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13 TSC 6800 DEBUG PACKAGE |ZH206

13.1 DEBUG TUTORIAL

le Introduction

Program debugging is usually thought of as work. It should
be thought of as an art. There is no reason for a lot of crying
while attempting to make a new program do what was intended.
This is only true, however, if the program was designed with some
forethought and planning. Computer programs are executed in 2a
logical, step by step, fashion. This is the approach both
program writing AND debugging should take. So many times a
programmer will spend hundreds of hours, carefully planning the
flow of a new program but spend only a few minutes thought on a
debugging approach. The debugging is usually attempted in some
hap hazard, keep your fingers crossed, method. Sometimes this
works and sometimes it does not, but in most cases, valuable time

is wasted. o

By using a debugging tool and by incorporating some logical
thinking, program. debugging can become very straight forward and
sometimes even fun! The purpose of this tutorial is to introduce
the reader to the capablilities of the TSC Debug Package and offer
some suggestions on how to tackle those program bugs. The
following sections give a more detailed description of its

capabilities,

I1le The Simulated Compufer

The TSC Debug Package is more than the name may imply. It
is in fact a comp!ete 6800 simulator. A computer simulator is a
program which when run, behaves exactly like the computer it is

simulating. Given 6800 machine language, the simulator will
perform the instructions exactly |ike the 6800 CPU. There are
two major differences, one being an advantage, the second being a
disadvantage, First for the good news. The simulator has the
ability to keep close account of all internal actions. For
example, any Villegal opcodes are quickly detected and reported.
Such things as”’stack overflow and underflow are also easily

checked, Each byte of memory may have anaassigned protection type «

such as write protection., “General conditions may also be spotted
such as the occurence of a transfer of address type instruction.
Overall, the simulator can keep close watch over the executing
program and detect any peculiarities,

This all sounds great, but as stated before, there Is a
disadvantage In the simulator, namely speed. The simulated
program runs somewhere between 100 and 300 times slower than a
real 6800 CPU., This means that real time dependent code may not
be simulated. This Is not a serious drawback since less than one
percent of all computer programs are real time dependent.

13-1
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The 6800 simulator incorporated in the TSC Debug Package
supports all of the 6800 instructions. All of the user registers
are also provided (A, B, CC, X, PC, and SP). To examine the
contents of these registers it is only necessary to type R
followed by a carriage return. (This is assuming the Debug
Package is ready to work indicated by the two asterisk prompt
('**').)Typing the R command will cause the debugger to display a
line containing all register names followed by their contents in
hex. At the end of the line is the instruction currently being
pointed to by the program counter (P register) and it is
displayed in disassembled form (standard Motorola mnemonics). A

\nonstandard register is also displayed, the N register. This

register's value represents the subroutine nest depth. Each time
a subroutine is called, its"value will be incremented, and each
t+ime a return from subroutine is executed, its” value will be
decremented. The contents of any of the displayed registers may
also be set by using the SET command. For example:

**SET,P=100,A=F3

will set the value of the PC to hex 100 and the value of the A
register to hex F3. There are several ofher registers and states
of the simulated machine. These can be viewed by typing MACH.
The items displayed with this command are primarily the states of
various traps which will be described a little later.

There are several other internal machine variables which may
be easily examined, One of these is the contents of +the stcck.
Typing STACK!will display the top several bytes of the stack. |If
more stack contents are desired, simply type the number of itfems
desired after the command.

*¥*¥STACK, 15

This will display the top 15 bytes of the stack. Note that a
comma was used as a separator in the command line. I+ will be
used in all examples in this manual but a space is also
acceptable and sometimes easier to type. Another cor-and which
references the stack is the RET command. This will print the top

+wo bytes of the stack as an address and represents the return
address if currently in a subroutine.

The simulated machine always keeps track of where it has
been and how much +time was spent there. The machine 'statcs
counter' is used to tally the total number of machine states or
cycles used so far by the executing program. Each 6800
instruction requires a certain number of machine cycles fto
execute. |f the CPU is running at 1 megahertz, each machine state
is equivalent to 1 microsecond. The machine states counter s
capable of counting up to 99,999,999 cycles, or roughly 99.99
seconds of actual program execution time. This counter is useful
for determining the exact execution time of a routine.

13-2
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13-3

The TRAIL command will print +the address ot the last
t+ransfer type instruction. A fransfer of address instruction is
one which causes the CPU to change its normal course of

instruction execution. Normally instructions are executed in a
sequential fashion, stepping through memory sequentially. A JMP
instruction for example wili cause the next instruction to be

fetched from the address specified "~ in the instruction, rather
+han from the next sequential address. |In effect, we have a
transfer of address. The TRAIL command will print the location
of the last transfer type instruction that was executed. This is
very handy in determining what caused a program to end up in

memory where it did.

~ The simulated machine is capable of running in two different

‘ ‘ modes. These are referenced as mode 1 and mode 0. In mode 1
(the default mode), all checking and bookkeeping is performed.

In mode 0, several of the features are turned off in order to

improve the speed performance of the simulator. (l? is
recommended that mode 1 always be used since it does the most

. work for you and will catch more errors.)

I1l. Whats in Memory?

Now that the simulated CPU has been described we need to
look at memory. The TSC Debug Package offers several ways of

examining the contents of memory locations, as well as altering
them. The simplest form is the MEM.command, or M for short,
Typing M followed by an address will display that byte of memory.
For example:

*%M, 100

100 CE

shows that memory location hex 100 contains a hex CE. At this

time several choices are at hand., |f all you wanted to do was

‘ A. check the contents of location 100, simply type a carriage return
. and the debug prompt will be issued. |f you want to change the

contents of 100, simply type the new value followed by a 'space'.

The 'space' tells the debugger that the new value is ready to be

‘ entered., |t is only necessary to type the significant digits of
the new value to be entered. For example, if 6 was to be

entered, simply type 6 followed by a space. It should be noted

t+hat only the last two digits will be used so if 'C23A' Is typed,

"3A' will get entered. If zero is to be entered, simply type a
space., After the new value is entered, the next sequential memory
. location will be displayed, Any time a non hex chcracter |Is

typed (with the exception of space), one of two actions will
o) occur. First 1f the character Is a 'line feed', the previous

location will be displayed, with the current locatlon left
b>unchange . |f the character is any other non hex character, the
next location will be displayed leaving the current unchanged.

An example will clarify the M command's use.
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**M, 100
0100 CE .
0101 3A 46
0102 4D

Location $100 was left unaltered, while location $101 was changed
from a $3A to $46. Finally this mode was exitted on the next

line by typing a return.

Many times while program debugging it is desirable *to
examine a large block of memory. The DUMP command is used for

exactly that., This command will display 16 lines of data, 16
.. bytes per line, for a specified memory region. Each byte is
displayed as a hex value as well as its ASCII equivalent. Pl

control characters (those bytes having a value less than 20 hex)
are displayed as an underscore character '_'. To display 256

by , starting at memory location $1000,_fhe fol lowing command
should be typed:

*%pUMP, 1000

A+ the end of the dumped block the program wili stop and wait for
a character to be typed. Typing an "F' will move forward in
memory, printing the next sequential 256 bytes. In this exanple,
typing an F would display the block starting at $1100. It is
also possible to display the previous block of 256 bytfes by
typing a 'B', for backward movement. A carriage.return will
cause the debugger to regain control and the prompt will be
reissued. Any other characters will be ignored. llf shcs:ld be
noted that any time the debugger is displaying data on the
terminal, thc display may be stopped at the end of the line by
typing an 'e@scape' character. Once stopped, another ‘'escape'
will resume the display, while a '‘return! will give con®rol back
to the debugger. This is a very convenient feature.

Another useful memory interogation command s the FIND
command which is used to find a specific string of bytftes or
characters in a selected block of memory. As an example, suppose

there was a jump to subroutine instruction somewhere in your
program, It is known that the code is BD 34 00, and that it is
somewhere between locations $100 and $300. The fol lowing command
line will find it.

**F|ND, 100, 300,BD,34,00

This +tells the debugger to look between memory locations hex 100

and 300 for the hex string 'BD3400'. Al |l memory locations which

contain this string will be displayed on the terminal. The
length of the string searched is limited by the maximum command
line length which is 8 characters. It is also possible to

search for an ASCI| string. Suppose it was necessary to find the
character string 'ERROR 3' in memory. It should be somewhere
between locations $200 and $1000. This can be done in the

following way:
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**FIND, 200, 1000,®ERROR 3

The double..quote. character tells the find command that the
| OV characters are to be considered ASCII characters
instead of hex. Otherwise the command works exactly as described

above.

So far the memory commands described have been oriented
toward hex and ASC!| values. Many times during debugging it is
necessary to decode these hex values into assembler language
instructions. The DIS command does exactly that! This command ‘is
a complete program disassembler which allows the user to examine
the contents of memory in a higher level form. Each memory
location in a specified block will be printed as address,
fol lowed by the opcode mnemonic and addressing mode., Standard
Motorola mnemonics and addressing mode designators are used. To
use the disassembler, simply type the command name (D1S),
followed by #wo-address-boundaries, For example, to disassemble
the memory range between locations 100 and 103, *type the

following.

**D|Ss, 100,108
0100 LDAA $32
0102 STAA $0240
0105 BNE $0121
0107 DECA

0108 STAA 2,X

Remember that at any time the display is being produced, the
‘escape' key may be typed to temporarily halt the action. The

DIS command is a very useful and powerful command .

Now that we can examine memory in a higher level form it
would be nice if we could alter it in the same way, that s,
using assembler language mnemonics. The /ASM command does exactly
that! |t acts as a line at a time assembler, allowing standard
mnemonics  and addressing modes  to be typed, while the
corresponding hex values are automatically inserted into memory.
To start this process simply type the command name fol lowed by
the address where the code should be placed. The debugger will
respond by printing the address of the location specified
followed by a space. At this time, simply *type the desired
linstructions following each with a carriage return. The next
lavailable address will then be printed and assembly can continue,
Typing a carriage retura in response to the address prompt will
exit this mode of operation, To show the workings of this
command, some code will be assembled at location $200.

*%ASM, 200

0200 LDAA 10

0202 LDAB $10

0204 PSHA ‘
0205 LDAA 'M i
0207 STAA 0,X
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0209 JMP $3000

020C
* %

Note that numeric values are interpreted as decimal unless
preceded by a dollar sign ($) to designate hex. It is also
possible to enter an ASCI| constant by preceding it with a single
quote ('). No spaces are al lowed between the reqgister specifiers
'A' or 'B' and the instruction (e.g. LDAA is correct, LDA A is
not). The ASM command is a great time saver!

IV. Simulating the Program

Program simulation is very simple. If the test program
starts at $100, simply type START; 100 to start the simulation
process. The program will run exactly as the CPU would run_ it,

just slower, The START command clears several of the machine
conditions such as the states counter. To start a program where

it left off, the /GO command can be used. This will cause the
program to start execution at the location pointed to by the
program counter (P register). No states will be cleared.

A very valuable feature of the simulator s the 'trace

mode'. When trace is enabled, a register dump (exactly like that
produced by the R command) will be displayed after each

insfrqgiiggmAis__ggggpfgg, The simulation may be temporarily
halted by typing an 'escape! character anytime during the tracing
operation. The simulation may also be stopped by typing a
tcontrol-C'., This will cause the debug prompt to be reissued.,
To enable the trace mode use the TRACE command .

¥%*TRACE=10
This line will cause the debugger fo Igggg_gll_jpsfrygjionsﬁwhich
are in a subroutine nest level of 9 or lower. The number in the
command line specifies the nest level where tracing should be

disabled. This allows only the outermost program structure to be

traced if desired, while the deeper subroutines will be simulated
without the tracing. To disable the trace, use a count of zero

(e.g. TRACE=0).

There are several other methods of starting program
simulation. One is the SIM command. This command will al low the
simulation of a specified number of instructions. Tracing is
disabled during the execution of this command .

*¥%*S51M, 100

This line will cause 100 instructions to be simulated starting at
the address pointed to by the program counter., The TSIM command
is identical to the SIM command except trace Is automatical ly set
to 256 during the execution of the command.
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I+ is often desirable to step tnrough the execution of a

program, one instruction at a time. The STEP command will start

simulaiion at the instruction pointed to by the program counter,

— execute a specified number of instructions, print a register

\

dump, and then wait for input., At this time, a space will repeat

the process, while a return will return control back to the
debugger. The usual method of operation is 'single' step which
will execute one instruction, then dump the registers. This mode

can be entered by:

**STEP

Multiple instructions can be executed between register dumps by
specifying a count. For example;

*ASTEP;25

will cause 25 instructions to be simulated at a time. The step
mode is a very powerful method for closely following the flow of

a program.

During program execution, the simulator keeps track of the

last 256 instructions executed. If a program ever goes off on
Its own, ending up in memory where it should not, the PAST

command can be used fo examine the instructions executed to get
it there. Typing the command,

%%PAST, 20
will display the addresses and mnemonic instructions of the last
20 opcodes executed. This feature alone will find a good

percentage of program bugs.

V. Breakpoinfinq the Program

So far, methods have been described which aliow all or a
certain number of insftructions to be simulated., Most of the
time, the number of instructions 1o a certain point in the
program is not known. It would be helpful if a break in the
program simulation could be specified to take place at a
particular point in the program, or in other words, breakpoints.
A breakpoint 1Is a mechanism for stopping the execution at a
specified address in the program, As an example, to set a

breakpoint at location $23A, use the fol lowing command.

*%B@23A

As the program executes, any fTime location $23A is reached,

®gimulation will stop and the“registers will be dumped to the

terminal, After the program has stopped, typing a 'G' will
restart execution, starting at address $23A (the breakpoint will
be tenporarily ignored). It should be noted that the method used
to create the breakpoint does nof alter the contents of memory in
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any way. This means that after setting a breakpoint, the
contents of memory at the breakpoint location will be unchanged.
This al lows breakpoints to be set in ROM as well as RAM!

In the above example, the breakpoint caused two actions to
take place. One was printing the registers, the other was
stopping program simulation. These actions are the ones
performed by most debugging systems. The TSC Debug Package
allows six other actions to be per formed upon the execution of a
breakpoint. A list of all 8 possible actions follow:

1. R...Print register contents

2. Z...Zero the states counter

3, T...Enable the trace function
" 4, U...Disable trace (untrace)

5. H...Histogram counter

6. M...Print a message

7. J...Jump to specified address

8. S...Stop simulation

The first breakpoint example shown defaulted to R__and S type
(@ actions since none were specified. The /Z action zeroes the
machine states counter. This is useful for program timing. For
an example, the states counter may be zeroed upon entry to a
subroutine and a stop type breakpoint set at the exit point of
the routine., By wusing the STATES command after the program
stops, the exact number of executed machine states for that

lroutine will be displayed.

e® The [T and U'actions allow the trace mode to be enabled and
disabled at selected points in a program. When enabled, trace
will be set to level 255. Many times, tracing is only desired
during one routine or selected portion of the program. These
actions will permit this sort of program tracing. A few examples
will demonstrate action type breakpoints.
® \ *%B,RZ@1000
‘ **B TAA16
| The first command will set a breakpoint at location hex 1000
‘! which when executed will print the registers and zero the states
counter, The program will then continue since a stop (S) action
was not specified. The second example will cause trace to be

|

+urned on at location hex Al6.

) Another action 1is the histogram (H). A histogram counter
counts the number of times the instruction at that address has
been executed. This is useful for determining 'hot spots'! or
sections of programs which are executed very frequently. By
setting a histogram breakpoint at the first instruction of each
subroutine in a program, it is possible to find out exactly how
many times each routine was called. As an example, suppose there
were three subroutines in a program, and they were located aft
$100, $123, and $1AO0. To set histogram counters at these







IO
4=

locations, type the following cemmands:

*%B,H@100
**B,H@123
¥*¥B,H@1AQ

After simulating the program, typing HIST will display The totals
of the counters at each address. This command is used to examine
the histogram counters at any time. The GLH command is wused to
clear the histogram counters.

**¥CLH, 100

*¥CLH
The first command will clear (set to zero) the value of the
bhis‘l’ogram counferagj_lpggijgg,ipg. The second command will zero
%gl| of the counters. The histogram commands allow a very

complete profiling of a program, letting the user 'fine tune' it
for maximum speed.

The remaining two action codes are special purpose.; One
permifs_g_§§Je§quﬁmgssage,fg’ be printed as the action,” the
second allows transfer of control to a specified address (like a
JMP instruction).

*%g, M@325,5UB 1
**p, J@27C, 1000

The first line will print the message "syB 1" each time the
instruction at $325 is executed. The second command will cause
+he instruction at address hex 1000 to be the next instruction
execufedlfjhg_in§fru;Iioq{9?42]9_yi]linofvbe,executed!

Any combination of action codes may be |isted for a
breakpoint. They are executed in +the order they appear in the
above list. For example,

**g,TRZ@300

will cause the reglsters to be displayed (R), the states counter
to be zeroed (Z), and trace to be enabled (T), in that order.
This ordering may be important, for in the actions 'RSJ', the
stop (S) will never geft executed since the J transfers control to

another address.

Vi, Advanced Breakpoints

Programs containing loops or recursion are often difficul?
to breakpoint since one particular section of code may be called
thousands, or even millions of times. As an example, suppose
there is a loop in the program being debugged, and It s
necessary to examine the contents of the X register after the
600th time through the loop. One way is to set a breakpoint af
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the desired instruction and start the program simulating. Every
time the program halts at the breakpoint, type G to restart it,
Repeat this process 600 times and you can examine X. You are
probably thinking that this would take forever and you are right!
The TSC Debug Package allows a pass counter to be associated with
a breakpoint. This count determines how many times the
instruction at the address of the breakpoint should be executed
before the actions specified should be performed. In the above
assuming the instruction *o be breakpointed is at

example,
address 300, the following will do exactly what we want.
*¥*B@300,>600
or
%%g, SR@300,>600

Both commands are Iidentical since the first defaults to SR
actions. The '>!' Is the pass count modifier and should be read as
tafter'. The result of this command is to stop and print the
registers on the instruction at location 300, after 600 times
through it. Once the count reaches 600 (or whatever value was
set), the breakpoint actions will always occur. A second similar
type of pass count uses a '<' for a modifier and should be read
as 'before'. This is used to create a femporary breakpoint.

**g,R@300,<100

This command will set up a breakpoint at 300 which will print the
registers for the first 100 times through. After the 100th time,
the breakpoint will be cleared and no longer function. in
summary, the pass count value associated with a breakpoint s
decremented each time the instruction at the specified address is
executed, |f the modifier is a '>', no actions will be performed
until 'after' the count has reached zero. With the '<' mofifier,
actions are only performed 'before' the count reaches zero, and
once it is zero, the breakpoint is cleared.

In the above example it was decided that the program should
be stopped after 600 times through the loop. While debugging
loops, it is not always possible to determine an exact number of
+imes to execute the loop before it should be stopped. Of*en it
is desirable to stop on a certain condition, such as the contents
of a register or the statfe of a particular memory location.
Conditional expressions are allowed in breakpoint definitions and
yield a great deal of power. The conditional can be determined
on the contents of a selected register (A, B, C, X, P, S, or N)
being equal (or not equal) fto a specified value. A particular
memory location may also be tested for zero or not zero.

Following are a few examples.
*¥B@1000, IF A=3F
*¥B,R@320,IF B!=10
**p T@6AT7, |F $20=0

The 'IF' statement designates the conditional part of the
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breakpoint definition, The first exampie wiii step andg print tne
registers at location hex 1000 bu* only when the value in the A
accumulator is hex 3F. The second example will print the

registers at 320 only if the contents of the B register is not
hex 10 ('!=' is to be read as '"not equals'). The last example
will enable the trace mode at location 6A7 if the contents of
memory location hex 20 is zero. The dollar sign '$' is wused to
designate a memory reference and not a hex value (the value is
always interpreted as hex). The value on the right of the equals
sign must always be =zero when a memory reference has been

designated.

The above breakpoint features may be combined in a variety
of ways to produce an almost endless variety of breakpoints, As

an example:
*¥*B,T7Z@1000,>100, IF X=100

will cause trace to be enabled and the states counter to be
zeroed, after executing the instruction at hex 1000, 100 times,
but then only if the value of the index register is $100. It

should be noted that the H, M, and J action codes will not allow
a conditional expression as part of the breakpoint definition,
and J will not support a pass counter.

: Once breakpoints are set it is possible to examine the
loaction of them as well as remove them. To check the locations
of breakpoints, use the BP command.

*¥BpP

**BpP, 100

*¥BpP, 100-500
The first line will print the location of all breakpoints, each
one followed by a list of its action codes. No pass counts or
conditionals are displayed. The second example will display the
action codes of the breakpoint at location hex 100 (if one
exists). The 'last command line will display all breakpoints

between location 100 and 500, inclusive. The CLB command s
similar in syntax but is used to clear or remove a breakpoint.
CLB by itself will clear all breakpoints. [If it is fol lowed by
an address, the breakpoint at that address will be removed. If
two addresses are specified, then all breakpoints in their range
will be cleared.

While debugging very large programs, it may become quite
time consuming to simulate the program up to a desired address.
For example, a program which requires a minute to execute Iin real
time may require over an hour if simulated. To get around this
problem, it is possible to set a 'real time' breakpoint. This Is
entirely different from the previously described breakpoints In
that it does modify the contents of memory (by substituting a JMP
instruction) and no pass counting or conditionals are permitted.
The only actlion performed is to stop and print the registers. An

13-11






example of use follows:
**RT, 5A00

This command will cause the CPU to start executing the program
(NOT the simulator) at the current address of the program
counter. When the program reaches the specified address (5A00),
the program will stop, print the registers, and restore the
contents of RAM at that location (remove the breakpoint). Since
the program is being executed in real time and not being
simulated, no other breakpoints, illegal condition checking,
states counting, or record keeping is performed. This type of
execution is not recommended for this reason and should only be
used where the simulation time gets tremendously long.

Vil., Protect Your Memory

Perhaps the most aggravating aspect of program debugging is
having your program destroy itself in memory. Too many times,
programs 'run away', writing garbage in memory, usual ly exactly
where it is not wanted. In these instances, it would be nice to
be able to 'write protect! memory, or at least certain portions
of it. The TSC Debug Package will aliow exactly that! In fact,
any section of memory, right down to a single byte, may be write,
execute, memory, or simulate protected! Write protecting memory

will prohibit any stores or writes info it. Execute protection
prohibits opcodes from being fetched from memory. In other
words, the program counter (PC) will not be permitted tfo point to

a location of memory which is execute protected. Memory protect
is a brute force type of protection. By memory protecting a
region, you are in effect saying that no memory exists in this
region and that nothing should-be allowed to reference It in any
way. Any memory referenced in conflict with its protection will
cause the simulation to stop and an appropriate message will be
printed. Finally, simulate protection is slightly di fferent from
the rest. It is used to tell the simulator to execute any code
in a simulate protected region in real time, or in other words,
not simulated. A restriction requires the code in a simulate
protected region to be called as a subroutine (JSR or BSR) from
+he non-simulate protected code. This is very convenient for 1/0
operations. All 1/0 routines can be simulate protected (such as
TTY and disk routines) allowing them fo be executed by the CPU
(real time) and not the simulator. It is often convenient to
simulate protect the entire region of memory containing the
monitor and/or operating system since this code 1|is known
functional . Keep in mind that code in simulate protected memory
may only be accessed via a subroutine call.

The command used to set protection is PROT. A few examples
will demonstrate its use.
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**pROT, 100-3FF, X
**PROT, 2E0, W
**PROT, 500-6FF ,M, 1200~ 1FFF W

The first example will execyte (X) protect the memory between
locations $100 and $3FF. The second line write protects (W)
location $2E0. The last example will memory protect (M)

locations $500 through $6FF and write protect $1200 through
$1FFF. There are some general rules to follow when protecting
memory. Memory protection should be wused on all sections of
memory not referenced or wused by the program being debugged,
especial ly the area of memory containing the Debug Package. This
will keep a runaway program frcm clobbering something it should
not. Sections of memory which are used for register storage or
flags should be execute protected. Memory containing the actual
program code should be write protected for obvious reasons.
Finally, as mentioned above, the memory locations where the
monitor and/or operating system reside should be simulate

protected.

Once the protection has been defined it may be checked by
using the BOUNDS  command. This command will allow *the
examination of the boundaries of each type of protection. Either
all types or selected ones may be displayed.

% ¥BOUNDS
**BOUNDS, W, M

The first example will display all types while the second will
show only the defined boundaries for write and memory protection.
Memory protection can be cleared in a similar fashion.

*XCLP
*XCLP, X, W

The first command will clear all protection while the second will
only clear the defined execute and write prctected regions.

Vill, Trapping Those Bugs

The previously described breakpointing feature al lows
programs to be stopped at specific locations and on specific
conditions, It is often desirable to 'trap' a program on some
general condition such as every time a transfer of address
instruction is encountered, The memory protection described
above is a form of trap in that the program will stop if a
protection violation is detected (e.g. writing into write
protected memory). There is address information associated with
this protection which makes it different from the general traps
available in the Debug Package. The general traps cause programs
to stop on a general condition which is not address dependent,
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One of these fraps s the illegal opcode trap which is
always enabled. Any time an illegal opcode is. encountered during
+he course of program simulaticn, the program will stop and
report its occurrence. A second, always enabled trap will stop
the program if an RTS instruction is encountered and the current

nest level is 0.

There are several user control led traps which may be enabled
and disabled at will. The transfer trap is enabled with the XFR

ccaumand . When enabled, the program will stop each time a
transfer of address is encountered. These instructions are JMP,
BRA, and all conditional branches such as BCC. The subroutine

calls and returns are not trapped out.

**XFR=0ON

* %y FR=0FF
These two commands will enable and disable this trap
respectively., Once a program has stopped because of a transfer
trap, typing G will restart it, allowing the current transfer to

be executed. This is very useful for quickly following the major
flow of a programe. Another one of the general traps al lows
halting the program if the subroutine nest counts reaches a

specified level.
¥ANEST=20

This will cause a trap if the nest level ever reaches 20. To
disable the nest frap, use NEST=0.

The last general trap to be discussed Is the ITRAP. This
command al lows activation of the interrupt trap and will cause
the simulating program to stop if an interrupt type instruction
is encountered (SWI, RTI, and WAl). Since these instructions are
not wused in the majority of programs it is a good idea to use

+his feature. An example will demonstrate its use.
*%) TRAP=ON
*#%| TRAP=OFF
These 1two commands will enable and disable the interrupt trap

respectively.

IX, And There Is Still More!

There are still many undescribed features of the TSC Debug
Package. One of these is the handy little CALC command which acts
as a hex calculator. Typing CALC ‘5] lowed by a return will cause

the debugger to output an equals sign (=) for a prompt. At this
t+ime hex and decimal addition and subtraction may be performed.
To add two numbers simply type them in separated by a plus sion.
¥ the number is hex precede it with a dollar sign, otherwise the
debugger will interpret it as decimal. Use a minus sign for

13-14






subtraction., It is also possible to do ©Ddase conversions, This
can be accomplished by entering just one number after the prcempt
(hex or decimal) followed by a return. Al| answers are displayed
in both hex and decimal. An example follows.

¥*¥CALC
=$1A+10
$0024 36
=256
$0100 256

After entering the calculator mode, the numbers hex 1A and
decimal 10 were added to give the result hex 24 or decimal 36.
The second entry is a base conversion of the decimal number 256.
The result shows its hex equjvalent is $100. The calculator mode
can be left by typing a return in response to the prompt.

There are still many other features in the Debug Package,
such as interrupt simulation, which have not been described. It
is not the intention of fhis tutorial to teach all there Is to
know about the debugger, but to teach enough to make the wuser
feel comfortable with *the majority of its features. Once the
material in this section is thoroughly understood, the following
detailed command description should be studied in depth.

Now that the basic mechanics of the Debug Package are
understood they should be put fo good use. Keep in mind that a
logical and planned approach should be taken when debugging 2
program., Use the available tools such as memory protection and
breakpoints, When first starting the debug process on a new
program, start at the beginning, working your way through the
flow of the program. Let the program be the guide. [I|f you pay
close attention, it will definitely point out the bugs. Above
all, have patience. Great bugs are not killed overnight!
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13.2 COMMAND DESCRIPTIONS

l. Introduction

This section of the manual contains a detailed description
of each Debug command. Each command is shown with a few
examples. The syntax definitions show optional items in square
brackets (f1). All command parameters are shown separated by
commas for clarity in the syntax definitions and examples. Any
place a comma is shown, a space may also be used. The following

definitions apply throughout this document:

dtem Meaning

<address> 1-4 digit hex value

<value> decimal number (max = 255)
<count> decimal number (max = 65,000)

The Debug Package is ready To accept a command anytime the

\%%1 prompt is present on the line. When typing commands, 2
tgontrol H' will cause 23 backspace, and delete the last character
typed. A 'control X' will cause the'entire line to be deleted

agdf?h new prompt of '22' will be output to show the deletion of
the line. Any +ime text is being output to the terminal, display
may be stopped at the end of a line by typing an 'escape’
character. Once sfopped,> another-lescape' will restart the output
while a ‘'Feturn' will give control back to the debugger gpgjjpe

1%%1 prompt will be output.

Il. General Sysfem Control

The general system control commands allow a variety of general
actions to be performed. Reqister examination and changing is
supported by use of the REG and SET commands. The status of

" geveral machine control registers can be obtained through the

MACH command . Commands to view the stack contents, set
simulation speed, reset machine parameters, enter a calculator
mode, examine the 'machine states counter', and exit the debugger

lare all described [n this section,

CALC  (C or CALC)
PURPOSE:
The calculator mode will be entered and a '=' prompt will
be printed. The calculator will allow addition or

subtraction of two numbers. The numbers may be hex
(designated by a '$' prefix) or decimal. If +wo numbers
are typed, they must be separated by a '-' or '+!' and the
appropriate result will Dbe displayed. The answer is
shown in both hex and decimal, It is possible to enter
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only one number (hex or decimal) followed by a refturn.
The answer will be this number printed in both hex and
decimal, thus allowing base conversions. After each

output. To exit

calculation, a new '=' prompt will be

this mode, type a 'return' as a response to the prompt.,

EXAMPLES:
CALC Enter calculator mede
=$A+10 Add hex A and 10
$14 20 The result is printed
DELAY=<value> DE _
(DEL or DELAY) DEBAY
PURPOSE:
' This will set the simulation delay (the amount of delay
after each instruction is executed) fo an amount

proportional to <value>. The higher the number (max =
255) +the longer the delay. A delay of zero will result
in the delay being turned off.

EXAMPLES:

DELAY=100 Set delay to 100
DELAY=0 ) Disable the delay
DEPTH (DEP or DEPTH
{ ) DERTH
PURPOSE:

The depth command will print the deepest value of the
stack pointer (the lowest memory address at which the

stack was extended during program simulation). To
initialize this pointer, It is necessary to set the stack
pointer using the SET command. The depth value will Dbe
set to the same value 8s the stack pointer. This command
s useful for determining the amount of stack space

required by a program.

EXAMPLES:
DEPTH Print the dzepest stack location

EXIT  (E or EXIT) —

PURPOSE:
Exit the debug program. Use this command when finished

with the Debug Package.

EXAMPLES:
EXIT Ex1t the debugger
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FLAG[=<ddress>]  (FL or FLAG)
PURPOSE:
The Flag register is a 2 byte word at the specified
memory location which will be disp!ayed on a REG command
or during tracing, as the 'F' register. The memory
location for the flag will be set to the address

specified. |f no address is given, the flag register will
be disabled. This is useful for tracking flags in memory
dur ing program tracing. See the REG command.

EXAMPLES:
FLAG=1A85 Set flag register to $1A85
FLAG Disable flag register printout
IND=ON or OFF ONt Vzasr  ond wndogred men  pelear Pé:
PURFOSE:

MACH

=S

Used to enable or disable the indirection printout in a
register dump (see REG). If IND is ON, the register dump

will show a register called 'I' which is the value of the
memory location pointed to by the index (X) register. If
this feature 1is off, the | register will not be
displayed.
EXAMPLES:
IND=ON Turn indirection on
IND=OFF Turn it off
(MA or MACH)
PURPOSE:
The MACH command will print the current status of the
simulated machine., Values displayed are for mode (M),
trace (T), instruction count +trap (I), nest trap (N),-
stop address (S), interrupt +trap (IT), transfer ftrap
(XT), IRQ count (IRQ), and NMI count (NMI). The
description of these appear elsewhere in this manual.
EXAMPLES:

MACH Print the machine status

MODE=1 or 0 (MO or MODE)

PURPOSE:

The debugger has two modes of operation, mode 0 and mode
1. The system comes up in mode 1. Mode 1 offers all

debug features allowing the simulated program to run

approximately 250 times slower than real time. In mode
0, the program will run approximately 100 times slower
than real time, but the following features are not
supported; nest count checking, all traps, states
counting, memory protection, past instruction
bookkeeping, and automatic interrupts. Mode 1 should be
used most of the time to take full advantage of the
debugger.
EXAMPLES:
MODE =1 Set mode to 1

MO=0 Set mode to O
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REG (R or REG) REG

PURPOSE:
Print the contents of the machine registers., All values

are shown in hex. Besides the condition codes (C), A, B,
and X registers, program counter (P) and stack pointer
(S), the nest level, N, is displayed (shows how deep in
subroutine calls) as well as two optional registers. One
is enabled by the IND command and displays the byte of
memory being pointed to by the index register. This is
shown as 'I1' in the REG dump. The second option s
enabled by the FLAG command and will display the selected
two bytes of memory. This is shown as 'F' in the dump,

EXAMPLES:
REG Display all registers
R ‘ Display all registers also
RESET (RES or RESET) RESET
PURPOSE:
The RESET command is used to reset all machine states.
All registers will be set to zero, the stack pointer will
be set to $A07F, all breakpoints and memory protection
will be cleared, and the mode will be set to 1. This

will set up the machine exactly the same as initializing
the debugger upon first entry.

EXAMPLES:
RESET Reset the machine
s RET
PURPOSE:
Print the top two items on the stack. If the system is
currently in a subroutine, these bytes will represent the
return address from this routine., If the nest level s

currently zero (N=0), the message "NEST LEVEL IS O" will
be displayed.

EXAMPLES :
RET Print the return address






SET,<register 1ist> (S or SET)
PURPOSE:
The SET command is wused to set or assign values to
registers. The <register list> is a |ist of register

names (C, A,B;, X,S, P,N) followed by an equals sign,
fol lowed by the hex value. Setting the stack pointer

will also set the depth value to the same amount,
EXAMPLES:
SET,P=100,A=C3 Set PC to $100 and A to $C3
S B=20 X=1FFF Set B to $20 and X to $1FFF
STACK[ ,<value>]
(=~ y
PURPOSE:
Print the contents of the stack. The number of bytes
specified by <value> will be prinftfed. If <value> is not
520914 specified, the top 6xbyfes will be printed. The stack is
“‘5 printed from high address to low address, so the *top of
stack will be the last item printed.
EXAMPLES: ‘
STACK Print the top 5 stack bytes
STACK, 10 Print the top 10 stack bytes
STATES (STAT or STATES) Volla kvaliten p2 proard
PURPOSE:
Display the current value of the states counter. This
value represents the number of actual machine cycles
(micro seconds on a 1 megahertz computer) which have been
executed since the last START or RESET command. It is
also possible to set this counter to zero using
breakpoints,
-
EXAMPLES:
STATES Print the current states count
TRAIL
-~
PURPOSE:

Print the address of the last executed instruction which
caused a transfer of address (e.g. JMP instruction).
This is wuseful when attempting +to find how a program

ended up where it did.

EXAMPLES :
TRAIL Print the last transfer address
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X,<operating system command>

PURPOSE:
The X command is only operational on disk systems (see

Adaptions). It allows the execution of any DOS command

froq/ihe debugger.
e

EXAMPLES :
X,CAT, 1 Catalog drive 1

11l Memory Commands

The memory commands al low examining and altering the contents of
memory in a variety of ways., The assembler allows simple, direct
insertion of object code by using standard opcode mnemonics and
addressing mode ‘designators. The disassembler provides an
opposite type of convenience, in that the contents of memory may
be displayed as assembler language mnemonics and operands. A
single byte memory examine and change function is also available
(the MEM command). Commands for viewing large blocks of memory,
finding specific hex or ASCII strings, and filling a section of
memory with a selected character are all available in this group.

ASM[,<adress>] (A or ASM)

PURPOSE:
Enter the line at a time assembly mode. Assembly will

start at the address specified or at the location of the
program counter if no address is specified. No labels
are permitted. All standard Motorola opcode mnemonics
are accepted (no pseudo ops). When instructions contain
a register specifier, there should be no space between
the mnemonic and the specifier (e.g. LDAB, not LDA B).
All standard addressing modes are accepted. All page
zero references will be assembled as extended addresses.
Three types of constants are permitted, decimal, hex
(precede the number with '$'), and ASCI| (precede the
ASCI| letter with a single quote (')). The ¥ is
automatically advanced to the next location after the
line is assembled., To exit this mode, type a return in
response to the address prompt.

EXAMPLES: <
ASM, 100 Start assembly at $100
100 LDAA #10 Load A with 10
102 LDAB #'1 Load B with ASCII 1
104 BRA $100 Loop forever

106 Exit with return

13-21

AsM






13-22

wiste kuasa oM (petn gl e o()w.fz: ﬁPUac’.)'

o
DIS,<start address>,<stop address> (D or DIS) oIS
PURPOSE:
Disassemble memory between the addresses specified. The
address, mnemonic, and addressing mode will be printed
out for each instruction in the range. If an illegal
opcode is found, three stars (***) will be displayed

instead of a mnemonic, followed by the hex value found at
that address.

EXAMRLES:
DIS, 100, 1A0 Disassemble from 100 to 1A0
Dl{MP.<addr§ss> (DU or DUMP) ouMp
PURPOSE:

Dump 256 byte blocks of memory starting at the address
specified. The memory is displayed 16 bytes per line,
fol lowed by the ASCII| values of the hex numbers. After

each block is dumped, typing an 'F! will move Forward and
display the next 256 bytes, typing a 'B' will move Back
and display the previous 256 bytes. Typing a 'return'
will exit this mode.
EXAMPLES:
DUMP,AOO Dump memory at $A00
FILL ,<start address>,<sfop address>[,<byte>] (FIL or FILL) BB
PURPOSE:
This command will §i11 memory with the <byte> (hex)
‘specified starting at the first address, filling through
the second address. If <byte> is not specified, zero
will be used.
EXAMPLES:
“FILL,100,300,FF Fill with FF from 100 to 300
FiLL,0, 100 Clear from 0 fto 100
FIND ,<start address>,<sfop address>,<string> (FIN or FIND)
{RIND
PURPOSE;

Find the specified string in memory. The search will
start at the <start address> and continue through the
<stop address>. The address of each location where the
string is found will be displayed. The <string> can be
entered in one of two ways. The first can be a string of
hex digits separated by spaces or commas. The second is
an ASCI| string preceded by a double quote character.
The |imit on string length s the input buffer (72

characters).

EXAMPLES:
FIND,0,60,7€E,33,A2 Find the hex value 7E33A2

FIND,0, 1000,"TEST Find TEST in memory






MEM ,<address> (M or MEM)

PURPOSE:
Examine and alter memory. The address specifies the

first location to be examined. Upon entering this
command, the address specified and its contents will be
displayed on a new Iine.wnétufhis time, typing any non
hex printing character will move fo the next location and
display its contents, Typing a 'line feed' will move to
the previous location. A carriage return will exit this
mode. To change the contents of a location, type the new
hex-value. immediately following the one displayed. After
the value, type a space. The new value will be entered
and the next memory location will be displayed. It
should be noted that it is only necessary fo type the
number of significant digits and only the last two digits
are used. For example, typing a 1 would enter 01, typing
1A2 would enter A2, etc. |f only a space is typed (no

number) a =zero will be entered. Any time a non-hex
character is typed (besides a space), the next location
will be displayed, leaving the current location

unchanged.

EXAMPLES:
MEM, 540 Examine memory at $540
M, 200 Examine location $200

Z¥led
IV, Simulation Control s ¢

This group of commands is used to control the program simulatfor.
Code in RAM or ROM may be simulated. There are several methods
of initiating simulation, Programs may be executed with 'trace’
on or off. While trace is on, each instruction will be displayed
prior to its execution, along with the current state of the CPU
(all register contents are displayed). Trace provides a very
power ful tool for following program flow., Several keyboard
commands may be invoked during actual program simulation. These
commands allow the speeding up or slowing down of simulation, as
wel! as ways to halt the execution of the program. The PAST
command is a power ful bookkeeper which keeps track of where your

program has been,
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GO

(G or GO)
PURPOSE :

Start the program executing at the location currently
pointed to by the program counter. No machine values are

altered with this command.

EXAMPLES:
GO Start the simulation at the PC
G Does the same thing
JUMP,<address> (J or JUMP)
PURPOSE:
This command is exactly like GO except execution will

beqin at the address specified. No machine values are
altered with this command, except the program counter
which is set to <address>. :

EXAMPLES:
JUMP, 322 Start simulation at $322
J,80 Start simulation at $80
PAST[,<value>] (PA or PAST)
PURPOSE:
Display the past several instructions executed by *the
simulated program. |f <value> is not specified, the past
255 instructions will be printed (oldest to most recent),

otherwise <value> sets the number of instructions to be
displayed. Each instruction is shown in a disassembled

form, with its address.

EXAMPLES:
PAST Display the past 255 instructions
PAST, 10 Display the past 10 instructions

SIM[,<count>]

PURPOSE:

Simulate the number of instructions specified by <count>
with the trace disabled. |If the count is not specified,

one instruction will be executed. Execution starts at
the current PC. No machine values are altered prior *to
simulation. Trace will be reset to its original value

following SIM's termination.

EXAMPLES:

SIM Simulate one instruction
SIM, 100 Simulate 100 instructions
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START,<address> (ST or START)

PURPOSE:
start program simulation at the specified address. The
PC will be set to the address specified, the states
counter will be zeroed, and the nest count will Dbe
cleared.
EXAMPLES:
START, 1000 Start simulation at $1000
ST,2A Start simulation at $002A

STEPI[ ,<count>]

PURPOSE:
This command will cause the debugger to enter the 'step!

mode. The <count> specifies how many instructions should
be executed at a time in this mode and defaults to one
(single step). Upon entering the STEP command, the

system will immediately execute the number of
instructions specified by <count>, then print a register
dump. The execution will begin at the location pointed

to by the P register (program counter). After the
register dump, typing a tspace' will cause execution of
t+he next <count> Instructions and produce another
register dump, Typing a 'return! will exit the step
mode. Any other character will be ignored. It should be
noted that while in the  step mode, breakpoints and

tracing are inoperable.

EXAMPLES:
STEP Enter 'single step' mode
STEP, 10 Execute 10 instructions at a time

TRACE=<value> (T or TRACE) kefplad RIEd]

PURPOSE:
Set the trace depth., |If value is set to zero, trace mode
will be disabled. Setting trace to a non-zero value will

enable tracing up to but not including tThe subroutine
nest level indicated by <value>. For example, if TRACE=2
is entered, tracing will occur at nest level 0 and 1 but
will be disabled at nest levels of 2 and higher. The
nest level is displayed as 'N' in a REGister dump.

EXAMPLES:
TRACE=255 Enable trace at all levels
T=0 Disable trace mode
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TSM[,<count>] (TS or TSM)
PURPOSE :
This command is similar to SIM except trace mode is
enabled (Trace=255) and the registers will be dumped
after each instruction simulated., The count will default
to 1 if not specified. Trace will be reset to its

original value following TSIM's termination.

" EXAMPLES :
TSIM Trace and simulate 1 [nstruction
TS IM, 20 Trace 20 instructions

"Control C°?

PURPOSE:
Anytime a program is being simulated, a 'control C' will
cause the execution to halt and the message 'OP HALT AT
XXXX' to be displayed at the “terminal, This means
'Operator Halt' and the XXXX will be replaced by the
actual address where the program was halted.

'Escape Character!

PURPOSE:
During program tracing, typing an 'escape' will cause the
program to pause at the end of the next displayed line.
At this *time, typing another 'escape' will enable the
trace to restart, while typing a f'return' will return

control back fojfhe command entry mode.
'"Control F!

PURPOSE:
During program simulation, the delay value (see DELAY)

may be dynamically changed. Each time a 'control F' is
typed (only during program simulation) the delay value

will be decremented by one, thus making the program run
faster, If the delay is zero, the ‘'control F' will be
ignored, It should be noted that for large delays, many
'control F' functions will need to be typed to see the
increase in speed.
'Control S!
PURPOSE:
This is similar to the 'control F' key but makes the
simulation run slower. If the delay is already at its

max imum value, the 'control S' will be ignored.
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V. Bpeakpoiais

Breakpoints allow the insertion of check points into a program.
A breakpoint always has an address associated with it. The
address specifies where in the program the breakpoint action
should occur. These actions range from printing the machine
registers to controlling trace mode. Each breakpoint may also
have a pass counter which determines the amount of time until it
becomes active, or the amount oi time it should remain active.
The actions are also dependent on the result of a conditional
expression involving a CPU register or memory location,
Breakpoints are decoded with th following precedence. DIf the
address of the current PC matches the address of a breakpoint,
then the pass count is checked. @1f the counter is in a state to
allow continuing, then the condition is checked (if present).
Finally the®actions specified for the breakpoint are performed.
The other commands in this group allow clearing breakpoints
(removing them), printing histogram counter wvalues, print
breakpoint location and type, and clear histogram counters.

B,<actions>@<address>[,<modifier><count>][, IF<condition>]

or _
B@<address>[,<modifier><count>][, [F<condition>]
N /u‘y(: . 1
PURPOSE:

The B command is wused to set breakpoints, These
breakpoints are nondestructive in that they do not alter
the contents of memory at the breakpoint location. Two
forms of the command exist. The first is the general
form of the command and al lows user definable breakpoint
actions. The <actions> may be any one or combination of

the following:

R...Print register contents
Z...2ero the states counter
TeesoTrace mode on

U...Trace mode off (untrace)
H...Histogram counter
M...Print message

JeeoJump to new address
S...Stop simulation

The above actions are executed in the order shown. A
histogram action causes a counter to be set up such that
each time the instruction at the address specified is

executed, the counter will be incremented by one. By
later requesting a HISTogram, all of the counters and
their assocliated counts will be displayed. The second

form of the B command Iis a special case of the first. |In
this form, no actions are specified, and they default to
S and R (just as If S and R were used in form one). The
<count> part of the syntax is optional and acts as a pass
counter. The <modifier> shown in the command description
represents either a '>', used to mean 'after', and '<' to
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represent 'before'., A count preceded by '>' will cause
the breakpoint defined on the line to remain inactive
until <count> number of times through that address. A

count preceded by '<' will cause the breakpoint defined
to be active for only the <count> number of times through
that address, at which time it will be automatically

removed. The <count> in either case must not exceed
32,000. The next part of the syntax is the optional
<conditional>., This allows the breakpoint action *to be
dependent on some condition. The condition can be the
contents of any machine register being equal or not equal
to a hex value ('=' and '!=' respectively), or the
contents of a specified memory location being zero or not
zero. If a register is used, simply state the register
name, followed by the relational, followed by the hex
value (e.g. A=23, or B!=E2). To use a memory location,
a dollar sign '$' must precede the address. For example,
$100=0 would check if the byte at location hex 100 was
zcro, and $A20!=0 would check if the byte at location hex
A20 was not zero. |If a memory address is specified, the
only allowed value to the right of the relational is
zero, and if any other value is used, it will be ignored.
NOTE: The conditional part of the breakpoint definition
may not be used with H,M, or J action codes. Two of the
breakpoint actions require special syntax. These are the
M (message) and J (jump) types. The M action is used to
print a specified message to the terminal upon execution
of the breakpoint. The J action is used to transfer
control to another address (like a JMP instruction). Any
breakpoint containing M may not contain J and vice versa.
A breakpoint containing M should have an ASCII| string
following the <count> (or following the address if no
count is specified).. This string is the message which
will be printed on the terminal each time the instruction
is to be executed., Messages should be kept short (under
5 letters if possible). For the J type action, the hex
address of the location of transfer should be provided
after the <count> field. The examples below will help

clarify the syntax.

EXAMPLES ;
"B@100 Stop and print registers at $100
.- B,SRa100 Same as above
B,HEA100 Set histogram at $A100
B,ZR@300 >100 Zero states and print registers
after 100 times through $300
B@200, IF A=3C Stop & print registers at $200
only if acc. A = $3C
B,Me210,SuUB 1 Print message 'SUB 1' every time

through location $210

Transfer control to location $1000

when reach instruction at $100

B,TZ@400,<25, IF $20=0
For the first 25 times through
location $400, turn trace on and
sero the states counter, but only
if location $20 is zero.

B,J@100, 1000
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BP[ ,<address>[-<address>]] BP

PURPOSE: .
The BP command is used to print the location of

breakpoints and their associated action codes. The two
address specifications are used To define the region of
memory for checking breakpoints (beginning and ending,
respectively). |f no addresses are specified, all
breakpoints will ' be listed. If only one address is
given, then only the breakpoint at that address will be
displayed (if one exists). Only the action codes are
|isted with each address.

EXAMPLES:
BP, 10-C00 . List breakpoints between $10 & $COO
BP ‘ List all breakpoints
CLB[ ,<address>[-<address>]] CLB
PURPOSE:
Clear breakpoints in specified memory region. The

addresses define the region of memory. If only one
address is listed then only the breakpoint at that

location will be cleared. If no addresses are specified,
all breakpoints will be cleared.
EXAMPLES:
CLB Clear all breakpoints
CLB,0-100 Clear breakpoints between $0 & $100
CLB,22A Clear breakpoint at $22A
CLH[ ,<address>[-<address>]] “CLH
PURPOSE:

Clear histogram counters In the specified memory region.
The addresses define the region of memory. |If only one
address is |listed then only the histogram counter at that
location will be cleared. If no addresses are specified,
all counters will be declared. NOTE: This command does
not remove the histogram breakpoints, but clears its
associated counter to zero in preparation for a new run.

EXAMPLES:
CLH : Clear all histogram counters
CLH,25-200 Clear counters between $25 & $200






CLM
PURPOSE:
Clear all messages in the breakpoint message table (used
by the M action code, see the B command). This table is
a fixed size and can be filled up. When deleting message
type breakpoints using the CLB command, the associated
space in the message table does not get freed. It is
recommended that whenever all M type breakpoints have
been cleared, also use the CLM command. Do not use this
command if there are any active M type breakpoints.,
Their message strings will be destroyed!
EXAMPLES:
CLM , Clear all messages
HIST. [ ,<address>[-<address>]] (H or HIST)
PURPOSE :
Print the histogram counter totals for the section of
memory specified. The addresses define the region of
memory. If only one address is |Iisted then only the
counter at that location is displayed. |[|f no addresses
are specified, all counter contents will be displayed.
Each counter is shown preceded by its address. The
counter value shows the number of times the instruction
at that address has been executed.
EXAMPLES: .
HIST Display all histogram counters
H,0-200 Display counters between 0 & $200
RT[,<address>] lex uwasr proard  clka
PURPOSE:

EXAMPLES:
RT,600 Start at PC, end at $600
RT Clear an existing RT breakpoint
Sagoa DERUNG 3 lada CPI:w lemge &rvw\ ¢ oM,z;ueM adsr, (g2 wazle wa

Start real time program execution (not simulated) at the
current PC location. Program execution will halt at the
<address> specified. This is similar to the standard
breakpoint most users are familiar with in that memory is
actually altered at the address specified (with a JMP
instruction). Entering RT without an address will clear
any real +time breakpoint which may have been previously
entered, This type of breakpoint and program execution is
not recommended since no protection or checking Is
performed. When the program reaches the break address
specified, the breakpoint s automatical ly cleared and
the original code restored in memory. ROM may not be
breakpointed with this command.

bv.é/C(/\_)\ ; Can -‘u._c}-r-;‘kk a waxele (}A:%%u : pA M‘1
('M(J,b?ir a BWMPY) kir < &;J M S(iy"*v):ﬂ,n.“» Ak h-pvl wy oM:},;.,—-Ja- oo,

1a
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Vi. Memory Protection

The memory protection commands are a very power ful feature of the
program debugger. The PROT command allows selected areas of
memory to be write, execute, memory, OF simulate protected.

@) Write protected memory will cause a trap on any attempt to write

s13-322 @ to it. @Execute protect will not allow opcodes to be fetched.

(

-

() Memory protect
@write, or execute. @Simulate protect is used to protect sections

will not permit any type of reference; read,

of code which should not be simulated (executed in real time).
I+ is important that only “code called as a subroutine from
non-simulate protected memory be contained in the area(s) of
memory designated as simulate protected. An example would be *to
simulate protect the section of memory where a DOS resides. All
subroutine calls fo the DOS would then be executed in real tTime.
Code which Is simulate protected and does not follow this
convention will usual ly cause the CPU to take over the execution

of the program resulting in a loss of control. NOTE: To protect
+he memory around the machine stack (upper and lower bounds), use
the 'memory' protection. This is the only type checked on stack
references., Other commands in this group allow examination of
protected memory regions or bounds, as well as the clearing of

protection types.

BOUNDS [, <types>] (BO or BOUNDS)
PURPOSE: .
Display the bounds of protected memory. Each <type>
specified will list all regions of memory protected by

that Type. <type> may be W, M, X, or S for write,
memory, execute, and simulate, respectively. Multiple
types may be displayed by |listing the types on the
command |ine separated by a comma Or space. |f no ‘type

is specified, all types of protection will be listed.
EXAMPLES:
BOUNDS Display all memory protection
BO,M, X Display memory and execute

protection bounds

CLP[,<type>]

PURPOSE:
Clear all protected regions for a specified type of
protection, The <type> is specified by the same letters
described in BOUNDS. Only one type may be Ilisted per

command line. If type is not specified, all protection
will be cleared.
EXAMPLES: _ :
CLP Clear all protection

CLP, X Clear execute protection
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PROT ,<address>[-<address>],<type> (P or PROT)

PURPOSE : se ox s13-31
The PROT command is used to assign protection to a region

of memory. The +two <address> specifiers designate the
beqinning and ending addresses of the selected recion.
If only one address is specified, only the byte at that
location will r . The <type> désignator may
either be M, X 7 W;.EE or 8“for memory, execute, write, and
simulate protection respectively. Only one type may

appear with each address range. Multiple protection may

be per formed on one line by separating T nge-type
specifiers by a comma or a space. )

EXAMPLES:
PROT,0-100,M Memory prot 0-$100
P, 100,W,A100-A600,S _
Write prot $100 and simulate
protect $A100-A600

Vile. Execuflon Traps

Execution traps allow program stopping on certain general
conditions. Several traps are always enabled, These incluc?;

trap on illegal opcode and trap on RTS if nest count=0. The user
may enable and disable several other traps. These traps are for
interrupt type instructions, transfer of address type

instructions, trap on a selected subroutine depth (nest count),
an instruction count timeout, and a general 'stop' address.

INST=<count>

PURPOSE:
Set the Instruction count timer +o the value of count,
If set to zero, this trap will be disabled. This timer

ls used to count the number of simulated instructions.
Each time this counter reaches zero, the program will
halt and oprint 'IC TIMEOUT AT XXXX', where XXXX is the
address where the program stopped, and the counter will
be reset to the value it started at (the value specified

by <count>).

EXAMPLES:
INST=400 Set counter to 400

INST=0 Disable the intruction counter
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ITRAP=ON or OFF (IT or ITRAP) ITRAP
" PURPOSE:
Turning the ITRAP on will cause the simulator to treat

interrupt type Instructions similar to illega! opcodes.
Any time a RTI, SWI, or WAl instruction Is found, the
message 'l TRAP AT XXXX' will| be displayed. The address
of the instruction will be printed in place of the XXXX

shown,
EXAMPLES:
ITRAP=0ON Enable the interrupt trap
I T=OFF Turn off the trap
b NEST=<value> (N or NEST) ' MEST

PURPOSE: . '
Set the nest trap at the level specified by <value>. The

simulator will trap execution if a subroutine call
'5 instruction is found which will cause the nest level to
equal or exceed that set by NEST. Setting the <value> to
zero will disable this trap.
EXAMPLES:
NEST=6 Set nest trap to level 6
N=0 Disable nest trap
STOP=<address> Defoulk = $0000 - STOP
PURPOSE:
The STOP trap is a general 'stop at address X' trap. It
is useful for trapping returns to monitor +type programs
or operating systems, The +trap is set at the address
specified. Ariedd o sidos pR sitdn agtrdhiu 1 progrt
~ EXAMPLES:
' STOP=100 Set stop trap at $100
STOP=EODO Set trap at MIKBUG entry
o XFR

XFR=0ON or OFF

i . PURPOSE : . g
: . Enabling the XFR trap will cause a trap each time a

fransfer of address type instruction is found (JMP, BRA,
or BXX). This is useful for fol lowing major program
flow. Typing a 'G' command after this trap will cause the

program to starft executing again.

EXAMPLES :
XFR=ON
XFR=OF F

Enable the transfer trap
Turn the trap off



wl
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( LENLO%
Vill. Interrupt Control
Both NMI and IRQ type interrupts may be simulated. Two modes of
operation are possible. The first 1is automatic, . periodic
( interrupt generation. This mode allows Interrupts to be
‘ generated every N instructions., The second allows random
Luigg;gai__ggﬁgtgiiggwﬂjgngAtng“_quboard. When these keys are
typed during program simulation, the appropriate interrupt will
be issued. . .
=< > . . -
IRQ=<count IRQ
-~ ‘ PURPOSE:
Cause an |RQ type interrupt to be generated every <count>
instructions. If count is set to zero, IRQ interrupts
: will be shut off.
-~ " EXAMPLES: 1 |
E o IRQ=5000 Generate IRQ every 5000 instructions
IRQ=0 Turn off automatic IRQs
¢
= t
NM | <copn > NMI
PURPOSE:
Cause an NMI| type interrupt to be generated every <count>
instructions. £ ~ <count> is zero, automatic NMI
( interrupts will be turned off.
“EXAMPLES:
NM1=300 Generate NMI every 300 Instructions
NM =0 Turn off automatic NMIs

o ;

'Control 'Control I'
PURPOSE:
Typing a 'control I' during program simulation will cause
(I\ an IRQ type interrupt to be generated.
"Control N' | ' 'Control N'
PURPOSE:
Typing a 'control N' during program simulation will cause

an NM| type interrupt to be generated.







13.3  MESSAGE DESCRIPTION

The following is a list of all Debug generated messages - and
their respective meanings.

WHAT? = This is The general error message reported when an
invalid input command has been entered.

"STOP" AT = The address set by the STOP trap command has been
reached.

IC TIMEOUT AT = The number of instructions specified by the INST
trap command have been executed.

ILLEGAL OPCODE AT = The instruction pointed to by the PC is an
Ilegal opcode.

| TRAP AT = An SWI, RTI, or WAl instruction has been encountered
and the ITRAP command has been used to enable the nnferrupf

trap.

LAST XFR FROM = Displayed by request using the TRAIL command.
. The address gives the location of the Ilast transfer of
' address type instruction which was executed.

SYNTAX ERROR = The command just entered does not follow the
syntax rules for that command.

EP TRAP AT = An Execution Protect trap at the specified Jocation
‘* resulting from an ;Tfempf to execute code in execute

.'#.%% protected memory.

WP TRAP AT A Write Protect trap at the specified location
resulting from an attempt to write info write protected

memory .

EX - MP TRAP AT = An attempt tp execute code residing in memory
protected memory has been detected at the specified address.

REF - MP TRAP AT = An attempt to reference (read or write) a byte
in memory protected memory has been detected at the

specified address.

SP TRAP AT = A Stack Pointer reference (PSH, JSR, etc,) was
attempted in a section of memory which is memory protected.

TABLE OVERFLOW = The last command entered caused an internal
table to oyerflow. The command dis not get executed.

NC TRAP AT = A Nest Count trap occurred as a result of the nest
level reaching the level specified in a NEST command .

13-35






RTS IN LEVEL O AT = An RTS instruction was encountered while the
nest level was 0 (no previous call to subroutine had been

executed).

NEST LEVEL IS O = There is no return address on the stack so the

RET command can not

XFR TRAP AT = A transfer
encounterd with the

MON XFR AT = The program
the monitor address

OP HALT AT = An operator

display an address.

of address type instruction has been
transfer trap enabled (from XFR=ON).

being simulated tried to pass control to
which is used by the EXIT command.

halt signal (control C character) was

detected by the simulator.
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FLEX COMMAND AND SUBROUTINE mCiE;ﬁcu

command
ASN[,W=<drive>],S=<drive>]
CAT],<drive list>],<match list>]
COPY,<filespec>,<file spec>
COPY,<file spec>,<drive>

COPY,<drive>,<drive>[,<match list>]

DATE[,<mm,dd,yv>]

DELETE,<file spec>[,<file list>]

GET,<file spec>[,<file list>]
default extension : .BIN

LIST,<file spec>[,<line range>],N]

MON

0,<file spec>,<command>
default extension : .OUT

P,<command>

PROT,<file spec>[,<options>]

RENAME,<file spec 1>,<file spec 2>

default extension : .TXT

cmd page
ASN 10-9
CAT 10-11
COPY 10-13
DATE 10-15
DELETE 10-16
GET 10-7
LIST 10-17
MON 10-7
(0] 10-18
P 10-19
PROT 10-20
RENAME 10-21

SAVE,<file spec>,<begin adr>,<end adr>[,<transfer adr>]

default extension : .BIN SAVE 10-22
SAVE.LOW SAVE.LOW 10-22
STARTUP STARTUP 10-23
TTYSET[,<parameter list>] TTYSET 10-25
VERSION,<file spec> VERSION 10-29

default extension : .CMD
GETCHR Get character $ADIS5 10-33
PUTCHR Put character $ADI18 x 10-33
PSTRNG Print string SADIE 10-33
INBUFF Input to line buffer $ADIB 10-34
PCRLF Print CR + LF $AD24 10-34
OUTADR Output hexadecimal address $AD45 10-34
OUTDEC Output decimal number $AD39 10-35
OUTHEX Output hexadecimal number $AD3C 10-35
GETHEX Get hexadecimal number  $AD42 10-35
INDEC Input decimal number $AD48 10-35

Line buffer

System date registers
Line buffer pointer
Escape return register

$A080 - SAOFF 10-32
$ACOE - $AC10 10-32
$ACI14 - $AC15 10-32
$ACI6 - $ACI7 10-32

) )

OmegaSoft Screen Editor
SCREEN EDITOR COMMANDS

Line syntaz : *.* = current, “$" = lagr, di -
relative line number, ¢ and - alloved. 9ita = orteatior

Buffered Commands ('E' prompt)

Edit <filename> Clear buffer and read ¢
ile.
New <filename> Clear buffar and set :—-.-..l.
Get <filename> ___ =~~~ Get file past cursor.
"-u- _AM»W“.—..!-: — Save entire file.
ave an 3 — Save ent{
Save Partial <lined,<1ine> Y MO
<filename> ______ Save ft of file.
Move <line>(,<1ine>) _______ will “-oqn n-:.- Mo after
cursor position.
—— will copy lines to after
DElete <lined(,<ined] ____ wil) delste dincer T o™
Position <line> _____ positions cursor to 1line.
Tabs Repetitive <incrd> ________ Sets tabs at columns 0, incr,
2 ¢® incr, 3 * 4nc .
Tabs Mon-repetitive (<columnd) _ Sets n-v.-n !.-.“num MMM..I.-.
(Columns separated by spaces).

Copy <line>(,<1line>)

“.ow- Clear all tabs.
Enable display of tab markers.
u.. - Disable display of tab l.:-nu.
Display version, filename, and

line and memory status. Entet
any key to exit,

Khen loading a nev file or exiting the editor you w
prompted to save the current buffer if it has been 'o“—:-m:-u»:vnn
last saved. Any response other than an 'N' or 'a' will save the
old buffer. A cresponse of "C' or 'c* will allow you to change the
file name before saving.

¥on-buffered commands (see page 19-9)
Quit ____ Exit editor. original versfon
4 __ move cursor left one chatacter. J
¥i1e b wmove cursor right one character. L
—_ _ ®WOVe CUCSOr UP one line. 1
M move cursor dowvn one line. .
alternate between left and right of line. K
wove cursor 1/2 screen up L
move cursor 1/2 screen down
space move cursor to mext 1dentifier.
BT or cntrl T _ move cursor to next tab.
cntrl R move cursor backvards to previous tab.

0

(Tetter)

cotrl § single character delete. deleting the carriage
return will mecrge lines, with multiple leading
spaces compressad into one space. 1

catel X delete current line. seigisal version

9 Overvrite one character.
9 3 overvrite chatact until escape.
He wal enter append mode. A
— . anter insert mode. B

1 (digit onel
v

Text search commands

rind _______ will position cursor, response is
CR = stop command
Space = continue
K = multiple
eccurrences on line
Replace will position cursor, response is
CR = stop command
Space = continue
R = Replace and continue
N = myltiple
occurrences on line
E = entire buffer

Note 1 When the 'P' prompt appears enter the find pattern - if
you enter just s carriage return then this vill terminate the
command. When the ‘R' prompt appears enter the Replace pattern.
A """ {g used as a don't care in the find and Replace patterns.
The entire buffer option will enable the replacement throughout
the rest of the buffer. The multiple occutrences option will
allov a match on each occurence of the find pattern on any one
line, else only the first match on a line is recognized. The
search will start on the current line, continue to the end of the
buffer, start back at the top, and stop on the current line. The
cursor will be positioned at the last match vhen the command
terminates.

Insert or -HB. nd mode

Character entry until an escape is entered. Insert mode will
insert characters before the current cursor sition. If a
carriage return is entered during insert mode then append mode
vill be antered with the last part of the line cacrried over until
append mode is exited. Append mode will astart new lines past the
current line with no partial line carried over. In addition the
folloving specisl characters are recognized :

BS or DEL backcpaces over character.

BT ot cotrl T __ forvard tab.

cntrl’ R reverse tab.

cntrl A copies remainder of last line entered.
catrl X removes all characters entered so far.

)

ASSEMBLER DIRECTIVES AND COMMAND SUMMARY

DIRECTIVES

END

end of source program

EQU equate a symbol to operand

FCB form constant byte

FDB form double constant byte

FCC form constant characters

LIB process library file

NAM specify name or title

ORG assign origin of program counter

PAG skip to next page

RMB reserve memory bytes

SPC insert spaces of output listing

TTL specify name or title

OPT assembler control options
PAG enable page formatting

COMMAND

[P,]JASMB,<filename1>[,<filename2>[,+<optionlist>]

optionlist

no binary file
no date on list

no list
no symbol table
delete binary file

< bbb w

12-12
12-12
12-13
12-14
12-13
12-14
12-14
12-15
12-16
12-16
12-16
12-14
12-15

print only one line for FCB, FDB and FCC



DEBUG COMMAND SUMMARY
General system control
CALC
DELAY=<value>
DEPTH
EXIT
FLAG[=<adress>]
IND=ON or OFF
MACH
MODE=1 or 0
REG
RESET
RET
SET,<register list>
STACKI, <value>]
STATES
TRAIL
X,<FLEX command>

Memory commands
ASM[,<adress>]
DIS,<start address>,<stop adress>
DUMP,<address>

Calc
DELay
DEPth

FLag
IND
MAch
MOde
Reg
RESet
RET
Set
STACK
STATes
TRAIL

Asm
Dis
DUmp

FILL,<start address>,<stop adress>[,<byte>]

FILL

FIND,<start adress>,<stop adress>,<string>

MEM,<adress>

Simulation control
GO
JUMP,<address>
PAST],<value>]
SIM[,<count>]
START,<address>
STEP[<count>]
TRACE=<value>
TSM[,<count>]
‘etrl'C
escape
‘ctrl'F
‘ctrl'S

FINd

Mem

Go
Jump
PAst
SIM
STart
STEP
Trace
TSm
operator halt
halt on EOL
faster
slower

«

13-16
13-17
13-17
13-17
13-18
13-18
13-18
13-18
13-19
13-19
13-19
13-20
13-20
13-20
13-20
13-21

13-21
13-22
13-22

13-22

13-22
13-23

13-24
13-24
13-24
13-24
13-25
13-25
13-25
13-26
13-26
13-26
13-26
13-26

Breakpoints

B,<actions>a<address>(,<modifier><count>J[,IF<condition>]

Ba<address>[,<modifier><count>][,IF<condition>]

R...Print register contents
Z...Zero the states counter

B

T...Trace mode on

U...Trace mode off (untrace)

H...Histogram counter
M...Print message
J...Jump to new address
S...Stop simulation

BP[,<address>[-<address>]]
CLB/[,<address>[-<address>]]
CLH[,<address>[-<address>]]
CLM
HIST{,<address>[->address>]]
RT[,<address>]

Memory protection
BOUNDS[,<types>]
CLP[,<type>]
PROT,<address>[-<address>],<type>

Execution traps
INST=<count>
ITRAP=ON or OFF
NEST=<value>
STOP=<address>
XFR=ON or OFF

Interrupt control
IRQ=<count>
NMI=<count>
'Ctri'T
'Ctrl'N

BP
CLB
CLH
CLM
Hist
RT

BOunds
CLP
Prot

INST
ITtrap
Nest
STOP
XFR

IRQ
NMI
'Ctrl'l
'Ctri'N

13-27

13-29
13-29
13-29
13-29
13-30
13-30

13-31
13-31
13-32

13-32
13-33
13-33
13-33
13-33

13-34
13-34
13-34
13-34
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13.4 COMMAND SUMMARY

I.  General System Contro] Description
page
CALC CALC 13-16
DELAY=<value> DELAY 13-17
DEPTH DEPTH 13-17
¥ EXIT EXIT 13-17
¥ FLAG[=<address>] FLAG 13-18
* IND=ON or OFF IND 13-18
MACH MACH 13-18
MODE=0 or 1 MODE 13-18
* REG : REG 13-19
RESET RESET 13-19
RET RET 13-19
¥ SET,sregister list> SET 13-20
\ STACK[,<value>] STACK 13-20
*  STATES STATES  13-20
v TRAIL TRAIL 13-20
x X,<operating system command> X 13-21
II. Memory Commands
ASM[ ,<address>] ASM 13-21
DIS,sstart address>,<stop address> DIS 13-22
DUMP,<address> DUMP 13-22
FILL,<start address>,<stop address>[,<byte>] FILL 13-22
FIND,<start address>,<stop address>,<string> FIND 13-22
MEM,<address> MEM 13-23
I11. Simulation control\
- GO GO 13-24
v JUMP,<address> JUMP 13-24
- PAST[,<value>] PAST 13-24
SIM[,<count>] SIM 13-24
* START,<address> START 13-25
« STEP[,<count>] STEP 13-25
< TRACE=<value> TRACE 13-25
. TSM[,<value>] TSM 13-26
'Control C' Cont. C 13-26
'Escape Character' Ese. 13-26
'Control F' Cont. F 13-26
'Control S' Cont. S 13-26
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Iv. Breakpoints

B,<action>a<address>[,<modifier><count>] [,IF<condition>]
Ba<address>[,<modi fier><count>] [,IF<condition>]
BP[,<address>[-<address>]

CLBt,<address>[-<address> ]

CLH[,<address>[-<address>] ]

CLM

HIST[,<address>[-<address>]]

RT[,<address>]

V. Memory Protection

BOUNDS [, <types>]
CLP[,<type>
PROT,<address>[-<address>] ,<type>

VI. Execution Traps

INST=<count>
ITRAP=0ON or OFF
NEST=<value>
STOP=<address>
XFR=0ON or OFF

VII. Interrupt Control

IRQ=<count>
NMI=<count>
'Control I'
'Control N'

B

B

BP
CLB
CLH
CLM
HIST
RT

BOUNDS
CLP
PROT

INST
ITRAP
NEST
STOP
XFR

IRQ
NMI
Cont. I
Cont. N

13-38

13=27
13-27
13-29
13-29
13-29
13-30
13-30
13-30

13-31
13-31
13-32

13-32
13-33
13-33
13-33
13-33

13-34
13-34
13-34
13-34
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DEBUG COMMAND SUMMARY
General system control

CALC
DELAY=<value>
DEPTH

EXIT
FLAG([=<adress>]
IND=ON or OFF
MACH

MODE=1 or 0
REG

RESET

RET

SET, <register list>
STACKI, <value>]j
STATES

TRAIL

X,<FLiEX command>

Memory commands
~.5M[,<adress>]
DIS,<start address>,<stop adress>
DIUUMP,<address>

Calc
DELay
DEPth
Exit
FLag
IND
MAch
MCde
Reg
RESet
RET
Set
STACK
STATes
TRAIL
X

Asm
Dis
DUmp

FILL, -start address>,<stop adress>;, <byte>]

FIL]

FIND,<start adress>,<stop adress>,<string>

MEM,<adress>

Simulation control
GO
JUMP,<address>
PASI],<value>]
SIM[,<count>]
START,<address>
STEP[<count>]
TRACE=<value>
TSM[,<count>]
'etrl'C
escape
'etrl'F
‘ctrl'S

FINd
Mzm

Go

Jump

PAst

SIM

STart

STEP

Trace

TSm
operator halt
halt on EOL
faster
slower

13-16
13-17
13-17
13-17
13-18
13-18
13-18
13-18
13-19
13-19
13-19
13-20
13-20
12-20
13-20
13-21

13-21
13-22
13-22

13-22

13-22
13-23

13-24
13-24
13-24
13-24
13-25
13-25
13-25
13-26
13-26
13-26
13-26
13-26

Breakpoints

HAKAN JOELSON

Bjérnvagen 426

902 60 UMEA
Sweden

Te!. 090-13 68 61

{5

B,<acticns>a<address>[,<modifier><count>][,IF<condition:-]

B

Ba<address>[,<modifier><count>J[,IF<condition>]

R...Print register contents
Z...Zero the states counter
T...Trace mode on

U...Trace mode off (untrace)
H...Histogram counter
M...Print message

J...Jump to new address
S...Stop simulation

BP[,<address>[-<address>]]
CLB[,<address>[~<address>]]
CLH[,<address>[-<address>]]
CLM
HIST[,<address>[->address>]]
RT], <adﬁress>]

Memory protection
BOUNDS],<types>]
CLP[,<type>]
PROT,<address>[-<address>],<tyge>

Execution traps
INST=<zount>
ITRAP=0OM or OFF
NEST=<value>
STOP=<address>
XFR=ON or OFF

Interrupt control
IRQ=<count>
NMI=<count>
'Ctri'l
'Ctrl'N

BP
CLB
CLH
CLM
Hist
RT

BOunds
CLP
Prot

INST
ITtrap
Nest
STOP
XFR

IRQ
NMI
'Ctrl'l
'Ctrl'N

13-27

13-29
13-29
13-29
13-29
13-30
13-30

13-31
13-31
13-32

13-32
13-33
13-33
13-33
13-33

13-34
13-34
13-34
13-34



