










































































































































































































































































































































































TERMINAL HANDLER

to the terminal, the Terminal Handler fills in the remaining
fields in the output request message. The requesting task can
wait at the response mailbox (that is, it can call the
RECEIVESMESSAGE system call with a time limit of OFFFFH)
immediately after sending the output request. By observing
this protocol, the task can learn of the success or failure of
the output attempt. The fields that provide this information
are the following:

e EXCEPTION CODE --- the encoded result of the output
operation:
- E$0OK --- the operation was successful.
- E$PARAM --- the FUNCTION field in the message did not

contain F$WRITE.

- E$BOUNDS --- the COUNT field in the message is too big
for the segment, that is, COUNT + 8 is greater than
the length of the segment containing the message.

® ACTUAL --- the actual number of bytes output.

In summary, the protocol observed by tasks doing output is as
follows:

e Prepare the output request message segment, filling in
the FUNCTION, COUNT, and MESSAGE CONTENT fields.

e Send the segment, via the SEND$MESSAGE system call, to
RQTHNORMOUT. It is advisable, but not necessary, to
specify a response mailbox in the system call.

e Wait indefinitely, via the RECEIVE$MESSAGE system call,
at the response mailbox. When received, the message
contains the results of the transmission in the EXCEPTION
CODE and ACTUAL fields.

INPUT

The protocol for obtaining input is much the same as that for
outputting. A message is prepared and sent to a request
mailbox, then the message is received at a response mailbox.
There is a significant difference, however. The input is
contained in the message segment at the response mailbox, so
designating a response mailbox and then waiting there is
required.

CAUTION

When multiple tasks use the same
mailbox for input from the terminal,
there is a chance that a task will
get input that is intended for
another task.
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The first thing a task needing input does is prepare an input
request message. It must fill in theFUNEFION and COUNT fields
grlor~ta_sendlﬂg\iE%~£§QH§§L4 The FUNCTION field must contain
FSREAD. The COUNT field reflects the maximum possible number
of input characters in the input message. The value of COQUNT
m£§£‘DEETE%EE§Q*l32? moreover, COUNT + 8 must not exceed the
length o he input request message segment.

When sending the input request message, the task must specify
the response mailbox in its call to the SENDSMESSAGE. system
call. The Terminal Handler obtains characters from the
terminal and places them in the MESSAGE CONTENT field. The
message is terminated by an-end of_line character (Carriage
Return, Line Feed or ESCape). The lone exception is when the
end-of-Iine character has been "normalized" by belng preceded

by a control-P; then the end-of-line character is treated as a
normal character.

NOTE

If more than COUNT characters are
entered prior to the end-of-1line
character, the extra characters are
ignored, and the terminal beeps at
the operator.

After the message is complete, the Terminal Handler fills in
the EXCEPTION CODE and ACTUAL fields as follows:

e EXCEPTION CODE --- the encoded result of the input
operation, which is one of the following:
- E$0K --- the operation was successful.
- E$PARAM --- either the FUNCTION field in the message
did not contain F$READ or the COUNT field was greater
than 132.
- E$BOUNDS --- COUNT + 8 is greater than the length of

the message segment.
® ACTUAL --- the number of bytes actually entered and
placed in the MESSAGE CONTENT field.

The requesting task/must walt (that is, it must make a
RECEIVE$OBJECT system ¢all™ With a time 1limit of OFFFFH) at the
designated response mailbox immediately after sending the input
request.

In summary, the input protocol is as follows:

e Prepare the input request message segment, filling in the
FUNCTION and COUNT fields.
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e Send the segment, via the SEND$JMESSAGE system call, to
RQTHNORM$IN. In the call, specify a response mailbox.

e Wait indefinitely, via the RECEIVE$MESSAGE system call,
at the response mailbox. When received, the message
segment will contain the results of the input operation
in the MESSAGE CONTENT, EXCEPTION CODE, and ACTUAL fields.

11-10



CHAPTER 12. DEBUGGER

GENERAL INFORMATION

The development of almost every software application requires
debugging. To aid in the development of iRMX 86 application
systems, Intel provides three debugging tools. One, the

iRMX 86 Debugger, is a powerful tool which is sensitive to the
data structures that the Nucleus maintains. The other
debugging tools are the ICE-86 In-Circuit Emulator and the
monitor in the iSBC 86/12A Single Board Computer.

[;%/Debugggg_§upgiies its own Terminal Handler, which includes
a of the capabilities described in Chapter 11. If your
application includes the Debugger, then you must use its

Terminal Handler, rather than linking in the Terminal Handler
module.

DEBUGGER CAPABILITIES
The iRMX 86 Debugger enables you to do the following:

e View iRMX 86 system lists, including the lists of the
jobs, the tasks, the ready tasks, the suspended tasks,
the task gueues at exchanges, the object gueues at
mailboxes, the exchanges, and the iRMX 86 segments.

e Inspect jobs, tasks, exchanges, and segments.

® Examine and/or alter the contents of absolute memory
locations.

e Set, change, view, and delete breakpoints.

® View the list of tasks that have incurred breakpoints and
remove tasks from it.

® Declare a task to be the breakpoint task.

® Examine and/or alter the breakpoint task's register
values.

e Set, change, view, and delete special variables for
debugging.

e View the list of special debugging variables.

® Deactivate the Debugger.
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DEBUGGING CAPABILITIES IN THE ICE-86 EMULATOR

The ICE-86 In-Circuit Emulator provides several debugging
capabilities. 1In particular, an ICE-86 emulator lets you:

® Get closer to the hardware level by examining the
contents of input pins and input ports. You can also
change the values at output ports.

e Set breakpoints.

® Use memory in your Intel Microcomputer Development System
as if it were on your prototype board.

e Look at the most recent 80 to 150 assembly language
instructions executed.

To learn more about the ICE-86 Emulator, consult the ICE-86
In-Circuit Emulator Operating Instructions for ISIS-II Users,
manual order number 9800714.

DEBUGGING CAPABILITIES IN THE iSBC 86/12A MONITOR

The iSBC 86/12A monitor has several capabilities that can aid
you in debugging. With the monitor, you can do the following:

e Examine and modify the contents of iAPX 86 registers and
absolute memory locations.

e Set breakpoints.
e Single step program execution.
e Do I/0 to and from ports.

e Move or compare blocks of memory.

INVOKING THE DEBUGGER

The Debugger is invoked when you enter control-D at the
mi The Debugger responds with its sign-on message,
"iRMX 86 DEBUGGER Vv2.0", and its prompt character, an asterisk.

In addition to the functions the Debugger can perform when it
has been invoked, there are two services it can perform at any

time, even when not invoked. First, if a task en a
bhreakpoint, the Debugger responds as described later in this
chapter.

Second, if a-task has the Debugger as its exception handler—and

the task causes an exceptional condition, then the Debugger
displays a message to that effect at the terminal. A task gets
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the Debugger as its exception handler either by using the
SET$EXCEPTION$HANDLER system call or when the task is created
by means of either CREATE$TASK or CREATE$JOB. An example of
code setting up one of these calls is the following:

DECLARE EXCEPT$BLOCK STRUCTURE (
EXCEPT$PROC POINTER,
EXCEPT$MODE BYTE);

EXCEPT$BLOCK.EXCEPT$PROC

@RQ$DEBUGGERS$EX;
EXCEPT$BLOCK .EXCEPT$MODE

ZERO$ONES TWOSORSTHREE

RQ$CREATE$JIOB(...,BEXCEPT$BLOCK, ... ) ;
or
RQ$CREATESTASK(...,@EXCEPT$BLOCK,...);

DEBUGGER INPUT AND OUTPUT

JThe Debugger obtains ipput one line at -a time from its Terminal
Handler. The end-of-line indicators are Carriage Return, Line
Feed, and ESCape, When either Carriage Return or Line Feed is
entered, the current input line is sent to the Debugger; when
ESCape is entered, the current input line is discarded and a

prompt is displayed.

The Debugger generates display at the terminal by sending
output messages to its Terminal Handler. To suppress output
from application tasks during a debugging session, type
control-S. If control-S is not entered, any output from tasks
is interspersed with output from the Debugger. To allow
resumption of output from tasks, type control-Q. Control-S and
control-Q have no effect on output from the Debugger.

Certain Debugger comannd responses are lengthy and can roll off
the screen. To freeze the top part of such a display before it
disappears, enter control-0. This diverts all output including
Debugger prompts from the terminal to the bit bucket until you

enter another control-0.

Occasionally you will want to terminate a Debugger memory
command function response before it is finished. For example,
if you asked for a display of memory locations 0000H to OFFFFH,
it would be natural to change your mind. To abort the display
and regain the Debugger prompt, enter control-D.

Note that control-0 affects the display only, whereas control-D
stops the function entirely.
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SYNTAX OF DEBUGGER COMMANDS

When using the iRMX 86 Debugger, you sit at a terminal and type
commands. This section describes the syntactical standards for
commands to the Debugger, and it introduces notational
conventions that are used throughout this chapter.

Debugger commands fall into families. The syntax for each
family is described in detail later in this chapter.

The first one or two characters of a command constitute a key
sequence for the command:

e Most Debugger commands are specified by one or two
letters. The key letters or pairs of letters are BL, BT,
b, B, G, 1, L, M, Q, R, V, and Z.

e In a few cases, a command is specified by beginning the
command with a name. A name, for the Debugger, must
consist of a period followed by a variable name of the
PL/M-86 variety.

After the key initial sequence, a command may be followed by
one or more parameters or additional specifiers. Blanks are
used as delimiters between elements of a command; they are
mandatory except

e immediately after a command key that is not a name and

e between a letter or digit and a non-letter, non-digit.
The legal characters of the latter type are the
following: ; @ = / \ : ( ) + -

PICTORIAL REPRESENTATION OF SYNTAX

In this chapter, a schematic device illustrates the syntax of
commands. The schematic consists of what looks like an aerial
view of a model railroad setup, with syntactic entities
scattered along the track. 1Imagine that a train enters the
system at the upper left, drives around as much as it can or
wants to (sharp turns and backing up are not allowed), and
finally departs at the lower right. The command it generates
in so doing consists, in order, of the syntactic entities that
it encounters on its journey. For example, a string of A's and
B's, in any order, would be depicted as
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If such a string has to begin with an A, the schematic could be
drawn as

L —

1l -

.

In the second drawing, it is necessary to represent the letter
A twice because A is playing two roles: It is the first symbol
(necessarily) and it is a symbol that may (optionally) be used
after the first symbol. Note that a train could avoid the
second A but cannot avoid the first A. The arrows are not
necessary and henceforth are omitted.

SPECIAL SYMBOLS FOR THE DEBUGGER

The entities that will be used in the remainder of this
chapter, as A and B were used in the previous paragraph, are
the following:

® CONSTANT. Constants are always hexadecimal. Unlike such
constants in PL/M-86, they do not require an H as the
last character. H's may be used if desired. Leading
zeroes are not necessary unless they help to distinguish
between constants and other things. For example, AH is a
register in the iAPX 86, but 0AH is a constant.

12-5



DEBUGGER

NOTE
If more than four hexadecimal digits
compose a constant, only the low
order four digits are used. Binary,
octal, and decimal constants are not
understood by the Debugger.

e NAME. A name is a period followed by up to 31 alphabetic
or numeric characters, the first of which must be
alphabetic.

Examples:
.task
.mailbox7

® EXPRESSION. As in algebra, an expression is either a
term or is the result of adding and subtracting terms.
Also as in algebra, a term is a product; each factor in
the product is either a constant, a name, a parenthetical
expression, or one of the registers AX, BX, CX, DX, DS,
ES, Ss, ¢S, 1P, FL, SI, DI, BP, and SP. Graphically,
term and expression are shown in Figure 12-1:

NOTE
If the computed value of an
expression is too large to fit into

four hexadecimal digits, then only
the low order four digits are used.

12-6



DEBUGGER

TERM: CONSTANT

i

J

D%@@

1)
x

@

O

OOOEOOPO

EXPRESSION:

TERM

Figure 12-1. Syntax Diagrams for Term and Expression

o
]

j

@@c

Figure 12-2. Syntax Diagram for Item
12-7



DEBUGGER

e ITEM. An item is either an expression or one of the
segment registers of the iAPX 86 microprocessor. The
values of items are used variously as tokens and as
offsets in Debugger commands. Graphically, an item is
defined in Figure 12-2.

DEBUGGER COMMANDS

This section presents the details of the Debugger commands.
The commands fall into two groups, those relating to
breakpoints and those that enable you to observe or change the
contents of memory. ‘

BREAKPOINT CONTROL

The Debugger provides you with the ability to set, change,
view, or delete breakpoints. You set a breakpoint by defining
an act which a task can perform. When a task performs the act,
it incurs the breakpoint. The Debugger supports three kinds of
breakpoints: ,

® Execution breakpoint. A task incurs an execution
breakpoint when it executes an instruction that is at a
designated location in memory.

e Exchange breakpoint. A task incurs an exchange
breakpoint when it performs a designated type of
operation (send or receive) at a designated exchange.

® Exception breakpoint. A task incurs an exception
breakpoint if its exception handler has been declared to
be the Debugger and the task causes an exceptional
condition of the type that invokes its exception handler.

When a task incurs a breakpoint (of any type), three things
occur automatically:

e The task is placed in a pseudostate called "broken".
Moreover, depending on the breakpoint, the tasks in the
containing job might be suspended.

e The broken task (and suspended tasks, if any) is (are)
placed on a Debugger-maintained list called the
breakpoint list. You can resume a task on the breakpoint
list or you can remove it from the 1list.

e At the terminal, a display informs you that a breakpoint

has been incurred. It also provides information about
the event. .
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e breakpoint list is assigned a breakpoint
flects the kind of breakpoint last incurred by
states are as follows:

X =---  The task incurred an execution breakpoint.

E --- The task incurred an exchange breakpoint.

Z ~--- The task incurred an exception breakpoint.

N --- The task was placed oh the breakpoint list by the
BT command (described later), rather than by

i
t

ncurring a breakpoint. Another way in which a
ask can enter the N (for null) state is when

another task in the same job incurs a breakpoint
which had been set with the DB command (also
described later) using the J option.

You set an execution or exchange breakpoint with the DB command

by defining a b

reakpoint variable and assigning it a breakpoint

request. The request specifies to the Debugger the nature of

the breakpoint,
means of talkin
the breakpoint
replace it with
The Debugger di
breakpoint. Th
breakpoint incu
e The displ
bp-var:
where
bp-var
ARNR
tttt

q
ccce
iiii

e The displ

bp-var

and the variable provides you with a convenient
g to the Debugger about the breakpoint. Using
variable, you can cancel the breakpoint or

a new one. -

splays information when a task incurs a

e format of the display depends on the kind of
rred: »
ay format for an execution breakpoint is

E, TASK=jjjjJ/ttttq, CS=cccc, IP=iiii

The name of the breakpoint variable.
A token for the task's job.
‘A token for the task.

Either T (for task) or * (indicating
that the task has overflowed its stack).

The base of the ‘segment in which the
breakpoint was set.

The offset df,the breakpoint within its
segment.

ay format for an exchange breakpoint is

: a, EXCH=jjjjd/xxxxe, TASK=jjjji/ttttqg, ITEM=item
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where

bp-var The name of the breakpoint variable.

a Indicates which kind of operation (S
for send or R for receive) caused the
breakpoint to be incurred.

Jijj A token for the job containing the
exchange or task whose token follows.

X XXX A token for the exchange.

e Indicates the type of the exchange (M
for mailbox, S for semaphore).

tttt A token for the task.

item One of the following:

A pair of tokens, jjjjJ/oooot, with
oooo being a token for the object being
sent or received, t indicating the type
of the object (J for job, T for task, M
for mailbox, S for semaphore, and G for
segment), and jjjj being a token for
the object's containing job, if the
exchange is a mailbox. If the kind of
operation was receive, but no object
was there to be received, item is 0000.

The number of units held by the
exchange, if it is a semaphore.

@ The display format for an exception breakpoint is

EXCEPTION: jjjjJd/ttttT, CS=cccc, IP=iiii, TYPE=wwww, PARAM=vv\

where
Jjiis A token for the job which contains the
task that caused the exception
condition.
tttt A token for the task that caused the

exceptional conditon.
cccc and iiii Respectively, the contents of the

iAPX 86 CS and IP registers when the
exceptional condition occurred.
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WWWW The numerical value of the exception
code; reflects the nature of the
exceptional condition. Chapter 8
contains the mnemonic condition codes
and their numerical equivalents.

VVVV The number (0001 for first, 0002 for
second, etc.) of the parameter that
caused the exceptional condition. 1If
no parameter was at fault, vvvv is 0000.

Exception breakpoints differ from execution and exchange
breakpoints in several respects:

e It is not possible to set, change, view, or delete
exception breakpoints by using the commands of the
Debugger. 1Instead, each task can set an exception
breakpoint by declaring the Debugger to be its exception
handler. The task can subsequently delete the breakpoint
by declaring a different exception handler.

® An exception breakpoint is set for a particular task.
Execution and exchange breakpoints are set for no
particular task; any task can incur such a breakpoint.

e Exception breakpoints are set for a "kind" of event,
namely the occurrence of an exceptional condition when
the task that set the breakpoint makes a system call. An
execution or exchange breakpoint, on the other hand, is
set at a "place."

® An exception breakpoint is not known to the Debugger by a
breakpoint variable name.

If you want to monitor a particular task, you can designate it
to be the breakpoint task. If the task is not already on the
breakpoint list when you do this, it is suspended and is placed
on the breakpoint list with a null breakpoint state. After
designating a breakpoint task, you can examine some of its
registers but not alter them. You can also ascertain the
breakpoint state of the task. When ready, you can easily
resume the task and remove it from the breakpoint 1list.

The handling of exception breakpoints is significantly
different from that of execution and exchange breakpoints. For
example, exception breakpoints cannot be viewed, but the other
breakpoints can be. Wherever this distinction applies, this
chapter points it out.

Establishing a Breakpoint --- The DB Command

Syntax
The syntax for the DB command is given in figure 12-3.
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Figure 12-3. Syntax Diagram for Establishing a Breakpoint

Explanation of Syntax

BREAKPOINT VARIABLE A Debugger name. If the Debugger's

ITEM

S and R

T and J

symbol table already contains this
name, an error message will appear on
the terminal's display.

If followed by ":" and an EXPRESSION,
you are setting an execution
breakpoint, and ITEM must contain a
token for a segment, while EXPRESSION
must contain an offset. Otherwise, you
are setting an exchange breakpoint, and
ITEM must contain a token for an
exchange.

To be used only when setting an
exchange breakpoint. S means that the
exchange breakpoint is for senders
only, while R means that it is for
receivers only. If you want to set an
exchange breakpoint for both senders
and receivers, omit both S and R, as
well as both ":" and EXPRESSION.

Indicate which tasks are to be put on
the breakpoint list when a breakpoint
is incurred. T indicates only the task
that incurred the breakpoint, while J
indicates all of the tasks in that
task's job. The default is T.
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Directs the Debugger not to "break"
tasks that incur the breakpoint, and
not to put them on the breakpoint list.

Directs the Debugger to delete the
breakpoint when it is first incurred by
a task. The D option does not suppress
the display that results when a task
incurs a breakpoint.

The DB command sets a breakpoint of the type indicated in the
remainder of the command line. The name designated as the
breakpoint variable can be used to alter or delete the

breakpoint.

Changing a Breakpoint

Syntax

The syntax for this command is given in Figure 12-4.

BREAKPOINT VARIABLE

Figure 12-4. Syntax Diagram for Changing a Breakpoint

Explanation of Syntax

BREAKPOINT VARIABLE A Debugger name. If the Debugger's

symbol table does not already cantain
this name, an error message will appear
on the terminal's display.

12-13



ITEM

S and R

T and J

Effects

DEBUGGER

If followed by ":" and an EXPRESSION,
you are setting an execution
breakpoint, and ITEM must contain a
token for a segment, while EXPRESSION
must contain an offset. Otherwise, you
are setting an exchange breakpoint, and
ITEM must contain a token for an
exchange.

To be used only when setting an
exchange breakpoint. S means that the
exchange breakpoint is for senders
only, while R means that it is for
receivers only. If you want to set an
exchange breakpoint for both senders
and receivers, omit both S and R, as
well as both ":" and EXPRESSION.

Indicate which tasks are to be put on
the breakpoint list when a breakpoint
is incurred. T indicates only the task
that incurred the breakpoint, while J
indicates all of the tasks in that
task's job. If neither T nor J is
present, T is assumed.

Directs the Debugger not toc "break"
tasks that incur the breakpoint, and
not to put them on the breakpoint list.

Directs the Debugger to delete the
breakpoint when it is first incurred by
a task. The D option does not suppress
the display that results when a task
incurs a breakpoint.

This command deletes the breakpoint that was associated with
the breakpoint variable name and replaces it with a new
breakpoint, as specified in the command. The breakpoint
variable name can be used to delete or change the breakpoint.

Deleting a Breakpoint --- The Z Command

Syntax

The syntax for the Z command is given in Figure 12-5.

Figure 12-5.

e BREAKPOINT VARIABLE

Syntax Diagram for Deleting a Breakpoint
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Explanation of Syntax

BREAKPOINT VARIABLE A Debugger name. If the Debugger's
symbol table does not contain the name,
or if it does contain the name but the
name is not stored as a breakpoint
variable, an error message is displayed.

Effects

The Z command deletes the specified breakpoint and removes the
breakpoint variable name from the Debugger's symbol table.

Examining a Breakpoint

Syntax

The syntax for this command is given in Figure 12-6.

BREAKPOINT VARIABLE

Figure 12-6. Syntax Diagram for Examining a Breakpoint
Explanation of Syntax

BREAKPOINT VARIABLE The name of the breakpoint to be
examined.

Effects

If the designated breakpoint is an execution breakpoint, the
following display is sent to the terminal:

bp-var=xxxx:yyyy z ops

where

bp-var The name of the breakpoint variable.

XXX X The base of the segment containing the
instruction at which the breakpoint is
set.

yYyy The offset of the instruction within
the segment. ’

z Indicates whether a task (T) is to be

"broken" and placed on the breakpoint
list or all tasks in a job (J) are to
be suspended and placed on the
breakpoint 1ist, when the breakpoint is
incurred.
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ops If any are present, can be C (for
Continue task) and/or D (for
Delete breakpoint).

If the breakpoint is an exchange breakpoint, the following
display is sent to the terminal:

bp-var=xxxx a z o0ps
where
bp var The name of the breakpoint variable.

XX XX A token for the exchange at which the
breakpoint is set.

a Indicates the kind of breakpoint
activity at the exchange, either S (for
send), R (for receive), or SR (for
both).

z Indicates whether a task (T) is to be
"broken" and placed on the breakpoint
list or all tasks in a job (J) are to
be suspended and placed on the
breakpoint list, when the breakpoint is
incurred.

ops If any are present, can be C (for
continue task) and/or D (for delete
breakpoint).

You cannot examine an exception breakpoint.

Viewing the Breakpoint List --- The BL Command

Syntax

The syntax for the BL command is given in Figure 12-7.

__cp__

Figure 12-7. Syntax Diagram for Viewing the Breakpoint List.

Effects

The Debugger responds to this command by displaying the entire
breakpoint list as follows:

BL=jjjja/ttttT(s) jjjJI/ttttT(s) ... jjjjasttttT(s)
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where
Jiii A token for the job containing the task
whose token follows.
tttt A token for a task.
s The breakpoint state of a task.
Possible values are X (for execution),
E (for exchange), Z (for exception),
and N (for null).
Viewing the Breakpoint Parameters --- The B Command
Syntax

The syntax for the B command is given in Figure 12-8.

__"__

Figure 12-8. Syntax Diagram for viewing the Breakpoint
Parameters
Effects

The B command has three separate effects. The first is to
display the breakpoint list as

BL=jjjja/ttttT(s) jjjjasttttT(s) ... jjjjasttttT(s)

where
333 A token for the job containing the task
whose token follows.
tttt A token for a task.
s The breakpoint state of a task.

Possible values are X (for execution),
E (for exchange), Z (for exception),
and N (for null).

The second effect of the B command is to display the breakpoint
task as

BT=3jjjasttttT(s)
where

Jjid A token for the job containing the
breakpoint task.
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A token for the breakpoint task.

The breakpoint state of the breakpoint
task. Possible values are X (for
execute), E (for exchange), Z (for
exception), and N (for null).

If there is no breakpoint task, the display is

BT=0

The third and final effect of the B command is to display the
breakpoint variables intermixed in either of two formats.
Execution breakpoints are displayed as

where;,
bp-var

XXX X

Yyyy

z

ops

bp-var = XXXX:yyyy Z OpS

The name of the breakpoint variable.

The base of the segment containing the
instruction at which the breakpoint is set.

The offset of the instruction within the segment.
Indicates whether a task (T) or all the tasks in
a job (J) are to be suspended and placed on the

breakpoint list when the breakpoint is incurred.

If any are present, can be a C (for Continue
task) and/or D (for Delete breakpoint).

Exchange breakpoints are displayed as

where
bp-var

XXX X

ops

bp-var = xxxx a z ops

The name of the breakpoint variable.

A token for the exchange at which the breakpoint
is set.

Indicates the kind of breakpoint activity at the
exchange, either S (for Send), R (for Receive),
or SR (for both).

Indicates whether a task (T) or all the tasks in
a job (J) are to be suspended and placed on the
breakpoint 1ist when the breakpoint is incurred.
If any are present, can be C (for Continue task)
and/or D (for Delete breakpoint).
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Removing a Task from the Breakpoint List --- The G Command

Syntax

The syntax for the G command is given in Figure 12-9.

Tl
Figure 12-9. Syntax Diagram for Removing a Task
from the Breakpoint List

Explanation of Syntax

ITEM A token for a task on the breakpoint
list. 1If the given token is not for a
task on the breakpoint 1ist, an error
message will be displayed.

Effects

The G command applies to the breakpoint task if ITEM is not

present. Otherwise, it applies to the task on the breakpoint
list whose token is represented by ITEM.

The G command removes the designated task from the breakpoint
list. 1If the task is in the broken state, it is made ready.
If it is in the suspended state, its suspension depth is
decreased by one.

If the G command is invoked without ITEM when there is no
breakpoint task, an error message is displayed at the terminal.

Establishing the Breakpoint Task --- The BT Command

Syntax

The syntax for this command is given in Figure 12-10.
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Figure 12-10. Syntax Diagram for Establishing the
Breakpoint Task

Explanation of Syntax

ITEM A token for an existing task.

Effects
The task designated by ITEM becomes the breakpoint task. If it

is not already on the breakpoint list, it is suspended and
placed on the breakpoint list.

Inquiring as to the Breakpoint Task --- The BT Command

Syntax

The syntax for this command is given in Figure 12-10.

Figure 12-11. Syntax Diagram for Inquiring as to
the Breakpoint Task

This command causes the following to be displayed at the
terminal:

BT=jjjja/ttttT(s)

where
Jiij A token for the job containing the
breakpoint task.
tttt A token for the breakpoint task.
s The breakpoint state of the breakpoint

task. Possible values are X (for
execute), E (for exchange), Z (for
exception), and N (for null).
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If there is no breakpoint task, the display is
BT=0

Viewing the Breakpoint Task's Registers --- The R Command

Syntax

The syntax for this command is given in Figure 12-12.

Explanation of Syntax

R The command key letter. By itself, it
represents a request for the display of
all the breakpoint task's 1APX 86
register values.

Ryy Represents a request for the display of
only the breakpoint task's yy register
value.

Effects

If the command is simply "R", then all of the breakpoint task's
registers are displayed, in the following format:

RAX=xxxX RSTI=xxxXx RCS=xxxx RIP=XxxXxX
RBX=xxXX RDI=xxxx RDS=xxxx RFL=xXXX
RCX=xxXxX RBP=xxxXx RSS=xxxX

RDX=xXxXX RSP=xxxXx RES=xxxx

If the command has the férm Ryy, then the contents of the
breakpoint task's register are displayed, either as

Ryy=XXxXxXx
or as
Ryy=xx,

depending on whether yy is a byte-size register (like AH) or a
word-size register (like AX).

If the breakpoint task is in the null breakpoint state, only
its BP, SP, CS, DS, SS, IP, and FL register contents are
displayed. The remaining register displays consist of question
marks.
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Syntax Diagram for Viewing

the Breakpoint Task's Registers

Figure 12-12.
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Altering the Breakpoint Task's Registers --- The R Command

Syntax

The syntax for this command is given in Figure 12-13.

_G}

3010016000600

€

=

ololololololalelelk

a
L o e

Figure 12-13. Syntax Diagram for Altering
the Breakpoint Task's Registers
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Explanation of Syntax

Ryy Signals a request that the contents of
the breakpoint task's yy register are
to be changed.

Effects

This command requests that the breakpoint task's register, as
specified in the command request, be updated with the value of
the EXPRESSION. However, if the breakpoint task is in the null
breakpoint state, its register values cannot be altered by the
R command.

OBSERVATION AND MANIPULATION COMMANDS

The commands in this section enable you to inspect or modify
the contents of absolute memory locations, to view the iRMX 86
system lists, and to inspect tasks, jobs, exchanges, and
segments.

In the descriptions of the commands for examining and modifying
memory locations, frequent mention is made of the current
display mode, the current segment base, the current offset, the
current address, and the display of memory locations. This
terminology is defined as follows:

e The current display mode determines the manner in which
memory values are interpreted for display purposes. The
possible modes are designated by the letters B, W, P, and
A, and they stand, respectively, for byte, word, pointer,
and ASCII. The effects of these modes are best explained
in the context of an example. Suppose that memory
locations 042B through 042E contain, respectively, the
values 25, F3, 67, and 4C. If you ask for the display of
the memory at location 042B, then the effects, which
depend on the current display mode, are as follows:

Current Display Mode Display
B 25
W F325
P 4C67:F325
A %

Observe that words and pointers are displayed from
high-order (high address) to low-order (low address).

If a location contains a value which does not represent a
printable ASCII character, and the current display mode
is A, then the Debugger prints a period. The initial
current display mode is B.
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e The value of the current segment base is always the value
of the most recently used segment base. The initial
value of the current segment base is 0.

e The current offset is a value the Debugger maintains and
uses when reference is made to a memory location without
explicitly citing an offset value. Except when the
current offset has been modified by certain options of
the M command, the current offset is always the value of
the most recently used offset. The initial value of the
current offset is O.

e The current address is the iAPX 86 memory address
computed from the combination of the current segment base
and the current offset.

e When memory locations are displayed, the format is as
follows:

xxxx:yyyy=value

where xxxx and yyyy are the current segment base and
current offset, respectively, and value is a byte, word,
pointer, or ASCII character, depending on the current
display mode. 1In case several contiguous memory
locations are being requested in a single request, each
line of display is as follows:

XXxX:yyyy=value value value ... value

where xxxx, yyyy, and value are as previously described,
and xxxx:yyyy represent the address of the first value on
that line.

The first such line begins with the first address in the
request and continues to the end of that (16 byte)
paragraph. If additional lines are required to satisfy
the request, each of them begins at an offset which is a
multiple of 16 (10 hexadecimal).

Examining or Modifying Memory --- The M Command

Syntax

The syntax for the M command is given in Figure 12-14.

Explanation of the M Command Options
The options in the M command fall into three categories:
e If an option begins with "!", then it is a request to

redefine the current display mode.
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EXPRESSION

EXPRESSION J

O® <>>0

Figure 12-14. Syntax Diagram for Examining or Modifying Memory

e If an option begins with "=", it is a request to alter memory
® The remaining options are requests for display of memory.

In what follows, the options of the M command are described with
examples. As much as possible, effects are described separately
for each option. When combinations of options produce special
effects, these effects are described.

As the syntax diagram reveals, it is permissible to make multiple
requests in the same command line. The Debugger treats multiple
requests as if they had been submitted one at a time. For example,
M/// is treated as three M/ requests. 1In the following
descriptions, it is assumed that each command line consists of only
one request.

You must separate the elements in a command with a space. An
exception is that ITEM, colon, and EXPRESSION may be contiguous,
like 4C67:F325.

NOTE

When using the M command, be aware
of the following hazards:
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@ It is possible for you to modify
memory within iRMX 86 components,
such as the Nucleus and Debugger.
Doing so can jeopardize the
integrity of your application
system, and should therefore be
avoided.

e It is possible to request that
non-RAM memory locations be
modified. If you attempt to
modify a location that is in ROM,
an "attempt to modify non-RAM
location" message appears on the
display. 1If you attempt to read
or write to a non-existent
location, nothing happens to
memory and the displays indicate
that the specified locations
contain zeros.

® A memory request might cross
segment boundaries. In processing
such a request, the Debugger
ignores such boundaries, so don't
assume that a boundary will
terminate a request.

Each description is followed by an example in which the request
and resulting display are shown exactly as they would appear at
the terminal. Assume, for each example request, that the
following circumstances exist when the request is made:

e The following memory locations contain the indicated
values:

base:0300 21 47 E2 c8 31

offset: 2643 2644 2645 2646 2647

base:0400 0l 02 03 .... OF 10 .. 16

offset: 0000 0001 0002 00O0E 000F OAQ09

e The current address is 0400:0008, that is, the current
segment base is 0400 and the current offset is 0008.

® The current display mode is byte.
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Options for Setting the Current Display Mode

M!B --- This option sets the current display mode to byte.

M!W --- This option sets the current display mode to word.

M!P --- This option sets the current display mode to
pointer.

M!A --- This option sets the current display mode to ASCII.

None of these requests results in an immediate display.
Options for Displaying Memory

The options in this section all enable you to ascertain the
contents of memory without disturbing those contents. Be
aware, however, that all of these options change the current
offset, and some of them change the current segment base. None
changes the current display mode.

M/ --- This option increments the current offset
according to the current display mode: by one for
byte or ASCII, by two for word, or by four for
pointer. Then it displays the contents of the new
current address.

Example: M/
0400:0009 OA

M\ --- This option is just like M/, except that the
current offset is decremented.

Example: M\
0400:0007 08

M --- When used by itself, M is an abbreviated way of
specifying M/ or M\, whichever was used most
recently. If neither has been used in the current
Debugging session, M is interpreted as an M/ request.

Example: M
0400:0007 08
M

0400:0006 07

M@ --- This option sets the current offset equal to the
value at the current address. Then the value at the
adjusted current address is displayed.

Example: Me
0400:0RA09 16
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M EXPRESSION --- This option sets the current offset
equal to the value of the EXPRESSION and displays the
value at the new current address.

Example: M 3
0400:0003 04

M ITEM:EXPRESSION --- This option is just like M EXPRESSION,
except that ITEM is used as the base in the address
calculation, and after the operation ITEM is the new
current segment base.

Example: M 300:2644
0300:2644 47

M EXPRESSION TO EXPRESSION --- This option displays the
values in a series of consecutive locations. The
expressions determine the beginning and ending
offsets, respectively. The current segment base is
used as a base. After the display is output, the
current offset is set to the value of the second
expression. If the specified range of locations is

incompatible with the current display mode --- for
example, an odd number of locations is not compatible
with the word or pointer modes --- then all words or

pointers that lie partially or totally inside the
range are displayed.

Examples: (1) M 4 TO 6
0400:0004 05 06 07
(2) M'W
M 4 TO 6
0400: 0004 0605 0807

Options for Altering Memory

The options in this section enable you to change the contents
of designated RAM locations.

CAUTION

Because the Debugger is generally
used during system development,
while your tasks, the Nucleus, the
Debugger, and possibly other iRMX 86
components are in RAM, you should
use these M command options with
extreme care.

Unlike the displaying options of the previous section, the

modifying options do not affect either the current segment base
or the current offset.
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When executing the options of this section, the Debugger
displays the contents of the designated locations, then updates
the contents, and finally displays the new contents. Thus, if
you inadvertently destroy some important data, the information
you need to restore it is available.

The options of this section copy data in the byte mode. The
current display mode is not affected by these copying options.

Some M command lines have the form M<ﬁestinatioﬁ>=M<3ource>,
where both <source> and <destination> have the following syntax:

@ o EXPRESSION

In the descriptions that follow, occasional references are made
to options of this form because, when used, they can affect the
results of the next invocation of an option for altering memory.

For convenience, we use the phrase "the previous option has a
destination field" as an abbreviation for

"The following conditions are both true:

e The previous option used was of the
M<destination>=M<source> variety.

@ <destination> specifies a range of at least two
addresses."

M=EXPRESSION --- This option can be used only if the
current display mode is byte or word. M=EXPRESSION
copies the value represented by EXPRESSION into the
byte or word at the current address. However, if the
previous option had a destination field, this option
instead copies the value of EXPRESSION into each byte
or word in destination .

Examples:

(1) when the previous option did not have a
destination field:
M = 4C
0400:0008 09
0400:0008 4cC

(2) When the previous option had a
destination field:
M1 TO 4 =M5 T0 8
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0400:0001 02 032 04 05
0400:0001 06 07 08 09
M = 4AC

0400:0001 06 07 08 09
0400:0001 4C 4C 4C 4cC

M=M EXPRESSION --- This option uses the current segment
base and the offset indicated by the value of
EXPRESSION to compute an address. It copies the value
at that computed address into the location specified
by the current address. However, if the previous
option had a destination field, the value at the
computed address is instead copied to the locations in
the destination field.

Examples:

(1) When the previous option did not have a
destination field:
M =M24
0400:0008 09
0400:0008 05

(2) When the previous option had a

destination field:

M1 703 =MS5T0 7

0400:0001 02 03 04

0400:0001 06 07 08

M =MA4

0400:0001 06 07 08

0400:0001 05 05 05

M=M ITEM:EXPRESSION --- This option uses ITEM and
EXPRESSION as base and offset, respectively, to
compute an address. M=M ITEM:EXPRESSION copies the
value at that computed address intc the location
specified by the current address. However, if the
previous option had a destination field, the value at
the computed address is instead copied to the
locations in the destination field.

Examples:

(1) when the previous option did not have a
destination field:
M = M 300:2643
0400:0008 09
0400:0008 21
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(2) When the previous option had a
destination field:
M1 T0 4 =M 5 T0 8
0400:0001 02 03 04 05
0400:0001 06 07 08 09
M = M 300:2643
0400:0001 06 07 08 09
0400:0001 21 21 21 21

M=M EXPRESSION TO EXPRESSION --- This option uses the
current segment base and, in order, the offsets
indicated by the EXPRESSIONs, to compute a beginning
address and an ending address. M=M EXPRESSION TO
EXPRESSION copies the sequence of values bounded by
the computed addresses to the sequence of locations
that begin at the current address. However, if the
previous option had a destination field, the seguence
of values bounded by the computed addresses is copied
to the destination field, with the source values being
truncated or repeated as required.

Examples:
(1) when the previous option did not have a
destination field:
M=MATOC
0400:0008 09 OA 0B
0400:0008 0B 0oC 0D
(2) When the previous option had a
destination field:
M1 TO0O 4 =M 5 T0 8
0400:0001 02 03 04 05
0400:0001 06 07 08 09
M=MATOC
0400:0001 06 07 08 09
0400:0001 0B OC 0D OB (first value
repeated)
M=M ITEM:EXPRESSION TO EXPRESSION --- This option uses

ITEM as a base and the EXPRESSIONs as offsets to
compute a beginning and an ending address. The
sequence of values bounded by the computed addresses
is copied to the sequence of locations beginning at
the current address. However, if the previous option
had a destination field, the sequence of values
bounded by the computed addresses is copied to the
destination field, with the source values being
truncated or repeated as required.
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(1) When the previous option did not have a
destination field:
M = M 300:2643 TO 2647
0400:0008 09 OA 0B 0OC 0D
0400:0008 21 47 E2 C8 31

(2) When the previous option has a
destination field:

M1 TO 4 =M 5 to 8

0400:0001 02 03 04 05

0400:0001 06 07 08 09

M = M 300:2643 TO 2647

0400:0001 06 07 08 09

0400:0001 21 47 E2 C8 (last value
truncated)

Examining System Objects --- The I Command

Syntax

The syntax for the I command is given in Figure 12-15.

OO~
D
&
@ ITEM

Figure 12-15. Syntax Diagram for Examining System Objects

Explanation of I Command Options

J --- This option lists the principal attributes of the
job whose token is represented by ITEM. If the O
option is included, the object directory for the
job is listed as well. 1In case there is a large
number of entries in the object directory, the
display might roll off the screen. To deal with
this, use control-0, which works as described in
Chapter 11. The form of the display is depicted
in Figure 12-16.
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----- iRM
JOB TOKEN

POOL MAXIMUM

CURRENT ALLOCATED
CURRENT # OBJECTS
MAXIMUM # OBJECTS
CURRENT # CHILDREN JOBS
EXCEPTION MODE

MAXIMUM PRIORITY
NAME(S) aaaaaaaaaaaa
aaaaaaaaaaaa

MAXIMUM SIZE
NAME TOKEN
ssssssssssss tttt

X86 JOB REPORT —----
bbbb PARENT J0OB Jiij
cccce POOL MINIMUM kkkk
dddd CURRENT UNALLOCATED 1111
eeee CURRENT # TASKS mmmm
ffff MAXIMUM # TASKS nnnn
gggg DELETION PENDING ppp
hhhh EXCEPTION HANDLER aqgqqqg:rrrr
iiii
aaaaaaaasaaa aaaaaaaapaaa aaaaaaaaaaaa
aaaaaaaaaaaa aaaaaaaaaaaa aaaaaaaaaaaa
OBJECT DIRECTORY —=-=-
uuuu VALID ENTRIES VVVV
NAME TOKEN NAME TOKEN

ssssssssssss tttt ssssssssssss tttt

Figure 12-16.

An iRMX 86 ™ Job Report

The following describes the fields in Figure 12-16:
Field Meaning
aaaaaaaaaaaa Each such field can contain a name under which
the job is cataloged in the object directory
of either the job's parent job or the root
job. If the job is not cataloged in either
directory, "NONE FOUND" is printed here.

bbbb This is a hexadecimal token for the job.

ccce This is the maximum number, in hexadecimal, of
16-byte paragraphs that the job's pool can
contain.

dddd This is the number of paragraphs that have
been either allocated to tasks in the job or
lent to child jobs.

eeee This is the number, in hexadecimal, of
existing objects in job bbbb.

ffff This is the maximum number, in hexadecimal, of
objects that can exist simultaneously in job
bbbb.

gggg This is the number, in hexadecimal, of
existing jobs that are offspring of job bbbb.

hhhh This is the exception mode for the job's

default exception handler. Possible values

are as follows:
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kkkk

1111

mmmm

nnnn

PPP

qaqqq
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tttt

uuuu
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When to Pass Control

Value To Exception Handler
0 Never
1 On programmer errors only
2 On environmental conditions only
3 On all exceptional conditions

This is a hexadecimal value that indicates the
maximum (numerically lowest) allowable priority
for tasks in the job.

This is a hexadecimal token for the parent of
job bbbb. If job bbbb is the root job,
however, jjjj is "ROOT".

This is the minimum number, in hexadecimal, of

l6-byte paragraphs that the job's pool can
contain.

This is the number, in hexadecimal, of unused
l6-byte paragraphs in the job's initial pool.

This is the number, in hexadecimal, of tasks
currently in the job.

This is the maximum number, in hexadecimal, of
tasks that can exist simultaneously in job bbbb.

This tells whether a task has attempted to
delete the job but was unsuccessful because the
job has obtained protection from the DISABLE
DELETION system call (which is described in the
iRMX 86 SYSTEM PROGRAMMER'S REFERENCE MANUAL).
The possible values of ppp are YES and NO.

This is the base, in hexadecimal, of the start
address of the job's default exception handler.

This is the hexadecimal offset, relative to
qqqq, of the start address of the job's default
exception handler.

Each such field contains the name under which
an object is cataloged in the job's object
directory. If there are no entries in the
object directory, these fields are blank.

Each such field contains a token, in

hexadecimal, of the object whose name (in the
directory) appears next to it.

This is the maximum allowable number, in
hexadecimal, of entries in the job's object
directory.
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Field Meaning

VVVYV This is the number, in hexadecimal, of entries
currently in the job's object directory.

T --- This option displays the principal attributes of
the task whose token is represented by ITEM. The
form of the display is depicted in Figure 12-17.

----- iRMX86 TASK REPORT —==--

TASK TOKEN bbbb CONTAINING J0B ARRA
STACK SEGMENT BASE cecece STACK SEGMENT OFFSET kkkk
STACK SEGMENT SIZE dddd STACK SEGMENT LEFT 1111
CODE SEGMENT BASE eeee DATA SEGMENT BASE mmmm
INSTRUCTION POINTER ffff TASK STATE nnnnnnNnNn
STATIC PRIORITY gagg DYNAMIC PRIORITY pppp
SUSPENSIGON DEPTH hhhh SLEEP UNITS REQUESTED gaqq
EXCEPTION MODE iiii EXCEPTION HANDLER TTTT:SSSS

NAME(S) daaaaaaaaaada aaaaadadaaaa aaadaaaadaaadaa daaaaaadaaaaa
daddddaddaaada adaadaaaaaadaaa daaaaaaaaaaa adaaaadaaaadaaa

Figure 12-17. An iRMX 86™ Task Report

The following describes the fields in Figure 12-17:
Field Meaning
aaaaaaaaaaaa Each such field can contain a name under which
the task is cataloged in the object directory
of either the task's containing job or the
root job. If the job is not cataloged in
either directory, "NONE FOUND" is printed here.
bbbb This is a hexadecimal token for the task.

cece This is the base address, in hexadecimal, of
the task's stack segment.

dddd This is the size, in bytes, of the task's
stack segment.

eeee This is the base address, in hexadecimal, of
the task's code segment.

ffff This is the current value, in hexadecimal, of
the task's instruction pointer.

gggg This is the hexadecimal priority, as described
in chapter 4, of the task.
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Meaning

This is the current number, in hexadecimal, of
"suspends" against the task. Before the task can
be made ready, each "suspend" must be countered
with a "resume".

This is the exception mode for the task's
exception handler. Possible values are as follows:

When to Pass Control
Value To Exceptlion Handler

Never

On programmer errors only

On environmental conditions only
On all exceptional conditions

WN O

This is a hexadecimal token for the task's
containing job.

This is the hexadecimal offset, relative to cccc,
of the task's stack segment.

This is the hexadecimal number of bytes currently
available in the task's stack.

This is the base address, in hexadecimal, of the
task's data segment.

This is the task's current execution state.
Possible values are "READY", "ASLEEP",
"SUSPENDED", "ASLEEP/SUSP", and "BROKEN",.

This is a temporary, hexadecimal priority that is
sometimes assigned to the task by the Nucleus.
This is done to improve system performance.

If the task is asleep or asleep/suspended, this is
the number of 1/100 second sleep units that the
task requested just prior to going to sleep. 1If
the task is ready or suspended, ggqgg is 00O0O.

This is the base, in hexadecimal, of the start
address of the task's exception handler.

This is the hexadecimal offset, relative to rrrr,
of the start address of the task's exception
handler.

E --- This option displays the principal attributes of

the exchange whose token is represented by ITEM.
The form of the display is as depicted in Figure
12-18 or 12-19, depending upon the type of the
exchange.
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----- iRMX86 MAILBOX REPORT --=--

MAILBOX TOKEN bbbb CONTAINING JOB 9999
# TASKS WAITING ccee # OBJECTS WAITING hhhh
FIRST WAITING ddddJ/eeeef QUEUE DISCIPLINE iiiiiiii

NAME(S) ddadadaadaaaaa aaaaaadadaaaa Jdaaadaadaaaaaa adaaaaaaaaaaaa
dadaaaaadaaaa dadaaaaaadadaa adaaaaaaaaaaa adaaaaaaaaaaaa

The

Figure 12-18. An iRMX 86 ™ Mailbox Report

following describes the fields in Figure 12-18:

Field Meaning

aaaaaaaaaaaa Each such field can contain a name under which

the mailbox is cataloged in the object directory
of either the mailbox's containing job or the
root job. If the mailbox is not cataloged in
either directory, "NONE FOUND" is printed here.

bbbb This is a hexadecimal token for the mailbox.

ccce This is the number, in hexadecimal, of tasks in
the mailbox's task queue.

dddd This is a token for the containing job of either
the first task waiting in the task queue or the
first object waiting in the object queue.

Because at least one of these queues is empty,
dddd is not ambiguous. If both queues are empty,
dddd is absent.

eeee This is a token for either the first task waiting
in the task queue or the first object waiting in
the object queue. Because at least one of these
queues is empty, eeee is not ambiguous. If both
queues are empty, eeee is 0000.

f This is a single letter that indicates the type
of the first task waiting in the task queue or
the first object waiting in the object queue.
Because at least one of these queues is empty, f
is not ambiguous. 1If both queues are empty, f is
blank. Otherwise, f has one of the following
values:

composite
segment
job
mailbox
region
semaphore
task
extension

X-1NATILOHO
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Field Meaning

ggag This is a hexadecimal token for the job
containing the mailbox.

hhhh This is the number, in hexadecimal, of objects in
the mailbox's object queue.

iiiiiiii This describes the manner in which waiting tasks
are queued in the mailbox's task queue. The
possible values are FIFO and PRIORITY.

----- iRMX86 SEMAPHORE REPORT -----
SEMAPHORE TOKEN bbbb CONTAINING J0B
CURRENT VALUE cccce MAXIMUM VALUE
# TASKS WAITING dddd QUEUE DISCIPLINE iiiiiiii

NAME(S)

FIRST WAITING eeeeld/ffffT

d3daaaaaaaaaa aaaaddaaaada daaaaaadaaaa aadadaaaaaaaa
daddaaaadaaaa daaaaaaaaaaaa daadaaaaaaaa aadaaaaaaaaaaa

Figure 12-19. An iRMX 86TM Semaphore Report

The following describes the fields in Figure 12-19:

Field

aaaaaaaaaaaa

bbbb

cccc

dddd

eeee

FEFF

gg9g9g

Meaning

Each such field can contain a name under which
the semaphore is cataloged in the object
directory of either the semaphore's containing
job or the root job. 1If the semaphore is not
cataloged in either directory, "NONE FOUND" is
printed here.

This is a hexadecimal token for the semaphore.

This is the number, in hexadecimal, of units
currently in the custody of the semaphore.

This is the number, in hexadecimal, of tasks
waiting in the queue.

This is a hexadecimal token for the containing
job of the first waiting task. It is absent if
no tasks are waiting.

This is a hexadecimal token for the first
waiting task. It is 0000 if no tasks are
waiting.

This is a hexadecimal token for the semaphore's
containing job.
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Field Meaning
hhhh This is the maximum allowable number, in
hexadecimal, of units that the semaphore may have
in its custody.
iiiiiiii This describes the manner in which waiting tasks
are queued in the semaphore's task queue. The
possible values are FIFO and PRIORITY.
G --- This option displays the principal attributes of
the segment whose token is represented by ITEM.
The form of the display is depicted in Figure
12"'200
----- iRMX86 SEGMENT REPORT —=---
SEGMENT TOKEN bbbb CONTAINING JOB
SEGMENT BASE cccce SEGMENT LENGTH
NAME(S) aaaaaaaaaaaa aaaaaaaaaaaa aaaaaaaaaaaa aaaaaaaaaaaa
aaaaaaaaaaaa aaaaaaaaaaaa aaaaaaaaaaaa aaaaaaaaaaaa

Figure 12-20. An iRMX g™ Segment Report

The following describes the fields in Figure 12-20:

Field Meaning
aaaaaaaaaaaa Each such field can contain a name under which
: the segment is cataloged in the object
directory of either the segment's containing
job or the root job. 1If the segment is not
cataloged in either directory, "NONE FOUND" is
printed here.
bbbb This is a hexadecimal token for the segment.
ccce This is the base address of the segment.
dddd This is a hexadecimal token for the job that
contains the segment.
eeee This is the number, in hexadecimal, of bytes in
the segment.
Viewing iRMX 86 System Lists --- The Vv Command
Syntax

The syntax for the V command is given in Figure 12-21.
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Figure 12-21. Syntax Diagram for Vviewing
iRMX 86TM sSystem Lists

Explanation of Vv Command Options

J --- This option lists all jobs as
JL = ppppI/Jjijd pPPPI/j33J3 --. PPPPI/IIIII
where
NRRN A job token.

pPPPP A token of its parent job. If the
optional ITEM is included in the
command and it contains a job token,
then tokens of all of that job's
children are listed. If the job
designated by jjjj is the root job,
then "ROOT" replaces "ppppJd".

T --- This option lists all tasks as
TL = 33333/ttt T §33ja/ttttT ... jjjja/sttetr
where
tttt A task token.

Jijj A token for the job that contains the
task. 1If the optional ITEM is included
in the command and it contains a job
token, then tokens of all the tasks in
that job are listed. An asterisk
following a task token indicates that
the task has overflowed its stack.
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R --- This option lists all ready tasks as

RL = jjjja/ttttT jjjjasttttT ... jijjasttttr

tttt A token of a ready task.

Jijj A token for the job containing the
task. If the optional ITEM is included
in the command and it contains a job
token, then tokens of all the ready
tasks in that job are listed. An
asterisk following a task token
indicates that the task has overflowed
its stack.

S --- This option lists all suspended tasks as

SL = JJjJasttttT J355asttttT ... j3jjasttttT

tttt A token of a suspended task.

Jijj A token for the job containing the
task. If the optional ITEM is included
in the command and it contains a job
token, then tokens of all the suspended
tasks in that job are listed. An
asterisk following a task token
indicates that the task has overflowed
its stack.

E --- This option 1lists all exchanges as

EL = jjjJd/xxxxt jjjja/xxxxt ... jjjji/xxxxt

XXX X A token for an exchange.

t The type of the exchange (M for mailbox
or S for semaphore).

Jii3 A token for the job containing the
exchange. If the optional ITEM is
included in the command and it contains
a job token, then tokens of all the
exchanges in that job are listed.

W --- This option lists the task queues at exchanges as
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JIFJIzetetT 33/ttt T L.L Jijjasttttr
JIJFI/ztettT i3/ttt T L. 3iJja/ttetT

nu

]

FII5I/LLEET FIFFIZLLEET ... 33j3I/ttteT

A token for an exchange

The type of the exchange (M for mailbox, S for
semaphore).

A token for a task which is gueued at that
exchange.

A token for the job containing the task. 1If
the optional ITEM is included in the command
and it contains the token for an exchange, then
tokens for the tasks in that exchange's task
gueue are listed. An asterisk indicates that
the task has overflowed its stack.

M --- This option lists the object queues at mailboxes as

mmmm

0000

Jiii

ML jjjjJ3/mmmmM
ML jjjjJ/mmmmM

ML jjjja/mmmmM

jjjjd/oocot jjjjd/oooot ... jjjji/oooot
jjjja/oo0c0t jjjjd/oocoot ... jjjji/oooot

Jjjji/oooot jjjji/oooot ... jjjji/oooot

A token for a mailbox.

A token for an object in that exchange's object
gueue.

The type of the object (J for job, T for task,
M for mailbox, S for semaphore, and G for
segment).

A token for the job containing the exchange or
object. If the optional ITEM is included in
the command and it contains the token for a
mailbox, then tokens for the objects in that
mailbox's object queue are listed.
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G --- This option lists the segments as
GL = jjjjd/goggG jjjjai/ggggG ... jjjji/ggagG
where
gggg A token for a segment.
Jijg A token for the job containing the
segment. If the optional ITEM is
included in the command and it contains

the token for a job, then tokens for
the segments in that job are listed.

Exiting the Debugger --- The @ Command

Syntax

The syntax for the Q command is given in Figure 12-22.

._4:>__

Figure 12-22. Syntax Diagram for Exiting the Debugger

Effects

This command deactivates the Debugger. When a debugging
session is terminated, the tables and lists the Debugger
maintains are not destroyed. Q also causes the message "EXIT
iRMX 86 DEBUGGER" to be displayed.

USING SYMBOLIC NAMES WHILE DEBUGGING

For your convenience during debugging, the Debugger supports
the use of alphanumeric variable names that stand for numerical
guantities. The names and their associated values can be
accessed by the Debugger from any of the following sources:

@ A Debugger-maintained symbol table. The table contains
name/value pairs that have been cataloged by the Debugger
as numeric variables. Commands for defining, changing,
listing, and deleting numeric variables are described
later in this section.

® The object directory of the current job. The current job
is defined to be the job that contains the breakpoint
task. If there is no breakpoint task, the current job is
the root job.

e The object directory of the root job.
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When you use a symbolic name that is not the name of a
breakpoint variable, the Debugger searches these sources in the
order just listed.

Suppose that you want to refer to a particular task by means of
the name .TASKOOl. 1If the task is cataloged in the object
directory of either the root job or the current job, then the
Debugger will go to the appropriate directory and fetch a token
for the task whenever the name .TASKOOl is used in a Debugger
command. If the task is not so cataloged, you can use VJ (view
job), IJ (inspect job), VT (view task), and IT (inspect task)
commands to deduce a token for the task. Then you can define
.TASK0OOl to be a numeric variable whose value is that token.

Defining a Numeric Variable --- The D Command

Syntax

The syntax for the D command is given in Figure 12-23.

Figure 12-23. Syntax Diagram for Defining a Numeric Variable

Effects

This command puts the NAME and the value of ITEM in the
Debugger's symbol table.

Changing a Numeric Variable

Syntax

The syntax for this command is given in Figure 12-24.

T Figure 12-24. Syntax Diagram for Changing a Numeric Variable

Effects

This command removes from the Debugger symbol table the value

ogiginally associated with NAME, and replaces it with the value
of ITEM.
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Deleting a Numeric variable --- The Z Command
Syntax |

The syntax for the Z command is given in Figure 12-25.

Figure 12-25. Syntax Diagram for Deleting a Numeric variable
Effects
This command removes the NAME and associated value from the

Debugger's symbol table.

Viewing Numeric variables --- The L Command

Syntax

The syntax for the L command is given in Figure 12-26.

()

Figure 12-26. Syntax Diagram for Viewing Numeric Variables

Effects
The L command causes all numeric variable names and their
associated values to be listed. If only NAME is specified,
only one pair is listed. 1In either case, one pair is listed
per line in the format

NAME =xxxXx

where xxxx is the associated value.
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APPENDIX A. iRMX 86'™ DATA TYPES

The following are the data types that are recognized by the
iRMX 86 Operating System:

BYTE -

WORD -

INTEGER-

OFFSET -

TOKEN -

POINTER-

STRING -

An unsigned, one byte, binary number.

An unsigned, two byte, binary number.

A signed, two byte, binary number that is stored
in two's complement form.

A word whose value represents the distance from
the base of a segment.

A word whose value identifies an object.

Two words containing the base of a segment and an
offset, in the reverse order.

A sequence of consecutive bytes. The first byte
contains the number (not to exceed 12) of bytes
that follow it in the string.
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APPENDIX B. iRMX 86'™ Type CODES

Each iRMX 86 cobject type is known within iRMX 86 systems by
means of a numeric code. For each code, there is a
mnemonic name that can be substituted for the code. The
following lists the types with their codes and associated
mnemonics.

OBJECT TYPE INTERNAL MNEMONIC NUMERIC CODE
Job T$J08B 1
Task T$TASK 2
Mailbox T$MAILBOX 3
Semaphore T$SEMAPHORE 4
Segment T$SEGMENT 6






INDEX

allocation of memory 6-1, 6-2
asleep state 2-2, 4-1
asleep-suspended state 2-2, 4-1 l
baud rate 11-5
breakpoint 12-7
exception 12-8, 12-10
exchange 12-8, 12-9
execution 12- 8, 12-9
breakpoint 1list 12-8, 12-19
breakpoint request 12-9
breakpoint state 12-9
breakpoint task 12-11, 12-17, 12-19, 12-20, 12-21, 12-23
breakp01nt variable 12 9
carriage return character 11-2, 11-4, 12-3
CATALOG$OBJIECT 4-3, 7-2, 10-5
child job 3-1, 6-3
Command DlEffonary 10-2
communication between tasks 5-1
condition code 8-1, 8-3
constant in Debugger 12-5

control-C command 11-2, 11-5
control-D command 12-2

control-0 command 11-2, 11-5
control-Q command 11-2, 11-5, 12-3
control-R command 11-2, T1-3
control-S command 11-2, I1-4, 12-3
control-X command 11-2, 11-3
control-Z command 11-2, 11-4

l

CREATE$JOB 3-3, 3-4, 10
CREATE$MAILBOX 5-2, 10-13
CREATE$SEGMENT 6-1, 6-4, 10-14
CREATE$SEMAPHORE 5-4, 10-15
CREATE$TASK 4-4, 10- 17
current address 12-25
current display mode 12- 24
current lipne 11-2, 12-3
current offset 12-25
current segment base 12-25
data types A-1
Debugger 1-1, 12-1
as exceptlon “handler 8-2, 10-53, 12- 2
constant 12-5
exiting 12-44
expression 12-5
invoking 12-2
item 12-8
name 12-5
symbolic names 12-44
syntax 12-4
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DELETE$JOB 3-4, 9-3, 10-20
DELETE$MAILBOX 5-2, 10-22
DELETE$SEGMENT 6-3, 6-4, 10-23
DELETE$SEMAPHORE 5-4, 10 24
DELETE$TASK 4-4, 9—3, 10-25
destination field 12-28
DISABLE 9-2, 9-10, 10-26
disabling interrupts 9-2, 9-10, 10-26
ENABLE 9-2, 9-10, 10-27

enabling interrupts 9-2, 9-10, 10-27
ENTER$INTERRUPT 9-3, 9-4, 9-5, 9-6, 10-28
environmental condition 8-1,8-3

escape (ESC) character 11-2, 11-4, 12-3
exception handler 2-5, 4-4, 8-1, 8-2, 10-29, 10-49
exception mode 4-4, §;g
exceptional conditions 2-5, 8-1, 8-3
programmer error 2-5, 8-1, 8-3
environmental COndlth 2-5, 8-1, 8-3

exchange 5-1
mailbox 5-1
semaphore 5-3
execution state 2-2, 4-1
asleep 2-2, 4-1
asleep- suspended 2-2, 4-1
ready 2-2, 4-2
running 2-2, 4-2
suspended 2-2, 4 1
transitions between states 4-2
EXITSINTERRUPT 9-3, 9-4, 9-6, 9-10, 10-30
expression in Debugger 12 5
GET$EXCEPTION$HANDLER 8-4, 10-31
GET$LEVEL 9-3, 9-10, 10—33
GET$POOLS$ATTRIB 6-2, 6-4, 10-34
GET$PRIORITY 4-5, 10- 10-36
GET$SIZE 6-4, 10-37
GET$TASK$TOKENS 3-3, 4- 5, 7-2, 10-38
GET$TYPE 7-1,7-2, 10-39
ICE-86 In- 01rcu1t Emulator 12-1, 12-2
input request mailbox 11-6
input request message 11-7, 11-8, 11-9
interrupt 9-1
handler 2-5, 9-3, 9-4, 9-5, 9-8, 9-9, 10-28,
10- 30"T0 47, 10-54, 10-59, 10-63
level 9-1, 9-2, 9-5, 9-7, 9-10, 10-26, 10-27, 10-33
task 9-3, 9-4, 9-5, 9-8, 9-10, 10-47, 10-54, 10-63
vector 9-1
vector table 9-1
invoking the Debugger 12-2
1/0 System 2-1, 11-1
iSBC 86/12A Monltor 12-1
item in Debugger 12-8
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job 2-1, 2-3, 3-1, 10-7, 10-20, 10-42
child 3-1
memory pool 3-1, 3
object directory 2-
object limit 3-1

3-3, 6-1, 6-2, 6-3
3
parameter object 3-3, 4-5
2

-1, 7-1

parent 3-1
pool size 3-3, 6-1, 6-
task limit 3-1
tree 2-3, 3-1
level 9-1, 9-2, 9-5,
level 7 interrupts 9-
line feed character 1
LOOKUP$0OBJECT 4-2, 7-
mailbox 2-1, 2-4, 5-1
memory 2-4, 3-1, 3-
allocating 2-4, 6
available 6-2
borrowing 3-3, 6-2, 10-14
maximum pool size 6-2
minimum pool size 6-2, 10-54
mutual exclusion 2-4, 5-3
name in Debugger 12-5
normal character 11-1, 11-2
normal mode 11-4
Nucleus 1-1, 2-1
object 2-1, 7-1, 10-5, 10-39, 10-40, 10-62
job 2=T1, 2-3, 3-1
mailbox 2-1, 2-4,
segment 2-1, 2-4, 6-1
semaphore 2-1, 2-
task 2-1, 2-2, 4- :
object directory 2-4, 3-1, 3-3, 7-1, 10-5, 10-40, 10-62
object queue 5-1
object type 2-1, 7-1
OFFSPRING 3-3, 3-4, 10-42
output request mailbox 11-6
output request message 11-7
output-only Terminal Handler 11-1
parameter object 3-3, 4-5, 10-7, 10-38
parent job 3-1
priority 2-2, 4-1, 4-2, 5-2, 5-3, 9-2, 9-5, 9-7, 10-36
programmer error 8-1, 8-3
queue 5-1, 5-2, 5-3
first-in-first-out 5-1, 5-2, 5-3
priority 5-1, 5-2, 5-3
gqueueing mode 11-4

-7, 9-10, 10-26, 10-27, 10-33

2, 11-4, 12-3
7-2, 10-40
10-13,710-22, 10-43, 10-49
, 6-1, 10-14, 10-23, 10-34, 10-37, 10-58
3, 10-14, 10-23

Index-3



INDEX

ready state 2-2, 4-2
RECEIVE$MESSAGE 4- 2, 5-2, 10-43
RECEIVE$SUNITS 4-2, 5-3, 10-45
request message ll 7
RESET$INTERRUPT 9- 9-3, 9-10, 10-47
RESUMES$TASK 4-4, 4- 5, 10-48 48
RMX/86 Operatlng System 1-1
root job 2-3, 3-1, 4-5, 7-2, 10-38
RQNORMIN IT‘s, 11-10
RQNORMOUT 11-4, 11-5, 11-6, 11-7
RQRATE 11-5
RQ$ABORTSAP 11-5
rubout 11-2, 11-3
running state 2-2, 4-2
segment 2-1, 2-4, 6_T- 10-14, 10-23, 10-34, 10-37, 10-58
semaphore 2-1, 2-4, 5-3, 10- 15 10- 24, 10-45, 10-51
semaphore limit 5-3 3 , 10-15, 10-51
SEND$MESSAGE 4-3, 5-2, 10- 49
SEND$UNITS 4-3, S 5-3, 10 51
SET$EXCEPTION$HAN LER §_2 8-4, 10-52
SET$INTERRUPT 9- 9-3, 9-4, 9-5, 9-10, 10-54
SET$POOLSMINIMUM 6-2, 6-4, 10-58
SIGNAL$INTERRUPT 9-3, 9-4, 9-5, 9-10, 10-59
SLEEP 4-5, 10-60
special character 11-1, 11-2
suppression mode 11-4
SUSPEND$TASK 4-3, 4-4, 10-61
suspended state 2-2, 4-1
suspension depth 4-1
symbolic names for debugging 12-44
synchronization 5-1, 5-3
syntax in Debugger commands 12-4
system call 2-1
system clock 9-2
system exception handler 8-2
task 2-1, 2-2, 4-1, 10-17, 10-25, 10-36, 10-38, 10-48, 10-60,
10-61
arbitration algorithm 2-2, 4-2
exception handler 2-5, 4-4, 8-2
interrupt 9-3, 9-4, 9-6, 9-8
limit 3-1
Nucleus' view 2-2
priority 2-2, 4-1, 4-2, 5-2, 5-3, 9-2, 9-5, 9-7, 10-36
states 2-2, A-T——A 2
suspension d__fh 4-1
task queue 5-1, 5-2, 5-3
Terminal Handler 1-1, 11-1
token 2-1, 6-1
tree of j JObS 2-3, 3-1

type 2-1, 7-1, A-1, B-1

type tode 7-1, B-1
UNCATALOG$DBJECT 7-2, 10-62
WAIT$INTERRUPT 9-3. 9-5, 9-10, 10-63
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