YES 

I NCA SET TO WRITE 
BSON 2 SWI PERFORM OUTPUT 

A FCB OUTCH FUNCT ION 
A INC M I S F LG SET LOAD IN PROGRESS FLAG 

RTS RETURN TO CALLER 

* BSOFF - TURN OF F READ/VERI FY/PUNCH MECHAN I SM 
* A , X  VOLAT I LE 

A BSOFF LDA # $ 1 4 TO DC4 - STOP 
SW I SEND OUT 

A FCB OUTCH F UNCT ION 
DECA CHANGE TO DC3 ( X-OF F ) 
SWI SEND OUT 

A FCB OUTCH FUNCT ION 
A DEC M I S F LG CLEAR LOAD I N  PROGRESS F LAG 
A LDX # 2 5 0 0 0 DE LAY 1 SECOND ( 2 MHZ CLOCK ) 
A BSO F LP LEAX - l , X  COUNT DOWN 

FB3 3 BNE BSOF LP LOOP TILL DONE 
RTS RETURN TO CALLER 

* BS DTA - READ/VERI FY/PUNCH HANDLER 
* I NPUT : S+6 =CODE BYTE , VERI FY ( - l ) , PUNCH ( O ) , LOAD ( l )  
* S + 4 = START ADDRE S S  
* S+ 2 = STOP ADDRES S  
* S+O - RETURN ADDRE S S  
* OUTPUT : Z - 1  NORMAL COMP LET I ON , Z - O  I NVAL I D  LOAD/VE R  
* REG I �TERS A R E  VOLAT I LE 

A BS DTA LDU 2 , S  U-TO ADDRE S S  OR OF F S ET 
A TST 6 , S ? PUNCH 

F B 9 2 BEQ BS DPUN BRANCH YES 
* DU R I NG READ/VER I F Y I  S + 2 -Msn ADDRES S  SAVE BYTE 
* S + l - SYTE COU NTE R  
* S + O -CHECKSUM 
* U HOLDS OFFSET 

A LEAS - 3 , S  ROOM FOR WORK/COU NTER/CHECKSUM 
IJ� DLL')l SW I GET NEXT CHARACT E R  

A FCU I N C H N P  FUNCT ION 
A aSDLD2 CMPA t I S  ? START OF S l / S 9  

F B4 0  8NE BS DLOl DRAN CH NOT 
SWI GE'r NEXT CHARACTE K  
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PAGE 0 1 8  ASS I ST0 9 . SA : 0  AS S I ST0 9 - MC 6 8 0 9  MON ITOR 

0 0 9 2 4 A  F B 4 7  0 0  A FCB INCHNP FUNCT I ON 
0 0 9 2 5 A  FB48 81 39 A CMPA i ' 9  ? HAVE S9 
0 0 9 2 6 A  FB4A 27 22 F B 6 E  B E Q  BSDSRT YES , RETURN GOOD CODE 
0 0 9 2 7 A  FB4C 8 1  3 1  A CMPA i ' l ? HAVE NEW RECORD 
0 0 9 2 8 A  F B 4 E  2 6  F 2  F B 4 2  BNE BSDLD2 BRANCH IF NOT 
0 0 9 2 9 A  F B S O  6 F  E4 A CLR , S  CLEAR CH ECKSUM 
0 0 9 3 0 A  F B S 2  8 0  2 1  F B 7 S  BS R BYTE OBTA I N  BYTE COU NT 
0 0 9 3 1 A  F B S 4  E 7  61 A STB 1 , S SAVE FOR DECREMENT 
0 0 9 3 2  * READ ADDRE S S  
0 0 9 3 3 A  F B S 6  8 0  10 FB7 S BS R BYTE OBTA I N  H I GH VALUE 
0 0 9 3 4 A  F B S 8  E7 6 2  A STB 2 , S  SAVE IT 
0 0 9 3 5A F B SA 80 1 9  FB7 S BS R BYTE OBTA I N  LOW VALUE 
0 0 9 3 6 A  FB SC A6 6 2  A LOA 2 , S MAK E  D=VALUE 
0 0 9 3 7 A  FBSE 31 CB A LEAY D , U  Y=ADDRES S+OF FS E'!, 
0 0 9 3 8  * STORE TEXT 
0 0 9 3 9 A  F B 6 0  80 1 3  F87 S BS DNXT BSR BYTE NEXT BYTE 
0 0 9 4 0 A  FB62 27 OC F B 7 0  B E Q  BSDEOL BRANCH IF CHECKSUM 
0 0 9 4 1A FB64 6 0  6 9  A TST 9 , S  ? VERI FY ON LY 
0 0 9 4 2A 1o�B 6 6  2 B  0 2  FB6A BM I BS DCMP YES , ONLY COMPARE 
0 0 9 4 3 A  F B 6 S  E7 A4 A STB , Y  STORE I NTO MEMORY 
0 0 9 4 4A Fa6A El AO A BSDCMP CMPB , Y+ ? VAL I D  RAM 
0 0 9 4 5A FB6C 27 F2 F B 6 0  BEQ BS DNXT YES , CONT I NUE READI NG 
0 0 9 4 6 A FB6E 35 9 2  A BS DSRT PU LS PC , X , A  RETURN WITH Z SET PROPER 

0 0 9 4 8 A  FB70 4C BS DEOL INCA ? VAL I D  CHECKSUM 
0 0 9 4 9 A  F B 7 l  27 CD FB4 0 BEQ BSDLDI BRANCH YES 
0 0 9 S 0 A  FB73 2 0  F 9  F B 6 E  BRA BS DSRT RETURN Z = O  I NVAL I D  

0 0 9 5 2 * BYTE BU I LDS 8 B IT VALUE F ROM TWO HEX D I G ITS IN 

0 0 9 S 3A FB 7 S  8 0  12 FB89 BYTE BSR BYTHEX OBTAI N  F I RST HEX 
0 0 9 S 4 A  F B 7 7  C 6  1 0  A LOB # 1 6  PREPARE SH I FT 
0 0 9 S S A F B 7 9  3 D  MU L OVER TO A 
0 0 9 5 6 A  FB7A 8 0  0 0  F B 8 9  BS R BYTHEX OBTA I N  SECOND HEX 
0 0 9 5 7 A FB7C 3 4  0 4  A PSHS B SAVE H IGH HEX 
0 0 9 S 8 A  FB7E AS EO A ADDA , S+ COMB I N E  BOTH S I DE S  
0 0 9 5 9 A  F B 8 0  I F  8 9  A TFR A , B  S E N D  BACK I N  B 
0 0 9 6 0 A  F B 8 2  AB 6 2  A ADDA 2 , S  COMP UTE NEW CH ECKSUM 
0 0 9 6 1 A  FB84 A7 62 A STA 2 , S STORE BACK 
0 0 9 6 2A F B 8 6  6A 6 3  A DEC 3 , S DECREMENT BYTE COUNT 
0 0 9 6 3A FB88 3 9  BYTRTS RTS RETURN TO CALLER 

0 0 9 6 5 A F B 8 9  3 F  BYTH EX SW I GET NEXT HEX 
0 0 9 6 6 A FB8A 00 A F C B  I NCH NP CHARACTE R  
0 0 9 6 7 A  F B 8 B  1 7  0 1 04 F D 6 2  LBSR CNVHEX CONVERT TO HEX 
0 0 9 6 8 A  FB 8 E  2 7  F 8  F B S 8  B E Q  BYTRTS RETURN IF VALI D  HEX 
0 0 9 6 9 A  F B 9 0  3 5  F2 A PULS PC , U , Y , X , A RETURN TO CALLER WITH Z = O  

0 0 9 7 1  * PUNCH STACK US E :  S + 8 =TO ADDRES S  
0 0 9 7 2  * S+ 6 = RETURN ADDRESS 
0 0 9 7 3  * S+4 =SAV E D  PAD D I NG VALUES 
0 0 9 7 4  * S+2 F ROM ADDRES S  
0 0 9 7 5  * S+ I = F RAME COU NT/CHECKSUM 
0 0 9 7 6  * S + O = BYTE COUNT 
0 0 9 7 7 A  F B 9 2  DE F2 A BSDPUN LOU VECTAB+ . PAD LOAD PAD D I NG VALUES 
0 0 9 7 8 A  F B 9 4  AE 6 4  A LOX 4 , S  X=F ROM ADDRES S  
0 0 9 7 9 A  F B 9 6  3 4  5 6  A PSUS U , X , D  CREATE STACK WORK AREA 
0 0 9 8 0 A  F B 9 8  CC 0 0 1 8  A LDD i 2 4  SET A= O , B= 2 4  
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PAGE 0 1 9  ASS I ST0 9 . SA : 0 ASS I ST0 9 - M C 6 8 0 9  MON ITOR 

0 0 9 8 1A FB 9 B  07 F2 A ST8 VECTAB+ . PAD SETUP 24 CHARACTER PADS 
0 0 9 8 2A FB 9 D  3F SWI SEND NU LLS OUT 
0 0 9 8 3A F B 9 E  0 1  A FCB OUTCH FUNCT ION 
0 0 9 8 4A F B 9 F  C 6  0 4 A LDB t 4 SETU P NEW L I NE PAD TO 4 
0 0 9 8 5 A FBAl DD F2 A STD VECTAB+ . PAD SETUP PUNCH PADD I NG 
0 0 9 8 6  * CALCULATE S I Z E 
0 0 9 8 7A FBA3 EC 68 A BSPGO LDD 8 , S LOAD TO 
0 0 9 8 8 A  FBA 5  A3 6 2  A SUBD 2 , s M I N U S  FROM= LENGTH 
0 0 9 8 9A FBA7 1 0 8 3  0 0 1 8  A CMP D # 2 4 ? MORE THAN 2 3  
0 0 9 9 0A FBAB 2 5  0 2  FBAF BLO BS POK NO , OK 
0 0 9 9 1A FBAD C6 17 A LDB # 2 3  FORCE TO 2 3  MAX 
0 0 9 9 2A FBAF 5 C  BS POK I NCB PRE PARE COU NT E R  
0 0 9 9 3A FBB O E 7  E4 A STB , S STORE BYTE COU NT 
0 0 9 9 4A FBB2 CB 0 3  A ADDB # 3  ADJ UST TO FRAME COUNT 
0 0 9 9 5A FBB 4 E7 6 1  A STB l , s SAVE 
0 0 9 9 6  * PUNCH CR , L F , NU LS , S , l  
0 0 9 9 7 A  FBB 6 3 0  8 C  3 3  LEAX <BS PSTR , PCR LOAD START RECORD HEADER 
0 0 9 9 8 A  FBB 9 3 F  SWI SEND OUT 
0 0 9 9 9 A  FBBA 0 3  A FCB PDATA F UNCTION 
0 1 0 0 0  * SEND FRAME COUNT 
O l O O lA FBBB S F  CLRB I N IT I AL I Z E  CHECKSUM 
0 1 0 0 2A FBBC 30 61 A LEAX l , s  PO I NT TO F R�E COUNT AND ADDR 
0 1 0 0 3 A FBBE 80 2 7  FBE7 BSR BS PUN2 SEND FRAME COU NT 
0 1 0 0 4  * DATA ADDRE S S  
0 1 0 0 5A FBC O 8 0  2 5  FBE 7  BSR BS PUN 2  SEND ADDRES S  HI 
0 1 0 0 6 A  FBC 2 8 0  2 3  FBE7 BS R BS P U N 2  S E N D  ADDRE S S  LOW 
0 1 0 0 7  * PUNCH DATA 
0 10 0 8 A FBC 4 AE 6 2  A LDX 2 , s  LOAD START DATA ADDRE SS 
0 10 0 9 A  FBC 6 8 0  l F  FBE 7 BS PMRE BSR BS PUN2 SEND OUT NEXT BYTE 
O l O l O A FBC 8 6A E4 A DEC , s  ? F I NAL BYTE 
O l O l lA FBCA 2 6  F A  FBC6 BNE BS PMRE LOOP I F  NO'l' DONE 
0 10 1 2 A  F acc AF 6 2  A STX 2 , s  UP DATE FROM ADDRE SS VALUE 
0 1 0 1 3  * PUNCH CH ECKSUM 
0 1 0 1 4 A  FBCE 53 COMB COMPLEMENT 
0 1 0 1 5 A FBCF E7 61 A STB l , s STORE FOR S E N DOUT 
0 1 0 1 6A FBDl 30 61 A LEAX l , s PO I NT TO IT 
0 1 0 1 7A FBD3 8 D  1 4  F B E 9  BS R BSPUNC SEND OUT AS HEX 
0 1 0 1 8A FBD5 AE 6 8  A LDX 8 , s  LOAD TOP ADDRESS 
0 1 0 1 9A FBD7 AC 6 2  A CMPX 2 , s  ? DON E  
0 1 0 2 0 A  F B D9 2 4  C8 F BA3 BHS BS PGO BRANCH NOT 
0 1 0 2 1 A  F B DB 3 0  BC 1 1  LEAX <BS PEOF , PCR PRE PARE E N D  OF F I LE 
O l 0 2 2 A  F B DE 3 F  SWI SEND OUT STR I NG 
0 1 0 2 3 A F B DF 0 3  A FCB PDATA FUNCT ION 
0 1 0 2 4 A  FBEO EC 6 4  A LDD 4 , s  RE COVER PAD COUNTS 
0 1 0 2 5 A FBE2 DD F 2  A STD VECTAB+ . PAD RESTORE 
0 1 0 2 6 A  FBE4 4 F  CLRA SET Z = l  FOR OK RETURN 
0 1 0 2 7 A  FBE 5  3 5 06 A PULS PC , U , X , O  RETU RN WITH OK CODE 

0 1 0 2 9 A  FBE7 EB 84 A BS PUN 2 ADDB , X  ADD TO CHECKSUM 
0 1 0 3 0 A  F B E 9  1 6  FDED F 9 D9 BSPUNC LBRA ZOUT 2 H  SEND OUT A S  H E X  AN D RETURN 

0 1 0 3 2A FBEC 53 A BS PSTR FCB ' S , ' l , EOT CR , LF , NULLS , S , l  
0 1 0 3 3A FBEF 53 A BS PEOF FCC /S 9.0 3 0 0 0 0 FC/EOF STRI NG 
0 1 0 3 4 A  FBF 9 0 0  A FC B CR , LF , EOT 

0 1 0 3 6  * HSDTA - H I G H  SPEED PRINT MEMORY 
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PAGE 0 2 0  ASS I ST 0 9 . SA : 0  ASS I ST0 9 - MC 6 8 0 9  MON I TOR 

0 1 0 3 7 * I NPUT : S + 4 = START ADDRE SS 
0 1 0 3 8  * S+2=STOP ADDRE SS 
0 1 0 3 9  * S+O =RETURN ADDRESS 
0 10 4 0  * X , D  V<?LAT I LE 

0 1 0 4 2  * S E N D  T ITLE 
0 1 0 4 3 A FBFC 3F HSDTA SW I SEND NEW L I N E  
0 1 0 4 4 A  FBF D 0 6  A FCB PCRLF FUNCT I ON 
0 1 0 4 SA FBF E C6 0 6  A LOB # 6  PRE PARE 6 SPAC E S  
0 10 4 6 A FC O O  3F HSBLNK SW I SEND BLANK 
0 1 0 4 7 A  FC O l  0 7  A F C B  S PAC E FUNCT ION 
0 1 0 4 8 A  FC 0 2  SA DE CB COUNT DOWN 
0 1 0 4 9 A  FC 0 3  2 6 FB FCO O BNE HS BLNK LOOP IF MORE 
O l O S O A  FC O S  S F  CLRB SETU P BYTE COUNT 
O l O S lA FC 0 6  l F  9 8 A HSHTTL TFR B , A PRE PARE FOR CONVERT 
0 1 0 S 2A FC 0 8  1 7  F DDB F 9 E 6  LBS R  ZOUTHX CONVERT TO A HEX DIG IT 
0 10 S 3A FC O B  3 F  SW I SEND BLANK 
0 1 0 S 4 A  FC O C  0 7  A F C B  S PACE FUNCT ION 
O l O S S A FC O D  3 F  SWI SEND ANOTHER 
0 1 0 S 6 A  F C O E  0 7 A F C B  S PACE BLANK 
0 1 0 S 7 A  FC O F  S C  INCB UP ANOTH ER 
0 1 0 S 8 A  FC 1 0  C l  1 0  A CMPB # $ 1 0 ? PAST ' F '  
0 1 0 S 9 A  FC1 2 2 5  F2 FC0 6 B LO HSHTTL LOOP UNTI L  SO 
0 1 0 6 0 A  FC 1 4  I F  HS U LNE SWI TO NEXT LI NE 
0 1 0 6 1A FC 1 5  06 A FCB PCRLF FUNCT ION 
0 1 0 6 2A FC 1 6  2 5  2F F C 4 7  BC S HSDRTN RE'rURN I F  USER ENTERED CTL- X  
0 10 6 3 A FC 1 8  3 0  6 4 A LEAX 4 , S PO INT AT ADDRESS TO CONVERT 
0 1 0 6 4 A FC1A 3 F  SWI PRI NT OUT ADDRE S S  
0 1 0 6 S A FC I B  0 5  A F e B  OUT 4 H S  F UNCT ION 
0 10 6 6 A  FCIC AE 6 4  A LDX 4 , S  LOAD ADDRES S  PROPER 
0 1 0 6 7 A  FC I E  C 6  1 0 A LDB # 1 6  NEXT S I XTEEN 
0 1 0 6 8 A  FC 2 0  3 F  HSHNXT SWI CONVERT BYTE TO HEX AN D SEND 
0 1 0 6 9 A  FC 2 1  0 4 A FCB OUT 2 H S  FUNCT ION 
0 1 0 7 0 A FC 2 2  SA DE CB COUNT DOWN 
O l O 7 lA FC 2 3  2 6  FB F C 2 0  BNE HSHNXT LOOP I F  NOT S I XTEENTH 
O l o nA FC 2 S  I F  SW I SEND BLANK 
0 1 0 7 3 A FC 2 6  0 7  A F C B  S PACE FUNCT ION 
0 1 0 7 4A FC 2 7  AE 64 A LOX 4 , S RE LOAD FROM ADDRESS 
0 1 0 7 SA F C 2 9  C 6  1 0  A LOB # 1 6  COU NT 
0 1 0 7 6 A F C 2 B  A6 8 0  A HSHCHR LDA , X+ NEXT BYTE 
O l 0 7 7 A  FC 2 D  2 B  0 4  FCl l BM I HSH DOT TOO LARG E , TO A DOT 
0 1 0 7 8 A  FC 2 F  8 1  2 0 A CMPA # '  ? LOWER THAN A BLANK 
0 10 7 9 A  FC 3 l  2 4  0 2  FC3 S BH S HSHCOK NO , BRANCH OK 
0 1 0 8 0 A FC l 3  8 6 2E A H S H DOT LDA # '  • CONVERT I NVAL I D  TO A BLANK 
0 1 0 8 1A FC 3 S  3 F  HSUCOK SWI SEND CHARACTE R  
0 1 0 8 2A FC 3 6  0 1  A F C B  OUTCH FUNCT ION 
0 1 0 8 3 A FC 3 7  SA DE CB ? DONE 
0 1 0 8 4 A  FC 3 8  2 6 Fl FC2 B BNE HSHCHR BRANCH NO 
0 1 0 8 SA FC3A AC 6 2  A CPX 2 , S  ? PAST LAST ADDRES S  
0. 1 0 8 6 A F C l C  2 4  0 9  FC4 7  BHS HSDRTN QU IT IF SO 
0 1 0 8 7 A  FC 3 E  AF 64 A STX 4 , S UPDATE FROM ADDRES S  
0 1 0 8 8 A  F C 4 0  A 6  6 5  A LOA 5 , S  LOAD LOW BYTE ADDRESS 
0 1 0 8 9 A  FC4 2 4 8  AS LA ? TO SECT ION BOUNDRY 
0 1 0 9 0A FC 4 3  2 6  CF FC1 4  8NE HSHLNE BRANCH I F  NOT 
0 1 0 9 1A FC 4 5  2 0  B5 FBFC BRA H SDTA BRANCH IF SO 
0 1 0 9 2A FC 4 7  IF H S DRTN SWI SEND NEW L I NE 
0 1 0 9 lA FC 4 8  0 6  A FCB PCRLF FUNCT ION 
0 1 0 9 4A F C 4 9  1 9  RTS RETURN TO CALLER 
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PAGE 0 2 1  ASS I ST0 9 . SA : 0  

0 1 0 9 5  

0 1 0 9 7  
0 1 0 9 8  
0 1 0 9 9  

0 1 1 0 1  
0 1 1 0 2A 
0 1 1 0 3A 
0 1 1 0 4A 
0 1 1 0 5 A 

0 1 1 0 7 
0 1 1 0 8  
0 1 1 0 9  
0 1 1 1 0  
0 1 1 1 1  
0 1 1 1 2  
0 1 1 1 3  
0 1 1 1 4  
0 1 1 1 5  
0 1 1 1 6  
0 1 1 1 7  
0 1 1 1 8  
0 1 1 1 9  
0 1 1 2 0  
0 1 1 2 1  
0 1 1 2 2  
0 1 1 2 3A 
0 1 1 2 4 A  
0 1 1 2 5A 
0 1 1 2 6 A  
0 1 1 2 7 A  

FC 4A 
FC 4 C  
FC 4 D  
FC 4 F  

FC 5 0  
FC 5 4  
F C 5 7  
F C 5 A  
FC S D  

0 1 1 2 8 A  FC6 0 
0 1 1 2 9 A  FC 6 3  
0 1 1 3 0 A  FC 6 6  
0 1 1 3 1A FC6A 
0 1 1 3 2A FC 6 E  

0 1 1 3 4 A FC 6 F  
0 1 1 3 S A FC 7 0  
0 1 l 3 6 A FC 7 3  
0 1 l 3 7 A FC 7 S  

8 D  2 3  FC6 F  
4 C  
8 D  2 1  FC7 0 
3 9  

5 0  A 
4 1  A 

4 2  A 
5 8 A 
5 9 A 
5 5  A 
5 3  A 
4 3  A 
4 4  A 
0 0 A 

4 F  
3 0  E 8 1 0  A 
3 4  3 2  A 
3 1  8C 08 

ASS I ST0 9 - MC 6 8 0 9  MON ITOR 

* F  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* A S S  I S T 0 9 C O M  M A N  D S 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * REG I ST E RS - DIS PLAY AND CHANGE REG I STERS 
CREG BSR REGPRT PRINT REG I STERS 

I NCA SET FOR CHANGE FUNCT ION 
BSR REGCHG GO CHANGE , DISPLAY REG I S'rERS 
RTS RETURN TO COMMAND PROCESSOR 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* REGPRT - PRI NT/CHANGE REG ISTERS SUBROUT I N E  
* WI LL ABORT TO ' CMDBAD ' I F  OVERFLOW DETECTED DUR I NG 
* A CHANGE OPERATION . CHANGE DISPLAYS REG I STERS WHE N  
* DONE . 
* REG I STER MASK L I ST CON S I STS OF : 
* A )  CHARACTERS DENOT I NG REG ISTER 
* B )  Z ERO FOR ONE BYTE , - 1  FOR TWO 
* C )  OFFSET ON STACK TO REG I S'rER POS ITION 
* INPUT : SP+4=STACK ED REG I STERS 
* A= O PRI NT , At O PRI NT AND CHANGE 
* OUTPUT : ( ON LY POR REG I STER DISPLAY ) 
* C = l  CONTROL-X EN'rERED , C=O OTHERWISE 
* VOLAT I LE : D , X  ( CHANGE ) 
* B , X  ( DI SPLAY ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
REGMS K  F C B  ' P , ' C , - 1 , 1 9 PC REG 

FCB ' A , 0 , 1 0 A REG 
FCB ' B , 0 , 1 1  B REG 
FCB ' X , -1 , 1 3 X REG 
FCB ' Y , - 1 , 1 5 Y R�G 
FCB ' U , - 1 , 1 7 U REG 
FCB ' 5 , - 1 , 1  S REG 
FCB ' c ,  ' C , 0 , 9 CC REG 
FCB ' D , ' P , 0 , 1 2  DP REG 
FC B 0 E N D  OF L I ST 

REG P RT CLRA SETUP P R I NT ONLY F LAG 
REG CHG LEAX 4 + 1 2 , S  READY STACK VALUE 

PSHS y , X , A SAV E  ON STACK WITH OPT ION 
LEAY REGMSK , PCR LOAD REG I S T E R  MAS K  

0 1 l 3 8 A  FC 7 8  EC AO A REGP1 LDD , Y+ LOAD NEXT CHAR OR < - 0  
0 1 1 3 9 A F C 7 A  4 0  TSTA ? END OF CHARACTE RS 
O 1 l 4 0 A  FC 7 B  2 F  0 4  FC 8 1  BLE REGP 2  BRANCH NOT CHARACTE R 
0 1 1 4 1 A FC 7 D 3 F  SW I SEND TO CONSOLE 
0 1 l 4 2 A FC 7E 01 A FC B OUTCH F UNC T I ON BYTE 
O 1 l 4 3 A FC 7 F  2 0  F 7  FC 7 S  BRA REGP 1 CHECK NEXT 
O 1 l 4 4 A FC 8 1  8 6  2 0 A REGP2 LOA # ' - READY ' - ' 
O 1 l 4 S A FC 8 3  3F SW I S E N D  OUT 

O 1 l 4 6 A  FC 8 4  0 1  A F C B  OUTCH WITH OUTCH 
0 1 l 4 7 A  FC 8 S  3 0  E 5  A LEAX B , S X- > REG I STER TO PRI NT 
0 1 l 4 8 A  FC 8 7  6 0  E4 A TST , S  ? CHANGE OPT I O N  
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PAG E  0 2 2  ASS l I:iT0 9 . SA : 0 ASS I ST0 9 - MC6 8 0 9  MON ITOR 

0 1 l 4 9 A FC S 9  2 6  12 FC 9 0  BUE REGC NG BRANCH YE S 
0 1 l 5 0A FC S B  6 0  3F A TST - l , Y  ? ONE OR TWO BYTES 
0 1 l 5 1A FC S O  27 0 3 FC 9 2  BEQ REG P 3  BRANCH Z E RO MEANS ON E 
0 1 l 5 2A FC S F  3 F  SWI PERFORM WORD HEX 
O 1 l 5 3A F C 9 0  0 5  A FCB OUT4 H S  FUNCT I ON 
0 1 l 5 4 A  FC 9 l  SC A FCB S K I P 2 SK I P  BYTl-� PRI NT 
O 1 l 5 5 A  FC 9 2  3 F  REGP 3 SW I PERFORM BYTE HEX 
0 1 l 5 6 A  FC 9 3  0 4  A FCB OUT2ffS FUNCT ION 
0 1 l 5 7 A  FC 9 4  EC AO A REG 4  LOO , Y+ TO FRONT OF NEXT ENTRY 
0 1 l 5 S A  FC 9 6  S O  TSTB ? E ND OF ENT R I E S  
0 1 l 5 9 A  FC 9 7  26 OF FC7S BNE REG P l  LOOP I F  MORE 
O 1 l 6 0 A  FC 9 9  3F SW I FORC E  NEW L I N E  
O l l 6 lA FC 9A 06 A FCB PCRLF FUNCT ION 
O 1 l 6 2A FC 9 B  3 5  B2 A REGRTN PU LS PC , y , X , A  RESTORE STACK AN D RETURN 

O 1 l 6 4 A  FC 9 0  S O  40 FCOF REGCNG BS R BLDNNB I NPUT B INARY NUMBER 
0 1 l 6 5 A  FC 9 F  2 7  1 0  FCBl BEQ REGNXC I F  CHANGE TH E N  JUMP 
O 1 l 6 6 A  FCAl S l  0 0  A CMPA t CR ? NO MORE DES I RED 
O 1 l 6 7 A  FCA3 27 lE FCC 3 BEQ REGAGN BRANCH NOP E  
O 1 l 6 S A  FCA 5 E 6  3F A LOB -l , Y  LOAD S I Z E  F LAG 
0 1 l 6 9 A  FCA7 SA OECB M I N U S  ONE 
0 1 l 7 0 A  FCAS 50 NEGB MAKE POS IT I VE 
O l l 7 1A FCA 9 5 S  AS LB T I MES TWO ( = 2 OR = 4 ) 
O l l 7 2A FCAA 3F REGSKP SWI PERFORM S PAC E S  
O 1 l 7 3 A  FCAB 07 A FCB S PACE FUNCT I ON 
0 1 l 7 4 A  FCAC SA DECB 
0 1 l 7 5A FCAD 26 FB FCAA BNE REGS KP LOOP I F  MORE 
0 1 l 7 6 A  FCAF 2 0  E 3  FC9 4 BRA REG 4 CONT I NUE WITH NEXT REG I STE R 
O l l 7 7 A  FCBl A7 E4 A REGNXC STA , S  SAVE DEL I M ITER I N  OPT ION 
0 1 1 7 8 * ( ALWAYS > 0 )  
0 1 l 7 9 A  FC B 3  DC 9 B A LDD NUMBER OBTAI N  B INARY RESULT 
O l l S O A  FC B S 6 0  3F A TST - l , Y  ? TWO BYT E S  WORTH 
O l l S l A  FCB 7 2 6  0 2  FCBB BNE REGTWO BRANCH YES 
0 1 l 8 2A FCB 9  A6 8 2 A LOA , -X SETUP FOR TWO 
0 1 l 8 3A FCB B ED 84  A REGTWO STD , X  STORE I N  NEW VALUE 
0 1 1 S 4A FCB D A6 E4 A LOA , S  RECOVER DEL I M ITER 
0 1 1 8 S A  F C B F  8 1  0 0  A CMPA tCR ? E N D  OF CHANGES 
0 1 1 8 6 A  FCC l 26 01 FC 9 4  BNE REG 4  NO , KEEP O N  TRUCK ' N 
0 1 1 8 7  * MOVE STACKED DATA TO NEW STACK I N  CASE STACK 
0 1 1 8 8  * POI NTER HAS CHANGED 
0 1 1 8 9 A  FCC 3  3 0  8 0  E28A REGAGN LEAX TSTACK , PCR LOAD TEMP AREA 
0 1 1 9 0 A  FCC 7 C6  15  A LOB # 2 1 LOAD COUNT 
0 1 1 9 lA FCC 9 3 5  0 2  A REGTF l PULS A NEXT BYTE 
0 1 l 9 2A FCCB A7 80  A STA , X+ STORE I NTO TEMP 
0 1 1 9 3 A  FCC D SA DECB COUNT DOWN 
0 1 1 9 4 A  FCCE 26 F9 FCC9 BNE REGTF l LOOP I F  MORE 
0 1 l 9 S A  FC DO 1 0 E E  8 8  EC A LOS ... 2 0 , X  LOAD NEW STACK PO I NTER 
0 1 1 9 6 A  FC D4 C6 1 5 A LOB # 2 1  LOAD COUNT AGA I N 
0 1 1 9 7A F C D6 A6 8 2 A REGTF2 LOA , - X  NEXT T O  STORE 
0 1 1 9 8 A  FC D8 34  0 2  A PSRS A BACK ONTO NEW STACK 
0 1 1 99 A  FC DA SA DECB COUNT DOWN 
0 1 2 0 0 A  FC DB 2 6  F 9  FCD6 BNE REGTF 2 LOOP IF MORE 
0 1 2 0 1A FC DD 20 BC FC9 B BRA REGRTN GO RE START COMMAND 

0 1 2 0 3  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
0 1 2 0 4  * BLDNUM - B U I LDS B I NARY VALUE FROM INPUT HEX 
0 1 2 0 5  * THE ACT IVE EXPRE S S ION HANDLER I S  USED . 
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PAGE 0 2 3  ASS I ST09 . SA : 0  AS S I ST0 9 - MC6 8 0 9  MON ITOR 

0 1 2 0 6  * I NPUT : S=RETURN ADDRES S  
0 1 2 0 7  * OUTPUT : A= DE L I M ITER WH I CH TE RM I NAT E D  VALUE 
0 1 2 0 8  * ( I F DELM NOT Z E RO )  
0 1 2 0 9  * n NUMBER" =WORD B INARY RESULT 
0 1 2 1 0  * Z = 1  I F  INPUT REC I EVED , Z = O  I F  NO HEX REC I EVED 
0 1 2 1 1  * REG I STERS ARE TRANSPARENT 
0 1 2 1 2  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

0 1 2 1 4  * EXECUTE S I NGLE O R  EXTENDED ROM EXPRESS ION HANDLER 
0 1 2 1 5  * 
0 1 2 1 6  * THE F LAG " DE L I M n  I S  US E D  AS FOLLOWS : 
0 1 2 1 7  * DELIM=O NO LEADING B LANK S , NO FORC E D  'rERM I NA'rOR 
0 1 2 1 8  * DE L I M=CHR ACC EPT LEAD I NG ' CH R ' S ,  FORC E D  TERM I NATOR 
0 1 2 1 9A FC DF 4 F  BLDNNB CLRA NO DYNAM IC DEL I M I T E R  
0 1 2 2 0 A  FCEO 8C A FCB S K I P 2  S K I P  NEXT I NSTRUC'r r Cl I I  
Q 1 2 2 1  * BUILD WITH LEADI NG BLANK S 
0 1 2 2 2A FCE1 8 6  20 A BLDNUM LDA # ' ALLOW LEADING BLANKS 
0 1 2 2 3 A  FCE 3 9 7  8 E  A STA DE L I M  STORE A S  DEL I M IT E R  
0 1 2 2 4 A  FCE 5 6 E  9 D  E3 0 3  JMP [VECTAB+ . EXPAN , PCR]  TO EXP ANALY Z E R  

0 1 2 2 6  * TH I S  IS  'rH E  DEFAUL'f S I NGLE ROM ANALY Z E R . WE ACC E PT : 
0 1 2 2 7  * 1 )  HEX I NPUT 
0 1 2 2 8  * 2 )  ' M '  FOR LAS'r MEMORY EXAM I N E  ADDRE S S  
0 1 2 2 9  * 3 )  ' P '  FOR PROGRAM COU NTER ADDRESS 
0 1 2 3 0  * 4 )  ' w '  FOR W I N DOW VALUE 
0 1 2 3 1  * 5 )  ' @ ' FOR I N D I RECT VALUE 
0 1 2 3 2A FCE 9  3 4  14 A EXPl PSHS X , B  SAVE REG I STERS 
0 1 2 3 3 A FCEB 8 0  5C F D 4 9  EXPDLM BSR BLDHX I CLEAR NUMBER ,  CHECK F I RST CHAR 
0 1 2 3 4 A  FCED 27  18 F D0 7  BEQ EX P2 IF HEX DIG IT CONT I NU E  BU I L D I NG 
0 1 2 3 5  * SK I P  BLANKS I F  DES I KE D  
0 1 2 3 6 A  FCEF 9 1  8E A CMPA DEL I M  ? CORRECT DEL I M IT E R  
0 1 2 3 7 A  FCF 1 27 F8 FCEB BEQ EXP DLM YES , IGNORE rr 
0 1 2 3 8  * TEST FOR M OR P 
0 1 2 3 9 A  FCF 3 9 E  9E A LOX ADDR DEF AU LT FOR ' M '  
0 1 2 4 0 A  FCF 5 8 1  4 0  A CMPA # ' M ? r-IEMORY EXAM I N E  ADDR WANTE D  
0 1 2 4 1A FCF 7 27  16 F D O F  BEQ EXPTDL BRANCH I F  SO 
0 1 2 4 2A FCF 9  9 E  9 3  A LOX PCNTER DEF AU LT FOR ' P ' 
0 1 2 4 3A FCF B  8 1  5 0  A CMPA # ' P  ? LAST PROGRAM COUNTER WANTED 
0 1 2 4 4 A  FCF D 2 7  10 F D O F  BEQ EXPTDL BRANCH I F  SO 
0 1 2 4 5 A  FCFF 9 E  AO A LOX W I NDOW DEFAU LT TO WINDOW 
0 1 2 4 6 A  F OO l  8 1  57 A CMPA # ' W ? W I N DOW WANTEU 
0 1 2 4 7 A  F D0 3  2 7  OA FDOF  BEQ EXPTDL 
0 1 2 4 8 A  F D0 5  3 5  9 4  A EXPRTN PULS PC , X , B  RETURN AND RESTORE REG I STERS 
0 1 2 4 9  * GOT HEX , NOW CONT INUE BU I LDING 
0 1 2 5 0 A  FD07  8D  4 4  FD4 D EXP2 BSR BLDHEX COMPUTE NEXT DIG IT 
0 1 2 5 1A FD09  27 FC FD07 BEQ EXP2 CONT I NU E  I F  MORE 
0 1 2 5 2A F DO B  2 0  OA F D1 7  BRA EXPCDL S EARCH FOR +/-
0 1 2 5 3  * STORE VALUE AND CHECK I F  NEED DEL IMITER 
0 1 2 5 4A FDO D AE 8 4  A EXPTDI LDX , X  IND I RECT ION DES I RED 
0 1 2 5 5A F DO F  9 F  9 B  A EXPTDL STX NUMBER STORE RESU LT 
0 1 2 5 .6 A  FDll  OD  8E A TST DE L I M  ? T O  FORCE A DE L I M IT E R  
0 1 2 5 7 A  F D 1 3  2 7  FO  F D0 5  BEQ EXPRTN RETURN I F  NOT WITH VALUE 
0 1 2 5 8 A  F D 1 5  8 D  6 2  F D7 9  BSR READ OBTAI N  NEXT CHARACTE R  
0 1 2 5 9  * TEST FOR + OR -
0 1 2 6 0A FD17 9E 9 B  A EXPCDL LOX NUMBER LOAD LAST VALUE 
0 1 2 6 1A FD1 9  8 1  2B A CMPA # ' + ? ADD OPERATOR 
0 1 2 6 2A F OIB 26 OE FD2B BNE EXPCHM BRANCH NOT 
0 1 2 6 3A F D1 D  8 D  2 3  F 04 2  BSR EXPTRM COMPUTE NEXT TERM 
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PAGE 0 2 4  ASS I ST0 9 . SA : 0  AS S I ST0 9 - MC6 8 0 9  MON I TOR 

0 1 2 6 4A F DI F  34 
0 1 2 6 5A FD21  DC 
0 1 2 6 6A FD23  30 
0 1 2 6 7 A  FD25  9 F  
0 1 2 6 8 A  F D27 3 5  
0 1 2 6 9 A  F D29 20  
0 1 2 7 0A FD2B 81  
0 1 2 7 1A F D 2 D 2 7  
0 1 2 7 2A FD2F 8 1  
0 1 2 7 3A F D 3 1  27  
0 1 2 7 4A F D 3 3  SF 
0 1 2 7 5A FD34 20  
0 1 2 7 6 A  F D3 6  8 0  
0 1 2 7 7 A  F D 3 8  3 4  
0 1 2 7 8 A  F D3A DC 
0 1 2 7 9 A  F D3C 4 0  
0 1 2 8 0 A  F D 3 D  5 0  
0 1 2 8 1A F D3E 82 
0 1 2 8 2A FD40  20 
0 1 2 8 3  
0 1 2 8 4  
0 1 2 8 5  
0 1 2 8 6A F D4 2  8 0  
0 1 2 8 7 A  F D 4 4  27 
0 1 2 8 8 A  F D46 16 

0 1 2 9 0  
0 1 2 9 1  
0 1 2 9 2  
0 1 2 9 3  
0 1 2 9 4 
0 1 2 9 5 
0 1 2 9 6  
0 1 2 9 7  
0 1 2 9 8  
0 1 2 9 9A F D 4 9  OF 
0 1 3 0 0 A  F D4 B  OF 
0 1 3 0 1 A F D4 D  8 0  
0 1 3 0 2A F D4 F  8 0  
0 1 3 0 3A FD51  26  
0 1 3 0 4A F D5 3  C6  
0 1 3 0 5 A FOSS 3D 
0 1 3 0 6A F DS 6  8 6  
0 1 3 0 7 A  F D5 8  5 8  
0 1 3 0 8A F D S 9  0 9  
0 1 3 0 9 A  F DSB 0 9  
0 1 3 1 0A F D S D  4A 
0 1 3 1 1A F DSE 2 6  
0 1 3 1 2A F D6 0  2 0  

0 1 3 1 4  
0 1 3 1 5  
0 1 3 1 6  
0 1 3 1 7  
0 1 3 1 8  
0 1 3 1 9  

0 2  
9 B  
8B 
9B 
0 2  
EC 
20 
0 7 
4 0  
DA 

CF 
OA 
0 2  
9 B  

0 0  
E l  

A 
A 

PSHS A SAVE DE L I M I T E R  
LDD NUMBE R LOAD N E W  TERM 

A EXPADD 
A 

LEAX D , X  ADD TO X 
STX NUMB E R  STORE AS NEW RES U LT 

A 
F01 7 

A 
FD36  

A 
FOO D 

F DO S  
F D4 2  

A 
A 

A 
FD23 

PULS A RESTORE DE L I M I 'rER 
BRA EXPCDL NOW TEST IT 

EXPCHM CMPA # ' - ? S U BTRACT OPERATOR 
BEQ EXPSUB BRANCH I F  SO 
CMPA # ' @ ? I N D I RECT I O N  DES I RE D  
B E Q  EXPTDI  BRANCH I F SO 
CLRB SET DEL I M ITER RETURN 
BRA EXPRTN AND RETURN TO CALLE R 

EXPSUB BSR EXPTRM OBTAI N  NEXT TERM 
PSHS A SAV E  DEL I M ITER 
LDD NUMBER LOAD UP NEXT TERM 
NEGA NEGATE A 
NEGB NEGATE B 
SBCA # 0  CORRECT FOR A 
BRA EXPADD GO ADD TO EXPRES ION 

* COMPUTE NEXT EX PRESS ION TERM 
* OUTPUT : X=OLD VALUE 
* ' NUMBER ' =NEXT TERM 

9 0  FCEl EXPTRM 
32 F D7 8  

a S R  B LDNUM OBTAI N  NEXT VALUE 
BEQ CNVRTS RETURN IF VAL I D  NUMBER 

FC1 3 F 9 5C BLDBAD LBRA CMD�AD ABORT COMMAND I F  I NVALI D  

9B 
9C 
2A 
11  
25  
1 0  

0 4  

9 C  
9 B  

F 8  
1 4  

A 
A 

FD7 9 
F D6 2  
FD7 8 

A 

A 

A 
A 

F D 5 8  
FD7 6  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* BU I L D  BI NARY VALU E USI NG INPUT CHARACT E RS . 
* I NPUT : A=AS C I I  HEX VALUE OR DE L I M IT E R  
* SP+O=RETURN ADDRES S  
* S P+ 2 = 1 6  B I T  RESULT AREA 
* OUTPUT : Z = l  A= B I NARY VALUE 
* Z = O  I F  I NVAL I D  HEX CHARACTER ( A  UNCHANGED ) 
* VOLAT I LE :  0 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BLDH X I  

BLDHEX 
BLDHXC 

BLDSHF 

C LR 
CLR 
BSR 
BSR 
BNE 
LOB 
MUL 
LOA 
AS LB 
ROL 
ROL 
DECA 
BNE 
BRA 

NUI-tBER 
NUMBER+! 
READ 
CNVHEX 
CNVRTS 
# 1 6  

# 4  

NUMBER+ l  
NUMBER 

BLDSHF 
CNVOK 

CLEAR NUMB E R  
CLEAR NUMBER 
GE'l' I l� P UT CHARACTER 
CONVERT AND TEST CHARACTER 
RETU RN IF NOT A NUMBER 
PREPARE S H I F'!, 
BY FOUR PLACE S  
ROTATE B I NARY I NTO VALUE 
OBTAI N NEXT �IT 
INTO LOW BYTE 
I NTO HI BYTE 
COUNT DOW� 
BRANCH I F  MORE TO DO 
SET GOOD RETURN CODE 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* CONVERT ASC I I  CHARACTER TO B I NARY BYTE 
* I NPUT : A=AS C I I 
* OUTPUT : Z = l  A=B INARY VALUE 
* Z = O  I F  I NVALI D  
* ALL REG I STERS TRANS PARENT 
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PAGE 0 2 5  ASS I ST0 9 . SA : 0  ASS IST0 9 - M C 6 8 0 9  MON ITOR 

0 1 3 2 0  * ( A  UNALTERED I F  I NVA L I D HEX ) 
0 1 3 2 1  * * * * * * * * * * * * * * * * * * * * * * *- * * * * * * * * * * * * * *  
0 1 3 2 2A F D6 2  8 1  30  A CNVHE X  CMPA 1 ' 0  ? LOWER THAN A ZERO 
0 1 3 2 3 A  FD64  2 5  1 2  FD78  BLO CNVRTS BRANCH NOT VALUE 
0 1 3 2 4A F D6 6  8 1  3 9  A CMPA # ' 9  ? POSS I B LE A-F 
0 1 3 2 5A FD6 8  2 F  OA F D7 4  BLE CNVGOT BRANCH NO TO ACCEPT 
0 1 3 2 6A F D6A 8 1  4 1  A CMPA # ' A ? LESS TH EN TEN 
0 1 3 2 7 A  FD6C 25 OA FD7 8 BLO CNVRTS RETURN I F .  M I NUS ( I NVAL I D )  
0 1 3 2 8 A  FD6E 8 1  4 6  A CMPA I ' F  ? NOT TOO LARGE 
0 1 3 2 9A F D7 0  2 2  0 6  FD7 8 BH I CNVRTS NO , RETURN TOO LARGE 
0 1 3 3 0A FD7 2 8 0  0 7  A SUBA # 7 DOWN TO B I NARY 
0 1 3 3 1A F D7 4  8 4  OF A CNVGOT ANDA I $ O F  CLEAR H IGH HEX 
0 1 3 3 2A F 07 6  lA 04 A CNVOK ORCC 1 4 FORCE Z E RO ON FOR VALI D  HEX 
0 1 3 3 3A F D7 8  3 9  CNVRTS RTS RETURN TO CALLER 

0 1 3 3 5  * GET INP UT CHAR , ABORT COMMAND I F  CONTROL-X ( CANCEL ) 
0 1 3 3 6A FD7 9  3 F  READ SWI GET NEXT CHARACTER 
0 1 3 3 7 A  F D7 A  0 0  A FCB INCHN P FUNCT I ON 
0 1 3 3 8A F 07 B  8 1  18 A CMPA ICAN ? ABORT COMMAN D  
0 1 3 3 9A F D7 D  2 7  C 7  F046  BEQ BLDBAD BRANCH TO ABORT I F  SO 
0 1 3 4 0 A  F D7 F  3 9  RTS RETURN TO CALLER 
0 1 3 4 1  *0 

0 1 3 4 3  * * * * * * * * * * * * * * *GO - START PROGRAM EXECUTION 
0 1 3 4 4A FD8 0  8 0  01  F D8 3  CGO BSR GOADDR BU I LD ADDRES S  IF NEEDED 
0 1 3 4 5A F08 2 38 R',I' I START EXE C UT I NG 

0 1 3 4 7  * F I ND OPT IONAL NEW PROGRAM COUNTER .  ALSO A�� TH E 
0 1 3 4 8  * B REAKPO I NTS . 
0 1 3 4 9 A  FD8 3  3 5  30  A GOADDR PULS Y , X  RECOVER RETURN ADDRE SS 
0 1 3 5 0 A F 08 5  34 10 A PSHS X STORE RETURN BACK 
0 1 3 5 1A F D8 7  2 6  1 9  FDA2 BNE GON DFT I F  NO CARRIAGE RETURN THE N  NEW PC 
0 1 3 5 2  * DEFAULT PROGRAM COUNTER ,  SO FALL THROUGH I F  
0 1 3 5 3  * I MMED IATE BREAKPO I NT .  
0 1 3 5 4A F 08 9  1 7  0 1 8 6  F F 4 2  LBS H CBKLDR SEARCH BREAKPO I NTS 
0 1 3 5 5A FD8 C AE 6C A LOX 1 2 , S  LOAD PROGRAM COUNTER 
0 1 3 5 6 A  F D8 E  SA ARMBLP DECa COUNT DOWN 
0 1 3 5 7 A  F D8 F  2 B  1 6  F DA7 BMI ARMBK2 DON E , NON E TO S I NGLE TRACE 
0 1 3 5 8 A  FD9 1  A6 30 A LDA -NUMBK P * 2 , Y PRE- F ETCH OPCODE 
0 1 3 5 9A F D9 3  AC Al A CMPX , Y++ ? I S  TH I S  A BREAKPO I NT 
0 1 3 6 0 A  F 09 5  2 6  F 7  F 08 E  BNE AR.'1BLP LOOP I F  NOT 
0 1 3 6 1A F09 7  8 1  3 F A CMPA t $ 3 F ? SWI 8REAKPO I NTEO 
0 1 3 6 2A F 09 9  26 0 2  F D9 0 BNE ARMNSW NO , S K I P  SETT I NG OF PASS F LAG 

0 1 3 6 3A F D9 B  9 7  FB A STA SWI BF L SHOW UPCOMM I NG SWI NOT BRKPNT 

0 1 3 6 4A F D9 D  OC 8 F  A ARMNSW INC M I S F LG F LAG THRU A BREAKPO I NT 
0 1 3 6 5A FD9 F  1 6  0 1 0 6  F EA8 LBRA C DOT DO S I NGLE TRACE WIO BREAKPOI NTS 

0 1 3 6 6  * OBTA I N NEW PROGRAM COUNTER 
0 1 3 6 7 A F DA2 1 7  O O BB F E 6 0  GONDFT LBS R CDNUM OBTA I N  NEW PROGRAM COUNTE R 
0 1 3 6 8 A  FOA5 ED 6C A STO 1 2 , S  STORE I NTO STACK 

0 1 3 6 9 A  F OA7 1 7  0 1 9 8 F F 4 2 ARMBK 2 LBS R C8K LDR OBTAI N  TABLE 
0 1 3 7 0A F OAA 0 0  FA A NEG BK P',I'CT COMPLEMENT TO SHOW ARMED 
O 1 3 7 1A F OAC SA ARM LOP DECB ? DONE 

0 1 3 7 2A F OAD 2B C9 F 07 8  BM I CNVRTS RE'rU RN WH E N  DONE 

0 1 3 7 3 A F OAF A6 84 A LDA [ ,  Y ] LOAD OPCOOE 
0 1 3 7 4 A F DB l  A7 30 A STA -NUMBK P * 2 , Y STORE I NTO OPCODE TAB LE 
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PAGE 0 2 6  ASS I ST0 9 . SA : 0 ·  ASS I ST0 9 - MC 6 8 0 9  MON ITOR 

0 13 7 5A F DB3 86 3F A LDA # $ 3 F  READY " SW I "  O PCODE 
0 1 3 7 6 A  F D B 5  A7 Bl A STA [ ,  Y++ ) STORE AN D MOVE UP TABLE 
0 1 3 7 7 A  F DB 7  20  F3 F DAC BRA ARMLOI? AND CONTI NUE 

0 1 3 7 9 * * * * * * * * * * * * * * * * * * * CALL - CALL ADDRES S  AS SUBROUT I N E  
0 1 3 8 0A FD8 9  8 D C8  F D8 3 CCALL BS R GOADDR FETCH ADDRES S  IF NEEDED 
0 1 3 8 1A F DBB 3 5  7 F A PULS U , Y , X , DP , D , CC RESTORE USERS REG I STERS 
0 1 3 8 2A F DBD AD F l  A JSR [ , S++ ) CALL USE R  SUBROUT I N E  
0 1 3 8 3A FDBF 3 F  CGOBRK SWI PERFORM BREAK PO I NT 
0 1 3 8 4A FOCO OA A FCB BRKPT FUNCTION 
0 1 3 8 5A FOCl 2 0  FC F DBF BRA CGOB RK LOOP UNT I L USER CHANGES PC 

0 1 3 8 7  * * * * * * * * * * * * * * * *MEMORY - DIS PLAY/CHANGE MEMORY 
0 1 3 8 8  * CMEMN AND CMPADP ARE DI RECT ENTRY POI NTS FROM 
0 1 3 8 9  * THE COMMAND HANDLER FOR QU ICK COMMANDS 
0 1 3 9 0A F DC3 1 7  0 0 9A F E 6 0  CMEM LBSR CDNUM OBTAI N  ADDRES S  
0 1 3 9 1A F DC6 DO 9E  A CMEMN STD ADDR STORE DEFAULT 
0 1 3 9 2A F DC8 9 E  9 E  A CMEM2 LOX AD DR LOAD PO I NTER 
0 1 3 9 3A F DCA 1 7  FCOC F 9 D9 LBSR ZOUT2 H  SEND OUT H E X  VALUE OF BYTE 
0 1 3 9 4A FDCD 8 6 2 0 A LDA # ' - LOAD DEL I M I T E R  
0 1 3 9 5A F DCF 3 F  SWI SEND OUT 
0 1 3 9 6A F ODO 0 1 A FCB OUTCH FUNCT ION 
0 1 3 9 7 A  F DDl 1 7  F F O B  F C DF CMEM4 LBSR BLDNNB OBTAI N  NEW BYTE VALUE 
0 1 3 9 8A F DD4 2 7  OA F DEO BEQ CMENUM BRANCH IF NUMBE R  
0 1 3 9 9  * COMA - S K I P  BYTE 
0 1 4 0 0 A  FDD6 8 1  2C A ClI'lPA i i ,  ? COMMA 
0 1 4 0 1A F DD8 2 6  O E FDE8 BNE CMNOTC BRANCH NOT 
0 1 4 0 2A F DDA 9 F  9 E  A STX ADDR UPDATE PO I NTER 
0 1 4 0 3A FDDC 30 0 1  A LEAX 1 , X TO NEXT BYTE 
0 1 4 0 4A F DOE 20 Fl F OOl BRA CMEM4 AND IUPUT IT 
0 1 4 0 5A F OE O  D6 9C A CMENUM LOB NUMBER+ l LOAD LOW BYTE VALUE 
0 1 4 0 6A FDE2 8 0  4 7  F E 2B BSR MUPDAT GO OVERLAY MEMORY BYTE 
0 1 4 0 7 A F DE 4  8 1  2C A CMPA i i , ? CONT I NU E  WITH NO D I S P LAY 
0 1 4 0 8 A  F DE6 2 7  E9 F OOl BEQ CMEM4 BRANCH YES 
0 1 4 0 9  * QUOTED STRING 
0 1 4 1 0 A  F DE8 8 1  2 7  A CMNOTC C(l:iPA I " ? QUOTED STRING 
0 1 4 1 1A F DEA 2 6  O C  FDF8 BNE CMNOTQ BRANCH NO 
0 1 4 1 2 A F DEC 8 0  8 B  F D 7 9  CMESTR BS R  REA D  OBTAIN NEXT CHARACTER 
0 1 4 1 3A FOEE 8 1  27 A ClI'lPA I I I ? END OF QUOTED STRING 
0 1 4 1 4A F DF O  2 7  OC F DF E  BEQ CMS PCE YES , QU I T  STRI NG MODE 
0 1 4 1 5 A F DF2 1 F  8 9  A TF R A , B  TO B FOR SU B ROUT I N E  
0 1 4 1 6 A  F DF4 8 0  3 5  FE 2 B BS R MUP DAT GO UPDAT E BYTE 
0 1 4 1 7 A F D F 6  20 F4 F DEC BRA CMESTR GET NEXT CHARACT E R  
0 1 4 1 8  * B LANK - NEXT BYTE 
0 1 4 1 9A FOF8 8 1  2 0  A CMNOTQ CMPA # $ 2 0 ? B LANK FOR NEXT BYTE 
0 1 4 2 0 A  F DFA 26 0 6  F E 0 2 BNE CMNOTB BRANCH NOT 
0 1 4 2 1A F UFC 9 10" 9 E  A STX ADDR UP DAT E PO I NT E R  
0 1 4 2 2A F OFE 3 F  CMS PCE SW l G I VE SPAC E  
0 1 4 2 3 A F UF F  0 7  A FC B SPACE FUNCTION 
0 1 4 2 4A FEOO 20 C6 F OC S  BRA CMEM2 NOW PROMPT FOR NEXT 
0 1 4 2 5  * LINE FEED - NEXT BYTE WITH ADDRE S S  
0 1 4 2 6 A FE0 2 8 1  01\ A CMNOTB CMPA I LF ? L I N E  FE ED FOR NEXT BYTE 
0 1 4 2 7 1\  F E 0 4  2 6  0 8  FEO t BNE CMNOTL BRANCH NO 
0 1 4 2 8 1\ FE 0 6  8 6  0 0  A LDA t C R  G I V E  CARR I AGE RETU RN 
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PAGE 0 2 7  ASS I ST0 9 . SA : 0 ASS I ST0 9 - MC 6 8 0 9  MON I TOR 

0 1 4 2 9A FE0 8 3 F  SWI TO CONSOLE 
0 1 4 3 0 A  FE0 9 0 1  A FCB OUTCH HANDLER 
0 1 4 3 1A FEOA 9 F  9E A STX ADDR STORE NEXT ADDRESS 
0 1 4 3 2A FEO C 2 0  OA F E 1 8  BRA CMPADP BRANCH TO SHOW 
0 1 4 3 3  * U P  ARROW - PREVIOUS BYTE AND ADDRES S  
0 1 4 3 4 A  FEO E  8 1  5E A CMNOT L CMPA # ' @ ? U P  ARROW FOR PREV IOUS BYT E 
0 1 4 3 5A FEI O 2 6  OA F E I C  BNE CMNOTU BRANCH NOT 
0 1 4 3 6 A FE1 2 3 0  l E  A LEAX - 2 , X  DOWN TO PREVIOUS BYTE 
0 1 4 3 7 A  FEl 4 9 F  9 E  A STX ADDR STORE NEW PO I NTER 
0 1 4 3 8A FE1 6 3F CMPADS SWI FORCE NEW L I N E  
0 1 4 3 9A FE1 7 0 6  A FCB PCRLF FUNCT ION 
0 1 4 4 0 A  FE1 8 8 0  0 7  F E 2 1  CMPP. DP BSR PRTADR GO P R I NT I 1'S VALUE 
0 1 4 4 lA FE1A 2 0  AC F DC 8  BRA CMEM2 THEN PROMPT FOR INPUT 
0 1 4 4 2  * S LASH - NEXT BYTE WITH ADDRES S  
0 1 4 4 3 A FEIC 8 1  2F A CMNOTU CMPA i ' /  ? S LASH FOR CURRENT D I S PLAY 
0 1 4 4 4A FEIE 27  F6  F E 1 6 BEQ CMPADS YES , SEND ADDRES S  
0 1 4 4 5A FE2 0 3 9  RTS RE'rURN FROM COMfotAN D  

0 1 4 4 7  * PRI NT CURRENT ADDRES S  
0 1 4 4 8A FE 2 1  9 E  9 E  A PRTADR LOX ADDR LOAD PO I NTER VALU E 
0 1 4 4 9A FE2 3 3 4  1 0  A PSHS X SAVE X · ON STACK 
0 1 4 5 0A FE2 5 3 0  E 4  A LEAX , S  PO I NT TO I T  FOR D I S PLAY 
0 1 4 5 1 A  FE 2 7  3 F  SWI D I S PLAY POI NTER I N  HEX 
0 1 4 5 2A FE2 8 0 5  A FCB OUT4HS F UNCT ION 
0 1 4 5 3 A F E 2 9  3 5  9 0  A PULS Pc , x  RECOVER POI NTER AND RETURN 

0 1 4 5 5  * UPDATE BYTe 
0 1 4 5 6 A FE2 B 9 E  9 E  A MU PDAT LOX ADDR LOAD NEXT BYTE PO mTER 
0 1 4 5 7 A  FE 2 D  E 7  8 0  A STB , X+ STORE AND I NCREMENT X 
0 1 4 5 8 A  FE2 F El IF A CMPB -l , X  ? SUCCESFULL STORE 
0 1 4 59 A  FE 3 1  2 6  0 3  F E 3 6  BNE MUPBAO BRANCH FOR I ? '  I F  NOT 
0 1 4 6 0 A  FE 3 3  9 F  9 E  A STX ADDR STORE NEW POI NTER VALUE 
0 1 4 6 1A FE 3 5  3 9  RTS BACK TO CALLE R 
0 1 4 6 2A FE3 6 3 4  0 2  A MUPBAD PSHS A SAVE A REG I STER 
0 1 4 6 3A F E 3 8  8 6  3 F  A LOA I i ? SHOW I NVALI D  
0 1 4 6 4A FE3A 3F SWI SEND OUT 
0 1 4 6 SA FE3 B  0 1  A FCB OUTCH FUNCT ION 
0 1 4 6 6A FE3C 3 5  8 2  A PULS PC , A  RETURN TO CALLER 

0 1 4 6 8  * * * * * * * * * * * * * * * * * * * *W I N DOW - SET W IN DOW VALUE 
0 1 4 6 9 A  FE 3 E  8 0  2 0  FE 6 0  CW INDO BSR C DNUM OBTA I N  wINDOW VALUE 
0 1 4 7 0 A  FE4 0 DO AO A STD WI N DOW STORE IT I N  
0 1 4 7 1A FE4 2 3 9  RTS END COMMAND 

0 1 4 7 3  * * * * * * * * * * * * * * * * * * D I S PLAY - H IGH SPEED D I SPLAY MEMORY 
0 1 4 7 4A FE4 3 8 0  I B  F E 6 0  CDI S P  BS H CDNUM FE'rCH ADDRES S  
0 1 4 7 SA FE 4 5  C 4  F O  A ANDB # $ F O  FORC E  '1'0 1 6  BOUNDRY 
0 1 4 7 6 A  FE4 7 I F  0 2  A TF R D , Y  SAVE I N  Y 
0 1 4 7 7 A  FE4 9  3 0  2F A LEAX 1 5 , y  DE FAULT LENGTH 
0 1 4 7 8 A FE4 B 2 5  0 4  F E 5 1  BCS C D I S PS BRANC H  I F  END OF I NPUT 
0 1 4 7 9A FE4 D 8 0  1 1  F E 6 0  BSR C DNUM OBTAI N  COUNT 
0 1 4 8 0 A FE4F 30 AB A LEAX D , Y  ASSUME COUNT , COMPUTE END ADDR 
0 1 4 8 1A FE S 1  3 4  3 0  A C D I S PS PSHS Y , X  SETUP PARAMETERS FOR HSDATA 
0 1 4 8 2A FE 5 3  l 0 A 3  6 2  A CMPD 2 , s  ? WAS IT COUNT 
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PAGE 0 2 8  ASS I ST0 9 . SA : 0 AS S I ST0 9 - MC 6 8 0 9  MON ITOR 

0 1 4 8 3A FES6  23 
0 1 4 8 4A FES8  ED 
0 1 4 8 SA FESA AD 
0 1 4 8 6 A  FESE 3 5  

0 1 4 8 8  
0 1 4 8 9  
0 1 4 9 0  
0 1 4 9 1  
0 1 4 9 2A F E 6 0  1 7  
0 1 4 9 3A FE6 3 26 
0 1 4 9 4A FE6 S  8 1  
0 1 4 9 SA FE 6 7  22  
0 1 4 9 6A F E 6 9  81  
0 1 4 9 7A F E 6 B  DC 
0 1 4 9 8 A  F E 6 D  3 9  
0 1 4 9 9 A  FE6E  1 6  

0 1 5 0 1  
0 1 S 0 2A F E n  8 0  
0 1 S 0 3A F E 7 3  I F  
0 1 S 0 4A FE7 S 80 
0 1 S 0 SA FEn 6 F  
0 1 S 0 6 A  FE 7 9  34 
0 1 S 0 7A FE7B AD 
0 1 S 0 8 A  FE7F AD 
0 1 S 0 9A F E 8 3  3 4  
0 1 S 1 0 A  FE 8 S  A D  
0 1 S H A  FE89  3 5  
0 1 S 1 2A F E 8 B  2 6  
0 I S 1 3A F E 8 0  35  

0 1 5 1 5  
0 1 S 1 6 A  F E 8 F  8 0  
0 1 S 1 7 A  F E 9 1  

0 1 S 1 9A FE 9 2  3 3  
0 1 S 2 0 A  F E 9 4  3 3  
0 1 S 2 1A FE9 6 27  
0 1 S 2 2A F E 9 S  80 
0 1 S 2 3 A  FE9A 
0 1 S 2 4 A  FE 9 B  4F 
0 1 S 2 S A FE9C  S F  
0 1 S 2 6 A  F E 9 D  34 
0 1.S 2 7 A  FE9F 2 0  

0 1 5 2 9  

0 2  
E4 

FESA C DCNT BRANCH YES 
, S  STORE H I G H  ADDRESS 

9 0  E184  
EO 

A 
CDCNT 

A 

B LS 
STD 
J S R  
PULS 

[ VECTAB+ . HS DTA , PC R ]  CALL PRI NT ROUT I NE 
PC , U , Y  CLEAN STACK AND END COMMAND 

FE7 E 
0 9  
2F 
0 5  
O E  
9 B  

FCE I  
F E 6 E  

A 
FE6 E 

A 
A 

* OBTAI N  NUMBER - ABORT I F  NONE 
* ONLY DEL I M ITERS OF C R ,  BLANK , OR 
* OUTPUT : D=VALUE ,  C=l IF CARRIAGE 

' I '  ARE ACC E PTED 
RETURN DELM I T E R , 
ELSE C= O * 

CDNUM BLDNUM 
C DBADN 
i ' l  
C DBADN 
# C R+ l 
NUMBER 

OBTAIN NUMBER 
BRANCH I F  I NVAL I D  
? VAL l O  DEL I MITER 
BRANCH I F  NOT FOR ERROR 
LEAVE COMPARE FOR CARRIAGE RET 
LOAD NUMBER 

FAEB F 9 SC CDBADN 

LBS R 
BNi:'! 
CMPA 
B H I  
CMPA 
LDD 
RTS 
LBRA CMDBAD 

RETURN WITH COMPARE 
RETURN TO ERROR MECHAN I SM 

ED 
02 
E9 
E2 
26 

F E 6 0  
A 

F E 6 0  
A 
A 

* * * * * * * * * * * * * * * * * P UNCH - PUNCH MEMORY I N  S1-S9 FORMAT 
C PUNCH BSR CDNUM OBTA I N  START ADDRESS 

TFR D , Y  SAVE IN Y 
BSH CDNUM OBTAI N  END ADDRESS 
CLR , -S SETU P PUNCH FUNCT ION CODE 
PSHS Y , D  STORE VALUES ON STACK 

90 E1 6 5  
9 0  E 1 6 3  

CCALBS J S R  [ VE CTAB+ . B SON , PC R ]  I N I T I AL I Z E  HANDLER 
J S R  [ VECTAB+ . BS DTA , PC R ]  PE RFORM FUNCT I ON 

0 1  
9D 
0 1  
El 
B2 

0 1  
0 1  

Fl 
04 
0 3  
C6 
8C 

4E 
DA 

A 
E 1 5 F  

A 
F E6E 

A 

PSIIS CC SAVE RETURN CODE 
JSR [ VECTAB+ . BSOFF , PC R ]  TURN OFF HANDLER 
PULS CC OBTAIN CON D I T ION CODE SAVED 
BNE CDBADN BRANCH IF ERROR 
PULS PC , y , X , A RETURN FROM COMMAND 

* * * * * * * * * * * * * * * * * LOAD - LOAD MEMORY F ROM S1-S9 FORMAT 
FE9 2 CLOAD BS R CLVOFS CALL SETUP AND PASS CODE 

A FCB 1 LOAD FUNCT I ON CODE FOR PACKET 

A CLVOFS 
A 

FE 9 B  
F E 6 0  

A 

A 
F E 7 B  

C LVDFT 

LEAU 
LEAU 
BEQ 
BSR 
FCB 
CLRA 
CLRB 
PSHS 
BRA 

[ , S++ ] 
[ , U ]  
C LVDFT 
CDNUM 
S K I P 2  

U , DP , D  
CCALBS 

LOAD CODE IN HIGH BYTE OF U 
NOT CHANG I NG CC AND RESTORE S 
BRANCH I F  CARR I AGE RETURN NEXT 
OBTA I N  OF F S ET 
S K I P  DE FAULT OFF S ET 
CREATE Z E RO OF F S ET 
AS DEFAUL'f 
SE'fUP CODE , NULL ·wORD , OF F S ET 
ENTER CALL TO BS ROUTI NES 

* * * * * * * * * * * * * * * * * *VERIFY - COMPARE MEMORY WITH F I LE S  
0 1 S 3 0 A  FEAl 8 0  EF 
0 1 S 3 1 A FEA3 FF 

FE9 2 CVER BSR CLVOFS COMPUTE OFF S ET IF ANY 
A F C B  - 1  VERI FY FNCTN CODE FOR PACK ET 
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0 1 5 3 3  
0 1 5 3 4  
0 1 5 3 5 A FEA4 8 0  
0 1 5 3 6 A FEA6 DO 
0 1 5 3 7 A  FEA8 3 2  
0 1 5 3 8A FEAA EE 
0 1 5 3 9 A  FEAD OF 
0 1 5 4 0 A  FEAF DE 
0 1 5 4 1 A  FEBl CC 
0 1 5 4 2 A  FEB4 ED 
0 1 5 4 3A FEB6 3B 

0 1 5 4 5  
0 1 5 4 6 A  FEB7 8 0  
0 1 5 4 7 A  F E B 9  DO 
0 1 5 4 8 A  FEBB 3 9  

0 1 5 5 0  
0 1 5 5 1A FEBC 2 7  
0 1 5 5 2A FEBE 8 0  
0 1 5 5 3A FECO DO 
0 1 5 5 4 A  FEC2 3 9  
0 1 5 5 5 A  FEC 3 3 0  
0 1 5 5 6 A  FEC 5 9 F  
0 1 5 5 7 A  FEC7 3 9  

0 1 5 5 9  
0 1 5 6 0  

BA 
91 
6 2  
Fa OA 
9 9  
F 6  
0 7 0 1  
4 2  

A7 
F2 

O S  
AO 
F a  

6 E  
F8 

0 1 5 6 1A FEC S 80 96 
0 1 5 6 2A FECA IF 01 
0 1 5 6 3A FECC 8 0  9 2  
0 1 5 6 4  
0 1 5 6 5 A  FECE 3 0  0 1  
0 1 5 6 6 A  FEDO 3 4  3 0  
0 1 5 6 7 A  FED2 A3 E4 
0 1 5 6 8 A  F E D4 E D  E 4  
0 1 5 6 9 A  F E D6 3 0  6 1  
0 1 5 7 0 A  FEDS 1 0  
0 1 5 7 1A F E D9 Al E4 
0 1 5 7 2A FE DB 2 6  0 2  
0 1 s 7 3A FEDD 3 F  
0 1 s7 4A F E DE 0 4  
0 1 s 7 sA FEDF EE E4 
0 1 5 7 6 A  FEEl 3 3  SF 
0 1 5 7 7 A  FEE3 EF 84  
0 1 s 7 8 A  FEES  3 F  
0 1 s7 9 A  F E E 6  O S  
0 1 s 8 0 A  FEE7 3 F  
0 1 s 8 1 A  FEES 06 
0 1 s 8 2A FEE9 3 5  9 6  
0 1 5 8 3  

FE60  
A 

* * * * * * * * * * * * * * * * * * *TRACE - TRACE I NSTRU CT IONS 
* * * * * * * * * * * * * * * * * * *  • - S I NGLE STEP TRAC E  
CTRACE BSR CDNUM OBTAI N  TRACE COU NT 

STD TRACEC STORE COUNT 
A COOT 
A CT RC E 3  
A 

LEAS 2 , S  RI D COMMAND RET U �� FROM STACK 
LOU [ l O , S )  LOAD OPCODE TO EXE C UTE 
STU LASTOP STORE FOR TRAC E INTE RRU PT 

A 
A 
A 

LDU VECTAB+ . PTM LOAD PTM ADDRESS 
LDD # 7 ! < 8 + 1  CYCLES ooWN+CYCLES UP 
STD PTMTMI - PTM , U  START NM I T I MEOUT 
RT I RETURN FOR ONE I NSTRUCT ION 

* * * * * * * * * * * * *NULLS SET NEW L I N E  AND CHAR PADD I NG 
FE60  CNU LLS BSR CDNUM OBTA I N  NEW LINE PAD 

A STD VECTAB+ . PAO RESET VALUES 
RTS END COMMAND 

* * * * * * * * * * * * * * * * * * STLEVEL - SET STACK TRACE LEVEL 
FEC3 CST LEV BEQ STLDFT TAKE DEFAULT 
FE6 0 BSR CDNUM OBTAI N  NEW STACK LEVEL 

A STD SLEVEL STORE NEW ENTRY 
RTS TO COMMAND HANDLER 

A STLOFT LEAX 1 4 , S  COMPUTE NMI COMPARE 
A STX SLEVEL AND STORE IT 

RTS END COMMAND 

* * * * * * * * * * * * * * * * * *OFFSET - COMPUTE SHORT AND LONG 
* * * * * * * * * * * * * * * * * *  BRANC H  OFFS ETS 

FE60  COFFS BSR CDNUM OBTAI N  INSTRUCT ION ADDRESS 
A TFR D , X  USE AS FROM ADDRES S  

F E 6 0  BS R  CDNUM OBTA I N  TO ADDRE SS 
* D=TO I NSTRUCT ION , X=FROM I NSTRU CT ION OFF SET BYTE ( S )  

A LEAX 1 , X  ADJUST FOR * + 2  SHORT BRANCH 
A PSHS Y , X STORE WORK WORD AND VALUE ON S 
A SUBD , S  F I ND OF F S ET 
A STD , S  SAVE OVER STACK 
A LEAX 1 , 5 PO I NT FOR ONE BYTE D I S PLAY 

SEX SIGN EXTEND LOW BYTE 
A CMPA , S  ? VALI D  ONE BYTE OF FSET 

FEOF BNE COFNOl BRANCH I F  NOT 
SWI SHOW ONE BYTE OPFSET 

A F C B  OUT2 HS FUNCT ION 
A COF NO l  LOU , S  RELOAD OFFSET 
A LEAU -l , U  CONVERor TO LONG BRANCH OF FSET 
A STU , x STORE BACK WHE RE X PO I NTS NOW 

SW I  SHOW T'1l0 BYTE OF F S ET 
A FCB OUT4HS FUNCT ION 

SWI FORCE NEW L I N E  
A FCB PCRLF FUNCT ION 
A PULS PC , X , D  RESTORE STACK AND END COMMAND 

*H 
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0 1 5 8 5  * * * * * * * * * * * * * BREAKPOI NT - D I SPLAY/ENTE�/DE LETE/CLEAR 
0 1 5 8 6  * * * * * * * * * * * * *  BREAKPO I NTS 
0 1 5 8 7A FEEB 27 2 3  FF1 0 CBKPT BEQ CBK DS P BRANCH D I S P LAY OF J UST ' s '  
0 1 5 8 8A FEE D 17  FDFl FCE l LBS R BLDNUM ATTEMPT VALUE ENTRY 
0 1 5 8 9 A FEFO 27 2C FF1 E BEQ CBKADD BRANCH TO ADD I F  SO 
0 1 5 9 0A FEF2 81 2D A CMPA # ' - ? CORRECT DE L I M ITER 
0 1 5 9 1A FEN 26 3F FF3 5 BNE CBKERR NO ,  BRANCH FOR ERROR 
0 1 5 9 2A FEF 6 1 7  FDE8 FCE l LBS R BLDNUM ATTEMPT DE LETE VALUE 
0 1 5 9 3A FEF 9 27 03 FEFE BEQ CBK OLE GOT ONE , GO DELETE IT 
0 1 5 9 4A FEFB O F  F A  A CLR BKPTCT WAS ' B  - ' , SO Z E RO COUNT 
0 1 5 9 5A FEF O 3 9  CBKRTS RTS END COMMAND 
0 1 5 9 6  * DELETE THE ENTRY 
0 1 59 7 A  FEFE 80 4 0  F F 4 0  CBK OLE BSR CBKSE'r SETU P REG IS 'r E �S AN D VALUE 
0 1 5 9 8A FF O O  SA CBKOLP DECB ? ANY ENTR I E S  I N  TAB LE 
0 1 59 9 A  F F O l  2B 3 2  FF 3 5  BM I CBKERR BRANCH NO , E RROR 
0 1 6 0 0A FF 0 3  AC Al A CMPX , Y++ ? I S  TH I S  TH E ENTRY 
0 1 6 0 1A FF 0 5  2 6  F 9  FFO O BNE CBK DLP NO ,  TRY NEXT 
0 1 6 0 2  * FOU N D ,  NOW MOVE OTH E RS UP IN ITS PLACE 
0 1 6 0 3A F F 0 7  AE Al A CBKDLM LOX , Y++ LOAD NEXT ONE UP 
0 1 6 0 4 A  FF 0 9  AF 3C A STX -4 , Y  MOVE DOWN B Y  ONE 
0 1 6 0 5A F F O B  SA DECB ? DONE 
0 1 6 0 6 A  FF OC 2A F 9  F F 0 7  B P L  CBKDLM NO , CONT I NU E  MOVE 
0 16 0 7 A  F F O E  OA FA A DEC BKPTC'l' DE CREMENT B REAKPO I NT COUNT 
0 1 6 0 8 A  F F 1 0  8D 2E FNO CBK OS P  BSR CBKSET SETUP REG ISTE�S AND LOAD VALUE 
0 16 0 9 A  FF 1 2  27 E9 FEFD BEQ CBKRTS RETURN IF NONE TO DISPLY 
0 1 6 1 0 A  FF 1 4  30 Al A CBKDSL LEAX , Y++ PO I NT TO NEXT ENTRY 
0 1 6 1 1A FF 1 6  3F SW I D I S PLAY I N  HEX 
0 16 1 2A FF 1 7  0 5  A FCB OUT4 H S  FUNCT ION 
0 1 6 1 3A FF1 8 SA DEC B  COUNT DOWN 
0 1 6 1 4A FF 1 9  26  F 9  F F 1 4  BNE CBKDSL LOOP I F  MORE TO DO 
0 1 6 1 5 A  FF 1 B  3 F  SWI SK I P  TO NEW LINE 
0 1 6 1 6 A  FF1C 06  A FCB PCRLF FUNCT ION 
0 1 6 1 7A FF 1 D  39 RTS RETU RN TO END COMMAND 
0 1 6 1 8  * ADD NEW ENTRY 
0 1 6 1 9A F F 1 E  8 0  2 0  FF4 0 CBKADD BSR CBKSET SETUP REG I STERS 
0 1 6 2 0 A  F F 2 0  C l  0 8  A CMPB #NUMBKP ? A LREADY FULL 
0 1 6 2 1A FF 2 2  2 7  1 1  FF3 5 BEQ CBKERR BRANCH ERRO R  I F  SO 
0 1 6 2 2 A  FF 2 4  A6 84 A LDA , X  LOAD BYTE TO TRAP 
0 1 6 2 3A FF 2 6  E7 84 A STB , X  TRY TO CHANGE 
0 1 6 2 4 A  FF 2 8  El 84 A CMPB , X  ? C HANGABLE RAM 
0 1 6 2 5A F F 2A 2 6  0 9  FF3 5  BNE CBK ERR BRANCH EORROR IF NOT 
0 1 6 2 6 A  F F 2 C  A 7  8 4  A STA , X  RE STORE BYTE 
0 1 6 2 7 A  FF 2 E  SA CBKADL DECB COUNT DOWN 
0 1 6 2 8A FF 2 F  2B 0 7  F F 3 8  BM I CBKADT BRANCH IF DONE 'ra ADD IT 
0 1 6 2 9A FF 3 1  AC Al A CMPX , Y++ ? ENTRY ALREADY HERE 
0 1 6 3 0A FF 3 3  2 6  F 9  F F 2 E  BNE CBKADL LOOP I F  NOT 
0 16 31A FF 3 5  1 6  FA2 4 F 9 5 C  CBKERR LBRA CMOBAD RETURN TO ERROR PRODUCE 
0 1 6 3 2 A  FF 3 8  AF A4 A CBKADT STX , Y  ADD TH I S  ENTRY 
0 1 6 3 3 A  FF3A 6 F  3 1  A CLR -NUMBKP * 2 +1 , Y CLEAR OPT IONAL BYTE 
0 1 6 3 4A FF3C O C  FA A INC BKPTCT ADD ONE TO COU NT 
0 1 6 3 5A FF 3 E  20 DO F F 1 0  BRA CBKDSP AND NOW D i S PL�Y ALL OF ' EM 
0 1 6 3 6  * SETUP REG I STERS FOR SCAN 
0 1 6 3 7 A  F F 4 0  9 E  9 B  A CBKSET LDX NUMBER LOAD VALUE DES I �ED 
0 1 6 3 8A FF 4 2  3 1  8 D  E0 6 C  CBK LDR LEAY BK PTBL , PCR LOAD START OF TAB LE 
0 1 6 3 9A FF 4 6  D6 FA A LDB BK PTCT LOAD ENTRY COUNT 
0 1 6 4 0A FF 4 8  3 9  RTS RETURN 
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0 1 6 4 2  · · · · · · · · · · · · · · · · · ENCODE ENCODE A POSTBYTE 
0 1 6 4 3A FF49  6 F  E2 A CENCDE CLR , -5 DEFAULT TO NOT I N D I RECT 
0 1 6 4 4A FF4B S F  CLRB Z E RO POSTBYTE VALU E 
0 1 6 4 SA FF4C 30 8C 3 F  LEAX <CONV1 , PC R START TABLE S E ARC H 

0 1 6 4 6 A  FF 4 F  3F  SW I OBTA I N  F I RST C HARACT E R  

0 1 6 4 7A FFSO  0 0  A FC B I NCHNP FUNCT ION 
0 1 6 4 8 A  FF S l  8 1  S B  A CMPA # '  I ? I NDI REC'r HEHE 
0 1 6 4 9A FF S 3  26 06 F F S B  BNE C E N 2  BRANCH I F" No'r 

0 1 6 S 0 A  FF S S 8 6  1 0  A LOA # $ 1 0  SET I ND I RECT B IT ON 
0 1 6 S 1 A  FF S7 A7 E4 A STA , s  SAVE FOR LATFH 
0 1 6 S 2 A  FF S !:!  3F  CENGET SW I OBTA IN NEXT CHARACTER  
0 1 6 S 3 A  FF SA 00 A FC B I NCH N P F UNCT ION 
0 1 6 S 4 A  F F S B  8 1  0 0  A CEN 2 CMPA # C R  ? END OF E N T RY 

0 1 6 S SA FF S D  2 7  OC F F 6 B  BEQ C ENDl BRANCH Y E S  

0 1 6 S 6 A  FFSF 6 0  8 4 A C E N L P l  TS'f , X  ? E ND OF TABLE 
0 1 6 S 7 A  F F 6 1  2B 02 FF 3 S  BM I C B K E RR BRANCH ERROR I F  SO 
0 1 6 S8 A  F F 6 3  Al 81 A CMPA , X++ ? TH I S  TH E CH ARACTE H  
0 1 6 S 9 A  F F 6 S  2 6  F8 F F S F  BNE CENLP l BRANCH I F  NOT 
0 1 6 6 0 A  F F 6 7  EB IF A ADDB - l , X  ADD 'flU S VALUE 
0 1 6 6 1A FF 69 20 EE F F S !:!  BRA CENGE'f GET NEXT I NP UT 
0 1 6 6 2A �' F 6 B  3 0  8C 4 9  CEN Dl LEAX <CONV2 , PCR PO I NT AT TAB LE 2 
0 1 6 6 3 A  F F 6 E  I F  98 A TFH B , A  SAVE COpy I N  A 
0 1 6 6 4A F F 7 0  8 4  60  A ANDA # $ 6 0  I SOLATE HEG I STER MASK 
0 1 6 6 SA F F 7 2  AA E4 A ORA , S  ADD I N  I N D I RE CT ION B IT 
0 1 6 6 6A F F 7 4  A 7  E 4  A STA , S  SAVE BACK AS POSTBYTE SKELETON 
0 1 6 6 7 A  FF 7 6  C 4  9 F  A ANDB # $ 9 F  CLEAR REG I STER B ITS 
0 1 6 6 8 A  FF 7 8  6 0  8 4  A CENLP2 TST , X  ? E ND OF TABLE 
0 1 6 6 9 A  FF 7A 27 B 9 FF 3 5  BEQ CBKERR BHANCH E RROR I F  SO 
0 1 6 7 0 A  F F 7 C  E l 81 A CMPB , X ++ ? SAME VALUE 
0 1 6 7 1A F F 7 E  2 6  F 8  F F 7 8  BNE CENLP2 LOOP I F  NOT 
0 1 6 7 2A F F 8 0  E6  IF A LOB -l , X  LOAD RESULT VALUE 
0 1 6 7 3A FF 8 2  EA E4 A ORB , S  ADD TO BASE SKELETON 
0 1 6 7 4 A  F F 8 4  E7 E4 A STB , S  SAVE POSTBYTE ON STACK 
0 1 6 7 5 A  F F 8 6  3 0  E 4  A LEAX , S  PO I NT TO IT 
0 1 6 7 6A FF 88  3 F  SWI SEND OUT AS HEX 
0 1 6 7 7 A  F F 8 9  0 4  A FCB OUT2HS F UNCT ION 
0 1 6 7 8 A  F F 8 A  3 F  SW I TO NEXT L I NE 
0 1 6 7 9 A  F F 8 B  0 6  A FCB PCRLF FUNCT ION 
0 1 6 8 0 A  F F 8 C  3 5  84 A PULS PC , B END OF COMMAND 

0 1 6 8 2  * TABLE ONE DEF I NE S VAL I D  INPUT I N  SEQUENCE 
0 1 6 8 3 A  F F 8 E  4 1  A CONVl FCB ' A , $ 0 4 , ' B , $ 0 5 , ' D , $ 0 6 , ' H , $ 0 1 
0 1 6 8 4A FF 9 6  4 8  A FCB ' H , $ O l , ' H , $ O l , ' H , $ O O , ' , , $ O O  
0 1 6 8 5 A  FF 9 E  20 A FCB ' - , $ 0 9 , ' - , $ 0 1 , ' 5 , $ 7 0 , ' Y , $ 3 0  
0 1 6 8 6 A  FFA6 55  A FC B ' U , $ 5 0 , ' X , $ 1 0 , ' + , $ 0 7 , ' + , $ 0 1  
0 1 6 8 7 A  FFAE 50 A FCB ' P , $ 8 0 , ' C , $ O O , ' R , $ D O , ' ) , $ 0 0  
0 1 6 8 8A F F B 6  F F  A FCB $FF E N D  OF TABLE 
0 1 6 8 9  *CONV2 US ES ABOVE CONVERS ION TO SET POSTBYTE 
0 1 6 9 0  * B I T  SKELETON . 
0 1 6 9 1A F FB 7 1 0 8 4  A CONV2 F OB $ 1 0 8 4 , $ 1 1 0 0  R ,  H , R 
0 1 6 9 2A FFBB 1 2 8 8  A F OB $ 1 2 8 8 , $ 1 3 8 9  HH , R  HHHH , R  
0 1 6 9 3A F F B F  1 4 8 6  A F DB $ 1 4 8 6 , $ 1 5 8 5  A , R  B , R 
0 1 6 9 4 A  FFC 3 1 6 8 B  A F OB $ 1 6 8 8 , $ 1 7 8 0  O , R , R+ 
0 1 6 9 5A F F C ?  1 8 8 1  A F OB $ 1 8 8 1 , $ 1 9 8 2  , R++ , -R 
0 1 6 9 6 A  FFCB lAS 3 A F OB $ 1A8 3 , $ 8 2 8 C  , --R HH , PCR 
0 1 6 9 7 A  FFCF 8 3 8 0  A F OB $ 8 3 8 D , $ 0 3 9 F  HHHH , PCR [ HHHH ) 
0 1 6 9 8 A  FFD3  00  A FCB 0 E N D  OF TABLE 
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0 1 7 0 0  
0 1 7 0 1  
0 1 7 0 2  
0 1 7 0 3 A  F F D4 
0 1 7 0 4 A  F F D8 
0 1 7 0 5 A  F F DC 
0 1 7 0 6 A  FFEO  
0 1 7 0 7A FFE4 
0 1 7 0 8 A  F F E 8  
0 1 7 0 9A FFEC 

0 1 7 1 1  
0 1 7 1 2  
0 1 7 1 3  
0 1 7 1 4  
0 1 7 1 5  
0 1 7 1 6A 
0 1 7 1 7A 
0 1 7 1 8A 
0 1 7 1 9A 
0 1 7 2 0 A  
0 1 7 2 1A 
0 1 7 2 2A 
0 1 7 2 3A 
0 1 7 2 4A 

FFF O 
FFF O 
FFF 2 
FFF 4 
FFF 6 
FF F 8  
FFFA 
FFFC 
F F F E  

6 E  
6E 
6E  
6E  
6E  
6 E  
6 E  

9 0  DF EE 
90 DFEC 
90 DFEA 
9 0  DF ES 
90 DFE6 
90 DFE4 
90 DFE2 

FF D4 
F F DS 
FF DC 
F F E O  
F F E 4  
F F E S  
FFEC 
F S 3 7  

A 
A 
A 
A 
A 
A 
A 
A 

0 1 7 2 6  F S 3 7  A 

ASS I ST0 9 - MC 6 8 0 9  MON ITOR 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* DEFAULT I NTERRUPT TRANS F E RS * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
RSRVD JMP [VECTAB+ . RSVD , PCR)  RESERVED VECTOR 
SW I 3  JMP [ VECTAB+ . SWI 3 , PCR)  SWI 3 VECTOR 
SWI 2  JMP [ VECTAB+ . SW I 2 , PCR) SWI 2 VECTOR 
F I RQ JMP [VECTAB+ . F I RQ , PCR) F I RQ VECTOR 
I RQ JMP [VECTAB+ . I RQ , PCR) I RQ VECTOR 
Sill I JMP [ VECTAB+ . SWI , PCR] SWI VECTOR 
NMI JMP [ VECTAB+ . NM I , PCR ] NM I VECTOR 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ASS I S'f0 9 HA�DWARE VECTOR TABLE 
* TH I S  TABLE IS USED IF THE ASS I ST 0 9 ROM ADDRESSES 
* THE MC 6 S 0 9  HARDWARE VECTORS . 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

ORG ROMBEG+ROMS I Z- 1 6  SETUP HARDWARE VECTORS 
F OB RSRVD RES E RVED SLOT 
F OB SWI 3  SOFTWARE I NT ERRUPT 3 
F OB SWI 2 SOFTWARE I NTERRUPT 2 
F OB F I RQ FAST I NTERRUPT REQUEST 
F OB IRQ INTERRUPT REQUEST 
F OB Sill I SOFTWARE I NTERRUPT 
FOB NMI NON-MASKABLE I NTERRUPT 
F OB RESET RESTART 

END RESET 
TOTAL ERRORS 0 0 0 0 0--00 0 0 0  
TOTAL WARN INGS 0 0 0 0 0 --0 0 0 0 0  

0 0 2 E  
0 00 0  
0 0 2 4  
0 0 2 6  
0 0 2 2  
0 0 1 6  
0 0 1 S  
0 0 1 4  
0 0 0 2  
0 0 2C 
0 0 1 C 
0 0 lE:  
0 0 1 A  
0 0 3 2  
0 0 2 A 
0 0 0 1\  
0 0 2 0  
O O O C  
0 0 1 0  
0 0 3 0  
0 0 2 S  
0 0 3 4  

. AC IA 
• AVTBL 
• BS DTA 
. BSO FF 
. SSON 
. C  I l)'f1\ 
. C IOFF 
. C ION 
. CM D L 1  
. CM D L 2  
. C O DTA 
. COO F F  

. COOt� 

. EC HO 

. EXPAN 

. F  l �o. 

. ltS DTA 

. UQ 

. N M I  

. PAD 

. P AU S E  
• P'l'M 

0 0 0 9 5 * 0 0 S 2 5  
0 0 0 7 2 * 0 0 5 9 4  
0 0 0 9 0 * 0 1 5 0 8 
0 0 0 9 1 * 0 1 5 1 0  
0 0 0 S 9 * 0 1 5 0 7  
0 0 0 8 3 * 0 0 7 2 5  
0 0 0 8 4 *  
0 0 0 8 2 * 0 0 3 4 8  
0 0 0 7 3 * 0 0 4 2 9  
0 0 0 9 4 * 0 0 4 3 2  
0 0 0 S G * 0 0 5 6 t1  
0 0 0 8 7 *  
0 0 0 S 5 * 0 0 3 4 9  
0 0 0 9 7 * 0 0 6 2 5  
0 0 0 9 3 * 0 1 2 2 4  
0 0 0 7 7 * 0 1 7 0 6  
0 0 0 8 8 * 0 1 4 8 5  
0 0 0 7 1:1 * 0 1 7 0 7  
0 0 0 S O * 0 1 7 0 9  
0 0 0 9 6 * 0 0 S 5 7  
0 0 0 9 2 * 0 0 7 2 4  
0 0 0 9 8 * 0 0 3 5 3  

0 0 8 3 7  0 0 S 5 3  

0 0 8 6 0  0 0 9 7 7  0 0 9 8 1  0 0 9 a 5  0 1 0 2 5  0 1 5 4 7  

0 1 5 4 0  
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0 0 1 2 . RESET 
0 0 0 4  . RSVD 
O O O E  . SWI 
0 0 0 8  . SW I 2 
0 0 0 6  . SW I 3  
E 0 0 8  AC IA 
DF9E ADDR 
F DA7 ARMBK 2 
F D8 E  ARM B L P  
F OAC ARM LOP 
F 09 0  ARMNSW 
O F 9 0  BAS E PG 
0 0 0 7  BELL 
OFB2 BK PTBL 
OFFA BK PTCT 
O FA 2  BK P'rOp 
F 8 1 s  BL02 
F 8 2 1  BL03 
F 04 6  B LOBAD 
F 04 D  BLOH EX 
F D4 F  BLOHXC 
F 04 9  B LOH X I  
F C Olo' BLONNB 
F CE I  BLONUM 
F 8 3 s  BLORTN 
F Os 8  BLDSHF 
F 8 0 0  BLDVTR 
O O O A  BRKPT 
F B 6 A  BS OCMP 
F B 7 0  BS OEOL 
F B 4 0  BS DLDI 
F B 4 2  BS DLD 2 
F B 6 0  BS DNXT 
F B 9 2  BSDPUN 
F B 6 E  BSDSRT 
F B 3 8  B S DTA 
F B 2 7  BSO F F  
F B 3 3  BSO F LP 
F B I B  BSON 
F B 2 2  BSON 2 
F BE F  BS PEOF 
F BA3 BS PGO 
F BC 6  BS PMRE 
F BAF BS POK 
F BEC BS PSTR 
F B E 7  BS PUN 2 
F B E 9  BS PUNC 
F B 7 5  BYTE 
F B 8 9  BYTHEX 
F B8 8  BYTRTS 
0 0 1 8  CAN 
F F l E  CBKADD 
F F 2 E  CBKA.DL 
F F 3 8  CBKADT 
F E F !:: CBKDLE 
F F 0 7  CBK DLM 
F F O O  CBKDLP 
F Fl 4  CBKDSL 

0 0 0 8 1 *  
0 0 0 7 4 * 0 1 7 0 3  
0 0 0 7 9 * 0 1 7 0 8  
0 0 0 7 6 * 0 1 7 0 5  
0 0 0 7 5 * 0 1 7 0 4  
0 0 0 2 4 * 0 0 2 5 6  
0 0 1 3 3 * 0 1 2 3 9  0 1 3 9 1  0 1 3 9 2  0 1 4 0 2  0 1 4 2 1  0 1 4 3 1  0 1 4 3 7  0 1 4 4 8  0 1 4 5 6  0 1 4 6 0  
0 0 7 7 3  0 1 3 5 7  0 1 3 6 9 *  
0 1 3 5 6 * 0 1 3 6 0  
0 1 3 7 1 * 0 1 3 7 7  
0 1 3 6 2  0 1 3 6 4 *  
00 1 3 5 * 0 0 1 8 6  0 0 7 8 4  
00 0 3 6 * 0 0 7 8 2  
0 0 1 2 7 * 0 1 6 3 8  
0 0 1 2 1 * 0 0 3 8 6  0 1 3 7 0  0 1 5 9 4  0 1 6 0 7  0 1 6 3 4  0 1 6 3 9  
0 0 1 2 9 *  
0 0 1 9 2 * 0 0 1 9 6  
0 0 1 9 8 * 0 0 2 0 1  
0 1 2 8 8 * 0 1 3 3 9  
0 1 2 5 0  0 1 3 0 1 * 
0 0 4 2 1  0 1 3 0 2 * 
0 1 2 3 3  0 1 2 9 9 *  
0 1 1 6 4  0 1 2 1 9 * 0 1 3 9 7  
0 1 2 2 2 * 0 1 2 8 6  0 1 4 9 2  0 1 5 8 8  0 1 5 9 2  
0 0 2 0 5  0 0 2 0 7 *  
0 1 3 0 7 * 0 1 3 1 1  
0 0 1 8 3 * 0 0 2 1 8  
0 0 0 6 6 * 0 1 3 8 4  
0 0 9 4 2  0 0 9 4 4 *  
0 0 9 4 0  0 0 9 4 8 *  
0 0 9 1 9 * 0 0 9 2 2  0 0 9 4 9  
0 0 9 2 1 * 0 0 9 2 8  
0 0 9 3 9 * 0 0 9 4 5  
0 0 9 1 3  0 0 9 7 7 *  
0 0 9 2 6  0 0 9 4 6 * 0 0 9 5 0  
0 0 2 5 0  0 0 9 1 1 *  
0 0 2 5 1  0 0 8 9 1 *  
0 0 8 9 9 * 0 0 9 0 0  
0 0 2 4 9  0 0 8 8 0 *  
0 0 8 8 2  0 0 8 8 4 *  
0 1 0 2 1  0 1 0 3 3 *  
0 0 9 8 7 * 0 1 0 2 0  
0 1 0 0 9 * 0 1 0 1 1  
0 0 9 9 0  0 0 9 9 2 *  
0 0 9 9 7  0 1 0 3 2* 
0 1 0 0 3  0 1 0 0 5  0 1 0 0 6  0 1 0 0 9  0 1 0 29 *  
0 1 0 1 7  0 1 0 3 0 *  
0 0 9 3 0  0 0 9 3 3  0 0 9 3 5  0 0 9 3 9  0 0 9 5 3 *  
0 0 9 5 3  0 0 9 5 6  0 0 9 6 5 *  
0 0 9 6 3 * 0 0 9 6 8  
0 0 0 4 0 * 0 0 7 1 1  0 0 7 1 8  0 1 3 3 8  
0 1 5 8 9  0 1 6 1 9 * 
0 1 6 2 7 * 0 1 6 3 0  
0 1 6 2 8  0 1 6 3 2 *  
0 1 5 9 3  0 1 5 9 7 * 
0 1 6 0 3 * 0 1 6 0 6  
0 1 5 9 8 * 0 1 6 0 1  
0 1 6 1 0 * 0 1 6 1 4  
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0 1 5 8 7  0 1 6 0 8 * 0 1 6 3 5  F F I 0  CBKDSP 
F F 3 5  CBKE RR 
F F 4 2  CBKLDR 
F EEB CBKPT 
F EF D CBK RTS 
F F 4 0  CBKS ET 
F E 7 B  CCALBS 
F DB9 CCALL 
F E6 E  C DBADN 
F E5A C DCNT 
F E 4 3 C DI S P  
F E 5 1  C OI S PS 
F E 6 0  CDNUM 

0 1 5 9 1  0 1 5 9 9  0 1 6 2 1  0 1 6 2 5  0 1 6 3 1 * 0 1 6 5 7  0 1 6 6 9  
0 0 3 0 3  0 0 3 8 3  0 1 3 5 4  0 1 3 6 9  0 1 6 3 8 *  
0 0 50 3  0 1 5 8 7 *  
0 1 5 9 5 * 0 1 6 0 9  
0 1 5 9 7  0 1 6 0 8  0 1 6 1 9  0 1 6 3 7 *  
0 1 5 0 7 * 0 1 5 2 7  
0 0 5 0 6 0 1 3 8 0 *  
0 1 4 9 3  0 1 4 9 5  0 1 4 9 9 * 0 1 5 1 2  
0 1 4 8 3  0 1 4 8 5 *  
0 0 5 0 9  0 1 4 7 4 *  
0 1 4 7 8  0 1 4 8 1 *  
0 1 3 6 7  0 1 3 9 0  0 1 4 6 9  0 1 4 7 4  0 1 4 7 9  0 1 4 9 2 * 0 1 5 0 2  0 1 5 0 4  0 1 5 2 2  0 1 5 3 5  0 1 5 4 6  
0 1 5 5 2  0 1 5 6 1  0 1 5 6 3  

F EA8 COOT 0 0 4 0 8  0 1 3 6 5  0 1 5 3 7 *  
F F 5B CEN 2 0 1 6 4 9  0 1 6 5 4 *  
F F 4 9  CENCDE 0 0 5 1 2  0 1 6 4 3 *  
F F 6B CEN D l  0 1 6 5 5  0 1 6 6 2* 
F F 59 eENG ET 0 1 6 5 2 * 0 1 6 6 1  
F F 5 F  CENLPl 0 1 6 5 6 * 0 1 6 5 9  
F F 7 8  CENLP2 0 1 6 6 8 * 0 1 6 7 1  
F D8 0 CGO 0 0 5 1 5  0 1 3 4 4 *  
F DBF CGO BRK 0 1 3 8 3 * 0 1 3 8 5  
FA58 CHKABT 0 0 7 0 1  0 0 7 0 9 * 0 0 7 6 4 
FA61 CHKRTN 0 0 7 1 0  0 0 7 1 4 *  
FA60 CHKSEC 0 0 7 1 3 * 0 0 7 1 9  
FA62 CHKWT 0 0 7 1 2  0 0 7 1 5 * 0 0 7 1 7  
FADe C I DTA 0 0 2 4 3  0 0 8 2 5 *  
F AF O  C IOFF 0 0 2 4 4  0 0 8 4 4 *  
F AE6 C ION 0 0 2 4 2 0 0 8 3 5 *  
FAE 5  C I RTN 0 0 8 2 8  0 0 8 3 0 *  
F E 8 F  C LOAD 0 0 5 1 8  0 1 5 1 6 *  
F E9 B  C LVDFT 01 5 2 1  0 1 5 2 4 *  
F E 9 2  C LVOF S  0 1 5 1 6  0 1 5 1 9 * 0 1 5 3 0  
F 8 F 7  CMD 00 3 5 4  0 0 3 8 0 * 0 0 4 3 9 
F 9 3 5  CMD 2  0 0 4 1 5 * 0 0 4 2 5  
F 9 4 8  CMD3 0 0 4 2 2  0 0 4 2 4 *  
F 9 5C CMOBAD 0 0 4 3 5 * 0 0 4 6 4  0 1 28 8  0 1 4 9 9  0 1 6 3 1  
F 9 77  CMDCMP 0 0 4 5 0 * 0 0 4 5 5  
F 9 0 1  CMDDDL 0 0 3 8 7 * 0 0 3 9 1  
F 9 6C CMDFLS 0 0 4 4 4 * 0 0 4 5 3  
F 9 4 D  CMDGOT 0 0 4 1 6  0 0 4 2 7 *  
F 9 90 CMDMEM 0 0 4 2 0  0 0 4 6 3 *  
F 8 F 9  CMDN E P  0 0 3 8 3 * 0 0 8 0 0  
F 9 0A CMDNOL 0 0 3 8 4  0 0 3 8 8  0 0 3 9 2 * 0 0 4 6 2  
F 9 5 3  CMDSCH 0 0 4 3 0 * 0 0 4 3 4  0 0 4 4 5  
F 9 6 F  CMDS I Z  0 0 4 4 3  0 0 4 4 6 *  
F 96 7  CMOSME 0 0 4 3 1  0 0 4 4 1 *  
F 9 9 B  CMDTB2 0 0 2 5 4  0 0 4 9 6 *  
F 99C CMOTBL 0 0 2 3 3  0 0 5 0 0 *  
F 9 8 7  CMDXQT 0 0 4 1 0  0 0 4 1 3  0 0 4 5 9 * 0 0 4 6 7  
F DC3 CMEM 0 0 5 2 1  0 1 3 9 0 *  
F DC8 CMEM2 0 1 3 9 2 * 0 1 4 2 4  0 1 4 4 1  
F DOl CMEM4 0 1 3 9 7 * 0 1 4 0 4  0 1 4 0 8  
F DC6 CMEMN 0 0 4 6 5  0 1 3 9 1 *  
F DEO CMENUM 0 1 3 9 8  0 1 4 0 5 *  
F DEC CME STR 0 1 4 1 2 * 0 1 4 1 7  
F E 0 2  CMNOTB 0 1 4 2 0  0 1 4 2 6 *  
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F OE 8  CMNOTC 0 1 4 0 1  0 1 4 1 0 *  
F E O E  CMNOTL 0 1 4 2 7  0 1 4 3 4 *  
F OF 8  CMNOTQ 0 1 4 1 1  0 1 4 1 9 *  
F E 1 C  CMNOTU 0 1 4 3 5  0 1 4 4 3 *  

ASS I ST0 9 - MC 6 8 0 9  MON I TOR 

F E1 8  CMPAOP 0 0 4 1 1  0 0 4 6 5  0 1 4 3 2  0 1 4 4 0 *  
F E1 6  CMPADS 0 1 4 3 8 * 0 1 4 4 4 
F OFE CMSPCE 0 1 4 1 4  0 1 4 2 2 * 
F EB 7  CNULLS 0 0 5 2 4  0 1 5 4 6 *  
F 07 4  CNVGOT 0 1 3 2 5  0 1 3 3 1 * 
F 06 2 CNVHEX 0 0 9 6 7  0 1 3 0 2  0 1 3 2 2 *  
F 07 6  CNVOK 0 1 3 1 2  0 1 3 3 2* 
F 07 8 CNVRTS 0 1 2 8 7  0 1 3 0 3  0 1 3 2 3  0 1 3 2 7 0 1 3 2 9 0 1 3 3 3 * 0 1 3 7 2  
FAF I  COOTA 0 0 2 4 6  0 0 8 5 2 * 
F B O F  COOTAO 0 0 8 6 9 * 0 0 8 7 2  
F B1 2  COOTAO 0 0 8 5 4  0 0 8 6 4  0 0 8 7 0 *  
F B0 7  COOTLP 0 0 8 6 4 * 0 0 8 6 6  
F B 0 3  COOTPO 0 0 8 5 9  0 0 8 6 1 *  
F B O O  COOTRT 0 0 8 5 6  0 0 8 6 7 *  
F EC 8  COFFS 0 0 5 2 7  0 1 5 6 1 *  
F E OF COFNOI 0 1 5 7 2  0 1 5 7 5 *  
F F 8 E  CONVI 0 1 6 4 5  0 1 6 8 3 *  
FFB7 CONV2 0 1 6 6 2  0 1 6 9 1 *  
F AF O  COOFF 0 0 2 4 7  0 0 8 4 5 *  
F AE 6  COON 00 2 4 5  0 0 8 3 6 *  
F E 7 1  CPUNCH 0 0 5 3 0  0 1 5 0 2 *  
0 0 0 0  C R  0 0 0 3 8 * 0 0 4 2 7  0 0 6 2 1  0 0 6 6 7  0 0 8 5 8  0 1 0 3 4  0 1 1 6 6  0 1 1 8 5  0 1 4 2 8  0 1 4 9 6  0 1 6 5 4  
F C 4A CRE G  0 0 5 3 3  0 1 1 0 2 *  
F EBC CSTLEV 0 0 5 3 6  0 1 5 5 1 *  
F EA4 CTRACE 0 0 5 3 9  0 1 5 3 5 * 
F EAA CTRC E 3  0 0 7 6 6  0 1 5 3 8 *  
F EAl CVE R  00 5 4 2  0 1 5 3 0 *  
F E 3 E  CWI NOO 0 0 5 4 5  0 1 4 6 9 *  
DF8E DE L I M  0 0 1 5 3 * 0 0 7 5 1  0 0 7 5 7  0 1 2 2 3  0 1 2 3 6  0 1 2 5 6  
0 0 0 0  DFTCH P  0 0 0 2 6 * 0 0 2 5 7  
0 0 0 5  OFTNLP 0 0 0 2 7 * 0 0 2 5 7  
0 0 1 0  OLE 0 0 0 3 9 * 0 0 8 5 5  
0 0 0 4  EOT 0 0 0 3 5 * 0 0 3 4 3  0 0 6 5 2  0 0 6 8 4  0 0 7 3 8  0 0 7 8 2  0 1 0 3 2  0 1 0 3 4  
F AB D  ERRMSG 0 0 4 3 6  0 0 7 8 2 * 0 0 7 8 9  
F ACE ERROR 0 0 3 1 4  0 0 7 8 9 *  
F CE 9  EXPI 0 0 2 5 3  0 1 2 3 2 *  
F D0 7  EXP 2  0 1 2 3 4  0 1 2 5 0 * 0 1 2 5 1  
F D 2 3  EXPADO 01 2 6 6 * 0 1 2 8 2  
F 01 7  EXP C DL 0 1 2 5 2  0 1 2 6 0 * 0 1 2 6 9  
F D2B EXPCHM 0 1 2 6 2  0 1 2 7 0 *  
F CE S  EXPDL� 0 1 2 3 3 * 0 1 2 3 7  
F D0 5  EXP RTN 0 1 2 4 8 * 0 1 2 57 0 1 2 7 5  
F 03 6  EXPSUS 0 1 2 7 1  0 1 27 6 *  
F OO D  EXPTOI 0 1 2 5 4 * 0 1 2 7 3  
F OO F  EXPTDL 0 1 2 4 1  0 1 2 4 4  0 1 2 4 7  0 1 2 5 5 *  
F D4 2  EXPTRM 0 1 2 6 3  0 1 2 7 6  0 1 2 8 6 *  
F F E O  F I RQ 0 1 7 0 6 * 0 1 7 2 0  
FABC F I RQR 0 0 2 3 7  0 0 8 1 6 * 
F 08 3  GOADDR 0 1 3 4 4  0 1 3 4 9 * 0 1 3 8 0  
F DA2 GONDFT 0 1 3 5 1  0 1 3 6 7 *  
0 0 3 4  H I VTR 0 0 1 0 0 * 0 0 5 9 2  
F C O O  HSSLNK 0 1 0 4 6 * 0 1 0 4 9  
F C 4 7  HSDRTN 0 1 0 6 2  0 1 0 8 6  0 1 0 9 2 *  
F BFC HS OTA 0 0 2 4 8  0 1 0 4 3 * 0 1 0 9 1  
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P C 2 a HSHCHR 0 1 0 7 6 * 0 1 0 8 4  
F C 3 5 HSH COK 0 1 0 7 9  0 1 0 8 1 *  
F C 3 3 HSU ooT 0 1 0 7 7  O l 0 8 0 *  
r C 1 4 HSH �NE 0 1 0 6 0 * 0 1 0 9 0  
t C 2 0  HSHNXT 0 1 0 6 8 * 0 1 0 7 1  
F C 0 6 HS HTT� 0 1 0 5 1 * 0 1 0 5 9 

ASS I ST0 9 - M C 6 8 0 9  MON ITUR 

0 0 0 0  INCHN P 0 0 0 5 6 * 0 0 9 2 0 0 0 9 2 4 0 0 9 6 6  O l 3 3 7  0 1 6 4 7  0 1 6 5 3  
r 8 4 4  INITVT 0 0 1 8 8  0 0 2 3 3 *  
r 8 7 0  INTVE 0 0 1 9 7  0 0 2 6 4 *  
F 8 7 0  INTVS 0 0 1 9 7  0 0 2 5 6 *  
F F E 4  I RQ 0 1 7 0 7 * 0 1 7 2 l  
F AD8 I RQR 0 0 2 3 8  0 0 8 0 8 *  
O F 9 9  �ASTOP 0 0 1 3 9 * 0 0 7 5 2  0 1 5 3 9 
FAC 1  �OOP 0 0 2 9 7  0 0 7 4 0  0 0 7 8 4 * 0 0 8 0 9  
O O O A  � F  0 0 0 3 7 * 0 0 6 2 3  0 0 6 3 8  0 0 6 6 9  0 1 0 3 4  0 1 4 2 6  
O F 8 F  M I S F �  0 0 1 5 1 * 0 0 4 0 2  0 0 6 1 9  0 0 7 4 l  0 0 7 7 2  0 0 8 8 6  0 0 8 9 7  0 1 3 6 4  
0 0 0 8  MON I T R  0 0 0 6 4 * 0 0 2 2 2  
F A 7 9  MSHOWP 0 0 7 3 8 * 0 0 7 4 8  
F E3 6  MUPBAO 0 1 4 5 9  0 1 4 6 2 * 
F E 2 B  MUP DAT 0 1 4 0 6  0 1 4 1 6  0 1 4 5 6 *  
F FEC NM I 0 1 7 0 9 * 0 1 7 2 3  
FAB 7 NM I CON 0 0 7 4 2  0 0 7 7 2 * 
F A7 0  NM I R  0 0 2 4 0  0 0 7 4 0 *  
FAB O  NM I 'rRC 0 0 7 4 4  0 0 7 4 7  0 0 7 6 6 *  
DF9 B  NUMBER 00 1 3 7 * 0 0 4 0 1  0 0 4 6 6  0 1 1 7 9  0 1 2 5 5  0 1 2 6 0  0 1 2 6 5  0 1 2 6 7  0 1 2 7 8  0 1 2 9 9  0 1 3 0 0  

0 1 6 3 7  
0 0 0 8  
O O O B  
0 0 1 B  
0 0 0 4  
0 0 0 5  
0 00 1  

O O O B  
OFFC 
OF9 3 
0 0 0 6  
0 0 0 3  
0 0 0 2  
0 0 3 E  
F E 2 1  
OF9 5  
E O O O  

E O O O  
E 0 0 1  
E 0 0 1  
E 0 0 2  
E 0 0 4  
E 0 0 6  
E 7 0 0  
F 07 9  
F C 9 4  
F CC 3  
F C 7 0  
F C 9 0  
F C 5 0  
F C B l  

NUMBKP 
NUMF UN 
NUMVTR 
OUT2 HS 
OUT4HS 
OUTCH 

PAUSE 
PAUSER 
PCNTER 
PCRLF 
POATA 
POATA1 
PROMPT 
P RTA DR 
PSTACK 
PTM 

PTMC1 3  
PTMC2 
PTMSTA 
PTMTMl 
PTMTM2 
PTMTM 3 
RAMOFS 
REA D 
REG4 
REGAGN 
RE(:C H 3  
REGCNG 
REGMSK 
REGNXC 

0 1 3 0 8  0 1 3 0 9  0 1 4 0 5  0 1 4 9 7  
000 2 9 * 0 0 1 2 6  0 0 1 2 8 0 0 3 8 9  0 1 3 5 8  0 1 3 7 4  0 1 6 2 0  0 1 6 3 3  
0 0 0 6 8 * 0 0 3 1 3  
00 0 9 9 * 0 0 1 2 4  
00 0 6 0 * 0 1 0 6 9  
0 0 0 6 1 * 0 0 7 5 4  
0 0 0 5 7 * 0 0 3 9 6  
0 1 4 6 5  
00 0 6 7 *  
00 1 1 7 * 0 0 2 5 2  
0 0 1 4 5 * 0 0 3 9 3  
0 0 0 6 2 * 0 0 3 8 1  
00 0 5 9 * 0 0 3 5 2  
00 0 5 8 * 0 0 4 3 8  
00 0 2 8 * 0 0 3 9 4  
0 1 4 4 0  0 1 4 4 8 *  

0 0 1 9 0  
0 1 1 5 6  0 1 5 7 4  0 1 6 7 7  
0 1 0 6 5  0 1 1 5 3  0 1 4 5 2  0 1 5 7 9  0 1 6 1 2  
0 0 8 8 5  0 0 8 9 3  0 0 8 9 6  0 0 9 8 3  0 1 0 8 2  0 1 1 4 2  0 1 1 4 6  0 1 3 9 6  0 1 4 3 0  

0 1 2 4 2  
0 1 0 4 4  0 1 0 6 1  0 1 0 9 3  0 1 1 6 1  0 1 4 3 9  0 1 5 8 1  0 1 6 1 6  0 1 6 7 9  
0 0 7 9 1  0 0 9 9 9  0 1 0 2 3  
0 0 7 5 0  

0 0 1 4 3 * 0 0 3 9 8  0 0 4 3 5  
00 0 2 5 * 0 0 0 4 2  0 0 0 4 3  0 0 0 4 4  0 0 0 4 5  0 0 0 4 6  0 0 0 4 7  0 0 2 5 9  0 0 3 5 5  0 0 3 5 6  0 0 3 5 8  
0 0 3 5 9  0 0 3 6 1  0 1 5 4 2  
00 0 4 3 * 0 0 3 5 9  
0 0 0 4 4 * 0 0 3 5 8  0 0 3 6 1  
0 0 0 4 2 *  
0 0 0 4 5 * 0 0 3 5 5  0 0 3 5 6  0 1 5 4 2  
0 0 0 4 6 *  
00 0 4 7 *  
0 0 0 2 1 * 0 0 1 1 1  
0 0 4 0 7  0 0 4 2 4  0 1 2 5 8  0 1 3 0 1  0 1 3 3 6 * 0 1 4 1 2  
0 1 1 5 7 * 0 1 1 7 6  0 1 1 8 6  
0 1 1 6 7  0 1 1 8 9 *  
01 1 0 4  0 1 1 3 5 *  
0 1 1 4 9  0 1 1 6 4 *  
0 1 1 2 3 * 0 1 1 3 7  
0 1 1 6 5  0 1 1 7 7 *  
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PAGE 0 3 7  ASS I ST0 9 . SA : 0 ASS I ST0 9 - MC 6 8 0 9  �1ON ITOR 

F C 7 8  REGPl 0 1 1 3 8 * 0 1 1 4 3  0 1 1 5 9  
F C 8 1  REGP2 0 1 1 4 0  0 1 1 4 4 *  
F C 9 2  REGP3 0 1 1 5 1  0 1 1 5 5 * 
FAS 3 REGPRS 0 0 7 5 5  0 0 7 6 8 * 0 0 7 9 9  
F C 6 F  REGPRT 0 0 7 6 8  0 1 1 0 2 0 1 1 3 4 *  
F C 9 S  REGRTN 0 1 1 6 2 * 0 1 2 0 1  
F CAA REGSKP 0 1 1 7 2 * 0 1 1 7 5  
F CC 9  REGTF l 0 1 1 9 1 * 0 1 1 9 4  
F C D6 REGTF 2 0 1 1 9 7 * 0 1 2 0 0  
F CSB REGTWO 0 1 1 8 1  0 1 1 8 3 *  
F 8 3 7  RESET 00 2 1 7 * 0 0 2 4 1  0 1 7 2 4  0 1 7 2 6  
F 8 3 D  RESET2 0 0 2 1 9 * 0 0 2 2 3  
F O O O  ROM20F 0 0 0 2 3 * 0 0 2 0 2  
DF 6 6  ROM2WK 0 0 1 5 5 *  
F 8 0 0  ROMBEG 0 0 0 2 0 * 0 0 0 2 3  0 0 1 1 1  0 0 1 6 7  0 1 7 1 6  
0 80 0  ROMS I Z  0 0 0 2 2 * 0 0 0 2 3  0 1 7 1 6  
F F D4 RSRVD 0 1 7 0 3 * 0 1 7 1 7  
FADS RSRVDR 0 0 2 3 4  0 0 8 0 9 *  
DF 9 7  RSTACK 0 0 1 4 1 * 0 0 3 4 5  0 0 7 8 8  
FABC RTI 0 0 7 7 4 * 0 0 8 1 6  
FAF O RTS 0 0 7 8 7  0 0 8 4 1 * 0 0 8 4 4  0 0 8 4 5  
F 9E C  SEND 0 0 5 6 8 * 0 0 6 2 4  0 0 6 4 0  0 0 6 6 8  0 0 6 8 2  
F 8 C 9  SIGNON 0 0 3 4 2 * 0 0 3 5 0  
0 0 8 C  S K I P 2  0 0 0 4 9 * 0 0 8 6 3  0 1 1 5 4  0 1 2 2 0  0 1 5 2 3  
DFF 8 SLEVEL 0 0 1 2 3 * 0 0 7 4 6  0 1 5 5 3  0 1 5 5 6  
0 0 0 7  SPACE 0 0 0 6 3 * 0 1 0 4 7  0 1 0 5 4  0 1 0 5 6  0 1 0 7 3  0 1 1 7 3  0 1 4 2 3  
DF 5 1  STACK 0 0 1 5 8 * 0 0 2 1 7  
F E C 3  STLDFT 0 1 5 5 1  0 1 5 5 5 *  
F F E 8  SWI 0 1 7 0 8 * 0 1 7 2 2  
F F DC SWI 2 0 1 7 0 5 * 0 1 7 1 9  
F AD8 SWI 2R 0 0 2 3 6  0 0 8 0 6 *  
F F D8 SWI 3 0 1 7 0 4 * 0 1 7 1 8  
F AD8 SWI 3 R  0 0 2 3 5  0 0 8 0 7 *  
DFFB SWI BF L 0 0 1 1 9 * 0 0 3 0 1  0 0 3 1 1  0 1 3 6 3  
D F 9 0  SWI CNT 0 0 1 4 9 * 0 0 2 9 6  0 0 6 4 1  0 0 7 4 3  
F 8 B 5  SWI DN E  0 0 3 0 2  0 0 3 0 6  0 0 3 1 1 *  
F 8A 8  SWI LP 0 0 3 0 5 * 0 0 3 0 8  
F 8 9 5  SWI R  0 0 2 3 9  0 0 29 6 *  
F 8 7 D  SWIVTB 0 0 2 8 3 * 0 0 2 8 3  0 0 2 8 4  0 0 2 8 5  0 0 2 8 6  0 0 2 8 7  0 0 2 8 8  0 0 2 8 9  0 0 2 9 0  0 0 2 9 1  0 0 2 9 2  

0 0 2 9 3  0 0 2 9 4  0 0 3 1 7 
DF 9 1  TRACE C  0 0 1 4 7 * 0 0 4 0 3 0 0 7 59 0 0 7 6 2  0 1 5 3 6  
D F 5 1  TSTACK 0 0 1 5 7 * 0 1 1 8 9  
0 0 0 9  VCTRSW 0 0 0 6 5 *  
DFC 2 VECTAB 0 0 1 2 5 * 0 0 1 8 3  0 0 3 4 8  0 0 3 4 9  0 0 3 5 3  0 0 4 2 9  0 0 4 3 2  0 0 5 6 8  0 0 5 9 4  0 0 6 2 5  0 0 7 2 4  

0 0 7 2 5  0 0 8 2 5  0 0 8 3 7  0 0 8 5 3  0 0 8 5 7  0 0 8 6 0  0 0 9 7 7  0 0 9 8 1  0 0 9 8 5  0 1 0 2 5  0 1 2 2 4  
0 1 4 8 5  0 1 5 0 7  0 1 5 0 8  0 1 5 1 0  0 1 5 4 0  0 1 5 4 7  0 1 7 0 3  0 1 7 0 4  0 1 7 0 5  0 1 7 0 6  0 1 7 0 7  
0 1 7 0 8  0 1 7 0 9  

DFAO WI NDOW 0 0 1 3 1 * 0 1 2 4 5  0 1 4 7 0  
DF O O  WORKPG 0 0 1 1 1 * 0 0 1 1 2  0 0 1 1 3  
FA7 2 XQC I D'r 0 0 6 1 2  0 0 7 0 9  0 0 7 1 6  0 0 7 2 5 *  
FA6E XQPAUS 0 0 6 1 1  0 0 7 0 0  0 0 7 1 5  0 0 7 2 4 * 0 0 8 6 9  
F ADS Z BKCMD 0 0 7 5 6  0 0 7 5 8  0 0 7 6 0  0 0 7 6 3  0 0 7 6 5  0 0 8 0 0 *  
F AD3 ZBKPNT 0 0 2 9 3  0 0 3 1 0  0 0 7 9 9 * 0 0 8 1 0  
F A2 A  Z IN2 0 0 6 2 2  0 0 6 2 5 *  
F A l l  Z I NCH 0 0 2 8 3  0 0 6 1 2 * 0 0 6 1 5  0 0 6 1 7  
F A O F  Z IN CHP 0 0 6 1 1 * 0 0 6 1 3  
F 8 E 6  Z MONT2 0 0 3 4 7  0 0 3 5 3 * 
F 8 D2 ZMONTR 0 0 2 9 1 0 0 3 4 5 *  
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PAGE 0 3 8  ASS I ST0 9 . SA : 0 

F 9 F2 ZOT2HS 0 0 2 8 7  0 0 5 7 1 *  
F 9 F O  ZOT4HS 0 0 2 8 8  0 0 5 7 0 *  
FA2E ZOTCH1 0 0 2 8 4  0 0 6 3 6 *  
F A3 7  Z OTCH 2  0 0 5 8 2  0 0 6 4 0 *  

ASS I ST0 9 - MC6 8 0 9  MON I TOR 

FA3 9 Z OTCH 3  0 0 5 9 3  0 0 5 9 8  0 0 6 0 0  0 0 6 2 0 0 0 6 2 6  0 0 6 4 1 * 0 0 7 0 4  
F 9D9 ZOUT2H 0 0 5 5 7 * 0 0 5 7 0  0 0 5 7 1  0 1 0 3 0  0 1 3 9 3  
F 9E6 ZOUTHX 0 0 5 6 1  0 0 5 6 4 * 0 1 0 5 2  
FA4E ZPAUSE 0 0 2 9 4  0 0 7 0 0 *  
FA3 D ZPCRLF 0 0 2 8 9  0 0 6 5 4 *  
FA3C ZPCRLS 0 0 6 3 7  0 0 6 5 2 * 0 0 6 5 4  
F A4 0  ZPDATA 0 0 2 8 6  0 0 6 6 7 *  
FA48 Z PDTA1 0 0 2 8 5  0 0 6 8 3 *  
FA4 6 Z P DTLP 0 0 6 3 9  0 0 6 8 2 * 0 0 6 8 5  
F 9 F 6  Z S PACE 0 0 2 9 0  0 0 5 8 1 *  
F 9 FA ZVSWTH 0 0 2 9 2  0 0 5 9 1 *  
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APPEN DIX C 

MAC H I N E  CODE TO INSTRUCTION CROSS REFERENCE 

C.1 I NTRODUCTION 

This  appendix contains a cross reference between the mach i ne code, represented i n  hex­
adecimal  and the instruction and addressing mode that it represents. The number of 
M PU cycles and the number of program bytes is a lso g iven .  Refer to Table C-1 . 

C-1 



Table C·1. Machine Code to Instruction Cross Reference 

OP Mnem Mode I OP Mnem Mode 

00 N EG Dir ct 6 2 30 LEAX 
'o
r 01 31 LEAY 

02 32 LEAS 
03 COM 6 2 33 LEAU Ind xed 
04 LSR 6 2 34 PSHS Immed 
05 35 PULS � 06 ROR 6 . 2 36 PSHU 
07 ASR 6 2 37 PULU Immed 
08 ASL, LSL 6 2 38 I nherent 

09 ROL 6 2 39 RTS 

I 
OA DEC 6 2 3A ABX 
OB 3B RTI 
OC INC 6 2 3C CWAI 
00 TST 6 2 3D M U L  

OE J M P  3 2 3E 
OF CLR Direct 6 2 3F SWI Inherent 

1 0  Page 2 40 NEGA Inherent 
1 1 Page 3 41 
1 2  NOP Inherent 2 42 
1 3  SYNC Inherent 4 43 COMA 
14 44 LSRA 
15 45 
1 6  LBRA Relative 5 3 46 RORA 
17 LBSR Relative 9 3 47 ASRA 
18 48 AS LA, LSLA 
1 9  DAA Inherent 2 1 49 ROLA 
l A  ORCC Immed 3 2 4A DECA 
l B  4B 
l C  ANDCC Immed 3 2 4C I N CA 
1 0  S EX Inherent 2 1 40 TSTA 
l E  EXG Immed 8 2 4E 
l F  TFR Immed 6 2 4F CLRA Inherent 

20 BRA Relative 3 2 50 NEGB Inherent 
21 B R N  3 2 51 
22 B H I  3 2 52 
23 BLS 3 2 53 COMB 
24 B H S , BCC 3 2 54 LSRB 
25 B LO, BC5 3 2 55 
26 B N E  3 2 56 RORB 
27 B EQ 3 2 57 A 5 R B  
28 BVC 3 2 58 ASLB,  LSLB 
29 BVS 3 2 59 ROLB 

2A B P L  3 2 5A DECB 
2B B M I  3 2 5B 
2C BGE 3 2 5C INCB 
20 B LT 3 2 50 T5TB 
2E BGT 3 2 5E 
2F B LE Relative 3 2 5F CLRB Inherent 

LEGEND:  
- N umber of  M P U  cycles ( less possible push pull or indexed-mode cycles) 
I Number of program bytes 
• Denotes unused opcode 

C-2 

# OP Mnem 

4 +  2 +  60 NEG 
4 +  2 +  6 1  
4 +  2 +  62 
4 +  2+ 63 COM 
5 +  2 64 LS R 
5 +  2 65 
5 +  2 66 ROR 
5+ 2 67 ASR 

68 ASL, LS L 
5 69 ROL 
3 6A DEC 

6/ 1 5 1 6B 
20 2 6C INC 
1 1  1 60 TST 

6E JMP 
19 6F CLR 

2 70 NEG 
71  
72 

2 73 COM 
2 74 LS R 

75 
2 76 ROR 
2 n ASR 
2 78 AS L, LSL 
2 79 ROL 
2 7A DEC 

7B 
2 7C INC 
2 70 TST 

7E JMP 
2 7F CLR 

2 80 S U BA 
81 CMPA 
82 SBCA 

2 83 SUBD 
2 84 ANDA 

85 BITA 
2 86 LOA 
2 87 
2 sa EOR A  
2 89 ADCA 
2 8A ORA 

8B ADDA 
2 8C CMPX 
2 80 B5R 

8E LOX 
2 8F 

Mode I 
Indexed 6 +  2 +  

6 +  2 +  
6 +  2 +  

6 +  2 +  
6 +  2 +  
6 +  2 +  
6 +  2 +  
6 +  2 +  

6 +  2 +  
6 +  2+ 
3+ 2 +  

Indexed 6 +  2 +  

Extended 7 3 

7 3 
7 3 

7 3 
7 3 
7 3 
7 3 
7 3 

7 3 
7 3 
4 3 

Extended 7 3 

Immed 2 2 
2 2 
2 2 
4 3 
2 2 
2 2 
2 2 

2 2 
2 2 
2 2 
2 2 

Immed 4 3 
Relative 7 2 
Immed 3 3 



Table C·1 . Machine Code to Instruction Cross Reference (Continued) 

OP Mnem Mode # OP Mnem Mode # OP Mnem Mode # 
90 S U BA Direct 4 2 CO S U B B  Immed 2 2 
91 C M PA 4 2 Cl CMPB 

r 
2 2 Page 2 and 3 Machine 

92 S B CA 4 2 C2 S B CB 2 2 Codes 
93 S U BD 6 2 C3 ADDD 4 3 
94 ANDA 4 2 C4 ANDB 2 2 1 021 LBRN Relative 5 4 
95 BITA 4 2 C5 BITB Immed 2 2 1 022 LBHI  5(6) 4 96 LOA 4 2 C6 LOB Immed 2 2 1 023 LBLS 5(6) 4 
97 STA 4 2 C7 1 024 L B H S ,  LBCC 5(6) 4 98 EORA 4 2 C8 EOR B  2 2 1025 LBCS , L B LO 5(6) 4 99 ADCA 4 2 C9 ADCB 2 2 1026 LBNE 5(6) 4 
9A ORA 4 2 CA O R B  2 2 1 027 LBEQ 5(6) 4 
9B ADDA 4 2 Ct3 ADr 3 2 2 1 028 LBVC 5(6) 4 
9C C M PX 6 2 CC LDD 3 3 1 029 LBVS 5(6) 4 
90 J S R  7 2 CD 1 02A LBPL 5(6) 4 
9E LOX 5 2 CE LOU Immed 3 3 1 02B LBMI  5(6) 4 
9F STX D irect 5 2 CF 102C LBGE 5(6) 4 

Direct 4 2 1020 LBLT 5(6) 4 
AO S U BA Indexed 4 +  2 +  DO S U B B  

1 02E LBGT 5(6) 4 
Al C M PA 4 +  2 +  0 1  CMPB t 4 2 

1 02F LBLE Relative 5(6) 4 
A2 S BCA 4 +  2 +  02 SBCB 4 2 

l 03F SWI2 Inherent 20 2 
A3 S U BD 6 +  2 +  03 ADDD 6 2 

1 083  C M P D  Immed 5 4 
A4 ANDA 4 +  2 +  04 ANDB 4 2 

l OSC CMPY I 5 4 
AS B ITA 4 +  2 +  05 BITB 4 2 

l OSE LOY Immed 4 4 
A6 LOA 4 +  2 +  06 LOB 4 2 

1 093 CMP.D Direct 7 3 
A7 STA 4 +  2 +  07 STB 4 2 

1 09C CMPY 

Diict 

7 3 AS EORA 4 +  2 +  08 EOR B  4 2 
l09E LOY 6 3 

A9 ADCA 4 +  2 +  09 ADCB 4 2 
l09F STY 6 3 

AA ORA 4+ 2+ DA ORB 4 2 
10A3 CMPD I ndexed 7 +  3 +  

ADDA 4+ 2 +  D B  ADDB 4 2 

� 7 +  3 +  A B  
DC LDD 5 2 1 0AC CMPY 

AC C M PX 6 +  2 +  1 0AE LOY 6 +  3 +  D O  STD 5 2 AD J S R  7 +  2 +  l OAF STY Indexed 6 +  3 +  
LOX 5 +  2 +  D E  LOU 5 2 

1 0B3 CMPD Extended 8 4 AE 
Direct 5 2 AF STX Indexed 5 +  2 +  O F  STU 

10BC CMPY : � 4 
EO S U B B  Indexed 4 +  2 +  l OB E  LOY 4 

BO S U BA Extended 5 3 El  CMPB 4+ 2 +  10BF STY ExtenQed 7 4 
B l  CMPA 5 3 E2 S B CB 4 +  2 +  1 0CE LOS Immed 4 4 
B2 S B CA 5 3 E3 ADDD 6+ 2 +  l OD E  LOS Direct 6 3 
B3 S U BO 7 3 E4 ANOB 4+ 2+ 1 0DF STS Direct 6 3 
B4 ANOA 5 3 E5 BITB 4+ 2 +  1 0EE LOS Indexed 6 +  3 +  
B5 B ITA 5 3 E6 LOB 4 +  2 +  1 0EF STS Indexed 6 +  3 +  
B6 LOA 5 3 E7 STB 4+ 2 +  1 0FE LOS Extended 7 4 
B7 STA 5 3 E8 EOR B  4 +  2 +  1 0FF STS Extended 7 4 
B8 EORA 5 3 E9 AOCB 4+ 2 +  1 1 3F SWI3 Inherent 20 2 
B9 AOCA 5 3 EA O R B  4 +  2 +  1 1 83 C M P U  I mmed 5 4 
BA ORA 5 3 EB AOOB 4+ 2 +  1 1 8C C M P S  Immed 5 4 
B B  ADOA 5 3 EC LDD 5+ 2 +  1 1 93 C M P U  Direct 7 3 
B C  CMPX 7 3 ED STO 5 +  2 +  1 1 9C C M P S  Direct 7 3 
B D  J S R  8 3 EE LOU 5+ 2 +  l 1 A3 CMPU Indexed 7 +  3 +  
B E  LOX 6 3 EF STU Indexed 5 +  2 +  1 1 AC C M P S  Indexed 7 +  3 +  
B F  STX Extended 6 3 

Extended 5 3 l l B3 C M P U  Extended 8 4 FO S U B B  
l l B C C M P S  Extended 8 4 Fl  C M P B  5 3 

F2 S B C B  5 3 
F3 ADOO 7 3 
F4 ANOB 5 3 
F5 BITB 5 3 
F6 LOB 5 3 
F7 STB 5 3 

NOTE: All unused opcodes are both undefined F8 EOR B  5 3 
F9 AOCB 5 3 and i l legal 
FA O R B  5 3 
FB ADOB Extended 5 3 
FC LDD Extended 6 3 
FD STO t � 3 
FE LOU 3 
FF STU Extended 6 3 

C-3/C-4 





D.1 I NTRO DUCTION 

APPEN DIX D 

P ROG RAM MING AID 

This appendix contains a compi lation of data th
'
at w i l l  assist you in  programm ing the 

M6809 processor. Refer to Table 0-1 . 

Table D·1 . Programming Aid 

Branch InsbUcdons 

Addreaing Addressing 
Mode Mode 

Relative 5 3 2 1 0 aIati\ 5 3 
IllSIrUction Forms OP - , Description H N Z V C Instruction Forms OP - , Description H N 

BCC BCC 24 3 "  2 Branch C - O  • • • · • BLS BLS 23 3 2 Branch Lower • • 

lBCC 10 5(6) 4 Long B ranch • • • • · or Same 
24 c = o  L B LS 1 0  5(6) 4 Long B ranch Lower · • 

BCS BCS 25 3 2 Branch C =  1 • · • • • 23 or Same 

lBCS 10 5(6) 4 Long B ranch • • · • · BLT B LT 20 3 2 B ranch < Zero · · 

25 C = 1 LBLT 10 5(6) 4 Long B ranch < Zero · · 

BEC BEC 27 3 2 Branch Z = O  • • · · • 20 

LBEC 1 0  5(6) 4 Long B ranch • • · · • B M I  B M I  2 B  3 2 B ranch Minus · • 

27 Z = O  L B M I  1 0  5(6) 4 Long B ranch M inus · · 

BGE BGE 2C 3 2 Branch � Zero · • • • · 2B 

LBGE 10 5(6) 4 Long B ranch � Zero • · • · • B N E  B N E  26 3 2 B ranch Z .. O · · 

2C L B N E  1 0  5(6) 4 Long Branch · · 

BGT BGT 2E 3 2 Branch > Zero · • • • • 26 Z .. O 

lBGT 10 5(6) 4 Long Branch > Zero • · • • · B P L  B P L  2 A  � '! Branch Plus • • 

2E L B P L  1 0  5(6) 4 Long B ranch Plus · · 

B H I  B H I  22 3 2 Branc�, nigher • • • · • 2A 

LBHI  10 5(6) 4 Long B ranch Higher • • • · • B R A  B R A  20 3 2 B ranch Always • • 

22 lBRA 1 6  5 3 Long Branch Always • • 

B H S  B H S  24 3 2 Branch H igher • • • · • B R N  B R N  2 1  3 2 B ranch Never · · 

or Same L B R N  1 0  5 4 Long B ranch Never · • 

lBHS 10 5(6) 4 Long Branch Higher • • • · • 21 
24 or Same B S R  B S R  8 0  7 2 B ranch to S ubroutine • · 

BLE B lE 2F 3 2 B ranch s Zero • • • · • l B S R  1 7  9 3 Long Branch to · · 

lBlE 1 0  5(6) 4 Long B ranch s Zero • • • • • S ubroutine 
2F BVe BVe 28 3 2 Branch V = O  · • 

BlO B LO 25 3 2 Branch lower • • • · • LBVC 10 5(6) 4 Long B ranch · · 

LBlO 1 0  5(6) 4 Long B ranch lower · • • · • 28 V = O  
25 BVS BVS 29 3 2 Branch V - I  • · 

lBVS. 1 0  5(6) 4 Long B ranch • • 

29 V = I 

0-1 

2 1 0 
Z V C 
• · • 

· · · 

· · · 

· • • 

· • · 

· · · 

• • · 

• · · 

· • • 

· · · 

• • • 

· · · 

· • · 

• • · 

· · • 

· • · 

• • · 

• • • 

• • • 

· · • 



Table D·1. Programming Aid (Continued) 

SIMPLE BRANCHES 

OP , SIMPLE CONDITIONAL BRANCHES (Notes 1-41 

BRA 20 3 2 Test True OP False OP 
lBRA 16 5 3 N = l  B M I  2B B P l  2A 
B R N  2 1  3 2 Z = l B EQ 27 B N E  26 
lBRN 1 021 5 4 V = l BVS 29 BVC 28 

B S R  8 0  7 2 C = l  BCS 25 BCC 24 
lB S R  1 7  9 3 

SIGNED CONDITIONAL BRANCHES (Notes 1-41 UNSIGNED CONDITIONAL BRANCHES ( Notes 1 -41 

Test True OP False OP Test True OP False OP 

r> m BGT 2E BlE 2F r> m B H I  22 BlS 23 
r � m  BGE 2C B lT 20 r� m B H S  24 B lO 25 
r = m  BEQ 27 BNE 26 r = m  B EQ 27 B N E  26 
r s m BlE 2F BGT 2E r:s m BlS 23 B H I  22 
r < m BlT 20 BGE 2C r< m B lO 25 B H S  24 

Notes: 

1 .  All conditional branches have both short and long variations. 

2 .  All short branches are 2 bytes and require 3 cycles. 

3. All conditional long branches are formed by prefixing the short branch opcode with $ 10  and uSing a 1 6-bit destination offset. 

4. All conditional long branches require 4 bytes and 6 cycles if the branch is taken or 5 cycles if the branch is not taken . 

0·2 



Immediate 
Instruction Forms Op - # 

AB X 
AD C  ADCA B9 2 2 

ADC B  C9 2 2 

ADD ADDA 8B 2 2 
ADDB C B  2 2 
ADD D  C 3  4 3 

AN D  ANDA B4 2 2 
ANDB C4 2 2 
ANDCC 1 C  3 2 

A S L  A S LA 
A S L B  
A S L  

A S R  A S R B  
A S R 
A S R  

B I T  B I TA 85 2 2 
B I T B  C5 2 2 

C L R  C L R A  
C LR B 
C L R  

C M P  C M P A  8 1 2 2 
C M P B  C 1 2 2 
C M P D  1 0  5 4 

83 
C M P S  1 1  5 4 

8C 
C M P U  1 1 5 4 

83 
C M P X  8C 4 3 
C M P Y  1 0  5 4 

8C 

COM COMA 
C O M B  
C O M  

CWA I 3C � 2 

DAA 

DEC DECA 
DECB 
DEC 

EOR EORA 88 2 2 
EO R B  C8 2 2 

EXG R 1 .  R2 1 E 8 2 

I N C I N C A  
I N C B  
I N C  

J M P  

J S R  

LD LDA 86 2 2 
L D B  C6 2 2 
LDD C C  3 3 
LDS 10 4 4 

C E  
LDU CE 3 3 
LDX BE 3 3 
LDY 10 4 4 

8E 

LEA LEAS 
LEAU 
LEAX 
LEAY 

Legend :  

OP Operation Code ( H exadecimal)  

N umber of MPU Cycles 

# N umber of Program Bytes 
+ Arithmetic Plus 

Arithmetic Minus 
• M u ltiply 

Table D·1 . Programming Aid (Continued) 

Addressing Modes 
Direct Indexed Extended Inherent 

Op - # Op - I Op - I Op -

3A 3 

99 4 2 A9 4 +  2 +  B9 5 3 
D9 4 2 E9 4 +  2 +  F9 5 3 

9B 4 2 A8 4 +  2 +  B B  5 3 
D B  4 2 EB 4 +  2 +  F B  5 3 
D3 6 2 E3 6 + 2 + F3 7 3 

94 4 2 A4 4 +  2 +  B4 5 3 
D4 4 2 E4 4 +  2 +  F4 5 3 

48 2 
58 2 

08 6 2 68 6 +  2 +  78 7 3 

47 2 
57 2 

07 6 2 67 6 +  2 +  77 7 3 

95 4 2 A5 4 +  2 +  B5 5 3 
D!: 4 2 E5 4 +  2 +  F5 5 3 

4F 2 
5F 2 

OF 6 2 6F 6 +  2 +  7 F  7 3 

91  4 2 A 1  4 + 2 +  B 1 5 3 
D 1  4 2 E 1  4 + 2 +  F 1 5 3 
1 0 7 3 1 0  7 + 3 +  1 0  8 4 
93 A3 B3 
1 1  7 3 1 1  7 +  3 +  1 1  8 4 

9C AC B C  
1 1  7 3 1 1  7 +  3 +  1 1  8 4 
93 A3 B3 
9C 6 2 AC 6 +  2 +  B C  7 3 
1 0 7 3 1 0  7 +  3 +  1 0  8 4 

9C AC B C  

43 2 
53 2 

03 6 2 63 6 +  2 +  73 7 3 

1 9  2 
4A 2 
5A 2 

OA 6 2 6A 6 + 2 +  7 4.  7 3 

98 4 2 A8 4 +  2 +  B8 5 3 
DB 4 2 E8 4 + 2 +  F8 5 3 

4C 2 
5C 2 

OC 6 2 6C 6 +  2 +  7 C  7 3 

OE 3 2 6E 3 +  2 +  7 E 4 3 

9D 7 2 A D  7 + 2 + B D  8 3 

96 4 2 A6 4 + 2 +  B6 5 3 
D6 4 2 E6 4 +  2 +  F6 5 3 
DC 5 2 EC 5 +  2 +  F C  6 3 
1 0  6 3 1 0  6 + 3 +  1 0  7 4 
DE E E  FE 
DE 5 2 EE 5 +  2 +  FE 6 3 
9E 5 2 AE 5+ 2 +  B E  6 3 
1 0  6 3 1 0  6 +  3 +  1 0  7 4 
9E AE BE 

32 4 +  2 +  
33 4 +  2 +  
30 4 +  2 +  
31 4 +  2 +  

M Complement of M 

Transfer Into 
H Half-carry (from bit 3) 
N Negative (sign bit) 

Z Zero (Reset) 

V Overflow, 2's complement 

C Garry from ALU 
0·3 

I 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 

1 
1 
. 

1 
1 

Description 

B + X - X  ( UnSigned ) 

A + M + C - A 
B + M + C - B  

A + M - A  
B + M - B  
D + M : M + 1 - D  

A A  M - A  
B A  M - B  
CC A I M M - CC 

A } +-
B [H 1 1 1 1 1 1 1  f.-o  
M c b7 bO 
A � ----. �} I I I I I I I� 

7 bo c 

8it  Test A ( M  A A )  
B i t  Te�t B 1 M  A B i  

O- A 
O- B 
O- M 

Compare M from A 
Compare M from B 
Compare M : M + 1 from D 

Compare M : M  + 1 from S 

Compare M :  M + 1 from U 

Compare M :  M + 1 from X 
Compare M : M  + 1 from Y 

A- A 
B- B  
M- M  

C C  A I M M - C C Wait for I n terrupt 

Decimal Adjust A 

A - 1 - A  
B - 1 - B  
M - 1 - M  

A ¥- M - A 
B J,l- M - B 

R 1 - R 22 

A + 1 - A  
B + 1 - B  
M + 1 - M  

EAJ - PC 

J u m p  to S u broutine 

M - A  
M - B 
M : M + 1 - D  
M : M + 1 - S  

M : M + 1 - U  
M : M + 1 - X  
M : M + 1 - Y  

EA3_ S  
EA3_ U  
EA3 _ X  
EA3 _ y  

5 3 2 1 0 
H N Z V C 
• • • • • 

I I I I I 
I I I I I 

I I I I I 
I I I I I 
• I I I I 
• I I 0 • 
• I I 0 • 

7 

8 I I I I 
8 I I I I 
8 I I I I 

8 I I • I 
8 I I • I 
8 I I • I 
• I I 0 • 
• I I 0 • 
• 0 1 0 0 
• 0 1 0 0 
• 0 1 0 0 

8 I I I I 
8 I I I I 
• I I I I 

• I I I I 

• I I I I 

• I I I I 
• I I I I 

• I I 0 1 
• I I 0 1 
• I I 0 1 

7 
• I I 0 I 
• I I I • 
• I I I • 
• I I I • 
• I I 0 • 
• I I 0 • 
• • • • • 
• I I I • 
• I I I • 
• I I I • 
• • • • • 
• • • • • 
• I I 0 • 
• I I 0 • 
• I I 0 • 
• I I 0 • 

• I I 0 • 
• I I 0 • 
• I I 0 • 

• • • • • 
• • • • • 
• • I • • 
• • I • • 

Test and set if true, cleared otherwise 
• Not Affected 

CC Condition Code Register 

Concatenation 

V Logical or 

A Logical and 

¥- Logical Exclusive or 



Immediate 
Instruction Forms Op - , 

L S L  LSLA 
LSLB 
LSL 

LSR LSRA 
L S R B  
LS R  

M U L  

N E G  N EG A  
N E G B  
N E G  

N O P  

O R  ORA 8A 2 2 
O R B  C A  2 2 
ORCC 1 A  3 2 

P S H  PS H S 34 5 + 4 2 
P S H U  36 5 + 4 2 

P U L  P U L S  35 5 + 4 2 
P U LU 37 5 + 4 2 

R O L  ROLA 
ROLB 
ROL 

ROR RORA 
RORB 
ROR 

RTI  

RT S 

S B C  S B CA 82 2 2 
S B C B  C 2  2 2 

S EX 

S T  STA 
STB 
STD 
STS 

STU 
STX 
STY 

S U B  S U B A  80 2 2 
S U B B  CO 2 2 
S U B D  83 4 3 

SWI SWlo 

SWI26 

SWI36 

S Y N C  

T FR R 1 ,  R2 1 F 6 2 
TST T STA 

TSTB 
T ST 

Notes: 

Table D·1 . Programming Aid (Continued) 

Addressing Modes 
Direct Indexed1 Extended 

Op - , Op - , Op - I 

08 6 2 68 6 +  2 +  78 7 3 

04 6 2 64 6 +  2 +  74 3 

00 6 2 60 6 +  2 +  70 7 3 

9A 4 2 AA 4 +  2 +  BA 5 3 
DA 4 2 EA + l +  FA 5 3 

09 6 2 69 6 +  2 +  79 7 3 

06 6 2 66 6 +  2 +  76 7 3 

92 4 2 A2 4 +  2 +  B2 5 3 
02 4 2 E2 4 +  2 +  F2 5 3 

97 4 2 A7 4 +  2 +  B7 5 3 
07 4 2 E7 4 +  2 +  F7 5 3 
DO 5 2 ED 5 +  2 +  FD 6 3 
1 0 6 3 1 0  6 +  3 +  1 0 7 4 
O F  EF F F  
OF 5 2 EF 5 +  2 +  F F  6 3 
9F 5 2 AF 5 +  2 +  B F 6 3 
1 0 6 3 1 0 1 0 7 4 
9F AF 6 +  3 + B F  

90 4 2 AO 4 +  2 +  SO 5 3 
DO 4 2 EO 4 +  2 +  FO 5 3 
93 6 2 A3 6 +  2 +  B3 7 3 

OD 6 2 6D 6 +  2 +  70 7 3 

Inherent 
Op - , 
48 2 1 
58 2 1 

44 2 1 
54 2 1 

3D 1 1  1 

40 2 1 
50 2 1 

1 2  2 1 

49 2 1 
59 2 1 

46 2 1 
56 2 1 

3B 6m 1 

39 5 1 

1 D  2 1 

3F 1 9  1 
1 0 20 2 
3F 
1 1  20 1 
3F 

1 3  � 4  1 

40 2 1 
5D 2 1 

Description 

A ....---� }[H I I I I I I I  � O 

c b7 b() �} 0 -+/ I I I  I I I  I f-t{] 
b7 bO c 

A x B - D ( U nSigned) 

A + 1 - A  
B+ 1 - B  
M + 1 - M  

N o  Operat ion 

A V  M - A  
B V  M - B 
CC V I M M - CC 

P ush Registers on S Stack 
Push Registers on U S taCk 

Pull Registers from S S tack 
Pul l  Registers from U S tack 

�}4HI I I I I I I P  
c b7 b() �} 4}+j I I I I I I I  P 
c b7 b() 

Return From Interrupt 

Return from S ubroutine 

A - M - C - A  
B - M - C - B  

Sign Extend B into A 

A - M  
B - M  
0 - M : M + 1  
S - M : M + 1  

U - M : M + 1 
X - M : M + 1  
Y - M : M + 1  

A - M - A  
B - M - B  
0 - M : M + 1 - D  

Software Interrupt 1 
Software I nterrupt 2 

SoftwC!re I nterrupt 3 

Synchronize to Interrupt 

R 1 - R2:.! 

Test A 
Test B 
Test M 

5 3 2 1 0 
H N Z V C 
• I I I I 
• I I I I 
• I I I I 
• b I • I 
• 0 I • I 
• 0 I • I 
• • I • 9 

8 I I I I 
8 I I I I 
8 I I I I 
• • • • • 
• I I 0 • 
• I I 0 • 

7 

• • • • • 
• • • • • 
• • • • • 
• • • • • 
• I I I I 
• I I I I 
• I I I I 
• I I • I 
• I I • I 
• I I • I 

7 
• • • • • 

8 I I I I 
8 I I I I 
• I I 0 • 
• I I 0 • 
• I I 0 • 
• I I 0 • 
• I I 0 • 

• I I 0 • 
I .  I I 0 • 

• I I 0 • 

8 I I I I 
8 I I I I 
• I I I I 
• • • • • 
• • • • • 

• • • • • 

• • • • • 
• • • • • 
• I I 0 • 
• I I 0 • 
• I I 0 • 

1 .  This column gives a base cycle and byte count. To obtain total count, add the values obtained from the I N D EXED ADD R E S S I N G  M O D E  table, 
in Appendix F. 

2. R 1  and R2 may be any pair of 8 bit or any pair of 16 bit registers. 
The 8 bit registers are: A, B, CC,  D P  
T h e  1 6  b i t  registers are: X ,  Y,  U ,  S ,  D, P C  

3 .  E A  i s  the effective address. 
4. The P S H  and P U L  instructions require 5 cycles plus 1 cycle for each byte pushed or pulled. 

5 .  5(6) means: 5 cycles if branch not taken , 6 cycles if taken ( B ranch instructions) . 
6. SWI sets I and F bits. SWI2 and SWI3 do not affect I and F .  

7 .  Conditions Codes set as a direct result of  the instruction . 

8. Value of half-carry flag is undefined. 

9. Special Case - Carry set if b7 is S ET .  

0·4 



E.1 I NTRO DUCTION 

APPEN DIX E 

ASCII CHARACTER SET 

Th is appendix contains  the standard 1 1 2  character ASCI I  character set (7-bit code). 

E.2 CHARACTER REPRESENTATION AN D CODE I DENTI FICATION 

The ASCI I  character set is  g iven in F igure E-1 . 

� 
0 0 0 0 1 1 1 1 

Sir. b6 b6 
0 0 1 1 0 0 1 1 

0 1 0 1 0 1 0 1 
.b4 b3 b2 b1 ............ Column 0 1 2 3 4 5 6 7 
I , , I RoW Hex 0 1 2 3 4 5 6 7 
0 0 0 0 0 0 N U L  OLE SP 0 @ P . p 
0 0 0 1 1 1 SOH DCl I 1 A 0 a q 
0 0 1 0 2 2 STX DC2 . .  2 B R b r 
0 0 1 1 3 3 ETX DC3 , 3 C S c s 
0 1 0 0 4 4 EOT DC4 $ 4 0 T d t 

0 1 0 1 5 5 ENO NAK % 5 E U e u 

0 1 1 0 6 6 ACK SYN & 6 F V f v 
0 1 1 1 7 7 BEL ETB · 7 G W 9 w 
1 0 0 0 8 8 B S  CAN ( 8 H X h x 

1 0 0 1 9 9 HT EM ) 9 I Y i y 
1 0 1 0 1 0  A LF SUB · J Z j Z 
1 U 1 1 1 1  Ii VT ESC + ; K [ Ie I 
1 1 0 0 1 2  C FF FS · < L \ I I 
1 1 0 1 1 3  0 CR GS - = M 1 m J 
1 1 1 0 14  E SO RS .> N " n -

1 1 1 1 1 5  F S I  US / ? 0 0 DEL 

Figure E·1 . ASCI I  Character Set 

E-1 



Each 7-bit character is  represented with bit seven as the h igh-order bit and bit one as the 
low-order bit as shown i n  the fol lowing example: 

b7 b6 b5 b4 b3 b2 b1  bO 

1 0 0 0 0 0 0  1 

The bit representation for the character "A" is developed from the bit  pattern for bits 
seven through f ive found above the col umn des ignated 4 and the bit pattern for bits fou r  
through one found to  the l eft of the  row designated 1 .  

A hexadecimal  notat ion is commonly used to i nd icate the code for each character. Th is  
i s  easi ly  developed by assuming a log ic  zero i n  the non-existant b it  e ight posit ion for  the 
column  numbers and us ing the hexadecimal  number for the row numbers. 

E.3 CONTROL C HARACTERS 

The characters located in columns zero and one of Figure E-1 are considered control  
characters. By defi n i t ion , these are characters whose occurrance in  a part icu lar  context 
i n it iates, mod if ies, or stops an act ion that affects the record ing ,  processing ,  t ransmis­
s ion,  or i nterpretat ion of data. Table E-1 provides the mean i ngs of the control characters. 

Table E·1 . Control Characters 

Mnemonic Meaning Mnemonic Meaning 
N U L  Nul l  OLE Data Link Escape 

SOH Start of Heading DC1 Device Control 1 

STX Start of Text DC2 Device Control 2 

ETX End of Text DC3 Device Control 3 

EOT End of Transmission DC4 Device Control 4 

ENO Enquiry NAK • Negative Acknowledge 

ACK Acknowledge SYN Synchronous Idle 

BEL Bell ETB End of TransmiSSion Block 

B S  Backspace CAN Cancel 

HT Horizontal Tabulation EM End of Medium 

LF Line Feed S U B  Substitute 

VT Vertical Tabulation ESC Escape 

FF Form Feed FS File Separator 

CR carriage Return G S  Group Separator 

SO Shift Out R S  Record Separator 

S I  Shift I n  US Unit Separator 

DEL Delete 

E.4 G RAPHIC CHARACTERS 

The characters in co lumns two through seven are considered graphic characters. These 
characters have a visual representat ion which is normal ly d isp layed or pri nted . These 
characters and their  names are g iven in Table E-2. 

E-2 



Table E·2. Graphic Characters 

Symbol Name 
S P  S pace ( Normally Nonprinting) 

Exclamation Point 

Quotation Marks ( Diaeresis) 

, N umber Sign 

$ Dollar Sign 

% Percent Sign 

& Ampersand 

Apostrophe ( Closing Single Quotation Mark; Acute Accent) 

Opening Parenthesis 

Closing Parenthesis 

Asterisk 

+ Plus 

Comma ( Cedilla) 

Hyphen ( Minus) 

Period ( Decimal Point) 

I Slant 

0 . . .  9 Digits 0 Through 9 

Colon 

Semicolon 

< Less Than 

Equals 

> Greater Than 

7 Question Mark 

@ Commercial At 

A . . .  Z Uppercase Latin Letters A Through Z 

[ Opening Bracket 

\ Reverse Slant 

1 Closing Bracket 
1\ Circumflex 

U nderline 

Opening Single Quotation Mark ( Grave Accent! 

a . . .  z Lowerca� Latin Letters a Through z 

Opening Brace 

Vertical Line 

Closing Brace 

Tilde 

E·3/E-4 





F.1 INTRODUCTION 

APPENDIX F 

OPCODE MAP 

This appendix contains the opcode map and add it ional information for calcu lat ing re· 
qu i red mch ine  cycles.  

F.2 OPCODE MAP 

Table F-1 is the opcode map for M6809 processors. The number(s) by each instruction in·  
d icates the number of machine cycles requ i red to execute that instruct ion. When the 
number contains an " I "  (e.g . ,  4 + I), it ind icates that the i ndexed addressing mode is  being 
used and that an add it ional number of mach ine cycles may be requ i red. Refer to Table  
F-2 to determi ne the add it ional machine cycles to be added. 

Some instruct ions i n  the opcode map have two numbers, the second one in  parenthesis. 
Th is  ind icates that the i nstruct ion involves a branch. The parenthet ical  number appl ies if  
the branch is  taken . 

The "page 2, page 3" notation in  column  one means that al l page 2 instructions are 
preceded by a hexadeci mal 1 0  opcode and al l page 3 instruct ions are preceded by a hex· 
adec imal 1 1  opcode.  

F-1 



." 
N 

.f! 
III 

... 
:J 
If ·  
1: 

� 
I 

] 

'---

0000 0 

0001 1 

0010 2 

001 1 3 

0100 4 

0101 5 

01 1 0 6 

01 1 1  7 

1000 8 

1001 9 

1010 A 

101 1 B 

1 100 C 

1 101 0 

1 1 10 E 

1 1 1 1  F 
'---

OIR 
0000 

0 

6 
NEG 

-

-

6 
COM 

6 
LSR 

-

6 
ROR 

6 
ASR 

6 ASl 
IlSLI 

6 
ROl 

6 
DEC 

-

6 
INC 

6 
TST 

3 
J M P  

6 
ClR 

---

0001 

1 

PAGE2 

PAGE3 

2 
NOP 

2 
SYNC 

-

-

5 
lBRA 

9 
lBSR 

2 
OAA 

3 
ORCC 

-

3 
ANDCC 

2 
SEX 

8 
EXG 

7 
TFR 

'----

REL 
0010 

2 

3 BRA 

3 BRNI  
5 lBRN 

3 BHII  
5(6) LBHI  

3 BlSI 
5(6) lBlS 

3 BHS 
5(6) I BCC) 

3 BlO 
5161 1 BCS) 

3 BNEI 
5(6) lBNE 

3 BEQI 
5(6) lBEQ 

3 BVCI 
5(6) lBVC 

3 BVSI 
5(6) lBVS 

3 BPLI 
5(6) lBPl 

3 BMII  
5(6) lBMI  

3 BGEI 
�(6) LBGE 

� BlTI 
5(6) lBlT 

� BGTI 
5(6) lBGT 

� BLEI 
5(6) lBlE 

'- -

001 1 

3 

4 + 1 
LEAX 

4 + 1 
lEAY 

4 + 1 
lEAS 

4+ 1 
lEAU 

5+ 11 by 
PSHS 

5 +  l l by 
PUlS 

5 +  l l by 
PSHU 

5 +  l l by 
PULU 

-

5 
RTS 

3 
ABX 

6/ 1 5  
RTI 

20 
CWAI 

1 1  
M U L  

-

19120/20 
SWII2/3 

-

ACCA 
0100 

4 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

- -----

Table F·1 .  Opcode Map 

Acca INO 
0101 01 10 

5 6 
2 6 + 1 

NEG 

2 6 + 1 
COM 

2 6 + 1 
lSR 

2 6 + 1 
ROR 

2 6 + 1 
ASR 

2 6 + 1 
ASl l lSLI 

2 6 + 1 
ROl 

2 6 + 1 
DEC 

2 6 + 1 
I NC 

2 6 + 1 
TST 

I 3 + 1 

2 6 + 1 
ClR 

- -

Most-Significant Four Bits 
EXT 
01 1 1  

7 
7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

4 
J M P  

7 

-- -

IMM OIR INO EXT 
1000 1001 1010 101 1 

8 9 A B 
2 4 4 + 1 5 

S U BA 

2 4 4 + 1 5 
CMPA 

2 4 4 + 1 5 
SBCA 

4,6,6 + 1 ,7 / 5,7,7 + 1 ,8 / 5,7,7 + 1 ,8 
SUBD CMPD CMPU 

2 4 4 + 1 5 
ANDA 

2 4 4 + 1 5 
BITA 

2 4 4 + 1 5 
lOA 

4 4 + 1 5 -
STA 

2 4 4 + 1 5 
EORA 

2 4 4 + 1 5 
ADCA 

2 4 4 + 1 5 
ORA 

2 4 4 + 1 5 
AOOA 

4,6,6 + 1 ,7/ 5,7,7 + 1 ,8 / 5,7.7 + 1 ,8 
CMPX CMPY CMPS 

7 7 7 + 1  8 
B S R  J S R  

3,5,5 + 1 ,6 / 4,6,6 + 1 ,7 
lOX lOY 

_ 1 5,5 + 1 ,6 / 6,6 + 1 ,7 
STX STY 

IMM DIR IND EXT 

1 100 1 101 1 1 10 1 1 1 1  

C D E F 
2 4 4 + 1 5 

SUBB 0 

2 4 4 + 1 5 
CMPB 1 

2 4 4 + 1 5 
SBCB 2 

4 6 6 + 1 7 
ADDD 3 

2 4 4 + 1 5 
ANDB 4 

2 4 4 + 1 5 
BITB 5 

2 4 4 + 1 5 
lOB 6 

4 4 + 1 5 -
STB 7 

2 4 4 + 1 5 
EOR B  8 

2 4 4 + 1 5 
ADCB 9 

2 4 4 + 1 5 
ORB A 

2 4 4 + 1 5 
AODB B 

3 5 5 + 1 6 
LDD C 

5 5 + 1 6 
STD 0 

3,5,5 + 1 ,6 / 4,6,6 + 1 ,7 
lOU lOS E 

1 5,5 + 1 ,6 / .,,6 + 1 ,7 
STU STS F 



Table F·2. Indexed Addressing Mode Data 

Type 
Constant O ffset From R 
(twos complement offsetl 

Acc u m u lator Offset From R 
(twos complement offsetl 

Auto I ncrement/Decrement R 

Constant Offset From PC 
(twos complement offsetl 

Extended I n d i rect 

Forms 
No Offset 
5 Bit Offset 

8 Bit Offset 
1 6 B it Offset 

A - R egister Offset 
B - R egister Offset 
o - R egister Offset 

I ncrement By 1 
I ncrement By 2 
Decrement Bv 1 

Decrement By 2 

8 Bit  Offset 

1 6  B it Offset 

1 6  B it Address 

R = x, Y, U or 5 
X = Don't Care 

Non I ndirect 
Assem bler Postbyte 

Form 
, R  

n,  R 
n, R 
n, R 

A, R 
B, R 

0, R 

, R +  
, R ++ 
, - R  

, - - R  

n ,  PCR 
n ,  PCR 

-
-x - 00 

U = 1 0  

-Y - 0 1  
5 = 1 1  

OP Code 
l R R 00 1 00 
OR R n n n n n  
l R R 0 1 000 
1 R R 0 1 00 l 

l R ROOl l 0  
l R R001 0 1  
1 R R O l  01 1 

l R ROOOOO 
1 R R OOOOl 

l R ROO01 0 
l R R OOOl l 

l XX01 1 00 
l XX01 1 0 1 

-

+ and + I n d i cate the n u m ber of addit ional  cycles and bytes for the part ic u l a r  var i at i o n . - # 

F·3/F·4 

x + 
- # 
0 0 
1 0 
1 1 
4 2 
1 0 
1 0 
4 0 

2 0 
3 0 
2 0 
3 0 

1 1 
5 2 

- -

I n direct 
Assembler Postbyte + + 

Form OP Code - # 
L R I l R R 1 0 l 00 3 0 

defa u lts  to 8-bit  
(n,  R]  l R R l l 000 4 1 
(n ,  R ]  l R R 1 1 00 1  7 2 
(A, R ]  l R R 1 0 1 1 0  4 0 

(B, R ]  l R R 1 0 l 0 l  4 0 

(0,  R ]  1 R R 1 1 0 1 1 7 0 

not a l l owed 
( . R ++] I l R R 1 000 1 6 0 

n ot a l lowed 
(, - - R ]  l R R 1 00 1 1 6 0 

( n ,  PC R ]  l XX l l 1 00 4 1 
(n ,  PCR] l XX 1 1 1 0 1  8 2 

(n]  1 00 1 1 1 1 1  5 2 





G.1 I NTRODUCTIO N  

APPENDIX G 
PIN ASSIGNMENTS 

This appendix is  provided for a qu ick reference of the p in  assignments for the M C6S09 

and M C6S09E processors. Refer to Figure G·1 . Descriptions of these pin assignments are 

g iven i n  Sect ion 1 .  

M C6809  
M C6809 E  

HAi:T HAlT 
NMi XTAL TSC 

I Ra EXTAL 
LIC 

4 RffiT RffiT 
5 M ROY 

AVMA 

a a 
E 

OMA/BREa BUSY 

R/W R/W 
DO DO 

A3 0 1  0 1  

A4 02 02 

AS 03 03 

A6 D4 A6 D4 

A7 05 A7 05 

AS D6 AS D6 
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H.1 I NTRO DUCTIO N  

APPEN DIX H 
CONVERSION TAB LES 

This appendix provides some conversion tables for your  convenience. 

H .2 POWERS OF 2, POWERS OF 1 6  

Refer t o  Table H-1 . 

Table H·1 . Powers of 2; Powers of 1 6  

161Tl 2n 16fT1 2n 

m =  n =  Value m =  n =  Value 

0 0 1 4 1 6  65,536 
- 1 2 - 1 7  1 3 1 ,072 
- 2 4 - 1 8  262, 144 
- 3 8 - 1 9  524,288 
1 4 1 6  5 20 1 ,048,576 

- 5 32 - 21 2,097 , 1 52 
- 6 64 - 22 4, 1 94,304 
- 7 1 28 - 23 8,388,608 
2 8 256 6 24 1 6,7n,21 6 

- 9 512 - 25 33,554,432 
- 1 0  1 ,024 - 26 67 , 1 08,864 
- 1 1  2,048 - 27 1 34,21 7,728 
3 1 2  4,096 7 28 268,435,456 

- 1 3  8 , 1 92 - 29 536,870,91 2 
- 1 4  1 6,384 - 30 1 ,073,741 ,824 
- 1 5  32,768 - 31 2 , 1 47,483,648 

H-1 



H .3 H EXADECI MAL AN D DECIMAL CONVERSION 

Table H-2 is  a chart that can be used for convert ing numbers from either hexadecimal to 
decimal or dec imal  to hexadecimal .  

. 

H .3.1 CONVERTI N G  H EXADECIMAL TO DECIMAL. Find the decimal  weights for cor­
responding hexadecimal  characters beg inn ing with the least-s ign if icant character. The 
sum of the dec imal  weights is the decimal value of the hexadecimal  number. 

H .3.2 CONVERTING DECIMAL TO H EXADECI MAL. Find the h ighest decimal value in the 
table which is lower than or equal to the decimal  number to be converted . The correspon­
d i ng hexadecimal character is  the most-s ign if icant d ig it of the f ina l  number. Subtract the 
decimal value found from the decimal number to be converted . Repeat the above step to 
determ ine the hexadecimal  character. Repeat th is  process to f ind the subsequent hex­
adecimal  numbers. 

Table H-2. Hexadecimal and Decimal Conversion Chart 

15 Byte 8 7 Byte 0 

15 Char 12 1 1  Char 8 7 Char 4 3 Char 0 

Hex Dec Hex Dec Hex Dec Hex Dec 

0 0 0 0 0 0 0 0 

1 4,096 1 256 1 16  1 1 

2 8, 192 2 512 3 32 2 2 

3 12 ,288 3 768 3 48 3 3 

4 16,384 4 1 ,024 4 64 4 4 

5 20,480 5 1 ,280 5 80 5 5 

6 24,576 6 1 ,536 6 96 6 6 

7 28,672 7 1 ,792 7 1 1 2 7 7 

8 32,768 8 2,048 8 1 28  8 8 

9 36,864 9 2,304 9 144 9 9 

A 40,960 A 2,560 A 1 60  A 1 0  

B 45,056 B 2,816 B 1 76 B 1 1  

C 49, 1 52 C 3,072 C 192 C 1 2  

0 53,248 0 3,328 0 2(S 0 1 3  

E 57,344 E 3,584 E 224 E 14 

F 61 ,440 F 3.840 F 240 F 1 5  

H-2 
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