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Using this book

Purpose and
audience

The CONVEX CXdb User’s Guide describes the CXdb user
interface and explains how to use CXdb commands. This book
includes numerous examples that you can execute online while
reading the text.

This book is intended for both new and experienced users of
CXdb. It assumes that you have read the CONVEX CXdb
Concepts book and that you understand the basic concepts
presented there.

Organization

This manual is organized into the following chapters and
appendixes:

¢ Chapter 1, “Introduction to CXdb”—Contains an overview

of CXdb and a description of its features.

Chapter 2, “Using CXdb with CXwindows”—Explains the
CXwindows interface and how to use it to access CXdb.

Chapter 3, “Using CXdb with Maryland Windows"”"—
Explains the Maryland Windows interface and how to use it
to access CXdb.

Chapter 4, “Breakpoints, tracepoints, and watchpoints”—
Describes how to use breakpoints, tracepoints, and
watchpoints to trap various process events.

Chapter 5, “Stepping”—Illustrates the use of stepping
commands to perform incremental execution of a program.

Chapter 6, “Eventpoints, handlers, and signals”—Presents
the types of eventpoints available in CXdb and explains how
to customize them with eventpoint handlers.

Chapter 7, “Displaying and modifying variables”—Shows
several methods for displaying and modifying the contents
of variables, registers, and memory.
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Chapter 8, “Process settings”—Explains the various process
settings and how to manipulate these settings to suit your
debugging needs.

Chapter 9, “Debugging with multiple source files”—
Explains how to debug a program that consists of multiple
files located in different directories.

Chapter 10, “Specifying the program to debug”—Describes
how to debug attached processes and core files; how to
change executables while using CXdb; and how to issue shell
commands from within CXdb.

Chapter 11, “Aliases and macros”—Explains how to create
and use aliases and macros.

Chapter 12, “Logging, command files, and batch mode”—
Describes how to direct CXdb input, output, and messages
to files; how to create and use command files and
initialization files; and how to run CXdb in batch mode.

Chapter 13, “Scope paths and the stack”—Explains how to
use scope paths to reference variables anywhere in the
program in both the FORTRAN and C languages. Describes
commands that manipulate the stack.

Chapter 14, “Debugging at the instruction level”—Shows
how to obtain a more detailed view of your program by
using expression source units and disassembled code.

Chapter 15, “Debugging optimized code”—Explains some
of the effects produced by optimization of your source code
and illustrates how to use CXdb to detect those effects. It
includes optimizations that occur at level -no.

Chapter 16, “Debugging a program with multiple
threads”—Describes CXdb commands designed for the
debugging of a multithreaded program. It explains the effect
of parallel optimization at level -03.

Appendix A, “Source code for example program”—Lists the
source code for the example program used in this book.

Appendix B, “Quick reference to Maryland Windows”—
Lists the keyboard functions used in the Maryland Windows
interface to CXdb.

Appendix C, "Cross-reference to csd commands”—Relates
commands of the CONVEX csd debugger to the equivalent
CXdb commands.

Appendix D, “Cross-reference to gdb commands”—
Relates commands of the gdb debugger to the equivalent
CXdb commands.
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Notational This document uses the following notational conventions.
conventions

Command syntax

Consider this example:

(CXdb) command <paraml> [, ..l {a | b} [<param2>]
O] @ ® @ ® ®
1. (CXdb) is the CXdb command prompt.
2. command must be typed as it appears.
3. <paraml> indicates a parameter that must be supplied.

4. Horizontal ellipsis in brackets [, ...]indicates that additional
parameters can be specified.

5. Either a or b must be specified.
6. [<param2>] indicates an optional user-specified parameter.

Keystrokes that perform particular tasks in CXdb are shown as
follows:

CTRL-n -g——— Pressed 15 times

The above example indicates that you press CTRL-n 15 times to
perform the specified task.
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General conventions

® Bold constant-width font identifies user inputin
examples.

® Jtalics
— Designate user-supplied variables in a command-line
example when enclosed in angle brackets (<>).
— Indicate document titles.
— Introduce important new terms in text.

® Constant-width font designates input and output,
including:
— Command names and options
— System calls

— Program statements, command output, and error
messages returned

® Horizontal ellipsis (...) shows repetition of the preceding
item(s).

® Vertical ellipsis shows that lines have been left out of an
example.

¢ Words and abbreviations that indicate keyboard keys you
press are identified in a distinctive bold type. For example,
RETURN refers to the carriage return key. Words separated by a
hyphen indicate two keys that you must press
simultaneously. For example, CTRL-X indicates that you must
press and hold down the CTRL key and then press the X key.

® References to the ConvexOS Man Pages for Users, ConvexOS
Man Pages for System Managers, and ConvexOS Man Pages for
Programmers appear in the form exec(2), where the name of
the man page is followed by its section number enclosed in
parentheses.

® The shell prompt is shown as a percent sign (%).

® Unless otherwise indicated, source code examples are in
FORTRAN. Where there are differences between how CXdb
handles C and FORTRAN, examples in C are also shown.

® FORTRAN examples are shown in uppercase letters. You
can, however, use lowercase.
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Note

Caution

Notes and cautions

A Note highlights supplemental information.

A Caution highlights procedures or information necessary to avoid
damage to software or data.

Associated
documents

This manual is not a complete explanation of CXdb. For more
information, refer to:

® CONVEX CXdb Concepts (DSW-471)—An overview of
CXdb and an explanation of how traditional and new
debugging concepts are used in CXdb.

® CONVEX CXdb Reference (DSW-472)—A complete reference
source for CXdb commands, parameters, concepts, and
messages.

® CONVEX CXdb Quick Reference (DSW-474)—A quick
reference for using CXdb, which contains command syntax
and brief descriptions.

Ordering
documentation

To order the current edition of this or any other CONVEX
document, send requests to:

CONVEX Computer Corporation
Customer Service

P.O. Box 833851

Richardson, TX 75083-3851 USA

Include the order number or the exact title.

In some cases, you might not want the latest edition. To order a
specific edition of a document, contact your local CONVEX office.
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Technical
assistance

If you have questions that are not answered by the
documentation, contact the CONVEX Technical Assistance
Center (TAC). To contact the TAC, use one of the following
phone numbers:

® Within the continental U.S., call 1(800)952-0379.

® Qutside the continental U.S., contact the local CONVEX
office.

The contact utility

The TAC recommends using the contact utility to report a
hardware, software, or documentation problem. The contact
utility is an interactive program that helps the TAC track reports
and route them to the CONVEX personnel most qualified to fix
a problem.

After you invoke contact, it prompts you for information
about the problem. When you finish your report, contact
mails it to the TAC electronically. The TAC notifies you within 48
hours that your report has been received.

Using contact requires:

® UNIX-to-UNIX Communication Protocol (UUCP)
connection to the TAC

¢ Full path name of the program or utility in question
® Version number of the program or utility in question

Refer to the contact(1) man page for complete details.

xviii
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Introduction to CXdb

The CONVEX Visual Debugger (CXdb) is a symbolic debugger
that offers many advanced features not found in conventional
debuggers. This chapter gives an overview of CXdb features and
the major concepts associated with them.

General
description

CXdb provides a controlled environment for executing your
programs. It enables you to start and stop a program at any

. point, display and change the values of program variables, and

examine and modify the state of the process stack. It also allows
you to control the flow, or order of execution, of your program.

In addition, CXdb provides many advanced features that give
you the capability to:

® Debug optimized code
® Debug programs written in FORTRAN, C, or both

¢ Control execution in increments called source units, which
allow you to adjust the size of a step from units as large as a
routine to those as small as an individual expression

¢ Create a break in the execution by monitoring a variety of
events or locations such as line numbers, memory addresses,
signals, and relational expressions

® Debug at the machine level, with complete access to the
machine state, including the process stack and registers

® Attach to and debug a running process
® Debug core files and checkpoint files

® Create aliases, macros, and command files for frequently
used functions

¢ Configure CXdb and customize it to fit your needs
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User interface

There are three types of user interfaces for CXdb:

¢ CXwindows—Provides a window environment for X
terminals that includes full use of a mouse to perform
debugging functions in CXdb.

® Maryland Windows—Simulates a window environment on
ASCII terminals, but does not include the use of a mouse.

® Batch mode—Allows execution of CXdb commands without
user interaction.

Both CXwindows and Maryland Windows provide many
separate windows that give different views of your program. By
using these windows, you can display the maximum amount of
information about your program. The windows available in both
CXwindows and Maryland Windows are:

® Command window—Is the primary window for entering
commands to CXdb and receiving output from it.

® Source window—Displays the source code for the program
you are debugging.

® Process interface window—Allows interactive input and
output for the program being debugged.

¢ Help window—Displays help text relating to CXdb
commands, concepts, messages, and parameters.

® Display file window—Displays the contents of any ASCII
file.
In addition to the above windows, the CXwindows interface
provides the following:

® Disassembly window—Displays the assembly language
code for the program being debugged. It also displays the
processor status word (PSW) as well as the scalar, vector, and
communication registers.

® Examine window—Displays the contents of process
memory.

® Stack window—Displays the contents of the process stack.

CXdb concepts

Because CXdb has many features not found in conventional
debuggers, some of the terms and concepts used in describing it
are new. This section briefly explains these important new terms
and concepts. For more detailed descriptions, refer to the
CONVEX CXdb Concepts book.
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Source units

Conventional debuggers generally perform operations on lines
of source code. CXdb performs operations on elements called
source units.

A source unit is a syntactic element of source code. Source units
are classified by granularity, as follows:

® Expression—Any combination of constants, operators, and
operands that is valid in the current source language.

¢ Statement—A combination of expressions that constitutes a
complete instruction in the current source language.

® Block—The statements that make up the body of a routine, a
loop, or a conditional construct.

® Loop—A special type of statement that encloses a block and
causes it to repeat.

® Routine—A complete subroutine or function.

The exact content of a particular type of source unit depends on
the syntax of the source language. For example, an expression in
C can contain pointers, but in FORTRAN it cannot.

Source units can be nested. For example, a loop can contain
many expressions, statements, blocks, and even other loops.

In addition, several source units of different granularities can
coexist in the same portion of source code at the same time. For
example, X=1 can be an expression, a statement, and a block,
all at the same time.

CXdb uses source units to track source code. When it displays
source code in the source window, CXdb highlights the
particular source unit that is currently active. This makes it easy
for you to locate exactly where the current activity is taking place
in your program.

Source units become particularly important when debugging
optimized code, because optimization produces machine
instructions that are very different than the source code. Source
units make it possible to map the optimized code back to the
original source code. CXdb does this mapping for you
automatically.

Source units also enable you to tell CXdb what size and type of
unit you want a command to affect. Conventional debuggers
limit you to working only with statements, but CXdb lets you
work with routines, blocks, loops, or expressions as well as
statements.
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A number of CXdb commands let you specify which source unit
you want that command to affect. In general, these commands
relate to 2 types of activities:

® Setting breakpoints and other types of eventpoints
® Stepping through the execution of your program

The following sections describe eventpoints and stepping.

Eventpoints

A common activity while debugging is to set a breakpoint that
halts the execution of your program at a particular location.
Conventional debuggers limit you to setting a breakpoint at a
line of source code. However, with CXdb you can set
breakpoints at source units. This means that you can set a
breakpoint at the beginning of an expression, a statement, a
block, a loop, or a routine (both before and after the preamble of
the routine).

Typically, breakpoints are triggered when execution of the
program reaches the specified location in the code. CXdb
expands the concept of breakpoints by allowing you to trap
other types of events besides locations in the code. These
generalized event traps are called eventpoints. The types of
eventpoints are:

® Breakpoint—Stops execution of the program at the specified
location. The location can be specified as a machine
instruction, a source unit, a line of source code, or the
address of a routine.

¢ Tracepoint—Prints a message when execution reaches the
specified location in the program, but it does not stop
execution. The location can be specified as a machine
instruction, a source unit, a line of source code, or the
address of a routine.

® Watchpoint—Stops execution of the program when the
contents of a variable or a memory location is modified.

® Process-based eventpoint—Looks for a particular action
performed by the program, such as an exec system call.

® Relation-based eventpoint—Tests the value of a relational
expression.

® Signal-based eventpoint—Traps a signal sent to the
program.

® Thread-based eventpoint—Monitors the creation or
termination of threads.
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In addition to providing many different types of eventpoints,
CXdb allows you to define your own handler for each
eventpoint. An eventpoint handler is a sequence of CXdb
commands that executes automatically whenever the specified
event occurs.

Stepping
Stepf)ing is incremental execution of a program. With CXdb, you
can step through a program in 2 different ways:

¢ By machine instructions
® By source units

These methods of stepping give you much greater control over
the granularity, or step size, than is available with other
debuggers that step only by lines of source code. In addition to
specifying the stepping granularity, you can also specify a repeat
count with CXdb stepping commands.

In general, CXdb stepping commands allow you to:
¢ Step by a specified number of machine instructions.

® Step to the beginning of a routine, loop, block, statement, or
expression.

¢ Step out of (finish) a routine, loop, block, statement, or
expression.

® Step into a routine, loop, block, statement, or expression.
® Step over a routine, loop, block, statement, or expression.
® Step to the beginning of a source unit within a called routine.

® Step to the beginning of a source unit in the current routine,
not counting the source units inside called routines.
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Examples in this
book

Note

Note

The remaining chapters of this book contain numerous examples
of CXdb commands and features. The examples are designed so
that you can execute them as you read them. The required files
for these examples are in the /usr/lib/cxdb/examples
directory.

Differences in hardware and in software versions can cause your
results to differ from the results shown in the examples. The most
noticeable differences will be in memory addresses, process
numbers, eventpoint numbers, source unit numbers, and register
usage. If the example calls for you to specify one of these items,
specify the value that is appropriate for your results rather than the
value shown in the example.

Each of the remaining chapters of this book is a separate unit as
far as the examples are concerned. The first example in each
chapter shows how to invoke CXdb, and the last example shows
how to quit CXdb. In between, the examples are sequential.

You can perform the examples in one chapter without
performing the examples in other chapters. However, within a
chapter, do not try to perform one example unless you have
performed all the examples preceding it.

Performing an example out of sequence within a chapter can
produce results that are inconsistent with the intent and context of
the example.

Online guide

The CXdb Online Guide is an online introduction to the CXdb
commands. It contains explanatory text as well as many
hands-on tutorials. It is available only in the CXwindows
interface.

There are 2 ways to access the CXdb Online Guide:
® From the shell
® From within CXdb

To access the CXdb Online Guide from the shell, enter the
commands shown in Figure 1.

Figure 1
Invoking the CXdb Online Guide

$cd /usr/lib/cxdb/tutorial
$cxdb_guide
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The cd command in Figure 1 changes directories to the one
where the CXdb Online Guide is located. The cxdb_guide
command invokes the viewer for the online guide.

To invoke the CXdb Online Guide from within CXdb, issue the
help command. Then select the Tutorial option from the
HelpWindow menu. The section "Accessing the CXdb Online
Guide," in Chapter 2 of this manual, illustrates this method.
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Using CXdb with

CXwindows

This chapter describes the main CXdb windows available
through the CXwindows interface. This chapter also gives an
overview of basic CXdb commands used to load, run, and quit
your program. The commands discussed in this chapter are:

break line
continue
cxdb

debug exec
help

info cxdb
info process
kill process
print

quit

rerun

run

stop

-CXwindows

CXwindows is the CONVEX version of the X Window System,
which was originally developed at the Massachusetts Institute of
Technology. CXwindows is an optional software package that
can be purchased separately from CXdb.

The CXwindows interface to CXdb offers the following features:

® Control of window size and location

® Full use of a mouse

® Menus to manage windows and execute CXdb commands
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® Scroll bars

® CXdb Online Guide, which includes tutorials and sample
debugging sessions

The CXwindows interface uses software known as a window
manager to control the location, appearance, and operation of
the windows. There are a number of different window managers
available for CXwindows, but the examples in this book assume
the use of CX/Motif as the window manager.

|nvoking CXdb The cxdb command, issued from the shell, invokes CXdb.
Many command-line options are available with the cxdb
command. For a complete description of these options, refer to
the CONVEX CXdb Reference manual or the man page for
cxdb(1).

To execute the examples shown in this manual, you must first
change to the directory where the example programs are located.
Figure 2 shows the steps required to invoke CXdb and to access
the example programs.

Figure 2
Invoking CXdb

%cd /usr/lib/cxdb/examples
%cxdb

The cd command in Figure 2 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb.

When you invoke CXdb, it automatically brings up the
command window. The command window is the primary way
for you to communicate with CXdb. It enables you to:

Enter CXdb commands

® Receive output from CXdb commands

Receive error messages or status information about CXdb
commands

Review previous commands and retrieve them from the
command history

Edit and repeat commands
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Figure 3 illustrates the command window in CXwindows. (If
you are not using CXwindows, CXdb defaults to using the
Maryland Windows interface. Refer to Chapter 3 for a
description of Maryland Windows.)

Figure 3
Command window in CXwindows

Window menus Command menus Window number

CommandWindow Warsdoee / \ CXdb #[13

\
Info Events Execution Process Configuration Misc

CXdb version 1.1,0.1 , Copyright (C) 1991, Convex Cocmputer Corp.
(CXdb)
A

AN
| 4 4 N

step H next ” stepi I\i\ nexti Hcontinue” break H trace H help I

Command buttons Command line and prompt Scroll bars

The command window includes:

® Window menus—These pull-down menus allow you to
open and close other windows that present different views of
your program:
— CommandWindow quits CXdb and closes the command
window.
— CXdbWindows opens and closes other windows that
display additional information about the current process.
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® Window number—This is a unique number that identifies
each window in CXdb. Certain CXdb commands allow you
to specify a window number as a parameter.

¢ Command menus—These pull-down menus enable you to
execute CXdb commands by using the mouse rather than by
entering the commands from the keyboard:

.— Info contains commands that display information about
CXdb and the current process.

— Events contains commands that create and modify
various types of eventpoints.

— Execution contains commands that control the execution
of your program.

— Process contains commands that display more detailed
information about the process, such as disassembled
code and the contents of process memory.

— Configuration contains commands for setting and
clearing numerous debugging options.

— Misc contains commands that do not fit into one of the
above categories.

® Command buttons—These buttons immediately execute the
command indicated by the button name. To activate a
button, click on it with the mouse.

¢ Command line—This is the area of the window where you
enter commands or supply input to CXdb. When the
(CXdb) prompt is present, you can enter commands by
typing them from the keyboard, selecting them from the
command menus, or clicking on the command buttons.

® Scroll bars—These bars and arrows enable you to scroll the
window vertically and horizontally by using the mouse.

Your command window should look similar to the one shown in
Figure 3. CXdb has default settings that control the appearance
and operation of its windows in the CXwindows interface. You
can change these defaults by editing the .Xdefaults filein
your home directory. For example, the X resource settings
control whether or not the command buttons and command
menus appear in the command window. Refer to the CONVEX
CXdb Reference manual for more information about Xdefaults.

Other window decorations, such as the title bar and the resize
border, are functions of the window manager used with
CXwindows. For information about how to use or modify these
decorations, refer to the reference manual for your window
manager software.
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Loading a
program

After invoking CXdb, you can give it the name of the executable
file you want to debug. To use the full capabilities of CXdb, you
must compile your program by using the ~cxdb option with the
latest release of the CONVEX FORTRAN or CONVEX C
compiler. The —cxdb option tells the compiler to generate the
debugging information CXdb needs.

Compiler-generated debugging information is stored in a
subdirectory named .CXdb. The compiler creates this
subdirectory in the same directory as the .o (object) file. CXdb
must be able to locate this directory and access the data files in
order to perform symbolic debugging of your program. You can
give CXdb access to the .CXdb directory either by invoking
CXdb from the directory where the executable file was compiled
or by using commands within CXdb to specify the path to the
appropriate directory.

Once you have given CXdb access to the compiler-generated
data files, you can load an executable file by using the debug
exec command. This command does the following;:

® Gives CXdb the name of the executable file you want to
debug

® Creates a process object to store information about the
executable file and any processes generated from it

® Maps information from the compiler-generated data files in
the .CXdb subdirectory to the specified executable file

® Brings up the source window and displays the source file
associated with the specified executable file

Figure 4 illustrates the use of the debug exec command as
well as the associated response from CXdb.

Figure 4
Debugging an executable file

/(Cde) debug exec a.out -¢—— Executable file\

Default source file: ./example.f
Default source language: Fortran

Process [#0] created

Information from
k Process object compiler-generated data/
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CXdb uses the compiler-generated data files to determine the
name of the source file corresponding to the main routine of the
program. The source window opens to display the main routine,
as shown in Figure 5.

Figure 5
Source window in CXwindows

Menus Window number

W

Process
P file: example.f process #[0] - object

PROGRAM EXAMPLE
INTEGER ARRAY(4,4)
INTEGER I, NUMARGS
EXTERNAL chapter?c
EXTERNAL chapterl3c

PRINT », "EXAMPLE PROGRAM STARTED"

DO I=1.4
DO J=1.4
ARRAY(I,J)=IxJ
ENDDO
ENDDO

NUMARGS = IARGC()

IF (NUMARGS .EQ. O) THEN
CALL CHAPTER4(ARRAY)
CALL CHAPTERS(ARRAY)
CALL CHAPTERG(ARRAY)

Line numbers Scroll bars

The source window includes:

® Menus—These pull-down menus allow you to do the
following by using the mouse:

— SourceWindow closes the source window.

— FileView lets you specify another file or routine to view
in the source window.

— SourceUnit enables you to select source units from the
lines displayed in the source window.

— ProcessWindows opens and closes other windows that
display different information about the current process.
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Window number—This is a unique number that identifies
each window in CXdb. Certain CXdb commands allow you
to specify a window number as a parameter.

Scroll bars—These bars and arrows enable you to scroll the
window vertically and horizontally by using the mouse.

File name—This field lists the name of the source file
currently displayed in the source window.

Process object—This field lists the identification number of
the current process object.

Line numbers—These numbers are added by CXdb to
identify each line in the source file.
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Seﬂ'ing a Before running a program from within a debugger, it is helpful

breakpoini to set a breakpoint that stops execution of the program before it
reaches a problem area of the code. This gives you an
opportunity to use other debugger commands to analyze the
program while it is stopped. Figure 6 illustrates how to set a
simple breakpoint at a line number.

Figure 6
Setting a breakpoint at a line number

Er}try in command
window —— (CXdb) break line 15

#0: break line, on [#0/*], Enabled, ignore 0/0
[0x80004£54] EXAMPLE in example.f line 15

Sourcellindow FileView SourcelUnit

file: example.f process #[0]

PROGRAM EXAMPLE
INTEGER ARRAY(4.4)
INTEGER I. NUMARGS
EXTERNAL chapter?c
EXTERNAL chapterl3c

PRINT =, "EXAMPLE PROGRAM STARTED"

1
2
3
4
5
6
7
8
9

DO I=1.4
DO J=1.4
ARRAY (I, J)=I%J
ENDDO
ENDDO

NUMARGS = IARGC()

IF (NUMARGS .E@., 0) THEN
CALL CHAPTER4(ARRAY)
CALL CHAPTERS(ARRAY)
CALL CHAPTERG(ARRAY)

Breakpoint indicated in source window

Figure 6 shows that the command break line 15 is entered
in the command window. This command sets a breakpoint at
line 15 of the current source file, example.f.
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Figure 6 also shows that a marker (the letter B enclosed within
an octagon) appears in the source window to indicate the
location of the breakpoint. You can click on this marker with the
left mouse button to open a dialog window for displaying and
modifying the breakpoint. Figure 7 illustrates the dialog window
for breakpoints.

Figure 7
Dialog window for breakpoints

Sourcellindow FileView SourceUnit Procssslindoms

file: example.f process #[0]

#0: break line, on [#0/x%1, Enabled. ignore 0/0
[OxB0004f54] EXAMPLE in example.f line 15

1
2
3
4
5
6
7
8
9

[&nahi@l [disablel lremovel

IF (NUMARGS .EQ, 0) THEN
CALL CHAPTER4(ARRAY)
CALL CHAPTERS(ARRAY)
CALL CHAPTERG(ARRAY)

Click on marker with mouse Dialog window appears
to open dialog window for controlling breakpoints

As Figure 7 shows, the dialog window gives a full description of
the breakpoint. It also allows you to enable, disable, or remove
the breakpoint. (If you are performing these examples as you
read, do not modify the breakpoint at this time. After observing
the dialog window, click on its Close button with the mouse.)
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Running a
program

Figure 8
Running the process

After loading an executable file, you can run it from within
CXdb by using the run command. The run command does
the following:

® Creates a process image from the executable file

® Associates the process image with the current process object
and the related compiler-generated data files

® Starts execution of the process

® Brings up the process interface window for program input
and output

Figure 8 illustrates how to execute the run command from the
pull-down menus in the command window.

Commandilindow

N i d oy e
LoV

l Info Events

Execution

Process Configuration Misc

CXdb version
(CXdb) debug

Default sourc
Default sourc

Process [401]
(CXdb) break

#0: break lin

[0x80
(CXdb)

continue
detach
finish
Goto

kill process

Next
rerun
return

return

ht (C) 1991, Convex Computer Corp.

B

o]

bled, ignore 0/0
h example.f line 13

run

Step
stop

AY

N

Pull down the Execution menu with the mouse and select run
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Figure 9
Results of the run command

In the command window, CXdb issues a response to the run
command to indicate that the process has started. However, the
breakpoint set at line 15 in Figure 6 stops execution of the
program almost immediately, and CXdb issues another message
to indicate this. Figure 9 shows both messages.

(CXdb) run

Starting process [#0]: a.out

Process started by run command
- Process stopped by breakpoint

Process [#0/0] stopped by Bkpt 0, at [0x80004£f54] EXAMPLE in example.f line 15

Figure 10

The run command automatically brings up the process
interface window, which allows interactive input and output
with your program. This window keeps program 1/0 separate
from CXdb I/0O. Figure 10 illustrates the process interface
window.

Process interface window in CXwindows

JIEXAMPLE PROGRAM STARTED

u

Input and output for the program appears here

Name of executable file

When execution stops, the source window updates to reflect the
current state of the process. Highlighting also appears in the
source window to indicate where execution has stopped, as
illustrated in Figure 11.
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Figure 11

Highlighting in the source window

SourceWindow FileView SourceUnit ProcessWindows

file: example.f process:

[#0/0]1 Alive
A

1
2
3
4
<
6
7
8
9
10
11

PROGRAM EXAMPLE A
INTEGER ARRAY(4,4)
INTEGER I, NUMARGS
EXTERNAL chapter?c
EXTERNAL chapterl3c
PRINT s,

DO I=1.4

ENDDO
HUMARGS = TARGL (1}

IF (NUMARGS .EQ. O) THEN

"EXAMPLE PROGRAM STARTED"

DD J=1.4
ARRAY (I, J)=I»J
ENDDO

CALL CHAPTER4(ARRAY)
CALL CHAPTERS(ARRAY)
CALL CHAPTERG(ARRAY)

Highlighting indicates that execution
stopped before this line was executed

Status of process

The highlighting in Figure 11 indicates that execution has
stopped at line 15 of the source code. The highlighted line
number means that execution has stopped at the beginning of
line 15, so no part of this line has been executed yet. When
process execution resumes, it will start at line 15.

The highlighted source code represents the portion of code that

is currently active. The amount of source code that is highlighted |
depends on the granularity (size) of the source unit that is active.

For more information about source units and their effect on
highlighting, refer to the section, “Effect of default granularity

on highlighting,” in Chapter 5.
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Printing data

Figure 13

While the process is stopped, you can display the contents of the
program variables. The print command is one way to display
variables.

Figure 12 shows the use of the print command to display the
variable J from the example program. The response to the
command indicates that J is a 4-byte integer with a current
value of 5.

Figure 12
Printing a single variable

(CXdb) print J
(INTEGER*4) 5

A feature known as completion makes it easy to enter long
variable names or command names. With completion, you can
type only the first few letters of a command or variable name,
then press TAB. CXdb fills in the rest of the name if it recognizes
that name as unique. Figure 13 illustrates the use of completion
to print the elements of an array named ARRAY.

Using completion on a command and a variable name

Command window——p=

(cxdb) pr [TAB] AR [TAB| [RETURN

INTEGER*4 (1:4, 1:4)

(1..4,1) 12314
(1..4,2) :+ 2 4 6 8
(1..4,3) 369 12
(1..4,4) 4 8 12 16
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Killing the
process

To terminate the program, use the kill process command.
This command asks for confirmation before killing the process,
as shown in Figure 14.

Figure 14
Killing the process

(CXdb) kill process
Kill process [#0]? y -¢———— Confirmation of kill

Terminated execution of Process [#0]

When you kill the process, the process interface window
disappears. However, killing the process does not delete the
process object. The process object stores all the information
about the process, including breakpoint settings. Therefore, the
breakpoints remain set even though the process is killed.

Passing
arguments to the
process

Figure 15

Many programs are written to accept arguments passed to them
from the shell. You can execute these programs in CXdb by
including the arguments as a quoted string with the run
command. Figure 15 illustrates how to do this.

Passing an argument with the run command

(CXdb) run "-flag"
Starting process [#0]:

Argument list

a.out —flag Process stopped by breakpoint

Process [#0/0] stopped by Bkpt 0, at [0x80004f54] EXAMPLE in example.f line 15

The run command in Figure 15 passes the argument ~-flag to
the process. This command also opens the process interface
window again.

Because the breakpoint settings are stored in the process object,
the breakpoint set in Figure 6 is still enabled. This breakpoint
stops execution of the program, as indicated by the output
message in Figure 15.

To resume execution of the program, use the continue
command. You can either type the continue command in the
command window, use the mouse to select the continue option
from the Execution menu in the command window, or use the
mouse to click on the continue button at the bottom of the
command window. Figure 16 shows how to execute the
continue command with the command button.
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Figure 16
Continuing process execution

[AEommandwindow CXdbWindows CxXdbh #[11 |

{ Info Events Execution Process Configuration Misc I

Starting process [#0]1: a.out

Process [#0/0] stopped by Bkpt 0, at [O0xBO004f54]1 EXAMPLE in example.f line 15
(CXdb) print J

(INTEGER*4) 5

(CXdb) print ARRAY

INTEGER=4(1:4, 1:4)

(1,.4,1) ¢+ 1234

(1,.4.2) 6 8

(1,.4.3) 9 12
(1,.4.4) 12 16

(CXdb) kill process

Kill process [#017 y

Terminated execution of Process [#01
(CXdb) run "-flag"

Starting process [#01: a.out -flag
Process [#0/0] stopped by Bkpt 0, at [0xB0O004f54]1 EXAMPLE in example,f line 15
(CXdb) continue -
Resuming execution of Process (#0/x] f—

step || next |[ stepi || nexti |[continue]{ break || trace |[ help |

Click on button Command and response
with mouse indicated in window

When you continue execution of this example program, the
mouse pointer turns into a clock, and the (Cxdb) prompt does
not reappear in the command window. This is because the
program is waiting for user input in the process interface
window, as shown in Figure 17.
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Figure 17
Program is waiting for input in the process interface window

The process interface window handles program input,
As an example, enter your first name and press return,

Program requests
user input

When you enter the input requested by the program in the
process interface window, the program executes to completion.
The output from the program indicates that the argument
-flag, passed toitbythe run command in Figure 15, was
accepted. Figure 18 shows the result of providing input to the
program.

Figure 18
Providing input through the process interface window

EXAMPLE PROGRAM STARTED

The process interface window handles program input.

As an example, enter your first name and press return,

Bob < i
Thanks, Bob User mPUt
The command line argument was: —flag

EXAMPLE PROGRAM FINISHED

Press a key to exit...[]

Program finishes Argument passed with the run
executing command was accepted

When the program is finished executing, a message appears in
the command window to indicate that the process has exited
normally. You can then close the process interface window by
bringing that window into focus with the mouse and pressing
any key on the keyboard.
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Figure 19

You can run the program again with the same arguments by
using the rerun command. This command also brings up the
process interface window again. Figure 19 illustrates this
command.

Rerunning a process with the same arguments

(CXdb) rerun
Starting process [#0]:

a.out -flag

Process is rerun with previous arguments
/ A/Process stopped by breakpoint

Process [#0/0] stopped by Bkpt 0, at [0x80004f54] EXAMPLE in example.f line 15

Running a
command in
background

Commands that cause process execution can be placed in
background relative to CXdb. This means that the (CXdb)
prompt reappears, and you can enter other CXdb commands
while the process is executing. When the backgrounded
command completes, CXdb issues a message in the command
window.

To execute a command in background, include the ampersand
(&) at the end of the process execution command. Figure 20
illustrates background execution with the continue
command.

Figure 20
Running a command in background

(CXdb) continue &-g——— Specifies background
Command [#159] backgrounded execution

Resuming, execution of Process [#0/*]
(CXdb) <&———— Prompt reappears immediately

As Figure 20 indicates, the (Cxdb) prompt reappears instead
of a clock, even though the process is waiting for input through
the process interface window.
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To check the status of a process, use the info process
command, as illustrated in Figure 21.

Figure 21
Obtaining information about a process

/(deb) info process \

status of process [#0]:

executable: a.out
arguments: —-flag
fixed scheduling: off
pshell: csh
image status: created pid 14796, state = running
working dir: /usr/lib/cxdb/examples
default step: statement
default language: Fortran
threads: 1
current thread: 0

source file search path: Indicates that

K . process is runningJ
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To check the status of the debugging session, use the info

cxdb command, as illustrated in Figure 22.

Figure 22

Obtaining information about the debugging session

f(cxdb) info cxdb
Current CXdb state:

ENVIRONMENT:
pid: 11013
cwd: /usr/lib/cxdb/examples

command modes: echo off, logging off,
cmdout: Window #1
cmderr: Window #1
cmdlog:
evalopts: fpmode = native,

shell: tcsh

PROCESS DEFAULTS:
fixed scheduling: Off

step size: statement
process shell: csh
fpmode: native
memory size: (none)

memory formats: byte={(none}),
longword={none),
search path:

PROCESSES:
process [#0]: created pid 14796,

shell = csh

ACTIVE COMMANDS:

\\\fommand [#159] - continue &

iprecision =

halfword= (none),

state

noclobber off

4, rprecision = 4

word= (none)

quadword= (none)

= running, executable = a.out

Indicates that the continue command
is active in background mode

~

/
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Stopping a
process

Figure 23
Stopping a process

If you have placed a CXdb command in background, you can use
the stop command to halt execution of your process. The
stop command terminates the backgrounded command that
started process execution. Therefore, it also stops the process.
Figure 23 illustrates the stop command.

(CXdb) stop

Stopping Process [#0]
Process [#0/0] stopped at
Command [#159] completed

Location where process stopped

[0x8000cb76] apSread+0xe
g Background command terminated

As Figure 23 shows, CXdb issues a message to indicate where
the process has stopped. CXdb also issues another message to
indicate that the command in background (the continue
command from Figure 20) has completed.

If the process execution command is not running in background,
you can abort the command by typing CTRL-¢ in the command
window. This also stops process execution.

Getting help
online

CXdb has an extensive online help system that contains the same
information as the CONVEX CXdb Reference manual. The help
topics cover 4 categories:

® Commands—Complete description, syntax, and examples
of each CXdb command.

® Concepts—Explanations of the major concepts that tie
related commands together.

® CXdb messages—Text and explanations for messages
displayed by CXdb.

® Parameters—Description, syntax, and examples of
parameters used with the CXdb commands.

The help system has its own window for accessing and
displaying help topics. You can call up the help window from
the command window by using one of the following methods:

® Entering the help command at the (CXdb) prompt
® Selecting the help option from the Misc menu
® Clicking on the help button with the mouse

Figure 24 shows the help window.
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Figure 24
Help window in CXwindows

Menus Window number

{Aﬁelpwindow Topics History SearchOptions
Topic: help

NAME: help
ABBR: h
ALIAS: ?

Invoke the CXdb help system,

SYNTAX
help [<string>]

Parameter Meaning

(string> . A character string used to search for help
topics. A1l topics containing the string are
displayed. The string can contain white space
without being enclosed in quotes,

DESCRIPTION:

|« m
String to search for:

Result of search: k

IThe topic “help” was found. \\

Field for entering search string Find button Scroll bars

Message indicating result of search Text area
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The help window includes:

® Menus—These pull-down menus allow you to do the

following by using the mouse:
— HelpWindow accesses the online tutorials or closes the
help window.
— Topics lists the available help topics in the categories of
commands, concepts, CXdb messages, and parameters.
— History lists the topics selected during the current help
session.

— SearchOptions allows you to specify which categories to
search for a topic, and whether or not to include the help
text in the search.

Window number—This is a unique number that identifies
each window in CXdb. Certain CXdb commands allow you
to specify a window number as a parameter.

Scroll bars—These bars and arrows enable you to scroll the
window vertically and horizontally by using the mouse.

String to search for—This is the field where you enter a
character string that represents the name of the topic you
want to view. Click on the field with the left mouse button,
then type the character string.

Find button—This button starts the search for the character
string you entered. Activate this button by clicking on it with
the mouse or by pressing RETURN when the help window is
active.

Result of search—This field displays a message indicating
the result of the string search.

Text area—This part of the window displays either the text
of a help page or a list of topics found by the search.
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Requesting help on a topic
You can get help on a specific topic by requesting it in one of 2
ways:

¢ In the command window, specify the name of the topic with
the help command.

® In the help window, enter the name of the topic in the
String to search for: field.

Figure 25 illustrates both methods.

Figure 25
Requesting help on a specific topic

In command window — g ( (CXdb) help break line )
OR

In help window

String to search for:
lbreak line ‘ l lFindI

N

Enter the topic name, then click on Find or press RETURN.

With either method, the help page for the specified topic
displays in the text area of the help window, as shown in
Figure 26. You can use the scroll bars in the help window to view
the rest of the text on a help page.
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Figure 26
Sample help page

Name of topic Text of help page

HelpWindow Topics istory SearchOptions

Topic: break line

NAME: hbreak line
ABBR: bre 1
ALIAS: bl

Set a breakpoint at a source line,

SYNTAX:

Parameter

[{process-list>] [{thread-list>] break line <{line-specifier>
[ f{{event-handler>} 1 [<debugger-variable>]

Meaning

{process-list>

{thread-list>

A list of processes affected by this command.
The default is the current process,

A list of threads affected by this command.
The default is all threads of the specified
process,

<

String to search for;

Result of search:

IThe topic “break line” was found.

Message indicating that topic was found

Getting help on related topics

At the bottom of each help page, there are lists of commands,
concepts, and parameters that are related to the current help
topic. To access these lists, scroll to the bottom of the help page.

You can select one of the related topics with the mouse by
clicking on the topic name with the left mouse button and
dragging the mouse until the topic name is highlighted. Once
the topic name is highlighted, click on the Find button to view
the help page for that topic. Figure 27 illustrates this procedure.
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Figure 27
Selecting a related topic

© Scroll to the related topics list.

HelpWindow Topics History SearchOptions

Topic: break line

RELATED COMMANDS:
break instruction break routine
break source event exec
event modify event reached instruction
event reached line event reached routine
event reached source event relation
event signal resume
set default handler set handler
set typehandler trace instruction
trace line trace routine
trace source watch

RELATED CONCEPTS:

debugger variables
eventpoints eventpoint handlers
tracepoints watchpoints

RELATED PARAMETERS:
debugger-variable event-handler
line-specifier process-list
thread-list

Printed 06/1/91 CONVEX Computer Corp.

| §
String to search for:

] Find
Result of search:

The topic “break line” was found, \\ //

® Select the desired ® Click on the Find button.
topic with the mouse.
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Requesting help on a CXdb message

In response to commands you enter, CXdb can issue
informational messages and error messages in the command
window. For efficiency, the messages are generally brief, but you
can request a more detailed explanation of a message through
the online help system. To request help on a CXdb message,
simply enter the message number as the topic name, as
illustrated in Figure 28.

Figure 28
Requesting help on a CXdb message

Cxdb-#L3

NUMBER: 123

MESSAGE :
Invalid command! You may not resume the execution of a core file,

TYPE: ERROR

EXPLANATION:
You attempted to perform some type of process excution (such as “step”
or “next”) while examining a core file, Core files can not be executed
in any fashion. You may start a new process image with the “run”
command, but you can not continue the execution of a core file.

String to search for:

Result of search: \

The topic “123" was found.

Enter message number as the search topic
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Using topics lists

The Topics menu at the top of the help window lets you display
a list of all topics in one of the following categories:

¢ Commands

® Concepts

¢ CXdb Messages
® Parameters

To display one of the lists, pull down the Topics menu with the
mouse and select one of the 4 categories, as shown in Figure 29.

Figure 29
Topics menu

HelpWindow Topics' History

I Topic: 123 |Commands <a————— Select category
— with the mouse.

NUMBER: 12] -oncepts
CXdb Messages

MESSAGE: lparameters
Invali me

When you select a category from the Topics menu, this brings up
a topics window, as shown in Figure 30.
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Figure 30
List of topics under Commands

Commands Topics
add cmderr

add cmdlog - List of commands
add cmdout

add default environment
add default path

add environment
add path Scroll bar

alias
attach

Selection

Field to enter
search string

Button to Button to close
start search topics window

You can select one of the topics from the list by clicking on it with
the mouse. If you double-click on the topic, it displays
immediately in the help window, as shown in Figure 31.
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Figure 31
Selecting a topic from the list

® Current topic displayed.

HelpWindow Toplsj’)4{§torg SearchOptions

CXdb n[4];]

Topic: info break

NAME: info break
ABBR: in br
ALIAS: b?

Display all existin

SYNTAX:

Parameter

[<process-list>1 [}

Commands Topics

goto line
goto source
help

info alias

{process-list>

{thread-list>

DESCRIPTION:

breakpoints,

The info break c

info args
bind

cregisters A

Selection

|inFD break,

4 by this command,
|rocess,

tlbby this command.
\il[ds of the current

b

existing

String to search for:

Result of search:

IThe topic “info break” was found.

® Double-click on topic to select and display it.

O Scroll through list.

Searching for a topic

Even if you do not know the exact name of a topic, you can
search for it by entering a character string that is part of the
name. You can enter the string either as a parameter of the help
command in the command window or as an entry in the String
to search for: field in the help window. Figure 32 illustrates

both methods.
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Figure 32
Searching for a topic by using a search string

In command window —p (Cxdb) help break )
OR

In help window

String to search for:

l br'eak‘ g Find

Enter the search string, then click on Find or press RETURN.

If there is no exact match between the search string and a topic
name, the help window displays a list of topics whose names
contain the search string. Figure 33 shows this result.

Figure 33
Result of a topic search

HelpWindow Topics History SearchOptions

The string “break” is a substring of these help topics:

Category: Commands

break instruction
break line

break routine
break source

info break

Category: Concepts

breakpoints

String to search for:

Result of search:

‘break: matches 6 topics. s

! Y

Message indicating result of search

List of topics found
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Using search options

The SearchOptions menu at the top of the help window lets you
control how searches are conducted in the help system. The
options in this menu are:

® Categories to search—This option brings up a window that
lets you specify which help categories are searched.
Figure 34 shows this window. The categories are Commands,
Concepts, CXdb Messages, and Parameters.

® Include text of help pages in search—This is a toggle button
that determines whether or not the text of the help pages will
be searched. Figure 35 shows how to toggle this button with
the mouse. The text is searched only if the search string is not
found in any of the topic names.

Figure 34
Specifying search categories

ateg

Select which categories should
be used during a text search

Commands

Concepts

CXdb Messages

Parameters

Click on toggle button with the mouse
to select or deselect a category
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Figure 35
Including the text of the help pages in a search

History § SearchOptions I

occurred Categories to search

Include text of help pages in search

Click on toggle button with mouse to enable or disable

If you choose the "Include text of help pages in the search"
option, then you can search for character strings that are not part
of a topic name. For example, the word "compile" is not part of a
topic name, but it appears many times in the text of the help
pages. Figure 36 shows the results of the text search as they
appear in the help window.
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Figure 36
Results of text search

t HelpWindow Topics History SearchOptions

The string “compile” occurred in these topics and contexts:

Category: Commands

attach
28: information found in the executable file and any compiler-genera

break line
94: the compilation of the current executable file, compiled with the -c

core
29; in the executable file and any compiler-generated data files,

cxdb
H- 712 executable file, and any associated compil

234: process object containing the executable file a.out. Any compil

debug core
583 an executable file or any compiler-generated data files associated w

debug exec

String to search for:

Result of search:
IThe pattern “compile” occurred in 19 help pages searched.

Lines of text where string was found Message indicating result of search

Topic name where string was found
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Using the topics history

The topics history lists all of the topics you have viewed during
the current help session. Once you close the help window, the
history list is deleted.

To view the history list, select the Show topics history option
from the History menu at the top of the help window. This
brings up the topics history window, as illustrated in Figure 37.

Figure 37
Topics history window

Help Topics

help List of topics
break line viewed during
breakpoints current help
123 session

info break

Selection

| Field to enter
search string

Button to Button to close
start search history window

You can select one of the topics from the history list by
double-clicking on it with the mouse. You can also search for a
topic that is not in the history list by entering a search string in
the field labeled Selection.

Figure 38 illustrates selecting a topic from the history list by
double-clicking with the mouse.

Closing the history window does not clear the topics history list.
However, closing the help window does clear the history list.
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Figure 38
Selecting a topic from the history list

Current topic displayed

{ HelpWindow Topics ;istorg SearchOptions

Topic: breakpoints

NAME: breakpoints
ABBR: (none} Help Topics
ALIAS: (none) H |help

break line

DESCRIPTION: breakpotin »
A breakpoint is a 3} [123 A trap, that you place
your executable co}] |info break {reaches the location of an
enabled breakpoint} ated with the breakpoint,
called the event} l{ Breakpoints enable you to
stop the execution} Hlations in your program.

Each breakpoint is umber, This object number
is used in subsj] Selection ] want to refer teo this
breakpoint. Option debugger wvariable to be
assigned to the § Ibreakpoints e the debugger variable to
refer to the breakj ]

All breakpoints ha} - : lIrints a message telling
you that the brel {FlndI§ ou can specify a different

i

N e

String to search for:

Result of search:

IThe topic “breakpoints” was found.

Double-click with mouse to view topic
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Accessing the CXdb Online Guide

The CXdb Online Guide is an extensive online tutorial that
introduces many of the CXdb commands and concepts. You can
access the guide by selecting the Tutorial option from the
HelpWindow menu, as shown in Figure 39.

Figure 39
Accessing the CXdb Online Guide

Helpwindowl Topics

Select with
Tutoriall i
the mouse akpoints
Close [ e—
eakpoints

Quitting CXdb

To exit CXdb, use the quit command. This command does the
following;:

® Kills all existing processes and process objects, with your
confirmation

® Kills any active CXdb commands
® Closes any files opened by CXdb
® Closes all CXdb windows
Figure 40 illustrates the quit command.

Figure 40
Quitting CXdb

(CXdb) quit
Process [#0] is still running. Kill it? ¥
A

Request for confirmation
before killing process
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Using CXdb with Maryland

Windows

This chapter describes the main CXdb windows available
through the Maryland Windows interface. This chapter also
gives an overview of basic CXdb commands used to load, run,
and quit your program. The commands discussed in this chapter
are:

® break line

® continue

® cxdb

® debug exec

® help

® info cxdb

® info process
® ¥xill process
® print

® quit

® rerun

® run

® stop

Maryland
Windows

The Maryland Windows interface is a set of library routines that
create and manage windows for ASCII terminals. The Maryland
Windows interface was developed at the University of Maryland
Computer Science Department, and it is included with
ConvexOS V9.0 (and later releases).

CXdb uses these library routines to provided multiple windows
in CXdb. Each window gives you a unique set of information
about your program that you can use while debugging.
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Invoking CXdb

The cxdb command, issued from the shell, invokes CXdb.
Many command line options are available with the cxdb
command. For a complete description of these options, refer to
either the CONVEX CXdb Reference manual or the man page for
cxdb(1).

To execute the examples shown in this manual, you must first
change to the directory where the example programs are located,
and then enter the cxdb command to invoke CXdb, as shown
in Figure 41.

Figure 41
Invoking CXdb

%cd /usr/lib/cxdb/examples
%cxdb

The cd command in Figure 41 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb.

When you invoke CXdb, it automatically brings up the
command window. The command window is the primary way
for you to communicate with CXdb. It enables you to:

Enter CXdb commands
® Receive output from CXdb commands

® Receive error messages or status information about CXdb
commands

® Review previous commands and retrieve them from the
command history

® Edit and repeat commands

Figure 42 illustrates the CXdb command window in Maryland
Windows. If the environment variable DISPLAY is set, CXdb
defaults to the CXwindows interface. Refer to Chapter 2 for a
description of the CXwindows interface for CXdb.
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Figure 42

Command Window in Maryland Windows

a

v

#*(CXdb)

Window name

Window number

8 Command Window [#H1]
*CXdb version 1,1 ., Copyright (C) 1990, Convex Computer Corp.

CXdb command prompt ¢

Title bar

Window edges
(active window)

The command window includes:

¢ Title bar—The title bar indicates the window name and the

window number.

Window number—This is a unique number that identifies
each window in CXdb. Certain CXdb commands allow you
to specify a window number as a parameter.

Window edges—The edges of the window separate it from
other CXdb windows. The window edges change their look
depending on whether the cursor is in that window or not.
When the cursor is in the window, the window is active, and
its edges are made up of asterisks (*) on the sides and equal
signs (=) on the bottom. If the window is not active, its edges
are made up of pipe signs (|) on the sides and minus signs
(-) on the bottom.

Command line—This is the area of the window where you
enter commands to CXdb. When the (CXdb) promptis
present, you can enter commands from the keyboard.

Your screen should look similar to the screen shown in Figure 42.
CXdb has default settings for the size and location of the CXdb
windows. The command window is initially placed in the
bottom third of your screen.

Chapter 3 Using CXdb with Maryland Windows 47



You can change the size and location of the command window
once you have invoked CXdb. For more information about
setting the size and location of CXdb windows in Maryland
Windows, refer to the reference page for the cxdb command in
the CONVEX CXdb Reference.

The CXdb command window is your primary window for
interacting with CXdb. You should always try to keep the
command window in view so you can enter CXdb commands
and see CXdb messages.

Loading your
program

After invoking CXdb, you can give it the name of the executable
file you want to debug. To use the full capabilities of CXdb, you
must compile your program by using the —cxdb option with
the latest release of the CONVEX FORTRAN or CONVEX C
compilers. This flag tells the compilers to generate the
debugging information CXdb needs.

Compiler-generated debugging information is stored in a
subdirectory named .CXdb. The compiler creates this
subdirectory in the same directory as the .o (object) file. CXdb
must be able to locate this directory and access the data files in
order to perform symbolic debugging of your program. You can
give CXdb access to the .CXdb directory either by invoking
CXdb from the directory where the executable file was compiled
or by using commands within CXdb to specify the path to the
appropriate directory.

To begin debugging an executable file, use the debug exec
command. This command does the following:

® Tells CXdb the name of the executable file you want to debug

® Creates a process object to store information about the
executable file and processes generated from it

® Maps information from the compiler-generated data files in
the .Cxdb directory to the specified executable file

® Brings up the source window and displays the source file
associated with the specified executable

Figure 43 illustrates the use of the debug exec command, as
well as the associated response from CXdb.
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Figure 43
Debugging an executable file

Default source file:
Default source language:

Process [#0] created

Process object

N

f(Cde) debug exec a.out

i example:\
Fortran Executable file

~

Information from compiler-generated data

/

Figure 44

CXdb uses the compiler-generated files to determine the name of
the source file corresponding to the main routine of the program.
The source window opens and displays the main routine, as
shown in Figure 44. By default, the source window is located at
the top of your screen.

Source window in Maryland Windows

Line numbers

Source file name

Window edges

Window nam7 Window number Process object

%

Source Window [#2] file: example.f process #[0]
PROGRAM EXAMPLE

INTEGER ARRAY(d, d)

INTEGER I, NUMARGS

EXTERNAL chapter?c

EXTERNAL chapterl3c

[aa R e IS N
* ok Kk Kk Kk k

+ ok k Kk Kk ok %k

+

M Command Window [#1]
|

|Default source file: ,/example,f
|Default source language: Fortran
]

|IProcess [#0] created

I {CXdb)

N

i
| :
N —
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The source window includes:

® Window name—This field identifies this as the source
window.

® Line numbers—These numbers are added by CXdb to
identify each line in the source file.

® Window number—This is a unique number that identifies
each window in CXdb. Some of the CXdb commands allow
you to specify a window number as a parameter.

® Source file name—This field lists the name of the source file
currently displayed in the source window.

® Process object—This field lists the identification number of
the current process object.

® Window edges—These edges mark the borders of the
window. Because the edges are asterisks and equal signs,
you can tell that the source window is currently active.

Scrolling text in a
window

Table 1
Scrolling text in a window

If the text inside a window cannot all be seen at once, you can
scroll the text in the window. For example, you can scroll the
source window to see your program’s source code.

Table 1 shows the keystrokes involved in scrolling a window.

Keystroke Direction

META-B or CTRL-n Down one line
META-A or CTRL-p Up one line

CTRLv Back one screen
META-v Forward one screen
META-> End of text

META-< Beginning of text

In the command window, use META-A and META-B to scroll the text
one line at a time. In the command window, use CTRL-n and CTRL-p
to move backward and forward through your command history.

Use the CTRL-n and CTRL-p keystrokes to scroll the source code
inside the source window, as shown in Figure 45. In this
example, pressing CTRL-n 15 times advances the cursor to line 16
of the source code; subsequently pressing CTRLp 5 times
positions the cursor at line 11.
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Figure 45
Scrolling source code in the source window

CTRL-n ~——— Pressed 15 times

+ Source Window [#2]- file: example, +
* 11 ARRAY (I, J)=I=] *
* 12 ENDDO *
* 13 ENDDO *
* 14 *
* 15 NUMARGS = IARGC() *
«f 16 *
L e —_——== = == ===== +

+ +
* ARRAY (I, J)=I%J *
* 12 ENDDO *
* 13 ENDDO *
* 14 *
* 15 NUMARGS = IARGC( *
* 16 *

+ - = _——== - - ===z==+
Moving between When using the Maryland Windows interface, you must be able
ind to move between the different windows of CXdb. When you

windows . . . .
move the cursor into a window, that window becomes active. A
window must be active for you to be able to work with it. Thus,
to enter commands, the cursor must be in the command window.
If you want to scroll the source code, the cursor must be in the
source window.

Each time a new window is created in CXdb, the cursor is
positioned automatically in that window. To enter another
command, you must return the cursor to the command window.
Table 2 shows keystrokes for moving between windows:
Table 2 Keystroke Direction
Moving between windows
META-n Next window
META-p Previous window
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Figure 46 and Figure 47 illustrate the use of these keystrokes to
move back and forth between the windows.

Figure 46
Moving between the source window and the command window
META-p
/ifr ce Window [#2]  Filed example,f process C ;\\\

| g ARRAY (I.J)=I=] |
| 12 ENDDO |
| 13 ENDDO |
| 14 |
| 15 NUMARGS = IARGC{(? |
| 16 I
B ettt e ——— +

Source window inactive

Cursor in command window

Command window active

B Command Window [#1]

*Default [source file: ,/example,f
*Default |source language: Fortran

*Process'[#0] created

Source Window [#2]1  File: example, £
* 11 ARRAY (I, J)=I*J *
* 12 ENDDO *
* 13 ENDDO *
* 14 *
* 15 NUMARGS = IARGC{? *
* 16 *
R e N s T N N T N e R T T e S E sy

Source window active

Cursor in source window
Command window inactive

B Command Windos [#17
|

|IDefault source file: ., /example,f
|Default source language: Fortran
|

|Process [#0] created

| {CXdb?}

N~ ———— /" %
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Figure 47
Moving from the source window to the command window

META-n
Snurce Window C#2] Ffile: exampl
11 ARRAY (I, J)=I*J
12 ENDDO
13 ENDDO

NUMARGS = IARGC{>

e
e
oan

——————

Source window inactive
Cursor in command window again

Command window active

i} Command Window [#1]

+
*
*Default|source file; ,/example.f *
*Default |source language: Fortran *
»*
*
*

*Process'[#0] created
*(CXdb) B

In CXdb, you can move from the highest-numbered window to
the lowest-numbered window directly. That is, if you are at the
highest-numbered window and use CTRL-n to go to the next
window, you will go to window 1, as shown in Figure 46.
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Sefting a
breakpoint

Figure 48

Before running a program from within a debugger, it is helpful
to set a breakpoint that stops execution of the program before it
reaches a problem area of the code. Figure 48 illustrates how to
set a simple breakpoint at a line number.

Setting a breakpoint at a line number

Entry in command
window

(CXdb) break line 15
#0: break line, on [#0/*], Enabled, ignore 0/0
[0x80004f54] EXAMPLE in example.f line 15

B Command blindow [#1]
*Process [#0] created
*#*(CXdb) break line 15

*

#(CXdb) B

Source Window [#2] Ffile: example,f process (] Agjf\
| 11 ARRAY (I, J)=I%J |
| 12 ENDDO |
| 13 ENDDO |
| 14 |
| 15 i NUMARGS = IARGC() |
| 16 |

Breakpoint indicated in source window

##0: break line. on [#0/%], Enabled, ignore 0/0
* [0xB0004f54] EXAMPLE in example,f line 15

Figure 48 shows that the break line 15 command is entered
in the command window. This command sets a breakpoint at
line 15 of the current source file, example. f.

Figure 48 also shows that a marker (the letter B in reverse
video) appears in the source window to indicate the location of
the breakpoint.
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Running a After loading an executable file, you can run it from within CXdb
program by using the run command. The run command does the

following:
® Creates a process from the executable file

® Associates the image of the process with the current process
object and the related compiler-generated data files

® Starts execution of the process

® Brings up the process interface window for program input
and output

The run command automatically brings up the process
interface window, which allows interactive input and output
with your program. This window keeps program input/output
separate from CXdb input/output. Figure 49 illustrates the
process interface window being brought up by the run
command.

Figure 49
Running your program

(n -
Process Window [#4] 3, 0U +
»EXAMPLE PROGRAM HAS STARTED A A *®
¥ 3
3* *
3* %
* *
»* *
+ === = +
Window edges  Program input/output Titlebar  Name of executable/

(CXdb) run
Starting process [#0]: a.out
Process [#0/0]) stopped by Bkpt 0, at [0x80004f54] EXAMPLE in example.f line 15

The process interface window is automatically placed in the
middle third of the screen, between the source window and the
command window. As illustrated in Figure 49, CXdb displays a
message in the command window indicating that the breakpoint
at line 15 has stopped execution of the process.
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The process interface window becomes the active window,
because it has just been created. Remember that to enter a
command in the command window, you must make the
command window active. From this point on in the chapter, the
keystrokes needed to make the command window active will
not be shown.

When execution stops, the source window updates to reflect the
current state of the process. Highlighting also appears in the
source window to indicate where execution has stopped, as
illustrated in Figure 50.

Figure 50
Highlighting in the source window
Highlighting indicates that execution Status of process
stopped before this line was executed.
+ Source bindow (#2100 Filed ewample,f  procezs: [#0/40]  Alive +
| 11 ARRAY (I, J)=I
| 12 ENDDO

HUMARGE = TARGC L)

|
|
13 ENDDO I
|
|
I

== Wlindow [#3] +
*EXAMPLE PROGRAM STARTED *
*
*
*
%
*
b Command Window [#1]
| [0x80004f54]1 EXAMPLE in example.f line 15

|Starting process [#0]: a,out
|Process [#0/0] stopped by Bkpt 0, at [0xB0004f54] EXAMPLE in example,f line 1
|

+
|
| {(CXdb) run :
|
|
|

The highlighting in Figure 50 indicates that execution has
stopped at line 15 of the source code. The highlighted line
number means that execution has stopped at the beginning of
line 15, so no part of this line has been executed yet. When
process execution resumes, it will start at line 15.
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The highlighted source code represents the portion of code that
is currently active. The amount of source code that is highlighted
depends on the size of the source unit that is active. For more
information about source units and their effect on highlighting
refer to the section, "Effect of default granularity on
highlighting,” in Chapter 5.

Printing data

When the process is stopped, you can display the contents of
program variables. The print command is one way to display
variables.

Figure 51 shows the use of the print command to display the
variable J from the example program. The response to the
command indicates that J is a 4-byte integer with a current
value of 5.

Figure 51
Printing a single variable

(CXdb) print J
(INTEGER*4) 5

A feature known as completion makes it easy to enter long
variable names or command names. With completion, you can
type just the first few letters of a command or variable name,
then press TAB. CXdb fills in the rest of the name if it recognizes
that name as unique. Figure 52 illustrates the use of completion
to print the elements of an array named ARRAY.

Figure 52
Using completion on a command and a variable name

(CXdb) pr [TAB] AR [TAB | [RETURN]
INTEGER*4 (1:4, 1:4)

(1..4,1) 12 34
(1..4,2) 2468
(1..4,3) 369 12
(1..4,4) 4 8 12 16
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Killing a process

To terminate the program, use the kill process command.
This command asks for confirmation before killing the process,
as shown in Figure 53.

Figure 53
Killing a process

(CXdb) kill process
Kill process [#0]? ¥
Terminated execution of Process [#0]

Killing the process does not delete the process object. The
process object stores all the information about the process,
including breakpoint settings. Therefore, the breakpoints remain
set even though the process is killed.

Passing
arguments to the
process

Figure 54

Many programs are written to accept arguments passed to them
from the shell. You can execute these programs in CXdb by
including the arguments as a quoted string with the run
command. Figure 54 illustrates how to do this.

Passing an argument with the run command

(CXdb) run "—-flag"
Starting process [#0]:

a.out —-flag

Process [#0/0] stopped by Bkpt 0, at [0x80004f54] EXAMPLE in example.f line 15

The run command in Figure 54 passes the argument —flag to
the process. This command also makes the process interface
window the active window.

Because the breakpoint settings are stored in the process object,
the breakpoint set on line 15 in Figure 48 is still enabled. This
breakpoint stops execution of the program, as indicated by the
output message in Figure 54.

To resume execution of the program, use the continue
command, as shown in Figure 55.
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Figure 55
Continuing process execution

(CXdb) continue

Resuming execution of Process [#0/*]

The continue command in Figure 55 causes process execution
to resume, beginning with line 15 of the program. The CXdb
prompt does not return in the command window because
process execution has not stopped. The program is waiting for
input in the process interface window, as shown in Figure 56.

Figure 56
Program waiting for input in the process interface window

i Process Window [#4] - a,out -
*EXAMPLE PROGRAM STARTED

*The process interface window handles program input,

*As an example, enter your first name and press return,

4 |

*»
*\
+

ges=sssmsssssssssssssssssssesssssssas —

+ % %k ok k ok Xk +

Move cursor into process interface window, making it ready for input

To enter input into the process interface window, the window
must be active. Activate the process interface window by
pressing META-p.

Providing the appropriate input in the process interface window
enables this example program to execute to completion.

Figure 57
Providing input through the process interface window

User input Argument passed the run command

f Process Window [#4]

*Bob
#Thanks,
*The command line argument was; -flag
*EXAMPLE PROGRAM FINISHED

o0

F=== == == = SRS SZSEEE===ss=====o==c=co ==+
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Figure 58

In Figure 57, the output from the program indicates that the
argument -flag, specified inthe run command in Figure 54,
was received. The program has finished execution.

You can run the program again with the same arguments by
using the rerun command. This command also brings up the
process interface window again. Figure 58 illustrates this
command.

Rerunning a process with the same arguments

-

(CXdb) rerun
Starting process [#0]:

-

a.out -flag
Process [#0/0] stopped by Bkpt 0, at [0x80004f54] EXAMPLE in example.f line 15

Process run with previous arguments \

\Process stopped by breakpoint J

Running a
command in
background

A command that causes process execution can be placed in the
background with relation to CXdb. This means that the (Cxdb)
prompt reappears, and you can continue to enter other CXdb
commands while the process is executing. When the command
that started process execution finishes, CXdb issues a message in
the command window.

To execute a command in background, include the ampersand
(&) at the end of the process execution command. Figure 59
illustrates background execution with the continue
command.

Figure 59
Running a command in background

(CXdb) continue &
Command [#159] backgrounded

Resuming execution of Process [#0/%*]

(CXdb) <-@— Command prompt returns
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To check the status of the process, use the info process
command, as illustrated in Figure 60.

Figure 60
Obtaining information about a process

f(cxdb) info process \

status of process [#0]:

executable: a.out
arguments: -—-flag
fixed scheduling: off
pshell: csh
image status: created pid 14796, state = running
working dir: /usr/lib/cxdb/examples
default step: statement
default language: Fortran
threads: 1
current thread: 0

source file search path:

\ Indicates that process is running/
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To check the status of the debugging session, use the info
cxdb command, as illustrated in Figure 61.

Figure 61
Obtaining information about a debugging session

~

/(Cde) info cxdb
Current CXdb state:

ENVIRONMENT :

command modes:

PROCESS DEFAULTS:
fixed scheduling:

process

ACTIVE COMMANDS:

command [#159]

-

pid:
cwd:

cmdout :
cmderr:
cmdlog:
evalopts:
shell:

step size:
process shell:
fpmode:

memory size:
memory formats:

search path:

PROCESSES:
[#0] :

11013
/usr/lib/cxdb/examples
echo off, logging off,
Window #1

Window #1

noclobber off

fpmode = native, iprecision = 4, rprecision = 4

tcsh

Off

statement
csh

native
(none)
byte=(none),
longword= (none),

halfword=(none), word=(none)
quadword= (none)

created pid 14796, state = executable = a.out

shell = csh

running,

— continue &

Indicates that the continue command is active in background mode )

The information displayed by the info cxdb command
cannot be viewed all at once in the command window. You can
scroll the command window using META-A and META-B to view
output from the command.
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Stopping a

running process

Figure 62

If you have placed a process execution command in the
background, you can use the stop command to stop your
process. The stop command terminates the currently running
process execution command, and therefore stops the process.

If the process is running, and you have not placed the process
execution command in the background, you can abort the
command by typing CTRL-c. This also stops the process.

Figure 62 illustrates stopping the process with the stop
command.

Stopping process execution

(CXdb) stop

Stopping Process [#0]
Process [#0/0] stopped at [0x8000cb76] ap$read+0xe
Command [#159] completed ?

A

Message indicating completion of continue command

Process execution stopped

CXdb issues a message telling you where the process stopped.
CXdb also issues a message explaining that the continue
command that was placed in the background in Figure 59 has
completed.
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Geﬂ'ing help CXdb has an extensive online help system that contains the same
online information as the CONVEX CXdb Reference manual. The help
topics cover 4 categories:

® Commands—Complete description, syntax, and examples
of each CXdb command.

® Concepts—Explanations of the major concepts that tie
related commands together.

® CXdb messages—Text and explanations for messages
displayed by CXdb.

® Parameters—Description, syntax, and examples of
parameters used with the CXdb commands.

The help system has its own window for displaying help topics.
You can call up the help window from the command window
with the help command.

Figure 63 shows the help window being brought up with the
help command. By default, the help window covers the top
half of the screen.

Figure 63
Opening the help window with the help command in Maryland Windows

(CXdb) help

Title bar

Window number

Help topic
v v N\

(ﬁ_+
AME: help 2
*ABBR: h *
*ALIAS: 7 *
* *
* Invoke the CXdb help system. »*
N inaioisvivsion e sboip onimisiaiy oottt i DO S SO %
* »*
*SYNTAX: %*
»* help [{string>] 2
* ¥*

(i
N
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Figure 64

The help window includes:

® Window number—This is a unique number that identifies
each window in CXdb.

® Help topic—The current topic being displayed. In this case,
the page for the help command is being displayed.

® Title bar—The title bar indicates that this is the help window.

When you simply type in the help command, the
corresponding page for the help command is displayed.
Because the help window was just created, it becomes the active
window. You can scroll through the text to read about the help
command using CTRL-n and CTRL-p, or CTRL-v and META-v.

Using the help command to search for a topic

(CXdb) help break

Message indicating result of search

ICategory: Commands
|

Ilbreak instruction
Ibreak line

Ibreak routine
Ibreak source

linfo break

!

|ICategory: Concepts

+

p Window [(#6] The string “break” 1s a substring

N

Figure 64 illustrates the use of the help command to search for
a topic. All commands and concepts that have the string "break"
in their title are displayed, separated by category.

You can get help on a specific command by specifying the name
of the command with the help command, as shown in
Figure 65.
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Figure 65

Getting help on a particular topic

(CXdb) help break line

+ Help Window [#5] hreak
INAME: break line

IABBR: bre 1

IALIAS: bl

| Set a breakpoint at

ISYNTAX :

a source line.

| [<{process-list>] [{thread-list>] break line <{line-specifier>
| [ £€{event-handler>} 1 [{debugger-variable>]

)
J

Figure 66

The help command in Figure 65 brings up the reference page
for the break line command. Atthe bottom of each help page
is a list of related commands, concepts, and parameters. If you
activate the help window, you can scroll to the bottom of the
help text using META->, as shown in Figure 66.

Scrolling to the bottom of the help window

META->

Help Window [#6] break

*RELATED PARAMETERS:

* debugger-variable
* line-specifier
* thread-list

¥*

*Printed 06/1/91

v

line

event-handler
process-list

The related topics section of the help pages can be used to learn
about commands, concepts, and parameters that work together
in CXdb.
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Raising and
lowering a

When using the Maryland Windows interface, you may overlap
windows to maximize space on the screen. You can stack any
number of windows on top of each other. You raise and lower

window windows to view the window you want to see.
Table 3 lists the keystrokes to raise and lower the active window.
Table 3 Keystroke Direction
Raising and lowering a
window META-r Raise window
META-0 Lower window
You can raise or lower only the active window. If you lower a
window so that it is completely hidden, it still remains the active
window. Figure 67 demonstrates lowering the active window.
Figure 67

Lowering the help window

META-0

65 PRINT =,

66 PRINT =
- 67 2

68

69

—

"The process interface window handles program input," |
., "As an example, enter your first name and press returnl

CALL GETARG(1,ARG)

[#0/0]

Alive ..

Oy OcCessy

i Process Window [#5]
| EXAMPLE PROGRAM STARTED

IThe process interface window handles program input,
IAs an example, enter your first name and press return,

M Command Window C[#11]

|Command [#159] completed
1 {CXdb) help

1 {CXdb} help break

| {CXdb) help break line

| {CXdb}

+

|Process [#0/0] stopped at [0x8000ch76]

____aps$read+Oxe

-

All 3 windows inactivy
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The help window is now hidden by the source window and the
process interface window. However, the help window is still the
active window, even though it cannot be seen. Any keystrokes
issued now still affect the help window.

Figure 68 illustrates the use of META to raise the help window.
Again, the window covers over the source window and part of
the process interface window.

Figure 68
Raising the help window

META-r

break line
*ABBR: bre 1
*ALIAS: bl

*

* Set a breakpoint at a source line,

P Rl = e e e e e i
*

*SYNTAX:

* [{process-list>] [<thread-list>] break line <{line-specifier>

* [ £€<event-handler>3 1 [<debugger-variable>]

VI — S—
B Command Window [#1]
|Process [#0/0] stopped at [0x8000ch76] ___ap$read+Oxe
|Command [#159] completed

| {(CXdb} help

| {CXdb) help break

| {CXdb) help break line

| {CXdb>

e

\i——————++———+**********;/
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Moving and
resizing a window

Table 4
Moving and resizing a
window

Because of the amount of information available in CXdb, you
may not have enough room to display all of it at once. By resizing
or moving the windows, you can match the Maryland Window
interface to your debugging needs.

As you have seen, all of the windows have a default placement.
If you want the window to be located elsewhere, you can move
the window after it is created.

In addition to be being able to move a window, you can also
resize it. This enables you to make each window as large as you
need (within the limits of the CRT).

Table 4 shows the keystrokes used in moving and resizing a
window.

Keystroke Direction
META-z Resize window
META-m Move window

When moving a window, you cannot extend the window beyond
the borders of the screen. That is, when you are moving the
window down, the bottom of the window cannot be moved
beyond the bottom of the screen.
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Figure 69 shows the META-m keystroke being used to move the
help window.

Figure 69
Moving the active window

META-m

//riHelp Window [#6] break line j>\
e -

daAME:  break line *
MABBR: bre 1 =
BHALIAS: bl =
= Set a breakpoint at a source line, *
Mo NT A : + - -
* [{process-list!| Use the "N, “P, "B, and "“F keys to lifier> *
* [ £{event-hl| move the location of the box on the | *

X : “zpacebarr to move
| | the window, |
| | Current window geometry: 79x12+0+00 | |

M Cormmand Window [#1] +
|Process [#0/0] stopped at [0xB000ch76] ___ap$read+Oxe |
| Command [#159] completed |
| {CXdb) help |
| {CXdb? help break |
| {CXdb) help break line |
| {CXdb? |

e — +

CXdb displays a message in the middle of the screen explaining
how to move the window. The keystrokes to move a window are

listed below in Table 5.
Table 5 Keystroke Direction
Moving the window
placement cursor 3 or CTRL-n Down 1 line
k or CTRL-p Up 1 line
h or CTRL-b Left 1 character
1 or CTRL-f Right 1 character
SPACEBAR Anchor window
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Figure 70 illustrates the placing of the help window. The series
of keystrokes listed move the window down 4 lines to the center
of the screen. Once you have moved the window to the
appropriate location, you must anchor the window by pressing

SPACEBAR.
Figure 70
Moving and anchoring the help window
J ~¢— Pressed 4 times
SPACEBAR

(/:780urce Window [#2]) file: exam srocesg: [HOZ0]  Alive - :\\
| 64 |

| 65 PRINT %, "The process interface window handles program input,” |

66 PRINT =%, "As an example, enter uour first name and press returnl

i Help Window [#6] b

*FAME:  break line

*ABBR: bre 1

*ALIAS: bl

*

+

=

Set a breakpoint at a source line,

*
% [ —_—
*

=#SYNTAX:
* [<{process-list>] [<thread-list>] break line <line-specifier>

]
|
t
* k ok ok Kk dk Kk k %k Kk

¥ Command Window C#11 . . . . . |
|Process [(#0/0] stopped at [0OxB000Ocb76] ____apsread+Oxe

|Command [#159] completed

| (CXdb) help

| (CXdb) help break

| {CXdb) help break line

————— — ¢

K_
1~
1O
[
1o
| o
[
i
|
|

k

The help window is now located in the middle of the screen. The
window that you move remains active after you anchor it in its
new location.

You can resize a window. Figure 71 illustrates the use of META-z to
resize the help window. When you resize a window, you change
the position of the bottom-right corner of the window.
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Figure 71
Resizing the active window

META-z

Source Window C#2]  Filei example,f  p st [H020T CAlive
|
| 65 PRINT %, "The process interface window handles program input.,"
| bb PRINT *. "As an example. enter your first name and press returnl

i Help Window [#6] break line
EMRAME: break line
MABBR: bre 1
MALIAS: bl
+ Rezize blindow [#E]

Set a breakpoil Use the “N, “P, “B, and “F keys to |
——————————————————— | move the location of the box on the [mramsasmEsmmmams
| screen and press <{spacebar> to resize |
ESYNTAX: | the window, |
[{process-list| Current window geometry: 79x12+0+dfi |fier>
[ £{event—ht—-———————m—m—mmmcm e cm e m e m e = +

i Comrandd Window [#1] +
|Process [#0/0] stopped at [0x8000ch76] ___aps$read+Oxe |
|Command [#159] completed |
| {CXdb) help |
| {CXdb? help break |
| {CXdb}) help break line |

|

+

\lf?f??i__________________________________________“____________________________J

When you use METAz to resize a window, CXdb again places a
message box in the center of your screen explaining how to
resize the window. The keystrokes to resize the window are the
same as those for moving the window. The only difference is that
you are moving the bottom-right corner of the window, rather
than the entire window.

Figure 72 shows the resizing of the help window to extend it to
the bottom of the screen.
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Figure 72

Enlarging the window
j ~—— Pressed 6 times
SPACEBAR

[#O-0] Alive :\\\
| |
| 65 PRINT %, "The process interface window handles program input," |
| 66 PRINT =, "As an example, enter your first name and press returnl
M Help Window [#G]  hiesk line +
*fAME:  break line *
*ABBR: bre 1 *®
*ALIAS: bl *
¥* *
* Set a breakpoint at a source line, *®
* *
* ¥*
*SYNTAX: *
* [<{process-list>] [<thread-list>] break line <{line-specifier> *
* [ {<event-handler>3 1 [<{debugger-variable>] *
* *
* Parameter Meaning *
* *
* *
* {process-list> A list of processes affected by this command, *
* The default is the current process. *

+

+=S======== ===

| {CXdb?

+

(-

The help window now takes up a majority of the screen. By
enlarging the size of windows and using the raising and
lowering keystrokes, you can see more information at once and
still having multiple windows available.

Closing a window

When you finish with a window, you may want to close it to free
up more space on your screen. The METAk keystroke closes the
active window.

When you close the active window, the previous window
becomes the active window. The previous window is the
window that was last active before the current window became
active. Figure 73 illustrates how to close the help window by
using META.
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Figure 73
Closing the help window

Source Window [#2]  file: examp roceass [#0A0] Alive +‘\\
|
65 PRINT #, "The process interface window handles program input," |
1) PRINT *, "As an example, enter your first name and press returnl

== [+
*EXAMPLE PROGRAM STARTED *
#The process interface window handles program input. *
#*As an example, enter your first name and press return, *
*| *
* *
¥* *
e e T o T o o o o T e e o S o T T o o o A o o s o o S o T T et s e o o S ot oy o ) o o s oy o e A ot o o o e e
B Commatd bindow [#1]

|Process [#0/0] stopped at [0xB000ch76] ___ap$read+Oxe
|Command [#159] completed
| (CXdb} help

| (CXdb} help break

| {CXdb} help break line

| {CXdh?

A *J

Previous window becomes the new active window

Note that the previous window (last window to be active) is now
active. In this case, the process interface window (window 5) is
now the active window.
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Quitting CXdb To exit CXdb, issue the quit command from the command
window. This command does the following:

® Kills all existing processes and process objects, with your
confirmation

¢ Kills any active CXdb commands
¢ Closes any files opened by CXdb
® Closes all CXdb windows

Figure 74 illustrates the quit command being entered in the
command window.

Figure 74
Quitting CXdb

(CXdb) quit
Process [#0] is still running. Kill it? ¥

The operating system prompt returns.
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Breakpoints, fracepoints,
and watchpoints

This chapter describes how to use 3 types of eventpoints:
breakpoints, tracepoints, and watchpoints. These have special
names because they are the most common types of eventpoints
used when debugging.

Each type of eventpoint has its own set of actions, called a
handler, that executes when the eventpoint triggers.

This chapter covers the following commands in detail:

® break line

® break routine

® info break

® info event

® info trace

® info watch

® remove event

® trace line

® trace routine

® watch
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Preparing for
the examples

Figure 76
Starting the example program

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 75.

Figure 75
Invoking CXdb

%ecd /usr/lib/cxdb/examples
%cxdb a.out

The cd command in Figure 75 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb and gives it the name of the executable
file for the examples.

Once you have invoked CXdb, move the cursor to the command
window and enter the commands shown in Figure 76.

(CXdb) break routine CHAPTER4
#0: break routine, on [#0/*], Enabled, ignore 0/0
[0x80001356] CHAPTER4 in chapter4.f line 6

(CXdb) run

Starting process [#0]: a.out
Process [#0/0] stopped by Bkpt 0, at [0x80001356] CHAPTER4 in chapter4.f line 6

The break routine command in Figure 76 sets a breakpoint
at the beginning of the routine called CHAPTER4, whichisa
FORTRAN routine used for all examples in this chapter. The
run command runs the example program. The program stops
executing when it reaches the breakpoint.

Breakpoints

A breakpoint is a type of eventpoint. Eventpoints are traps that
you place in a process to wait for a particular event to occur.
When the event occurs, the eventpoint is triggered.

You place breakpoints in your program where you want your
program to stop. They wait for program execution to reach a
particular location. When program execution reaches the
breakpoint, the breakpoint is triggered, and the default handler
for breakpoints executes.
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The default handler for breakpoints performs two actions:
® Stops the process

® Displays a message in the command window, telling you the
breakpoint was triggered

There are 4 ways to set a breakpoint:

¢ Ataline number—The breakpoint is placed at the beginning
of the line.

® Ataroutine—Thebreakpointis placed at the first executable
statement of the routine.

® Ata source unit—The breakpoint is placed at the first
instruction of the source unit. Source units are described in
more detail in Chapter 5.

® Atan instruction—The breakpoint is placed at the
instruction.

The first two methods are demonstrated in this chapter. Setting
a breakpoint at a source unit is discussed in Chapter 5.

Trqcepoinfs Tracepoints are the same as breakpoints except for one
important difference: they do not stop your process. When a
tracepoint is triggered, a message is sent to the command
window telling you the tracepoint was triggered, but process
execution continues.

Tracepoints are ideally suited for tracking the execution of your
program. Tracepoints are set in the same 4 ways as breakpoints:
at a line number, at a routine, at a source unit, or at an
instruction.

quchpoints Watchpoints are eventpoints that wait for the contents of a
memory region to change. After each program statement, CXdb
checks to see if the memory region has changed value.
Watchpoints can monitor program variables or address ranges.

Watchpoints that you create exist only for the current process.
When the process terminates, or when you create a new process
by running the executable again, all watchpoints are removed.

Because of the additional overhead, watchpoints can

Note significantly reduce the speed of execution. Before setting a
watchpoint, you should set a breakpoint near the region of code
that you wish to monitor.
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Sefting a
breakpoint

Figure 77

This section describes how to set a breakpoint at a line number
and at a routine.

Setting a breakpoint at a line number

To set a breakpoint at a line number in the current source file, use
the break line command followed by the line number. The
break line command in Figure 77 sets a breakpoint at line 9
of the current source file.

Setting a breakpoint at a line number

-

(CXdb) break line 9

#1: break line, on [#0/%*]

, Enabled, ignore 0/0

Process #/thread # \
Enabled setting

/ Ignore count setting

[0x80001390] CHAPTER4 in chapter4.f line 9
\ \ Symbolic location
Memory address

Eventpoint number /

Note that the current source file, chapter4. £, contains the
subroutine CHAPTER4 and is a separate file from the main
routine. CXdb numbers the lines of your source file sequentially
for each different file that was compiled with the —cxdb option.

CXdb displays the following settings for the new breakpoint:

® Process #/thread #—The process object and process threads
on which the breakpoint is set. In Version 1.1 of CXdb, there
is only one process number, 0. If the breakpoint is active on
all threads (even if there is only one) of the process, the
thread number is shown as an asterisk.

® Enabled setting—The breakpoint status, which is either
enabled or disabled. All eventpoints are enabled when they
are created. An enabled eventpoint can be triggered, while a
disabled eventpoint cannot. Enabling and disabling
eventpoints is discussed in more detail in Chapter 6, Section,
"Enabling and disabling eventpoints."
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® Ignore count—The number of times the breakpoint has been
ignored, and the total number of times you want execution
to ignore it. Ignore counts are covered in Chapter 6, the
section "Setting ignore counts."

® Symbolic address—The source code location of the
breakpoint. You can use this information to make sure the
breakpoint is at the proper location.

® Memory address—The hexadecimal address where the
breakpoint is located.

® Eventpoint number—The number used in subsequent
commands when you want to refer to this breakpoint. All
eventpoints are given their own number when they are
created. Eventpoints are numbered sequentially starting
with 0.

In addition to displaying information about the breakpoint in
the command window, CXdb displays a symbol in the source
window next to the line number you selected.

Figure 78 shows the breakpoint markers for the breakpoint at
line 9 and the breakpoint at line 6.

Figure 78
Breakpoint markers in the source window for CXwindows

/ file: chapterd4.f process: [#0/0] Alive \
1 SUBROUTINE CHAPTER4(ARRAY)
2 INTEGER ARRAY(4,4)
3 INTEGER I.J.PICK
4 INTEGER»4 SEED
5
G © FRINT =, “SUBROUTIHE CHAPTER4 STARTIMNG”
7
8 Do I1=1.4
9® ARRAY(I.I) = O
10 CALL PRINT_ARRAY (ARRAY)
11 ENDDO

\ Breakpoint markers /

The breakpoint at line 6 was created with the break routine
command shown in Figure 76.

Figure 79 shows how to continue process execution by using the
continue command.

Chapter 4 Breakpoints, tracepoints, and watchpoints 81



Figure 79

Triggering the breakpoint at line 9

Qde) continue

[#0/0]
continue

Process

(CXdb)

Process

N

[#0/0]

Resuming execution of Process
stopped by Bkpt 1, at

Resuming execution of Process
stopped by Bkpt 1, at

D

[#0/*]

[0x80001390] CHAPTER4 in chapter4.f line 9

[#0/*]

[0x80001390] CHAPTER4 in chapter4.f line 9

/

file: chapterd4.f process: [#0/0]1 Alive

I’—”_X!
~olMouom s wn e
@

SUBROUTINE CHAPTER4(ARRAY)
INTEGER ARRAY(4,4)

INTEGER I.J.PICK

INTEGER#*4 SEED

® PRINT .

D0 I=1.4
ARRAYIL, I} = O
CALL PRINT_ARRAY (ARRAY)
ENDDO

"SUBROUTINE CHAPTER4 STARTING"

Each time through the loop, execution is stopped by the
breakpoint on line 9. CXdb displays a message in the command
window that tells you which breakpoint stopped execution, as
well as the memory address and symbolic location where the
process stopped.

Setting a breakpoint at a routine

As you have already seen, you can set a breakpoint at a routine
in your program by using the break routine command. The
break routine command accepts any language expression as
a parameter. CXdb then performs the following three steps:

® Evaluates the language expression to an address
® Finds the routine that contains the address
® Places the breakpoint at the first source unit of the routine

The first source unit of a routine is usually the first executable
statement in the routine. The advantage of the above three steps
is that you can specify a routine using the name of the routine
without having to know the exact starting address or line
number.
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The breakpoint is placed just after the preamble of the routine.
The preamble of a routine sets up the stack for that routine.
Unless you specifically want to debug the preamble, the break
routine command is the simplest method of stopping program
execution at the start of a particular routine.

Figure 80 shows the break routine command settinga
breakpoint at the first source unit in the subroutine
PRINT_ ARRAY.

Figure 80
Setting a breakpoint at a routine

éde) break routine PRINT ARRAY \

#2: break routine, on [#0/*], Enabled, ignore 0/0
{0x8000502¢c] PRINT_ARRAY in example.f line 39

(CXdb) continue
Resuming execution of Process [#0/%*]
Process [#0/0] stopped by Bkpt 2, at [0x8000502c] PRINT_ARRAY in example.f line 39

\_ /

The output from the break routine command is in the same
format as that for the break line command. Note that this
breakpoint, breakpoint 2, is located in the source file

example. f, rather than the current source file.

Execution continues until it is stopped by the breakpoint in the
PRINT ARRAY routine. The source window updates to show the
source code for the PRINT ARRAY routine in the file
example.f.

When program execution moves to a different source file, CXdb
displays the source code surrounding the current point of
execution in the new file. If there is no debugging information
for aroutine, such as a library routine that has not been compiled
with the ~cxdb option, CXdb displays the last routine for
which it has debugging information (generally the calling

routine).
Geﬁ'ing With the info break command, you can get information
information about about all of the breakpoints that you have created.
breakpoints The info break command displays the status of each

breakpoint in the current process. The information displayed is
in a tabular format that enables you to quickly check the status
of all breakpoints, as shown in Figure 81.
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Figure 81

Getting information about all breakpoints

@de) info break

Event Enabled Ignore proc
#0 y 0/0 0/*
#1 0/0 0/*
#2 0/0 0/0

A A

/td Address Where
[0x80001356] CHAPTER4 in chapter4.f line 6
[0x80001390] CHAPTER4 in chapter4.f line 9
[0x8000502c] PRINT ARRAY in example.f line 39

L Symbolic location

Memory address

Process #/thread #

Ignore count setting

Enabled setting

Eventpoint number /

The current settings for each breakpoint are displayed: the
eventpoint number, enabled setting, ignore count setting,
process number and thread number, memory address, and
symbolic location.

The info break command can be used to find the number of
a particular breakpoint. You specify a breakpoint’s number in
commands that manipulate it.

Removing a
breakpoint

When you no longer need a breakpoint, you can remove it from
your process. Chapter 6, the section, "Enabling and disabling
eventpoints," describes how to disable a breakpoint without
having to remove it completely.

Remove all types of eventpoints, including breakpoints, with the
remove event command. To remove an eventpoint, you must
specify its eventpoint number, as demonstrated in Figure 82.
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Figure 82
Removing a breakpoint

(CXdb) continue \
Resuming execution of Process [#0/*]
Process [#0/0] stopped by Bkpt 1, at [0x80001390] CHAPTER4 in chapter4.f line 9

(CXdb) remove event 2 - Eventpoint to be removed
Eventpoint 2 removed

(CXdb) info break

Event Enabled Ignore proc/td Address Where A
#0 y 0/0 0/* [0x80001356] CHAPTER4 in chapter4.f line 6
#1 y 0/0 0/* [0x80001390] CHAPTER4 in chapter4.f line 9

. J

The continue command continues process execution until it
is stopped by breakpoint 1. The remove event command
removes breakpoint 2. The number for the breakpoint was
determined using the info break command, as shown in
Figure 81.

Eventpoint numbers are not reused during a debugging session,
so the next eventpoint created will be number 3.

SPec|fy|ng a You can set a breakpoint at a source line in a file other than the
source file for a current source file. To do this, specify the source file name before
breakpoint the line number in the break line command. (A colonis used

to separate the source file name from the line number.)

The source file must be included in the search path. Generally,
this is the case if the source file is in the same directory as the
executable. Search paths are discussed in Chapter 9, the section
"Search paths."

In Figure 83, the break line command places a breakpoint on
line 40 of the source file example.f.Line40isaprint
statement of the routine PRINT ARRAY.
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Figure 83

Setting a breakpoint in a different source file

-

(CXdb) continue

(CXdb) continue

A

Source file name \

(CXdb) break line example.f:40

#3: break line, on [#0/*], Enabled, ignore 0/0
[0x8000504c] PRINT_ ARRAY in example.f line 40

Resuming execution of Process [#0/*]
Process [#0/0] stopped by Bkpt 3, at [0x8000504c] PRINT ARRAY in example.f line 40

Resuming execution of Process [#0/%*]
Process [#0/0] stopped by Bkpt 1, at [0x80001390] CHAPTER4 in chapter4.f line 9

¢ Line number

/

The break line command creates breakpoint 3. Note that the
breakpoint number is 3, even though breakpoint 2 no longer
exists.

The first continue command resumes process execution.
Breakpoint 3 stops the process at line 40 of the PRINT ARRAY
routine in the example.f source file. The second continue
command continues process execution again. Breakpoint 1 stops
the process at line 9 in the chapter4.f source file.

Removing multiple
breakpoints

When you are debugging your program, you can create many
breakpoints. You can remove multiple breakpoints at once using
the remove event command, rather than having to remove
one at a time.

To remove multiple breakpoints, separate each eventpoint
number on the command line with a comma.
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Figure 84
Removing multiple breakpoints

@de) remove event 1 , 3 \

Eventpoint 1 removed ‘
Eventpoint 3 removed

Breakpoint 3

Breakpoint 1
N /

Figure 84 shows the remove event command removing the
breakpoints on line 9 of the file chapter4.f and on line 40 of
the file example.f.

Specif |ng an When specifying a line number fora break line command,

invalid line you might specify a line that does not have any source units. This

number can occur because the line is a comment line, or because the
source units for that line have been removed during
optimization.

When you specify a line number that does not have any source
units, CXdb looks for the next source line in the file that does
have source units. CXdb then asks you if you wish to place the
breakpoint at that location. If you answer witha y, CXdb
places the breakpoint there. Otherwise, no action is taken and

the CXdb prompt returns.
Figure 85
Specifying an invalid line number
Qxdb) break line 13 - Invalid line number \
ERROR: 97 Selecting line 15 instead
No source statements found. /

Line 15 is the next line with object code. Use it? ¥y

#4: break line, on [#0/*], Enabled, ignore 0/0
{0x800013e2] CHAPTER4 in chapter4.f line 15

(CXdb) continue
Resuming execution of Process [(#0/*]
Process [#0/0] stopped by Bkpt 4, at [0x800013e2] CHAPTER4 in chapter4.f line 15

/
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Figure 85 demonstrates CXdb’s response when you select a line
number that does not have any source units on it. CXdb asks if
you want to use the next line with object code, in this case line
15. Responding with a y tells CXdb to place the breakpoint at
the beginning of line 15.

The continue command continues process execution.
Execution is stopped by breakpoint 4 at line 15 of the source file
chapter4. f.

Working with
tfracepoints

Tracepoints are very similar to breakpoints. The methods of
setting them are identical to those used for breakpoints. The
important difference between tracepoints and breakpoints is
that tracepoints do not stop process execution.

When a tracepoint is triggered, a message is displayed in the
command window, just as with breakpoints. This message
indicates that the tracepoint has been triggered. However, unlike
breakpoints, process execution continues. This enables you to
use tracepoints to track the flow of execution in your program.

Figure 86

Setting tracepoints

The general syntax for the trace line and trace routine
command is the same as the corresponding command for
breakpoints, as shown in Figure 86.

Setting a tracepoint at a line number

(CXdb)

Process

run
[#0]

Starting process [#0]: a.out

Process [#0/0]
(CXdb) trace line 9

#5: trace line, on [#0/*], E

(CXdb) continue

.

is already running with pid 28058.
Terminate existing process and restart? ¥y

stopped by Bkpt 0,

[0x80001390] CHAPTER4 in chapter4.f line 9

Resuming execution of Process [#0/%*]

Process [#0/0] hit Tracepoint 5 at [0x80001390] CHAPTER4 in chapter4.f line 9
Process [#0/0] hit Tracepoint 5 at [0x80001390] CHAPTER4 in chapter4.f line 9
Process [#0/0] hit Tracepoint 5 at [0x80001390] CHAPTER4 in chapter4.f line 9
Process [#0/0] hit Tracepoint 5 at [0x80001390] CHAPTER4 in chapter4.f line 9
Process [#0/0] stopped by Bkpt 4, at [0x800013e2] CHAPTER4 in chapter4.f line 15

at [0x80001356] CHAPTER4 in chapter4.f line 6

nabled, ignore 0/0

A
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The run command in Figure 86 restarts the process. Process
execution is stopped by breakpoint 0 at the beginning of the
routine CHAPTERA. A tracepoint is set at line 9 of the current
source file using the trace line command. When process
execution continues, the tracepoint is triggered 4 times. Each
time, CXdb displays a message indicating that the tracepoint
was triggered, but process execution continues. Only when
breakpoint 4 is reached does process execution stop.

Getfting information about tracepoints

You can get information about tracepoints using the info
trace command. The format of the output is the same as that
forthe info break command.

Figure 87 uses the info trace command to display the
current setting for tracepoint 5.

Figure 87
Getting information about tracepoints

(CXdb) info trace

Event Enabled Ignore proc/td Address Where

#5 y 0/0 0/* [0x80001390) CHAPTER4 in chapter4.f line 9
Working with Watchpoints are a much different type of eventpoint than
watch pOi nts breakpoints or tracepoints. Watchpoints are not placed at

specific locations in your program, but rather wait for a program
variable or memory region to change value. CXdb checks to see
if the value has changed after the execution of each statement.

A watchpoint is set only for the current process. Thus, when the
process terminates, or when you run your process again, all
watchpoints are removed.

Watching a variable’s value

You can set a watchpoint to watch for a variable to change value.
CXdb automatically determines the size of the variable and sets
the watchpoint to monitor the entire address range of the
variable.

To watch a variable’s contents, use the language operator that
returns the address of a variable. In FORTRAN, use the loc ()
function. In C, use the & operator.
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The watch command in Figure 88 sets a watchpoint to monitor
an element of ARRAY.

Figure 88
Setting a watchpoint on a variable

éde) print ARRAY (3, 3) \

(INTEGER*4) 0
(CXdb) watch loc (ARRAY (3,3))

#6: watch 0x8006dd10..0x8006dd13, on [#0/0], Enabled, ignore 0/0
(CXdb) continue

Resuming execution of Process [#0/%*]

Process [#0/0] memory region 0x8006dd10..0x8006dd13 modified
Process [#0/0] stopped by Watchpoint 6, at [0x800013f6] CHAPTER4 in chapter4.f line 17
(CXdb) print ARRAY (3, 3)

(INTEGER*4) 1

(CXdb) print I

(INTEGER*4) 3

(CXdb) print J

(INTEGER*4) 4

/

The print command displays the current value of the array
element ARRAY (3, 3).The watch command creates the
watchpoint. The continue command starts execution.
Watchpoint 6 stops execution when the value of ARRAY (3, 3)
changes.

The second print command displays the new value of the
array. The last two print commands display the values of the
loop counters, I and J. With a watchpoint, execution stops on
the statement after the value changes. Thus the value of J is
now 4, rather than 3.

The watch command in Figure 89 sets a watchpoint to monitor
the entire address range of ARRAY.
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Figure 89
Setting a watchpoint on an array

@de) watch loc (ARRAY) \

#7: watch 0x8006dce8..0x8006dd27, on [#0/0], Enabled, ignore 0/0
(CXdb) continue

Resuming execution of Process [#0/*]
Process [#0/0] memory region 0x8006dce8..0x8006dd27 modified
Process [#0/0] stopped by Watchpoint 7, at [0x800013ec] CHAPTER4 in chapterd4.f line 16

In this case, the region is from the hexadecimal address

8006dce8 to 8006dd27. The continue command continues
process execution. Execution is stopped by watchpoint 7.

Getting information about watchpoints

Withthe info watch command, you can display the current
status of all watchpoints in the process. The info watch
command displays information about watchpoints in the same
way that the info break command displays information
about breakpoints, as shown in Figure 90.

Figure 90
Getting information about watchpoints

Gde) info watch \

Event Enabled Ignore proc/td Region
#6 \% 0/0 0/0 0x8006dd10 0x8006dd13
#7 y 0/0 0/0 0x8006dce8 0x8006dd27

(CXdb) remove event 6 , 7
Eventpoint 6 removed
Eventpoint 7 removed

Address region being monitored

NS _/

The info watch command displays the status of all
watchpoints in the current process. The command displays the
eventpoint number, enabled setting, ignore count setting,
process number and thread numbers, and address region being
monitored. The remove event command removes the two
watchpoints.
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Specifying a watchpoint address range

In the previous watchpoint examples, the loc () FORTRAN
function was used to find the address of the variable to monitor.

There are two other ways to specify an address range in CXdb:

® Specifying the starting address and ending address—Two
periods are used to separate the two addresses.

® Specifying the starting address and a count—A colon is used
to separate the count from the starting address. The count is
the number of total bytes to monitor, including the starting
and ending address.

The source code for the next two examples is shown in Figure 91.
Scroll the source code to this section of the program.

Figure 91

Source code modifying variable PICK

/ file; chapterd4.f process: [#0/0] Alive \
21 SEED = 1
22 PICK = RAN(SEED) = 4 + 1
23 ARRAY (PICK.PICK) = 99
24
25 DO I=1.,16 -
26 PICK = PICK + 4096 <@—— Loop modifies 2 low-order bytes of PICK
27 ENDDO
28
29 D0 I=1,16 N .
30 PICK = PICK + 65536 -@—— Loop modifies 2 high-order bytes of PICK
31 ENDDO
32 . . .
33 PICK = PICK + 1 «¢——— Statement modifies low-order bytes again
34
35 PRINT s, "SUBROUTINE CHAPTER4 FINISHING"

K 36 END j

Figure 91 shows the source code that modifies the variable
PICK. PICK isa4-byte integer. In a 4-byte integer, the low-order
bytes (the last 2 bytes) hold numbers less than 65536. The
high-order bytes (the first 2 bytes) hold numbers greater than or
equal to 65536. The low-order bytes are modified in the first
loop. The high-order bytes are modified in the second loop.

By specifying an address range, watchpoints can monitor a
portion of a variable’s storage. In the next two examples
(Figure 92 and Figure 93), one watchpoint monitors the 2
high-order bytes of PICK, while another watchpoint monitors
the 2 low-order bytes.
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Figure 92

Specifying a starting and ending address for an address range

N oy b W
P R

object type:
location:
size:

type:

value:

7 liveness ranges:

éxdb) info expression PICK

Fortran identifier

0x8005a010
4 bytes
INTEGER*4
0

Start

0x80001484:
0x8000148a:
0x80001488:
0x800014ac:
0x800014e2:
0x80001510:
0x80059000:

End
0x80001488
0x8000148c
0x80001494
0x800014b0
0x800014e8
0x80001514
0x8005a000

Location
register ab
register a2
register a5
register s0
register s0
register s0
0x8005a010

Starting address

(CXdb) watch ‘8005a010'x ’8005a011’ x <¢—— Ending address

#8: watch 0x8005a010..0x8005a011, on [#0/0}, Enabled, ignore 0/0

(CXdb) continue

Resuming execution of Process [#0/%*]

Process [#0/0] memory region 0x8005a010..0x8005a011 modified

Process [#0/0] stopped by Watchpoint 8, at [{0x800014d2} CHAPTER4 in chapter4.f line 29
(CXdb) print PICK

(INTEGER*4) 65537

\_ J

file: chapterd4.f process: [#0/0] Alive
18 ENDDO
19 ENDDO
20
21 SEED = 1
22 PICK = RAN(SEED) » 4 + 1
23 ARRAY(PICK,.PICK) = 89
24
23 DD I=1.16
gg ENDE[IJ CK = PICK + 4096 -«—— Execution of this loop did
58 not trigger watchpoint 8
26 Do =R, 16 )
30 PICK = PICK + 65536 -#—— Execution stopped after
3 ENDDO first iteration of loop
33 PICK = PICK + 1
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In Figure 92, a watchpoint is set to monitor the 2 high-order
bytes of the variable PICK. The info expression command
displays information about the variable PICK, including its
value and starting address, 8005a010. The info
expression command is covered in detail in Chapter 7.

The watch command uses FORTRAN syntax to specify the
hexadecimal address to monitor. The second number,
8005a011, isthe ending address for the address range.

As long as the decimal valued stored in PICK is less than 65536,
the watchpoint is not triggered because the 2 high-order bytes
being monitored remain unchanged. Thus, even though the
value of PICK is changing, the watchpoint is not triggered until
the value of PICK exceeds 65535.

The highlighting in the source window shows that the execution
has stopped before the second loop affecting PICK. The print
command in Figure 92 shows that the value of PICK has
exceeded 65536.

Figure 92 demonstrated how to set a watchpoint to monitor a
memory range by specifying a starting address and an ending
address. You can also monitor a memory range by specifying a
starting address and the number of bytes to monitor, as shown
in Figure 93.
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Figure 93

Specifying a starting address and a byte count for an address range

-

Eventpoint 8 removed

(CXdb) continue

(CXdb) print PICK
(INTEGER*4) 1114114

N

(CXdb) remove event 8

(CXdb) watch ’'8005a012’'x

#9: watch 0x8005a012..0x8005a013, on [#0/0], Enabled, ignore 0/0

Resuming execution of Process [#0/*)
Process [#0/0] memory region 0x8005a012..0x8005a013 modified
Process [#0/0] stopped by Watchpoint 9, at [0x8000151a]l CHAPTER4 in chapter4.f line 35

Starting address \

f Byte count

2

_/

files chapterd.f process: [#0/0]1 Alive
18 ENDDO
19 ENDDO
20
21 SEED = 1
22 PICK = RAN(SEED) = 4 + 1
23 ARRAY(PICK,PICK) = 99
24
25 DO I=1,16
26 PICK = PICK + 4096 . .
27 ENDDO Execution of this loop
gg 00 Iei.16 did not trigger
30 PICK = PICK + 65536 <—— Watchpoint9.
gé ENDDO Execution stops after
33 PICK = PICK + 1 <¢————— thisline
34
= PRINT =, "SUBROUTINE CHAPTER4 FIMNISHING'
36 END

In Figure 93, the remove event command removes
watchpoint 8. A new watchpoint, number 9, is created using the
watch command. A colon separates the starting address from
the byte count. The byte count is the total number of bytes to
watch, in this case 2.
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Watchpoint 9 monitors the 2 low-order bytes of the variable
PICK. As long as these 2 bytes remain the same, the watchpoint
is not triggered. Because each iteration of the loop adds 65536 to
PICK, only the two high-order bytes of the variable, 8005a010
and 8005a011, are changed. Watchpoint 9 is not triggered until

after line 33.
Wo[king with During a debugging session, you may create many eventpoints
breakpoinis, to help control the flow of execution. You have already seen 3
fl'acepOintS, and types of info commands that display specific information
WG"ChpOinfS about the breakpoints, tracepoints, or watchpoints in your
program.

The info event command provides a general method for
getting information about a particular eventpoint or all
eventpoints.

To request information about all eventpoints in the current
process, place an asterisk (*) after the info event command,
as illustrated in Figure 94.

Figure 94
Getting information about all eventpoints
Qde) info event * & Indicates all eventpoints \
#0: break routine, on [#0/*], Enabled, ignore 0/0

#4:
#5:

#9:

.

[0x80001356] CHAPTER4 in chapter4.f line 6

break line, on [#0/*], Enabled, ignore 0/0
[0x800013e2] CHAPTER4 in chapter4.f line 15

trace line, on [#0/*], Enabled, ignore 0/0
[0x80001390] CHAPTER4 in chapter4.f line 9

watch 0x8005a012..0x8005a013, on [#0/0], Enabled, ignore 0/0

A

You can also get information about specific eventpoints by using
the info event command. When specifying multiple
eventpoint numbers, you must place a comma between each
eventpoint number. This is shown in Figure 95.
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Figure 95
Getting information about specific eventpoints

éde) info event 4, 5, 9 \

#4: break line, on [#0/*], Enabled, ignore 0/0
[0x800013e2] CHAPTER4 in chapter4.f line 15

#5: trace line, on (#0/*], Enabled, ignore 0/0
[0x80001390] CHAPTER4 in chapter4.f line 9

#9: watch 0x8005a012..0x8005a013, on [#0/0], Enabled, ignore 0/0

(CXdb) remove event *
Eventpoint 0 removed
Eventpoint 4 removed
Eventpoint 5 removed
Eventpoint 9 removed

\_ J

Figure 95 shows the use of the info event command to
display information about eventpoints 4, 5, and 9. The remove
event command, which accepts an asterisk to indicate all
eventpoints, removes all eventpoints in the current process.

Quittina the If you have been working the examples in this chapter, you can
examples quit them and exit CXdb by issuing the quit command, as
shown in Figure 96.

Figure 96
Quitting the examples

(CXdb) quit

Process [#0] is still running. Kill it? ¥y
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Stepping

This chapter describes how to step through your program by
using the CXdb stepping commands. It also explains the concept
of source units and their relation to stepping.

This chapter covers the following commands:
® break source
® finish
® info line
® info process
® info source
® next
® next over
® set step
® step

® step over

Preparing for
the examples

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 97.

Figure 97
Invoking CXdb

%ecd /usr/lib/cxdb/examples
%cxdb a.out

The cd command in Figure 97 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb and gives it the name of the executable
file for the examples.
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Figure 98
Starting the example program

Once you have invoked CXdb, move the cursor to the command
window and enter the commands shown in Figure 98.

(CXdb) break routine CHAPTERS
#0: break routine, on [#0/*], Enabled, ignore 0/0
[0x80001658] CHAPTERS in chapter5.f line 4

(CXdb) run

Starting process [#0]: a.out
Process [#0/0] stopped by Bkpt 0, at [0x80001658] CHAPTERS in chapter5.f line 4

The break routine command in Figure 98 sets a breakpoint
at the beginning of the routine called CHAPTER5, whichisa
FORTRAN routine used for all examples in this chapter. The
run command runs the example program. The program stops
executing when it reaches the breakpoint.

Stepping
concepts

Stepping is the incremental execution of code. Rather than
executing an entire routine or program at one time, you can
execute a smaller portion of code, such as a loop or a statement.

CXdb gives you extensive control over the stepping functions.
Three areas of control are:

® Method of stepping
® Number of steps to take at one time

® Size of each step

Stepping methods

There are two methods of stepping in CXdb:
® By assembly language instructions
® By units of source code

This chapter describes how to step by source units. For details
about stepping by assembly language instructions, refer to
Chapter 14.

Number of steps

With the stepping commands, you can specify a repetition factor
that tells CXdb how many times to execute the command. Thus,
you can take multiple steps with one command.
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Step size (granularity)

When stepping through the source code, you can adjust the step
size, or granularity. Five levels of granularity are available in
CXdb:

® Expression
® Statement
® Block

® Loop

® Routine

By controlling the granularity, you can step a program in small
increments, such as an expression, or in larger increments, such
as a block or loop. This is in contrast to most other debuggers,
which only allow stepping by statements.

Source units

Source units are syntactic elements of source code. There are 5
types of source units that correspond directly to the 5 levels of
stepping granularity. They are:

® Expression—A combination of one or more constants,
operators, and operands. Expressions can be nested within
other expressions.

¢ Statement—A combination of one or more expressions.

® Block—A set of statements that forms the body of a routine,
a loop, or a conditional construct.

® Loop—A statement that encompasses a block and the
associated looping construct for the block.

® Routine—A subroutine or function.

Source units reflect the syntax of the source language. Because of
this, the exact form and content of a source unit depend on the
source language. For example, the expression n++ isvalidinC

language but not in FORTRAN.

Figure 99 shows examples of the different types of source units
in a FORTRAN routine.
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Figure 99

Example of source units in FORTRAN

B> SUBROUTINE ABC

Loo

’—>

P Block

—>
i

Routine Block DO I =1, 100
é' :A(I) = B(I) +[c(D)]
Statements PRINT 99, “I = %, I, “A(I) = %, A(I)
ENDDO
99 FORMAT (A, I3, 5X, A, F8.4)
p» END

P REAL*4 A(100), B(100), C(100)
DO I =1, 100
B(I) = I *[2]
C(I) =m Expressions

ENDDO

When you compile a program with the —cxdb option, the
CONVEX FORTRAN or CONVEX C compiler identifies each
source unit in the program and assigns it a number. Source unit
numbers are sequential and are unique within a given source
file.

Several different types of source units can exist at the same
location. For example, the FORTRAN code DO I=1,100 isa
statement source unit, but it also is the beginning of a loop
source unit, and it contains the expression I=1.
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Displaying source units

To display the source units in your program, use the info line
command. Figure 100 illustrates the use of this command with
the example program started in Figure 98.

Figure 100
Displaying source units with the info line command

(CXdb) info line 12
Id Address Boundaries Start End Kind

1. ( 33) 80001768:8000176c 12 x 9 12 x 9 <EXPR> 1

2. ( 32) 80001768:80001772 12 x 5 12 x 9 <STMI> M =1

3. ( 34) 0: 0 12 x 12 12 x 12 <EXPR> 4

4. ( 31) 80001768:80001874 12 x 2 15 x 6 <LOOP> DOM-=1, 4 <...>
5. ( 30) 80001768:80001894 12 x 15 x 6 <BLOCK> DO M=1, 4 <

e >
I t— Source code
Type of source unit

Ending line and column of source unit

Starting line and column of source unit

Address range of source unit

Source unit number

Output line number

Source code displayed in source window

10 PRINT %, "The loop for M is next."

11 noJ=1. 4

12 DOM=1,4

13 ARRAY(J. M) = JwexM

14 PRINT 99, "J = ", J. "M = ", M, "ARRAY(J.M) = ", ARRAY(J.M)

15 ENDDO

16 ENDDO

17 99 FORMAT (A.I12.3X,A.12,5X.A.14)

18 PRINT , “SUBROUTINE CHAPTERS FINISHING"

19 END

The info line command in Figure 100 displays the source
units for line 12 of the current routine, CHAPTERS. Line 12 is
the FORTRAN statement DO M=1,4. Itis the beginning of a
loop source unit that ends on line 15. It is also the beginning of a
block source unit (the block for DO J=1, 4 online 11) that ends
on line 16. In addition, line 12 contains the expression source
units 1 and 4 as well as the statement source unit M=1.
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If you know the source unit number and want to display the rest
of the information about that source unit, use the info source
command, as shown in Figure 101.

Figure 101

Displaying a source unit with the info source command

(CXdb) info source 32
Id Address Boundaries Start End Kind
( 32) 80001768:80001772 12 x 5 12 x 9 <KSTMT> M =1

Using source units in CXdb commands

To use a source unit in a CXdb command, you simply specify the
source unit number as a parameter of the command. For
example, you can use the break source command to seta
breakpoint at a particular source unit, as shown in Figure 102.
Figure 102
Setting a breakpoint at a source unit

/(Cde) break source 32 \

#1: break source, on [#0/*], Enabled, ignore 0/0
[0x80001768] CHAPTERS in chapter5.f line 12

(CXdb) continue

Resuming execution of Process [#0/%*]
Process [#0/0] stopped by Bkpt 1, at [0x80001768] CHAPTERS5 in chapter5.f line 12

(CXdb) remove event 1

\\\?ventpoint 1 removed 4//

The break source command in Figure 102 sets a breakpoint
at source unit 32, which is the statement source unit M=1. The
continue command continues execution of the program until
it reaches the breakpoint. The remove event command
removes the breakpoint.
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Stepping by
source units

Figure 103
Displaying the default stepping granularity for the current process

There are 5 commands for stepping by source units:

® step—Steps to the next source unit in sequence, including
source units within called subroutines.

® next—Steps to the next source unit in the current routine,
stepping past any intervening subroutine calls.

¢ finish—Finishes executing the source unit that contains
the current program counter (PC).

® step over—Steps from the current source unit to the next
source unit in sequence, including source units within called
routines.

® next over—Steps from the current source unit to the next
source unit in the current routine, stepping past any
intervening subroutine calls.

Each of these commands allows you to specify the granularity
(step size). The default granularity is set as part of the process
settings for the current process. If you have not changed the
process settings, then the default granularity is statement.

To display the default stepping granularity for the current
process, use the info process command, as shown in
Figure 103.

f(Cde) info process
status of process [#0]:

executable:
arguments:

fixed scheduling:
pshell:

image status:
working dir:
default step:
default language:
threads:

current thread:

thread 0 status:

source file search path:

o

a.out

(none)

off

csh

created pid 6128, state = stopped
/usr/lib/cxdb/examples

statement -
Fortran

1

0

Default stepping granularity
for current process

stopped at [0x80001768) CHAPTER5 in chapterS5.f line 12

_J
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All stepping commands, except finish, also allow you to
specify a repetition factor for the command. The default
repetition factor is 1.

Stepping by statement

The most common form of stepping is to step by statement
source units. It is simplest because you are accustomed to
viewing your program as a series of source statements, and also
because you might already be familiar with stepping by
statement from using other debuggers. In addition, because the
default stepping granularity is initially set to statement, there is
no need to change the default or specify a granularity when
stepping by statement.

Figure 104 illustrates stepping by statement.
Figure 104
Stepping by statement

G:de) run - Restart the proc
Process [#0] is already running with pid 6%32;”’,,/”’///”/’
Terminate existing process and restart? ¥

Starting process [#0]: a.out

Process [#0/0] stopped by Bkpt 0, at [0x80001658] CHAPTERS5 in chapter5.f line 4
(CXdb) step - Step by one statement

Stepping process [#0/*] by 1 statement
Process [#0/0] stopped stepping at [0x80001688] CHAPTERS in chapter5.f line 5

(CXdb) step - Step by one statement

Stepping process [#0/*] by 1 statement
\fjécess [#0/0] stopped stepping at [0x80001692] CHAPTERS in chapter5.f line 6 4//

SUBROUTINE CHAPTERS(ARRAY)
INTEGER ARRAY(4.4)

PRINT %, "SUBROUTINE CHAPTERS STARTING"
DO I =1, 10

®
PREN] 79950 = E
CALL SUBSA(I)
PRINT %, "Subroutine SUBS5A has returned.,"
ENDDO

LDDZ]‘\.I!LHAL»JI\J'—‘

Highlighting in the source window
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Figure 105

The run command in Figure 104 restarts the process. This is
done in the examples so that you can compare the effects of the
various stepping commands by always starting them from the
same point of execution. ~

Because the default granularity is statement, the two step
commands in Figure 104 each step the process by one statement.

You can specify a repetition factor with stepping commands.
This factor tells CXdb how many steps to perform at once.
Figure 105 illustrates the use of the repetition factor with the
step command.

Stepping by multiple statements with one command

o eten 2 = / Repetition factor
Stepping process [#0/*] by 3 statements

Process [#0/0] stopped stepping at [0x80001924] SUBSA in chapter5.f line 23 J

~

21 SUBROUTINE SUBSA{N)

22 PRINT 98, "Subroutine SUB5A has started. The value of N is
DO K-="1, N Sl

24 S OPRINT 9B, "K = %, K

25 » IF (K ,LE, 5) THEN

26 poL =1, N

27 PRINT 98, "L = ". L

28 ..~ ENDDO :

29 PRINT 958, "The loop for L is done, with L

30 ENDIF -

31

Another command for stepping is the next command. The
step and next commands differ in how they handle
subroutine calls.

The step command steps to the next statement in execution
sequence, regardless of whether that statement is in the current
routine or in a called subroutine.

In contrast, the next command steps to the next statement in
logical sequence within the same routine. If the next command
encounters any intervening subroutine calls, it executes the
entire subroutine and steps to the next statement after the call in
the parent routine.

Figure 106 illustrates the above differences between the step
and next commands.
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Figure 106
Difference between the step and next commands

MAIN

next step
(program counter) - |
before stepping . (suBa
executed
first)
SUBA
X =1 -«

Figure 107 shows how to next the process by the default
granularity, which in this case is statement.

Figure 107

Nexting by statement

/(Cde) run \

Process [#0] is already running with pid 894.

Terminate existing process and restart? ¥y

Starting process [#0]: a.out

Process [#0/0] stopped by Bkpt 0, at [0x80001658] CHAPTERS in chapter5.f line 4

(CXdb) next

Nexting process [#0/*] by 1 statement
\Efocess [#0/0] stopped nexting at [0x80001688] CHAPTERS in chapter5.f line 5 A//

SUBROUTINE CHAPTERS(ARRAY)
INTEGER ARRAY(4.,4)

® PRINT », "SUBROUTINE CHAPTERS STARTING"
DO IEER. 10

PRINT 99, "I = ", I

CALL SUBSA(I)

PRINT %, "Subroutine SUB5A has returned.,"”
ENDDO

LOUJ\JO'\!AMI\JH
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Figure 108

Figure 108 illustrates the use of a repetition factor with the next
command. At the start of this example, the PC (program counter)
points to the beginning of line 5 in the routine CHAPTER5. After
the next command is executed, the PC points to the beginning
of line 8 in the same routine. The intervening call to SUBSA is
executed, but none of the statements in SUB5A are counted as
one of the 3 specified in the next 3 command.

Nexting a process by multiple statements with one command

(CXdb) next 3

Nexting process [#0/*] by 3 statements
Process [#0/0] stopped nexting at [0x800016e2] CHAPTERS in chapter5.f line 8

&)

LD!\IO\U’IAL»II\)I—‘

SUBROUTINE CHAPTERS(ARRAY)
INTEGER ARRAY(4.4)

PRINT %, "SUBROUTINE CHAPTERS STARTING™
DOI =1, 10
PRINT 99, "I = ", I

CAaLlL SUB5A(I)
“Subroutine SUBSA has returned,

* .

Stepping by other source units
CXdb allows stepping by routine, loop, block, and expression
source units in addition to statements. There are 2 ways to
specify the stepping granularity:
® Include the granularity as part of the stepping command
® Set the default granularity for the current process

Figure 109 shows an example of stepping by loop source units.
The default granularity is still statement in this example, so the
granularity of loop is specified explicitly with the step
command.
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Figure 109
Stepping by loop

/(Cde) run

Process [#0]

Starting process

is already running with pid 917.
Terminate existing process and restart? ¥

[#0]: a.out

~

Process [#0/0] stopped by Bkpt 0, at [0x80001658] CHAPTERS in chapter5.f line 4
(CXdb) step loop 2
Stepping process [#0/*] by 2 loops
Process [#0/0] stopped stepping at [0x80001924] SUBSA in chapter5.f line 23 4///
21 SUBROUTINE SUBSA(N)
22 PRINT 98, "Subroutine SUB5A has started, The value of N is ", N
v, 2 IOK =1
24 PEIMNT 58
25 e ik
26 oo oL
27 FREINT
28 EMODO
29 FRIMT 95. "The loop for L is done. with
30 EMOIF
31 EHIOD

The step command in Figure 109 steps the process by two
loops. When execution stops, the PC points to the beginning of
the DO loop on line 23 in subroutine SUB5A, as indicated by
the highlighting in the source window.

You can also specify a granularity with the next command, as
shown in Figure 110.
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Figure 110
Nexting by loop

(CXdb) run

Process [#0] is already running with pid 21102.

Terminate existing process and restart? ¥y

Starting process [#0]: a.out

Process [#0/0] stopped by Bkpt 0, at [0x80001658] CHAPTERS in chapter5.f line 4
(CXdb) next loop 2

Nexting process [#0/*] by 2 loops

Process [#0/0] stopped nexting at [0x8000175e] CHAPTERS in chapter5.f line 11

SUBROUTINE CHAPTERS(ARRAY)
INTEGER ARRAY(4.,4)

5]

PRINT », "SUBROUTINE CHAPTERS STARTING"
DOI =1. 10

PRINT 99, "I = ", 1

CALL SUBSA{(I»

PRINT %, "Subroutine SUBSA has returned,"

ENDDBO
PRINT %, "The loop for M is next."
Do KNEER. 4

DOM=1, 4

ARRAY (J. M) = JwxM
PRINT €9, "J = ", J, "M = ", M. "ARRAY(J.M) = ", ARRAY(J.M)
ENDDO
ENDDO

HHHHH!»—»
OCOUOAWNESWYDNOUIAGN-

The next command in Figure 110 nexts the process by two
loops. The call to subroutine SUB5A in line 7 is executed, but the
next command does not count any of the loops in this
subroutine as one of the two loops specified in the command.
When execution stops, the PC points to the beginning of the loop
source unit on line 11.

Rather than specifying the granularity with each individual
stepping command, you can use the set step command to
change the default granularity for the current process. Figure 111
illustrates how to do this.
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Figure 111

Setting the default stepping granularity for the current process

([ (CXdb) set step block

(CXdb) info process
status of process [#0]:
executable: a.out
arguments: (none)
fixed scheduling: off
pshell: csh

image status:

working dir: /usr/lib/cxdb/examples New setting of default
default step: block - stepping granularity
default language: Fortran
threads: 1
current thread: 0
thread 0 status: stopped at [0x8000175e] CHAPTER5 in chapter5.f line 11

created pid 21999, state = stopped

source file search path:

/

The set step command in Figure 111 changes the default
granularity to block for the current process. The info
process command displays the new setting. Any stepping
commands that do not explicitly specify a granularity will use
this new default. Figure 112 shows an example of stepping with
a default granularity of block.
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Figure 112
Stepping with a default granularity of block

G:xdb) step
Stepping process [#0/*] by 1 block
(CXdb) step
Stepping process [#0/*] by 1 block

(CXdb) step

Stepping process [#0/*] by 1 block

Process [#0/0] stopped stepping at [0x80001768} CHAPTERS in chapter5.f line 12
Process [#0/0] stopped stepping at [0x80001722] CHAPTERS in chapter5.f line 13

Process [#0/0] stopped stepping at [0x80001722] CHAPTERS in chapter5.f line 13 ‘4//

~

1 SUBROUTINE CHAPTERS(ARRAY)

2 INTEGER ARRAY(4.4)

3

40 PRINT =, "SUBROUTINE CHAPTERS STARTING"
s} DOI =1, 10

& PRINT 99, "I = ", I

7 CALL SUBBA(I)

8 PRINT =, "Subroutine SUB5A has returned.,"
9 ENDDO

10 PRINT =, “The loop for M is next.”

11 1

12 =

M,

U"ARRAY (I M) = ", ARRAY(J.M)

—
e
[ N6

Line number where execution stopped

\ Entire block

is highlighted

Each step command in Figure 112 steps the process by one
block. In this case, the block is the body of the inner DO loop that
starts on line 12. Therefore, stepping by this block is equivalent
to stepping through one iteration of the loop.

Figure 112 shows the preferred way to step through a loop by
one iteration at a time. Once you are inside the lIoop, you can step
through it by block source units. Each block represents one

iteration of the loop.
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Figure 113

Effect of default granularity on highlighting

Changing the default granularity affects not only stepping but
also the highlighting in the source window. If the default
granularity is statement, then the current active statement is
highlighted in the source window; if the default granularity is
block, then the current active block is highlighted, and so on.
Figure 112 and Figure 113 illustrate this point.

Effect on highlighting in the source window when default granularity is block

(CXdb)

run

Process [#0] is already running with pid 21999.
Terminate existing process and restart? ¥y
Starting process [#0]: a.out

Process [#0/0] stopped by Bkpt 0, at [0x80001658]

CHAPTERS in chapter5.f line 4

Line number where execution stopped

Entire block is highlighted

SUBROUTINE CHAPTERS(ARRAY)
INTEGER ARRAY(4.4)

y

ERINT 3. ““SUBRUUTINE CHAFTERS STARTING"
njkeae =

FF

CALL SUE

PRINT 2w broutime
ENDIC
BRINT  #.
T e

SUESH has returned,

“The loop for M iz next,'

YoM, "ARRAYCI. MY = ", ARRATLI. M}

ENDDO
ENDOO
1aT (a1

A.T4)
ETERS iF ENISHING

The run command in Figure 113 restarts the process. Because
the default granularity is set to block, the entire block for
subroutine CHAPTERS is highlighted in the source window. The
breakpoint at line 4 stopped execution of the program. Execution
stopped at the beginning of line 4, as indicated by the
highlighting of line number 4 at the left side of the source
window.
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Figure 114
Innermost active source unit

Finishing a source unit

The finish command allows you to complete execution of the
source unit that contains the current PC (program counter). This
source unit is called the innermost active source unit. Figure 114
illustrates the concept of innermost active source unit.

PC

MATN ~t—— Innermost active routine
loop_ 1
loop 2-«& Innermost active loop
P-X = 1t Innermost active statement

(program counter)

As shown in Figure 114, several source units of different
granularities can all contain the current PC at the same time.
However, the innermost active source unit is the one with the
granularity that you specify in the stepping command. If you do
not explicitly specify a granularity, then the default stepping
granularity is used to determine the innermost active source
unit.

For example, if the specified granularity is statement (either
explicitly specified or specified by default), then the innermost
active source unit in Figure 114 is the statement X=1. If the
specified granularity is loop, then the innermost active source
unit is all of loop 2.

The finish command steps the process from the innermost
active source unit of specified granularity to the next source unit
of default granularity. Figure 115 illustrates how to finish
execution of a loop.
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Figure 115
Finishing a loop

(CXdb) step
Stepping process [#0/*] by 1 block
Process [#0/0] stopped stepping at

(CXdb) set step statement

[0x80001692]

CHAPTERS in chapter5.f line 6

PRINT s,
Do

!IU]ALANJH

FRINT
CALL

ENDDO
PRINT »
Do _J

= =
= O oM~

SUBROUTINE CHAPTERS(ARRAY)
INTEGER ARRAY(4.4)

I =i
99,
SUESHIT )
FRINT ».

1

"SUBROUTINE CHAPTERS STARTING"
10

tI= I

SUBESA has

"Subroutine returned, "

"The loop for M is next.,"

4

(CXdb) finish loop
Finishing innermost loop in Process
Process [#0/0] stopped nexting at

[0x8000172e]

[#0/%*]
CHAPTERS in chapter5.f line 10

@

PRINT »,
DOI =1,

PRINT »
ENDDO
ERENT e ;
D0 J =1,

H!
RO MNOOT A N -

SUBROUTINE CHAPTERS(ARRAY)
INTEGER ARRAY(4.4)

PRINT 99,
CALL SUBSA(I)

"SUBROUTINE CHAPTERS STARTING"
10

"
»

"I = I

"Subroutine SUB5A has returned."

-

"The loop for
4

Mois next, "

Because the default granularity was set to block ina previous
example (see Figure 111), the step command in Figure 115
steps the process by one block. The set step command then
resets the default granularity to statement. These steps are
only to bring the PC to a convenient location to

done here

illustrate the finish command.
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The finish command in Figure 115 steps from the innermost
active loop (specified granularity) to the next statement (default
granularity) after the loop. At the start of this example, the PC
points to line 6, so the innermost active loop is the DO loop that
begins on line 5 and ends on line 9. Finishing this loop leaves the
PC at the beginning of the next statement after the loop, which is
line 10.

Figure 116 illustrates the differences among the step, next,
and finish commands.

Figure 116
Comparison of step, next, and finish commands
MAIN
loop_1 finish next step
. loop loop loop
PC ﬁ .
(program counter) . (SUBAt 4
before steppin call SUBA execute
PPINg first)
-
-
loop_2
SUBA
loop_3
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Stepping over the current source unit

Two other stepping commands are step over and next
over. These commands step from the current source unit of
specified granularity to the next source unit of default
granularity.

The current source unit is the one of specified granularity whose
starting address is indicated by the value of the current PC
(program counter). If there is no current source unit of the
specified granularity, then the default granularity is used. For
example, the current PC might point to a statement but not to a
loop source unit, so you could not step over a loop in that case.

Figure 117 illustrates the concept of current source unit as well
as the difference between the step and step over
commands.

118 CONVEX CXdb User’s Guide




Figure 117
Comparison of the step and step over commands

Case A:
Current source unit is a loop.
MAIN
step over loop step loop
PC » loop 1
(program counter) -
before stepping
+ -
loop 2
Case B:
Current source unit is a statement.
MAIN
loop 1
’ step over loop step loop
PC ﬁ . ]
(program counter) - -
before stepping
loop 2
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Figure 118 shows an example of stepping over a loop source
unit.

Figure 118

Stepping over a loop

ﬁCde) run \

Process [#0] is already running with pid 16483.

Terminate existing process and restart? ¥y

Starting process [#0]: a.out

Process [#0/0] stopped by Bkpt 0, at [0x80001658] CHAPTER5 in chapter5.f line 4
(CXdb) step over loop

Stepping process [#0/*] by 1 statement outside current loop
\Efécess [#0/0] stopped stepping at [0x80001688] CHAPTERS5 in chapter5.f line 5 4‘//

SUBROUTINE CHAPTERS{(ARRAY)
INTEGER ARRAY{(4.4)

® PRINT %, "SUBROUTINE CHAPTERS STARTING"
Do fEEER. 10
PRINT 99, "I = ", 1
CALL SUBSA(IN
PRINT %, "Subroutine SUB5A has returned,"”
ENDDO
PRINT %, "The loop for M is next,"

!AMI\JH

[@RUsRus R NN )]

(CXdb) step over loop

Stepping process [#0/*] by 1 statement outside current loop
Process [#0/0] stopped stepping at [0x8000172e] CHAPTERS in chapter5.f line 10

1 SUBROUTINE CHAPTERS{(ARRAY)
2 INTEGER ARRAY(4.4)
3
4 ® PRINT =, "SUBROUTINE CHARPTERS STARTING"
5 DO I =1, 10
6 PRINT 99, "I = ", I
7 CALL SUBSA(I)
8 PRINT %, "Subroutine SUBSA has returned."
9 ENDDO
G PRINT ». "The loop for M is rext,'|

At the beginning of the example in Figure 118, the PC points to
line 4. The current source unit at that point is a statement.
Therefore, the first step over loop command has the same
effect as a single step statement command because there is
no current loop to step over. After stepping, the PC points to the
beginning of line 5.
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When the PC points to line 5, the current source unit is the DO
loop that begins on line 5 and ends on line 9. Issuing the second
step over loop command at this point causes execution of
the entire DO loop. Execution of the process stops at the next

statement (default granularity) after the loop, which is line 10.

The next over command differs from the step over
command in the handling of subroutine calls, similar to the way
the next command differs from the step command. The
step over command looks for the next source unit in either the
current routine or in any called subroutine. However, the next
over command steps past called subroutines and looks for the
next source unit within the current routine only.
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Stepping to another routine

All of the stepping commands except finish can carry process
execution beyond the end of the current routine. Figure 119
illustrates how to step to the next routine.

Figure 119

Stepping to the next routine

(CXdb)

Process

run
[#0]

is already running with pid 256009.

Terminate existing process and restart? y
Starting process

[#0]: a.out

Process [#0/0] stopped by Bkpt 0, at [0x80001658)] CHAPTER5 in chapter5.f line 4
1 SUBROUTINE CHAPTERS{ARRAY)
2 INTEGER ARRAY{(4.4)
3
B © FRINT ., "SUBROUTIME CHAFTERS STARTIHG!
L DOI =1, 10
6 PRINT 99, "I = ", I
7 CALL SUBSA(I)
8 PRINT %, "Subroutine SUB5A has returned."”
9 ENDDO
(CXdb) step routine
Stepping process [#0/*] by 1 routine
Process [#0/0] stopped stepping at [0x800018ce] SUBS5A in chapter5.f line 21

FRI
ENDDOO
FRINT
ENDIFE

ENDDO
FRINT
RETLIREN
98 FOREMAT

EHI

95,

LH

e value of H is

MNT

98

with

95,

"The ].l:uj[j For L

L

is done.

"Subroutine SUESA is done, The walue of K is

b

In Figure 119, the run command starts the process again. The
breakpoint stops execution at the beginning of subroutine
CHAPTER5. The next routineis SUB5A, which is called from
line7 of CHAPTER5. Therefore, the step routine command
continues execution to the beginning of SUBS5A.
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Figure 120
Stopping at the end of a routine

Stepping to the end of the current routine

The finish routine command always stops at the end of the
current routine. This feature allows you to check the state of the
routine before exiting from it. Figure 120 illustrates this feature.

(CXdb) finish routine
Finishing innermost routine in Process [#0/*]

Process [#0/0] stopped stepping at [0x80001ab4] SUBSA in chapter5.f line 33

Process

Stepping process [#0/*] by 1 statement

[#0/0] stopped stepping at [0x800016e2]) CHAPTER5 in chapter5.f line 8

SUBROUTINE CHAPTERS(ARRAY?}
INTEGER ARRAY(4,4)

21 SUBROUTINE SUBSA(N)
22 PRINT 98, "Subroutine SUB5A has started. The value of N is ", N
23 DOK=1. N
24 PRINT 98, "K = ", K
25 IF (K .LE., 5) THEN
26 DOL =1, N
27 PRINT 98, "L = ", L
28 ENDDO
29 PRINT 98, "The loop for L is done, with L = “, L
30 ENDIF
31 ENDDO
32 PRINT 98, "Subroutine SUBSA is done., The value of K is ", K
34 98 FORMAT (AR.I2)
35 END
(CXdb) step

@

LU!'\IO\UIAL»H\JD—-

PRINT »,
DOI =

“SUBROUTINE CHAPTERS STARTING™
1, 10

PRINT 99, "I = “, I

CALL SUB5A(I)

"Subroutine SUBSA has

returned, "

In Figure 120, the finish routine command stops at the
RETURN statement on line 33 of the current routine, which is
SUB5A. The step command then continues execution to the
next statement in the calling routine, which is line 8 in
CHAPTERS.
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Quﬂ’hng the If you have been working the examples in this chapter, you can
examples quit them and exit CXdb by issuing the quit command, as
shown in Figure 121.

Figure 121
Quitting the examples

(CXdb) quit
Process [#0] is still running. Kill it? ¥
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Eventpoints, handlers, and

signails

This chapter introduces the general eventpoints. There are 10
types of eventpoints, including breakpoints, tracepoints, and
watchpoints. Relational eventpoints are also discussed. In
addition, commands that affect settings for eventpoints are
covered, as well as eventpoint handlers.

This chapter also explains how to use the signal handling
capabilities of CXdb.

The commands discussed in this chapter are:

® clear default handler

clear handler

clear typehandler

disable event

enable event

event reached line

event relation

event signal

info eventtype

info signal

remove eventtype

set
set
set
set

set

ignore

default handler
handler

signal

typehandler

signal process
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Preparing for
the examples

Figure 123
Starting the example program

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 122.

Figure 122
Invoking CXdb

%cd /usr/lib/cxdb/examples
%cxdb a.out

The cd command in Figure 122 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb and gives it the name of the executable
file for the examples.

Once you have invoked CXdb, move the cursor to the command
window and enter the commands shown in Figure 123.

#0: break routine, on
[0x80001fce]
(CXdb) run
Starting process
Process [#0/0]

S

[#0] :

/(CXd.b) break routine CHAPTERG6

[(#0/*1,
CHAPTER6 in chapter6.f line 5

a.out
stopped by Bkpt 0, at

"

Enabled, ignore 0/0

[0x80001fce] CHAPTER6 in chapter6.f line 5

S

The break routine command in Figure 123 sets a breakpoint
at the beginning of the routine called CHAPTER6, whichisa
FORTRAN routine used for all examples in this chapter. The
run command runs the example program. The program stops
executing when it reaches the breakpoint.

General
eventpoints

Breakpoints, tracepoints, and watchpoints are all part of the
general class eventpoints. These predefined types are commonly
used and thus have special commands for them. In addition to
these predefined types, you can create 7 other types of
eventpoints.
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The following is a list of all types of eventpoints (listed by their
eventpoint type name):

® break—Breakpoints.

® exec—Waits for your process to performan exec() system
call.

® join—Waits for the termination of a thread by means of a
join, cfork, or wfork instruction.

¢ modify—Waits for a portion of memory to change value.
This is similar to a watchpoint.

® reached—Waits for a particular location in your program,
such as a line, source unit, routine, or instruction, to be
reached. This is similar to a breakpoint or tracepoint.

¢ relation—Waits for a relational expression to evaluate to
true.

® signal—Waits for the sending of a particular signal to your
process.

® spawn—Waits for the creation of a thread via the spawn or
pfork instruction.

® trace—Tracepoints.
® watch—Watchpoints.

The modify eventpoints function just like watchpoints. The
reached eventpoints function just like breakpoints. The relation
and signal eventpoint types are covered in depth in this chapter.
Spawn eventpoints are discussed in Chapter 16, Section "Spawn
eventpoints," and join eventpoints are discussed in Chapter 16,
Section "Join eventpoints.”

Wo[king with Chapter 4 deta(;led hc;lw to set ;}xtd remove breal(;points,
: tracepoints and watchpoints. This section introduces a more
evenipomis general form of the breakpoint, the reached eventpoint. It also
explains three other actions dealing with eventpoints:

¢ Disabling and enabling—Activating or deactivating an
eventpoint without removing it.

® Setting ignore counts—Skipping an eventpoint a given
number of times.

® Manipulating multiple eventpoints—Working with
multiple eventpoints at the same location.
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Using reached eventpoints

Reached eventpoints are set just like breakpoints. You can set a
reached eventpoint at an instruction, a line, a routine, or a source
unit. If process execution reaches the location of a reached
eventpoint, the eventpoint is triggered and the commands of its
handler are executed. The default handler for reached
eventpoints stops the process and displays a message, just like
breakpoints. Figure 124 shows the event reached line
command.

Figure 124
Setting a reached eventpoint at a line

/(Cde) event reached line 10 \

#1: reached line, on [#0/*], Enabled, ignore 0/0
[0x80002042] CHAPTER6 in chapter6.f line 10

(CXdb) continue
Resuming execution of Process [#0/*]
Process [#0/0] stopped by Eventpoint 1, at [0x80002042] CHAPTER6 in chapteré6.f

N )

The event reached line command in Figure 124 sets an
eventpoint on line 10. The command output displays the
eventpoint number, process number and thread numbers,
enable setting, ignore count setting, hexadecimal address, and
symbolic location for the new eventpoint.

The continue command in Figure 124 continues the process.
Execution is stopped by the eventpoint at line 10.

Disabling and enabling eventpoints

When you create an eventpoint, it is initially enabled. Only
enabled eventpoints can be triggered.

You can disable an eventpoint so that it cannot be triggered.
However, the disabled eventpoint is not removed. Disabling an
eventpoint allows you to deactivate it when necessary, then
enable it again later. This saves you from having to repeatedly
set and remove eventpoints at the same location.

Eventpoint 1 at line 10 in the program is currently enabled. You
can disable it with the disable event command, as shown
in Figure 125.
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Figure 125
Disabling an eventpoint

-

-

(CXdb) info event 1

#1: reached line, on [#0/*], Enabled, ignore 0/0-
[0x80002042] CHAPTER6 in chapter6.f line 10

(CXdb) disable event 1 - Eventpoint to disable
Eventpoint 1 disabled

(CXdb) info event 1

#1: reached line, on [#0/*]}, Disabled, ignore 0/0
[0x80002042] CHAPTER6 in chapter6.f line 10

Old enabled setting "\

New enabled setting

Figure 126

J
The disable event command in Figure 125 disables
eventpoint 1. The info event command displays the current
settings for eventpoint 1. The enabled setting for eventpoint 1 is
changed from Enabled to Disabled.

At this point, eventpoint 1 cannot be triggered. If you step
process execution past line 10, the eventpoint is not triggered.
This is demonstrated in Figure 126.

Stepping past a disabled eventpoint

/( CXdb) step loop

(CXdb) step 3

N

Stepping process [#0/*] by 1 loop
Process [#0/0] stopped stepping at [0x80002038) CHAPTER6 in chapteré6.f line 9

Stepping process [#0/*] by 3 statements
Process [#0/0] stopped stepping at [0x80002042] CHAPTER6 in chapter6.f line 10

~

J

The first step command in Figure 126 steps the process by 1
loop. The process completes the current loop and then stops on
line 9 at the start of the loop again, without eventpoint 1 being
triggered. The second step command steps the process
through 3 more iterations of the loop, without eventpoint 1 being
triggered.

You can enable an eventpoint using the enable event
command, as shown in Figure 127.
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Figure 127

Enabling a disabled eventpoint

(CXdb) enable event 1

Eventpoint 1 enabled
(CXdb) continue

Resuming execution of Process [#0/*]
Process [#0/0] stopped by Eventpoint 1, at [0x80002042] CHAPTER6 in chapter6.f

The enable event command enables eventpoint 1. Process
execution is continued, and when line 10 is reached, the
eventpoint is triggered.

Setting ignore counts

When you want an eventpoint to be disabled for a specific length
of time, you can set an ignore count on the eventpoint. An ignore
count is the number of times an eventpoint is skipped before it
is triggered.

When an eventpoint is reached, CXdb checks to see if the
eventpoint has an ignore count. If it does, the ignore counter is
incremented by 1 and process execution continues past the
eventpoint. If the eventpoint does not have an ignore count, the
eventpoint is triggered.

Once the ignore counter of an eventpoint is equal to its ignore
count, the ignore counter is reset to 0, and the next time the
eventpoint is reached it is triggered.

You can set an ignore count on an eventpoint by using the set
ignore command. You must create the eventpoint before
setting its ignore count. Figure 128 illustrates an ignore count
being given to a new eventpoint.
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Figure 128
Setting an ignore count

([ (CXdb) event reached line 14 \

#2: reached line, on [#0/*], Enabled, ignore 0/0
[0x800020aa) CHAPTER6 in chapter6.f line 14

Ignore count setting

r Eventpoint number

Ignore counter
(CXdb) set ignore 3 2

Event 2 will be ignored 3 times Ignore count setting
(CXdb) info event 2 ‘

#2: reached line, on [#0/*], Enabled, ignore 0/3
[0x800020aa] CHAPTER® in chapter6.f line 14

N _/

The event reached line command creates a reached
eventpoint (eventpoint 2). The set ignore command sets an
ignore count of 3 for the new eventpoint. The info event
command displays the ignore count setting for eventpoint 2.

The effect of the ignore count is shown in Figure 129.

Figure 129
Triggering an eventpoint that has an ignore count

K (CXdb) continue \

Resuming execution of Process [#0/*]
Process [#0/0) stopped by Eventpoint 2, at [0x800020aa] CHAPTER6 in chapter6.f

(CXdb) print J
(INTEGER *4) 4 Ignore count reset
(CXdb) info event 2

#2: reached line, on [#0/*], Enabled, ignore 0/0
[0x800020aa] CHAPTER6 in chapter6.f line 14

N _J

In Figure 129, the continue command continues process
execution. The first 3 times line 14 is executed, eventpoint 2 is
skipped. On the fourth iteration of the loop, eventpoint 2 is
triggered. The print command verifies that the loop is in its
fourth iteration.

The info event command shows that the ignore count for
eventpoint 2 has been set back to 0. Each time an ignore count is
completed, the ignore counter and setting are reset to 0.
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Figure 130

You can force an ignore counter to 0 by setting an ignore count
of 0 for the eventpoint. Thus, if you set an ignore count for an

eventpoint, and then later want to trigger the eventpoint before
the ignore count is completed, you can cancel the ignore count.

Manipulating multiple eventpoints

You can place multiple eventpoints at the same location. Each
eventpoint can perform a unique action at the location. By
disabling eventpoints and using ignore counts, you can control
which eventpoint is triggered.

When execution stops at a location with multiple eventpoints,
the highest numbered enabled eventpoint is reached.

If the eventpoint does not have an ignore count, it is triggered
and the commands of the handler are executed. If it does have an
ignore count, its ignore counter is incremented, and CXdb
reaches the next enabled eventpoint. The eventpoint is checked
for an ignore count.

This procedure repeats until either an eventpoint triggers, or
there are no more enabled eventpoints at the location.

Figure 130 and Figure 131 demonstrate how CXdb handles
multiple eventpoints at the same location.

Setting multiple eventpoints at the same location

/ (CXdb) event reached line 14
#3: reached line, on [#0/*], Enabled, ignore 0/0
[0x800020aa)] CHAPTER6 in chapter6.f line 14

INFO: 104

(CXdb) event reached line 14
#4: reached line, on [#0/*], Enabled, ignore 0/0
[0x800020aa] CHAPTER6 in chapter6.f line 14

INFO: 104

(CXdb) disable event 4
Eventpoint 4 disabled

(CXdb) set ignore 1 3

Event 3 will be ignored 1 time

-

Eventpoint 2 also has a breakpoint at address 0x800020aa.

Eventpoint 3 also has a breakpoint at address 0x800020aa.

~
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Two more eventpoints are set using the event reached line
command. CXdb displays a message indicating that other
eventpoints exist at the same location. The disable event
command disables eventpoint 4, which is the highest numbered
eventpoint. The set ignore command sets an ignore count of
1 for eventpoint 3. Thus, eventpoint 3 is the highest numbered
enabled eventpoint at line 14. However, because it has an ignore
count, eventpoint 2 will be triggered. This is demonstrated in
Figure 131.

Figure 131
Continuing process execution to trigger different eventpoints

/(deb) continue ’ \

Resuming execution of Process [#0/*]
Process [#0/0] stopped by Eventpoint 2, at [0x800020aa) CHAPTER6 in chapteré6.f

(CXdb) continue
Resuming execution of Process [#0/*]
Process [#0/0] stopped by Eventpoint 3, at [0x800020aa] CHAPTER6 in chapter6.f

(CXdb) enable event 4
Eventpoint 4 enabled
(CXdb) continue

Resuming execution of Process {[#0/*]
Process [#0/0] stopped by Eventpoint 4, at [0x800020aa] CHAPTER6 in chapter6.f

N J

The first continue command continues process execution.
Eventpoint 2 stops execution. Process execution is again
continued with the second continue command. This time,
execution is stopped by eventpoint 3 because eventpoint 3 no
longer has an ignore count and has a higher eventpoint number
than eventpoint 2.

The enable event command enables eventpoint 4. Process
execution continues with the third continue command.
Because eventpoint 4 is now the highest-numbered enabled
eventpoint, it stops the process.

You can also simulate ignore counts by including a count with
the continue command. The continue command by itself
has an implied count of 1. When you specify a count for the
continue command, you are specifying the number of
eventpoints that must trigger before execution stops. Thus,
when the continue command is used by itself, it stops after 1
eventpoint triggers.
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Figure 132

When an eventpoint triggers in the middle of the continue
command, the eventpoint handler does not execute. Instead,
CXdb decrements the specified count and continues execution.
This is illustrated in Figure 132.

Specifying a count with the continue command

(CXdb) continue 2

Resuming execution of Process [#0/*]

Process [#0] exited normally.

The continue command hasa count of 2. Had the continue
command not been given a count, eventpoint 4 would have
stopped the process. But because the count is 2, two eventpoints
must trigger before execution stops. Eventpoint 4 is skipped,
and no other eventpoints exist in the process, so execution
finishes.

Eventpoint types

Eventpoints are separated into types to enable you to perform
operations on a set of eventpoints. There are 10 different types of
eventpoints. If you want to work with all the eventpoints of a
particular type, you can use a set of commands that operate on
eventpoint types rather than individual eventpoints.

You can request information on a type of eventpoint by using the
info eventtype command, as shown in Figure 133.
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Figure 133
Getting information on a type of eventpoint

Status of eventpoints of type Reached:

#4: reached line, on [#0/*], Enabled, ignore 0/0
{0x800020aa} CHAPTER6 in chapter6.f line 14

#3: reached line, on [#0/*], Enabled, ignore 0/0
[0x800020aa) CHAPTER6 in chapter6.f line 14

#2: reached line, on [#0/*], Enabled, ignore 0/0
[0x800020aa)] CHAPTER6 in chapter6.f line 14

#1: reached line, on [#0/*], Enabled, ignore 0/0
[0x80002042] CHAPTER6é in chapter6.f line 10

/(Cde) info eventtype reached \

/

The info eventtype command displays information on all

eventpoints of type reached.

The remove eventtype command removes all eventpoints of

the specified type, as illustrated in Figure 134.

Figure 134
Removing all eventpoints of a particular type

(CXdb) remove eventtype reached
Eventpoint 4 removed

Eventpoint 3 removed
Eventpoint 2 removed
Eventpoint 1 removed

The remove eventtype command in removes all reached
eventpoints. In this case, eventpoints 1, 2, 3 and 4 are removed.
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Eventpoint
handlers

Figure 135

An eventpoint handler is a series of CXdb commands that
execute when an eventpoint is triggered. There is a default
handler for all eventpoints. The default handler performs the
appropriate action for the type of eventpoint. That is, it stops
process execution for breakpoints, and allows process execution
to continue for tracepoints. The default handler also displays a
message indicating which eventpoint was triggered.

You can override the default handler in any of three ways:
® Define a new handler for an individual eventpoint.

® Define a new type handler for all eventpoints of a particular
type, such as tracepoints.

® Define a new default handler that applies to all eventpoints
of every type.

When an eventpoint is triggered, CXdb looks for the eventpoint
handler in the order listed above (that is, individual handler
first, type handler next, then default handler). It executes the
commands of the first handler that it finds.

Specifying a handler for an eventpoint

All CXdb commands that create eventpoints can specify a
handler for the eventpoint. The handler must be enclosed in
braces. All commands within the handler must end with a
semicolon.

Figure 135 uses the break line command to create a new
breakpoint with a handler.

Setting breakpoints with eventpoint handlers

/(Cde) run

Starting process [#0]:

{

print $self;
}

(CXdb) continue

Stopped by breakpoint:

-

Process [#0/0] stopped by Bkpt 0, at [0x80001f6ce] CHAPTER6 in chapter6.f line 5

(CXdb) break line 19 {echo/n "Stopped by breakpoint: ";print $self;}
#5: break line, on [#0/*], Enabled, ignore 0/0
[0x80002126] CHAPTER6 in chapter6.f line 19

echo/n "Stopped by breakpoint: ";

Resuming execution of Process [#0/*]

‘\\

a.out

(INTEGER*4) 5 4///
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Note

The run command in Figure 135 creates a new process. Process
execution is stopped at the beginning of the CHAPTER6
subroutine. The break line command creates a breakpoint
with a handler. The echo command in the handler displays a
message, and the /n flag suppresses the newline after the
message.

The echo command must be used in evenipolint handiers to print
string constants, ratherthan the print command, because the
print command alters process memory to store strings.

The print command in the handler prints out the value of the
debugger variable $self, which is a predefined debugger
variable that stores the eventpoint number of the last eventpoint
triggered. When used in an eventpoint handler, it always
contains the eventpoint number of the current eventpoint being
triggered.

The continue command resumes process execution until it is
stopped by breakpoint 5. Note that the handler for breakpoint 5
overrides the default handler for breakpoints.

You can also create an eventpoint handler for an existing
eventpoint using the set handler command, as shown in
Figure 136.
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Figure 136
Specifying a handler for an existing eventpoint

/(Cde) break line 24 \

#6: break line, on [#0/*], Enabled, ignore 0/0
[0x80002172] CHAPTER6 in chapter6.f line 24

(CXdb) evaluate $count=0

Eventpoint to receive handler

(CXdb) set handler 6 {eval $count=$count+l;print $count;resume;}

(CXdb) finish loop

Finishing innermost loop in Process [#0/*]
(INTEGER*4) 1

(INTEGER*4)
(INTEGER*4)
(INTEGER*4)
(INTEGER*4)
(INTEGER*4)
(INTEGER*4)
(INTEGER*4)
(INTEGER*4) 9

(INTEGER*4) 10

(INTEGER*4) 11

(INTEGER*4) 12

(INTEGER*4) 13

(INTEGER*4) 14

(INTEGER*4) 15

(INTEGER*4) 16

(INTEGER*4) 17

(INTEGER*4) 18

(INTEGER*4) 19

(INTEGER*4) 20

(INTEGER*4) 21

(INTEGER*4) 22

(INTEGER*4) 23

(INTEGER*4) 24

(INTEGER*4) 25

(INTEGER*4) 26

(INTEGER*4) 27

(INTEGER*4) 28

(INTEGER*4) 29

(INTEGER*4) 30

Process [#0/0] stopped nexting at [0x80002208] CHAPTER6 in chapter6.f line 31

o J o U W N

The break line command in Figure 136 sets a breakpoint on
line 24. The evaluate $count command creates a new
debugger variable named $count and sets its value to zero.
This statement initializes $count before it is used in the
eventpoint handler.
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Note

Figure 137

You can create debugger variables to use in many CXdb
commands. Debugger variables are used in CXdb to store the
results of language expressions. You have already seen one
predefined debugger variable, $self. For more information
about debugger variables, refer to the "debugger variables”
reference page in the "Concepts" section of the CONVEX CXdb
Reference.

The set handler command gives the new breakpointits own
handler that increments the debugger variable $count by 1.
The print command prints the new value of $count each
time the breakpoint is triggered. The resume command
resumes process execution.

Within an eventpoint handler, only the resume command can
be used to continue or restart process execution. The resume
command always continues process execution in the same
manner as before the eventpoint was triggered.

In this case, the finish loop command started process
execution. The resume command continues the finish loop
command. Thus, process execution stops at the end of the loop
rather than when another eventpoint is triggered or when the
process terminates.

You can use the debugger variable $self to manipulate the
eventpoint being triggered. For example, you can use the
debugger variable $self toremove the eventpoint, as shown
in Figure 137.

Setting an eventpoint that removes itself

{

}

/(deb) break line 32 {evaluate NEXT=l;remove event $self;} \

#7: break line, on [#0/*], Enabled, ignore 0/0
[0x80002212] CHAPTER6 in chapter6.f line 32

evaluate NEXT=1;
remove event $self;

(CXdb) continue
Resuming execution of Process [#0/*]

\\‘i?entpoint 7 removed
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The break line command in Figure 137 creates an eventpoint
that removes itself. The evaluate command sets the program
variable NEXT equalto 1.The remove event command
removes the current eventpoint, in this case, eventpoint 7. By
including the above remove event command within an
eventpoint handler, you can stop the process at a specified
location without leaving the eventpoint at that location.

As illustrated in Figure 138, you can use the if statement in
eventpoint handlers to test a relational expression and control
the flow of execution. The if statement uses a C-like syntax
and can have a then-clause and an else-clause.

Figure 138
Setting an eventpoint handler with an if statement

//?;de) break line 36 {if (ARRAY(I,J) .GT. ARRAY(J,I)) echo "GREATE;\\
THAN"; else {echo "LESS, CONTINUING"; resume;}}

#8: break line, on [#0/*], Enabled, ignore 0/0
[0x80002296] CHAPTER6 in chapter6.f line 36

{
if (ARRAY(I,J) .GT. ARRAY(J,I)) echo "GREATER THAN"; else {echo "LESS,

}
(CXdb) continue
Resuming execution of Process [#0/*]
LESS, CONTINUING
LESS, CONTINUING
LESS, CONTINUING
LESS, CONTINUING
GREATER THAN
(CXdb) print I
(INTEGER*4) 2

(CXdb) print J

\(INTEGER“}) 1 j

The break line command in Figure 138 sets a breakpoint at
line 36. The handler tests to see if the current value of
ARRAY (I,J) is greater than the value of ARRAY (J,1I).

The continue command resumes process execution. The else
clause of the handler is executed 4 times before the conditional
expression evaluates to true.

The print commands show that execution stopped at the
calculation of ARRAY (2,1).

A handler can be removed by using the clear handler
command followed by the eventpoint number. After the handler
is cleared, the eventpoint returns to using the default handler
when it is triggered. This is demonstrated in Figure 139.
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Figure 139
Removing a handler from an eventpoint

[(deb) clear handler 8
(CXdb) info event 8

#8: break line, on [#0/*], Enabled, ignore 0/0
[0x80002296] CHAPTER6 in chapter6.f line 36
(CXdb) continue

Resuming execution of Process [(#0/*]
\\\%rocess [#0/0] stopped by Bkpt 8, at [0x80002296] CHAPTER6 in chapter6.f line 36A4//

Figure 139 removes the handler of the breakpoint with the
clear handler command.The info event command
shows eventpoint 8 no longer has a handler. The continue
command continues execution. The breakpoint at line 36 stops
the process using the default handler.

Specifying a handler for an eventpoint type

As discussed earlier, there are 10 types of eventpoints. In
addition to being able to give a handler to any individual
eventpoint, you can create or change the handler for any type of
eventpoint.

The set typehandler command specifies a handler for a
type of eventpoint. Figure 140 uses the set typehandler
command to change the handler for all breakpoints.

Figure 140
Changing the handler for all breakpoints

((deb) set typehandler break {echo/n "Stopped by Bp: ";print $self;}\

(CXdb) continue
Resuming execution of Process [#0/*]
Stopped by Bp: (INTEGER*4) 8
(Cxdb) info eventtype break -—————— Eventpoint type to receive handler
Status of eventpoints of type Breakpoint:
Default type handler defined:
{
echo/n "Stopped by Bp: ";
print $self;
}

#8: break line, on [#0/*], Enabled, ignore 0/0
[0x80002296]) CHAPTER6 in chapter6.f line 36

- J
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In Figure 140, the set typehandler command creates a new
handler for all breakpoints. From this point on, any breakpoint
without its own handler uses the new handler for breakpoints.

The continue command resumes process execution.
Execution stops when the breakpoint at line 36 is triggered. The
new handler for breakpoints executes, displaying a message.

The info eventtype command displays all of the
breakpoints in the process. In addition, the info eventtype
command displays the new handler for breakpoints.

The handler for a given eventtype can be cleared with the
clear typehandler command, as shown in Figure 141.

Figure 141
Clearing the default handler for breakpoints

~

((deb) clear typehandler break

(CXdb) info eventtype break
Status of eventpoints of type Breakpoint:

#8: break line, on [#0/*], Enabled, ignore 0/0
[0x80002296] CHAPTER6 in chapter6.f line 36

(CXdb) continue
Resuming execution of Process [#0/*]
\\\%rocess [#0/0] stopped by Bkpt 8, at [0x80002296] CHAPTER6 in chapter6.f line 364’//

The clear typehandler command in Figure 141 clears the
handler for breakpoints. The info eventtype command
displays all breakpoints and shows that a handler does not exist
for breakpoints. The continue command continues execution.
The breakpoint at line 36 stops the process. The message
displayed shows the default handler is being used once again.

Changing the default handler for eventpoints

If an eventpoint does not have its own handler, and a handler
has not been created for its given type, then the default handler
for all eventpoints is executed when the eventpoint is triggered.
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Figure 142
Removing all breakpoints

Initially, the default handler for eventpoints displays an
informative message about the eventpoint that stopped the
process and where the process is stopped. You can change the
default handler for all eventpoints by using the set default
handler command. After you have set the default handler, all
eventpoints without a handler and all those whose type does not
have a handler, use the new default handler.

To reset the default handler use the clear default handler
command.

Figure 142 uses the remove eventtype command to remove
all breakpoints from the process. This is necessary to prepare for
the next section.

(CXdb) remove eventtype break

Eventpoint 8 removed
Eventpoint 6 removed
Eventpoint 5 removed
Eventpoint 0 removed

Relation
eventpoints

Note

Relation eventpoints are set to watch for a relational expression
to evaluate to true. You can write the relational expression using
the syntax of the source language you are debugging. When the
eventpoint is created, the expression must evaluate to false.

When process execution continues, CXdb checks the value of the
expression after the execution of each statement. If the relational
expression evaluates to true, the eventpoint is triggered. The
default handler for relation eventpoints stops the process and
displays a message.

You can set a relation eventpoint to watch for any valid language
expression that evaluates to true or false. In FORTRAN, the
expression must evaluate to .TRUE. fortrueor .FALSE. for
false. In C, the expression must evaluate to nonzero for true or 0
for false.

Because of the additional overhead in evaluating a relational
expression, relational eventpoints can significantly reduce the
speed of execution. If possible, before setting a relation
eventpoint, set a breakpoint at the region of code you wish to
monitor.
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CXdb also displays a message informing you that the eventpoint
will be disabled when the current stack frame returns. Relation
eventpoints are enabled only for the current routine and all
routines that it calls. When the current stack frame returns, the
relation eventpoint is disabled.

If you want an relation eventpoint enabled over a larger portion
of the program than the current routine, you can move up the
stack and place the eventpoint higher in the call chain. Moving
up the stack is explained in "Changing frames to reference
variables," in Chapter 13.

CXdb disables the relation eventpoint to ensure that a different
program variable with the same name but in a different scope
does not cause the relational expression to evaluate to true.

You create relation eventpoints with the event relation
command, as illustrated in Figure 143.

Figure 143
Setting a relation eventpoint

/ (CXdb) print ARRAY Relational expression \

INTEGER*4 (1:4, 1:4) Lang. expr. terminator
(1..4,1) : 12 3 4

(1..4,2) : 14916 Debugger variable name
(1..4,3) : 1 8 27 64

(1..4,4) : 1 16 81 256

(CXdb) event relation (TEST .LT. 0) \; S$TEST

#9: relation ((TEST .LT. 0) \;), on [#0/0], Enabled, ignore 0/0
Eventpoint 9 will be disabled when current stack frame returns

(CXdb) continue
Resuming execution of Process [#0/%*]

Process [#0/0] ((TEST .LT. 0)) evaluates to TRUE
Process [#0/0] stopped by Eventpoint 9, at [0x80002236] CHAPTER6 in chapteré6.f

The print command in Figure 143 displays the current values
of the variable ARRAY. The event relation command
creates an eventpoint that triggers when the value of TEST is
less than 0. CXdb responds by displaying the eventpoint
number, type of eventpoint, relational expression being
watched, and current settings for the newly created eventpoint.
CXdb also informs you that eventpoint 9 will be disabled when
the current stack frame returns.

The debugger variable $TEST has been created to hold the
eventpoint number of this eventpoint. The debugger variable
must be separated from the language expression by the language
expression terminator (\ ;).
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The continue command resumes process execution. Process
execution stops when the relational expression becomes true.

Debugger
variables and
eventpoints

Figure 144

You can create debugger variables to give your eventpoints
names. Then, when you want to refer to a particular eventpoint,
you can use its name in a command, rather than having to
remember its eventpoint number. This is especially useful in
command files, where you might not always be sure what
number the eventpoint will be given.

You can manipulate the relation eventpoint by using its
debugger variable name, rather than having to remember its
eventpoint number. Use debugger variables that store
eventpoint numbers in the same way you would use the
eventpoint number itself.

Figure 144 demonstrates the debugger variable STEST being
used to manipulate the relational eventpoint.

Removing an eventpoint using a debugger variable

(CXdb) info event $TEST

#9: relation ((TEST .LT.

0) \;), on [#0/0], Enabled, ignore 0/0

(CXdb) remove event S$STEST

Eventpoint 9 removed

The info event command displays information about the
eventpoint number stored in the debugger variable $TEST. The
remove event command removes eventpoint 9 by again
referring to its debugger variable.

The debugger variable $TEST was assigned to the eventpoint
when it was created (refer to Figure 143). It is deleted when the
eventpoint is removed.
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Signals

Note

A signal is an interrupt sent to a process notifying the process of
a particular event’s occurrence. There are signals for all types of
events, such as stopping a process, continuing a process, or
indicating that a floating point error has occurred.

With CXdb, you can catch any of the standard operating signals
listed in sigvec(2).

When the operating system sends a signal to your process, CXdb
catches the signal before it reaches the process. This gives you an
opportunity to find out what signal it is and to choose whether
or not to send the signal to the process. )

CXdb has several commands that specifically deal with signals.
You can uses a signal eventpoint to catch a particular signal. You
can send a signal to the process. You can also determine the
actions CXdb takes for each different type of signal that it
catches.

If you catch a fatal signal, such as a SIGBUS signal, it is
impossible to continue process execution as if the signal had
never occurred. You can gather information about the state of
your process, but CXdb will not allow you to continue execution.

Signal actions

Three actions are associated with each signal. These actions
control how CXdb behaves when it catches a signal. The actions
are listed and described below:

® stop—Stops the process when the signal is caught.

® pass—Passes the value stored in the predefined debugger
variable $signal when process execution resumes.

® print—Prints a message indicating the signal was caught.

You can enable or disable each action. An action is only
performed when enabled.

For each of the 31 signals, you can enable or disable the three
signal actions. The info signal command displays the
current settings for signal actions, as shown in Figure 145.
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Figure 145

Displaying the current signal actions

/(deb) info signal

-

The current signal actions are:
Signal actions
Signal v v v Signal
number Stop Pass Print name
0 Yes Yes Yes Signal 0
1 Yes Yes Yes Hangup
2 Yes Yes Yes Interrupt --—————— SIGINT signal (signal?2)
3 Yes Yes Yes Quit
4 Yes Yes Yes Illegal instruction
5 Yes No No Trace/BPT trap
6 Yes Yes Yes IOT trap
7 Yes Yes Yes EMT trap
8 Yes Yes Yes Floating point exception
9 Yes Yes Yes Killed
10 Yes Yes Yes Bus error
11 Yes Yes Yes Segmentation fault
12 Yes Yes Yes Bad system call
13 Yes Yes Yes Broken pipe
14 No Yes No Alarm clock
15 Yes Yes Yes Terminated
16 No Yes No Urgent I/0 condition
17 Yes Yes Yes Stopped (signal)
18 Yes Yes Yes Stopped
19 Yes Yes Yes Continued
20 No Yes No Child exited
21 Yes Yes Yes Stopped (tty input)
22 Yes Yes Yes Stopped (tty output)
23 No Yes No I/0 possible
24 Yes Yes Yes Cputime limit exceeded
25 Yes Yes Yes Filesize limit exceeded
26 No Yes No Virtual timer expired
27 No Yes No Profiling timer expired
28 No Yes No Window size changes
29 Yes Yes Yes Resource Lost
30 Yes Yes Yes User defined signal 1
31 Yes Yes Yes User defined signal 2

/

The info signal command displays a table of the signal
actions for all 31 signals. A Yes indicates the signal actions is
enabled, and a No indicates the action is disabled.

You can change the actions for a signal by using the set
signal command. When enabling an action, specify the name
of the action, either stop, pass, or print. When disabling an
action, prefix the action with "no", either nostop, nopass, or
noprint. This is demonstrated in Figure 146.
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Figure 146
Changing the signal actions for the SIGINT signal

K(Cde) set signal 2 noprint

Signal
number Stop Pass Print

(CXdb) info signal SIGINT

Signal
name

2 Yes Yes No

-

Interrupt

v

Figure 147
Catching the SIGINT signal

The set signal command in Figure 146 sets the signal actions
for the SIGINT signal. The signal number for the SIGINT
signal was determined from the info signal command in
Figure 145. Now, when the SIGINT signal is caught, CXdb
stops the process, but does not print a message indicating the
signal was caught. CXdb will still pass the value of the debugger
variable $signal to the process when process execution
continues. Because the pass and stop actions were not
specified, their settings remain unchanged.

The info signal command in Figure 146 verifies that the
signal actions are changed for the SIGINT signal.

/( CXdb) continue

(CXdb) print $signal
(INTEGER*4) 2

(Cxdb) step

INFO: 98

o

Resuming execution of Process [#0/%*]

(CXdb) evaluate $signal = 0

Stepping process [#0/*] by 1 statement

No debugging information available for stepping thread 0.
Continuing until routine exit.
Process [#0/0] stopped stepping at [0x80002336] CHAPTER6 in chapter6.f line 45

~

A

In Figure 147, the continue command resumes execution.
Execution is stopped when CXdb catches the SIGINT signal.
No message is printed, because the print action was disabled
in Figure 146.
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The print command verifies that the SIGINT signal was
caught. The debugger variable $signal holds the signal
number of the last signal caught. The evaluate command sets
the value of the debugger variable $signal to0.If $signal
is set to 0, no signal is passed to the process when execution
resumes. This keeps the process from receiving a signal that was
caught, even if the pass action is enabled for that signal.

The step command steps execution to the next statement.
Because execution had last been stopped inside of the KILL ()
routine, no debugging information existed for CXdb to step by.
CXdb displays the error message informing you of this. When
the KILL() routine finishes, execution is then stepped
appropriately.

Signal eventpoints

A signal eventpoint watches for a particular signal to be sent to
your process. CXdb catches the signal before it reaches the
process.

When CXdb intercepts a signal being sent to a process, it checks
to see if a signal eventpoint has been created for it. If it has, then
the eventpoint is triggered, and the handler for that eventpoint
is executed. The default handler for signal eventpoints stops the
process, and then displays a message telling you what signal was
caught. If a signal eventpoint has not been created, the default
actions for that signal are taken.

You can create a signal eventpoint with the event signal
command, as shown in Figure 148.

Figure 148
Setting a signal eventpoint

/(deb) event signal int {echo "Caught INT signal";eval $signa1=0;}\

#10: signal 2 on [#0], Enabled, ignore 0/0
{
echo "Caught int signal";
eval $signal=0;
}
{CXdb) continue
Resuming execution of Process [#0/*}
Caught INT signal

N J

Figure 148 creates a signal eventpoint to watch fora SIGINT
signal. The handler for this eventpoint displays a message and
then sets the value of $signal to 0.
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The continue command resumes process execution.
Execution stops when CXdb catches the SIGINT signal.

Sending a signal to the process

A specific signal can be sent to the process with the signal
process command. Process execution resumes and the signal
is caught by the process.

Figure 149 shows the signal process command being used
to send the SIGALRM signal (signal 14) to the process. The
process resumes execution and exits with a message indicating
that the signal was received by the process.

Figure 149
Sending a signal to the process

(CXdb) signal process SIGALRM

Resuming execution of Process [#0] with signal 14

Process [#0] exited with code 14.

iHi If you have been working the examples in this chapter, you can
uiring rhe 4 g P pter, 'y
exampl es quit them and exit CXdb by issuing the quit command, as
shown in Figure 150.
Figure 150

Quitting the examples

(CXdb) quit
Process [#0] is still running. Kill it? ¥
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Displaying and modifying
variables

This chapter describes how to display and modify the contents
of the variables and memory segments associated with your
program. CXdb provides commands that can access the
variables either symbolically by identifier or directly by address.

This chapter covers the following commands:
® copy
® evaluate
® examine
® fill
® find memory backward
¢ find memory forward
® info expression
® info formatting
® info locals
® print
® set printopts maxarray

® set printopts padding
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Preparing for
the examples

Figure 152
Starting the example program

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 151.

Figure 151
Invoking CXdb

%cd /usr/lib/cxdb/examples
%cxdb a.out

The cd command in Figure 151 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb and gives it the name of the executable
file for the examples.

Once you have invoked CXdb, move the cursor to the command
window and enter the commands shown in Figure 152.

(CXdb) break line chapter7F.£:10 $BL7F10
#0: break line, on [#0/*], Enabled, ignore 0/0
[0x80002788] CHAPTER7 in chapter7F.f line 10

(CXdb) run

Starting process [#0]: a.out
Process [#0/0] stopped by Bkpt 0, at [0x80002788] CHAPTER7 in chapter7F.f line 10

The break line command in Figure 152 sets a breakpoint at
the beginning of line 10 in the file chapter7F . f. The debugger
variable $BL7F10 stores the eventpoint number of this
breakpoint. The run command runs the example program. The
program stops executing when it reaches the breakpoint.

Displaying data

CXdb is a symbolic debugger. This means that you can access
your program data by variable identifier rather than having to
specify the address where the data is stored.

CXdb also allows you to control the format of how the data is
displayed. For example, you can display integers as decimal,
octal, or hexadecimal numbers, to name just a few formats.

In addition to displaying data, you can display information
about the program variables themselves. This information
includes the name of the variable, its data type, its storage
location, and its current value.
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Displaying information about variables

In a large program with many variables, it is often difficult to
remember the names of the variables or to know which ones are
defined in the current routine. The info locals command
provides this information, as shown in Figure 153.

Figure 153
Displaying information about local variables

(CXdb) info locals

Process {[#0/0]

Frame : 0; [0x80002788] CHAPTER7 in chapter7F.f line 10
Number of locals : 3

1: TABLE = INTEGER*4(1:4, 1:4) 0x8005a058
2 I = (INTEGER*4) 5
3 : J = (INTEGER*4) 5

The response in Figure 153 indicates that there are 3 local
variables in the current routine. The first variable is TABLE,
which is a two-dimensional (4 x 4) array of integers. The starting
address of TABLE is 8005a058 (hexadecimal). The second
variable is the integer I, which has a current value of 5. The
third variable is the integer J, which also has a current value
of 5.

You can obtain more detailed information about a variable by
using the info expression command. Figure 154 illustrates
this command.

Figure 154
Displaying information about a single variable

r(Cde) info expression J

object type: Fortran identifier
location: 0x8005a09c
size: 4 bytes
type: INTEGER*4
value: 5
6 liveness ranges:
Start End Location
1. 0x80002726:0x8000272a - register al
2. 0x8000272c:0x80002730 - register a3
3. 0x8000272a:0x80002742 - register al
4. 0x80002756:0x8000275a - register sO
5. 0x80002766:0x8000276c ~ register sO
6.

0x80059000:0x8005a000 - 0x8005a09c 4//
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The info expression command in Figure 154 displays
information about variable J. The response gives the object
type, storage location, size, data type, and current value of J.

The response in Figure 154 also lists 6 liveness ranges and
corresponding storage locations for J. A liveness range is the
range of memory where the value of the variable is available for
displaying. As long as the program counter (PC) is within the
bounds of the liveness range, CXdb can retrieve the value of the
variable from the indicated storage location. If the PC is outside
the bounds of the liveness range, then the value of the variable
is not available.

The info expression command can provide information
about debugger variables and about any expression that is valid
in the current source language. Figure 155 shows how to obtain
information about language expressions, and Figure 156 shows
how to obtain information about debugger variables.

Figure 155
Displaying information about language expressions

/(deb) info expression 2*6 \
object type: Fortran expression result
size: 4 bytes
type: INTEGER*4
value: 12
(CXdb) info expression ISQR
object type: Fortran function
entry point: 0x800027d2
return type: INTEGER*4
return size: 4 bytes
arg count: 1

K prototype: INTEGER*4 ISQR( INTEGER*4 ) j

The info expression 2*6 command in Figure 155 evaluates
the language expression 2*6 and displays information about
the result of that evaluation. The result of the evaluation is not
stored because this language expression does not modify
program memory in any way, such as by an assignment
operation (=). Therefore, no storage location or liveness ranges
are listed in this case.

The info expression ISQR command in Figure 155 displays
information about ISQR, which is a function defined in the
current FORTRAN program. The prototype line in the response
shows that ISQR takes an integer value as an argument and
returns an integer value to the calling routine.
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Figure 156
Displaying information about debugger variables

f(Cde) info expression $BL7F10 \

object type: debugger variable
writable: yes
var type: reference to eventpoint [#0]
(CXdb) info expression $A0
object type: debugger variable
writable: yes
var type: predefined register access
register: a0 as 32 bits (equivalent to sp)

\\¥ value: (INTEGER*4) Oxffffca3l 4//

The info expression $BL7F10 command in Figure 156
displays information about the debugger variable $BL7F10.
This debugger variable contains the eventpoint number for the
breakpoint set in Figure 152.

The info expression $A0 command in Figure 156 displays
information about the debugger variable $A0. This is one of
the debugger variables that have been predefined in CXdb to
enable you to access the process registers. In particular, $A0
references address register AQ, which is also the stack pointer
(SP). For more information about debugger variables, refer to the
CONVEZX CXdb Reference manual.

Printing data

The print command displays program data as well as the
contents of debugger variables and the results of language
expressions. Figure 157 and Figure 158 illustrate these uses of the
print command.

Figure 157
Printing program variables and language expressions

(( CXdb) print J \

(INTEGER*4) 5

(CXdb) print I+J
(INTEGER*4) 10

(CXdb) print TARBLE
INTEGER*4 (1:4, 1:4)
(1..4,1) : 2 46 8
(1..4,2) ¢ 5 12 21 32

(1..4,3) : 10 26 54 100
\\\}1..4,4) : 17 48 129 320
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In Figure 157, the command print J prints the current value
of the program variable J. The command print I+J
evaluates the language expression I+J and prints the result
without storing it. The command print TABLE prints the
elements of the array TABLE.

Figure 158
Printing debugger variables and registers

(Cxdb) print $BL7F10
(INTEGER*4) 0

(CXdb) print $S0
(INTEGER*8) 0x5

(CXdb) print $A0
(INTEGER*4) Oxffffca30

In Figure 158, the command print $BL7F10 prints the
contents of the debugger variable $BL7F10, which contains a
breakpoint number. The command print $SO prints the
contents of the predefined debugger variable $s0, which
represents scalar register SO. The command print $AO0 prints
the contents of the predefined debugger variable $A0, which
represents address register AQ.

Formatting printed output

The print command allows you to specify formatting options
for the output, as illustrated in Figure 159.

Figure 159
Formatting printed output

K(deb) print/B J \

(INTEGER*4) 0000 0000 0000 0000 0000 0000 0000 0101
(CXdb) print/x TABLE
INTEGER*4 (1:4, 1:4)
(1s+4:2) # 0x2 0x4 0x6 0x8
(1..4,2) : 0x5 0Oxc 0x15 0x20
..4,3) : Oxa Oxla 0x36 0x64

(1
\(1..4,4) : Ox11 O0x30 0x81 0x140 /

The print/B J command in Figure 159 prints the value of
variable J in binary (/B) format. The print/x TABLE
command prints the array TABLE in hexadecimal (/) format.
For information about other print formatting options, refer to
the CONVEX CXdb Reference.

156 CONVEX CXdb User’s Guide




Setting print options

The set printopts command sets the following options for
printing:

® maxarray—The maximum number of array elements
printed at one time,

® padding/nopadding—Leading zeros that force alignment
of integers.

¢ precision—The precision for printing real (floating point)
numbers.

The info formatting command displays the current settings
of the print options.

Figure 160 and Figure 161 illustrate the use of these commands.

Figure 160
Setting the padding option

/ (CXdb) print TABLE \
INTEGER*4 (1:4, 1:4)
(1..4,1) : 2468  -4——— Without padding

(1..4,2) : 5 12 21 32

(1..4,3) : 10 26 54 100

(1..4,4) : 17 48 129 320 With padding

(CXdb) set printopts padding

(CXdb) print TABLE ‘

INTEGER*4(1:4, 1:4)

(1..4,1) : 000000002 000000004 000000006 000000008

(1..4,2) : 000000005 000000012 000000021 000000032

(1..4,3) : 000000010 000000026 000000054 000000100
K(l..4,4) : 000000017 000000048 000000129 000000320 |

The first print TABLE command in Figure 160 prints the
elements of array TABLE. The values are not aligned properly
because padding is disabled. The set printopts padding
command enables padding with leading zeros. The third
command prints the array again, and this time the values are
aligned because padding is enabled.
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Figure 161
Setting the maxarray option

/(Cde) set printopts maxarray 25 \
(CXdb) info formatting

Global format settings:
padding: On --@—

Print options
max array elements: 25 */
floating point format: 10.4

Process [#0] format settings:

Format settings for Thread 0

Selected memory size: (none)
Selected Memory Formats:
byte=(none), halfword=(none), word=(none)

k longword= (none), quadword= (none) J

The set printopts maxarray 25 command in Figure 161
sets 25 as the maximum number of array elements that print at
one time. The info formatting command shows the current
settings of the print options.

Mod|fy|ng data In addition to displaying data values, CXdb allows you to
modify them. You can modify data values within any CXdb
command that accepts a language expression, but the
evaluate and print commands are specifically designed for
modifying data values. Both of these commands evaluate
language expressions. The print command also prints the
result of the evaluation, but the evaluate command does not.

Modifying program data

To modify the value of a program variable, you construct a
language expression that assigns a new value to that variable.
Figure 162 shows how to use such a language expression with
the evaluate command.

Figure 162
Modifying variables with the evaluate command

(CXdb) print J
(INTEGER*4) 000000005
(CXdb) evaluate J=J+1
(CXdb) print J
(INTEGER*4) 000000006
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The first print J command in Figure 162 shows that the
original value of J is 5. The evaluate J=J+1 command
increments J by 1. The new value is stored in J because the
assignment operator (=) is used in this case. The last command
prints J again, showing its new value is 6.

Another way to do the same thing is by using the language
expression in the print command, as shown in Figure 163.

Figure 163
Modifying variables with the print command

(CXdb) print J=J+1
(INTEGER*4) 000000007

Modifying debugger variables and registers

The evaluate and print commands can also modify
debugger variables and the contents of process registers.
Figure 164 and Figure 165 illustrate this.

Figure 164
Modifying debugger variables

(CXdb) evaluate $Count=0
(CXdb) print $BL7F10=2.5
(REAL*4) 2.5000

In Figure 164, the evaluate $Count=0 command createsa
new debugger variable called $Count and initializes it to 0.

The print $BL7F10=2.5 command in Figure 164 changes the
value of the debugger variable $BL7F10 to 2.5. Note that
$BL7F10 originally contained an eventpoint number (see
Figure 152), but now it contains the real number 2.5.

A debugger variable assumes the data type of the last value
Note assigned to it. To reference an eventpoint, the debugger variable
must have a data type of either integer or debugger variable.

Figure 165
Modifying process registers

(CXdb) print $sS0=33
(INTEGER*8) 0000000000000000033
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The print $sS0=33 command in Figure 165 assigns the value
33 to the scalar register SO.

Executing program routines and functions

The print and evaluate commands can also be used to
execute routines and functions from your program. Figure 166
illustrates this capability with the print command.

Figure 166
Printing the value returned by a program function

(CXdb) print ISQR(3)
(INTEGER*4) 000000009

The print ISQR(3) command in Figure 166 executes the
program function ISQR. This function accepts an integer value
as an argument, squares that value, and returns the result. The
print command then prints the value returned by the function.

Executing a program routine or function with the print or
evaluate command is separate from execution of the process
being debugged. However, it is subject to any eventpoints or
signal handling set for the current process. Figure 167 illustrates
this point.

Figure 167
Printing the value returned by a program function that contains a breakpoint

(o N

(CXdb) break routine ISQR

#1: break routine, on [#0/*], Enabled, ignore 0/0
[0x800027d4] ISQR in chapter7F.f line 17
(CXdb) print ISQR(3)
Process [#0/0] stopped by Bkpt 1, at [0x800027d4] ISQR in chapter7F.f line 17
(CXdb) continue

Resuming execution of Process [#0/%*]
(CXdb) (INTEGER*4) 000000009 - Response to print command

(CXdb) remove event 1
Eventpoint 1 removed 4//

The break routine command in Figure 167 sets a breakpoint
at the beginning of the ISQR routine. The print command
then calls ISQR, butexecution is halted by the breakpoint. The
continue command resumes execution of ISQR, and the
resulting value of 9 is printed. The remove event command
removes the breakpoint.

160 CONVEX CXdb User’s Guide




Caution

The contents of memory and registers can change when you
execute a program routine by calling it from a CXdb command.
The results can also differ from those obtained when executing the
routine in normal program sequence.

Using other CXdb commands to modify data

Any CXdb command that evaluates language expressions can be
used to modify program data and memory. For example, a
language expression that contains the assignment operator (=)
can change the value of a variable.

Figure 168 shows an info expression command that usesa
language expression to modify the value and data type of the
debugger variable $Count.

Figure 168
Modifying data with the info expression command

(CXdb) info expression $Count=ISQR(3)+$S0
object type: Fortran expression result

size: 8 bytes

type: INTEGER*8

value: 0000000000000000042

Examining and
modifying
memory

In addition to displaying and modifying data by means of
language expressions, you can examine and modify the contents
of memory directly. You can also search memory for a particular
byte pattern.

Examining the contents of memory

The examine command displays the contents of memory. This
command also provides formatting options that let you specify
how the memory is displayed. Figure 169 and Figure 170
illustrate the use of the examine command.
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Figure 169
Examining memory

/(deb) break line 38 $BL7F38 \

break line, on [#0/*

#2:

(CXdb)

(CXdb)
REAL*4 (1:5,
51,1}
+5,2,1)
+57371)
.5,4,1)
.5,5,1)

{L.
(s
(L
(1.
(1.

[0x8000292e]
continue 15
Resuming execution of Process [#0/*]

Process [#0/0] stopped by Bkpt 2, at [0x8000292e] BLD MATRIX in chapter7F.f line 38
print MATRIX
1:15; 135)

~7.5000
=2.0250
4.4600
12.4500
0.0000

(CXdb) examine loc (MATRIX)
Examine Process [#0/0] f
8005a0ac:
8005a0c4:
8005a0dc:

\\\78005a0f4:

cl£00000
41ceb852
4348alea
00000000

BLD_MATRIX in chapter7F.f line 38

1, Enabled, ignore 0/0

-3.0250 0.4600 3.4500 0.0000
6.4600 16.4500 28.1571 0.0000
21.4500 50.1871 0.0000 0.0000
44,1571 125..6875 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000

rom 0x8005al0ac to 0x8005a0f8

cl41999a 3feb8520 415cccce 00000000 ¢101999%a
4283999a 42el41d4 00000000 418eb852 42ab9%99%a
00000000 00000000 42473334 4330alea 43fb6000

00000000 4,//

In Figure 169, the break line command sets a breakpoint at
line 38 of the example program and stores the breakpoint
number in the debugger variable $BL7F38. This part of the
program constructs a 3-dimensional (5 x 5 x 5) array called
MATRIX. A loop in the program fills MATRIX with real
(floating point) numbers. The continue 15 command cycles
through the loop and fills part of the array. The print MATRIX
command displays the first 25 elements of MATRIX (because
maxarray is set to 25).

The examine loc (MATRIX) command in Figure 169 displays
the region of memory where MATRIX is stored. The FORTRAN
function loc () returns the starting address of MATRIX.
However, any language expression that evaluates to a valid
program address can be used with the examine command.

The default for the examine command displays 20 units of
memory at a time. The default memory unit is words, and each
element of MATRIX is one word long, so only the first 20
elements of MATRIX are displayed in the above example.
However, you can specify the memory unit size and the number
of units as well as the display format for the examine
command. Figure 170 illustrates these features.
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Figure 170
Specifying a memory region and display format with the examine command

[ (CXdb) examine loc (MATRIX) :25 -- Examining 25 words\
Examine Process [#0/0] from 0x8005al0ac to 0x8005al0c
8005a0ac: clf00000 ¢c14199%a 3feb8520 415cccce 00000000 cl0199%a
8005a0c4: 41ceb852 4283999%a 42el141d4 00000000 418eb852 42ab%99%%a
8005a0dc: 4348a0ea 00000000 00000000 42473334 4330alea 43fb6000
8005a0f4: 00000000 00000000 00000000 00000000 00000000 00000000
8005al0c: 00000000
(CXdb) examine/b loc (MATRIX) :25 -=& Examining 25 bytes

Examine Process [#0/0] from 0x8005a0ac to 0x8005a0c4
8005a0ac: ¢l f0 00 00 ¢l 41 99 9%a 3f eb 85 20 41 5¢c cc ce
8005a0bc: 00 00 00 00 ¢l 01 99 9a 41
(Cxdb) examine/bB loc (MATRIX):8 -e—— Examining 8 bytes in binary format
Examine Process [#0/0] from 0x8005a0ac to 0x8005a0b3

8005a0ac: 1100 0001 1111 0000 0000 0000 0000 0000 1100 0001
8005a0bl: 0100 0001 1001 1001 1001 1010
(CXdb) examine/f loc (MATRIX) :25-——————— Examining 25 words in floating
Examine Process [#0/0] from 0x8005al0ac to 0x8005allc Fxﬁntforn“u
8005a0ac: -7.5000 -3.0250 0.4600 3.4500 0.0000
8005a0c0: -2.0250 6.4600 16.4500 28.1571 0.0000
8005a0d4: 4.4600 21.4500 50.1571 0.0000 0.0000
8005a0e8: 12.4500 44,1571 125.6875 0.0000 0.0000
\\\78005a0fc: 0.0000 0.0000 0.0000 0.0000 0.0000

In Figure 170, the examine loc (MATRIX) :25 command
displays the region of memory occupied by the first 25 words
(specified by :25) of MATRIX. The examine/b
loc{MATRIX) : 25 command displays the first 25 bytes (/b) of
MATRIX. The examine/bB loc (MATRIX) :8 command
displays the first 8 bytes (/b) of MATRIX in binary (B) format.
The examine/f loc (MATRIX) :25 command displays the
first 25 words of MATRIX in floating point (/£) format.

Searching memory for a byte pattern

You can search for a particular byte pattern in memory by using
the find memory forward and find memory backward
commands, as illustrated in Figure 171.

Chapter 7 Displaying and modifying variables 163



Figure 171

Searching for a byte pattern in memory

(CXdb) find memory forward cl4l loc (MATRIX)

Data found at 0x8005a0b0

(CXdb) find memory backward ff loc (MATRIX)

Data found at 0x80058153

The find memory forward command in Figure 171 searches
forward through memory for the byte pattern c141
(hexadecimal). CXdb begins searching memory at the starting
address of MATRIX and proceeds forward from there.

A byte contains 8 bits, but one hexadecimal digit represents only
4 bits. Therefore, you must specify an even number of
hexadecimal digits in the byte pattern for the find memory
commands.

The find memory backward command in Figure 171 searches
backward through memory for the byte pattern ff. Because the
search is backward in this case, CXdb begins searching at the
starting address of MATRIX and searches backward through
memory from that point.
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With the find memory commands, you can also specify the
size of the memory region and the type of memory unit to search,
as shown in Figure 172.

Figure 172
Specifying the memory region and search format

/(deb) find memory forward 99 loc (MATRIX) :8 4—15(;?;1}:3 8b ;ft’z’sforh

Data found at 0x8005a0b2

(CXdb) find memory forward/w 99 loc(MATRIX) :8 -g— gei'zgchﬂl:)cf,fvgogdtsésfor
Data not found within memory range [0x8005a0ac..0x8005a0b3] & y

(CXdb) examine loc (MATRIX) :2
Examine Process [#0/0] from 0x8005a0ac to 0x8005a0b0
8005a0ac: cl£f00000 c141999a

Desired pattern does not
start on a word boundary

N /

The first find memory forward command in Figure 172
searches for the byte pattern 99, starting at the beginning address
of MATRIX and continuing for 8 bytes (specified by :8). The
second find memory forward command also searches the
first 8 bytes of MATRIX for the byte pattern 99, but it searches
only the beginning of each word (specified by /w). The
examine command shows that the byte pattern 99 does not
occur as the first byte of a word in the specified memory region,
so thesecond find memory forward command does not find
this pattern.

Chapter 7 Displaying and modifying variables 165



Caution

Figure 173
Copying one region of memory to another

Modifying the contents of memory

Two commands modify memory directly: copy and fill.
The copy command copies one region of memory into another.
The £i11 command fills a region of memory with the resulting
value of a language expression. Figure 173, Figure 174, and
Figure 175 illustrate the use of these commands.

Neither the copy northe £ill command asks for confirmation
before writing into process memory. If you have not specified the
destination addresses correctly for these commands, they can
write over areas of process memory that you did not intend to
affect.

-~

\\;..

(CXdb)
REAL*4 (1:5,
:5,1,;1)
.5,2,1)
.5,3,1)
.5,4,1)
.5,5,1)

(1=
(L.
(1.
(1.
(1

(CXdb)

REAL*4 (1:5,
(145 g )
(Lown 5,2, 1)
(L1+.5,8,L)
(1945, 4, 1)
(14+5:5:1)

125,

1555

print MATRIX

1:5)

=75
=2
4.
12.
0.

5000
0250
4600
4500
0000

(CXdb) copy loc (MATRIX) :20 \; loc(MATRIX(1,5,1))
print MATRIX

1:8)

=
=2,
4
12.
=T &

5000
0250

.4600

4500
5000

*\\\

-3.0250 0.4600 3.4500 0.0000
6.4600 16.4500 28.1571 0.0000
21.4500 50.1571 0.0000 0.0000
44.1571  125.6875 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000
-3.0250 0.4600 3.4500 0.0000
6.4600 16.4500 28.1571 0.0000 Copied
21.4500 50.1571 0.0000 0.0000 data
44.1571  125.6875 0.0000 0.0000
-3.0250 0.4600 3.4500 0.0000

J

Note

The first print command in Figure 173 displays the initial
values of the first 25 elements of MATRIX. The copy command
copies the first 20 bytes of MATRIX into the fifthrow (1, 5, 1) of
MATRIX.

The copy command always operates on bytes of memory.
Because each element of MATRIX is 4 bytes long, copying the

first 20 bytes is equivalent to copying the first row of MATRIX.
The second print command shows the result of the copy.
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Figure 174
Filling a region of memory with the value of a language expression

(1.
(1.
(1.
(1.
(1.

-

.5,1,1)
.5,2,1)
.5,3,1)
.5,4,1)
.95,5,1)

1:5,

(CXdb) £ill loc(MATRIX):5 \; 2.5%6
(CXdb) print MATRIX
REAL*4 (1:5,

1:5)

15.
-2.

4
12.
-7.

0000
0250

.4600

4500
5000

~

Filled
-0000 <@—— Jata
.0000

.0000
.0000
.0000

15.0000 15.0000 15.0000 1
6.4600 16.4500 28.1571
21.4500 50.1571 0.0000
44.1571 125.6875 0.0000
-3.0250 0.4600 3.4500

Qoo oWwm

_J

Note

Figure 175
Specifying a memory unit size for the £ill command

The £ill command in Figure 174 evaluates the language
expression 2.5*6 and writes the result of the evaluation (15.0)
into the first 5 memory units beginning at the starting address of
MATRIX. The print command shows the result of the fill.

The size of the memory unit used by the £i1ll command is
determined by the unit size of the item specified as the starting
address of the fill.

Because each element of MATRIX is one word of memory

(4 bytes), the units in this case are words of memory. Thus, the
above example fills the first 5 elements (5 words, or 20 bytes) of
MATRIX with the result of the language expression 2.5*6.

You can also specify the memory unit size with the £i11
command, as illustrated in Figure 175.

-

(1.
(1.
(1.
(1.
(1.

\\;..

.5,2,1)
.5,3,1)
.5,4,1)
.5,5,1)

(CXdb) print MATRIX
REAL*4(1:5,
.5,1,1)

(CXdb) £ill/b loc (MATRIX):8 \; O Filled data \
1:5, 1:5)
0.0000 0.0000 15.0000 15.0000 15.0000
-2.0250 6.4600 16.4500 28.1571 0.0000
4.4600 21.4500 50.1571 0.0000 0.0000
12.4500 44.1571 125.6875 0.0000 0.0000
=7.5000 -3.0250 0.4600 3.4500 0.0000

/

The £i11l command in Figure 175 clears the first 8 bytes (/b) of
MATRIX by filling it with zeros. The print command shows
the result of the fill.
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Using the examine window in CXwindows

In the CXwindows environment, there is a separate examine
window for viewing the contents of memory. This section
explains how to access and use that window. If you are not using
CXwindows, you can skip this section and proceed to the next
section, “Working with array slices.”

You can open the examine window from either the
CXdbWindows menu in the command window or from the
ProcessWindows menu in the source window. Both of these
methods are shown in Figure 176.

Figure 176
Opening the examine window

In command window In source window

CommandWindow

1 Source #2

(CXdb) print M create Source
REAL*4(1:5, 1: create Stack
(1..5.1. 1) create Disassembly
create Examine create Examine
12.4500 44 1571 -5

Info Events

B Source #2 K
create Source
create Stack
create Disassembly

e ee ee

Select either
with mouse

You can open any number of examine windows during a
debugging session, and each one can display a different section
of memory. When an examine window first opens, it displays the
area of memory starting at the current program counter (PC).

Figure 177 shows the examine window. Its parts include:

® Menus—These pull-down menus allow you to do the
following with the mouse:

— ExamineWindow closes the examine window or enables
and disables the auto update option.

— DataView lets you select a different area of memory to
view, search memory for a byte pattern, or change the
format of the display.
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® Window number—This is a unique number that identifies
each window in CXdb. Certain CXdb commands allow you
to specify a window number as a parameter.

® Scroll bars—These bars and arrows enable you to scroll the
window vertically and horizontally with the mouse.

® Paging buttons—Buttons that scroll the window up or down
by one page (screen) per click of the button.

Figure 177
The examine window

Menus Window number

Page up Page down

‘ Cxdh #[5]
@ format: (word hexadecimal) process: [#0/0]1 Alive m
range: 0x8000292e..0x80002d36

B8000292e: 32b00008 3638Fff4 11880001 36408005 a2a83240 B005a2a8 .
80002946 3239fff4 4dB10640 B80002abe 32408005 a2aB83241 B005a2a4
8000295e: 32428005 a2305103 168b0003 510c5884 5994421b 422411cd
80002976 42ed999a 1Sch41f0 00005735 50cd2a41 B8005a2b8 2a32000c
8000298e: 50ab1683 00141485 ffff5c69 50d550ac 5ceq45869 Scel50cS
800029a6: 16850064 584a3210 £ffc586b 585c4200 55ab5503 36638005
B80002%be:; 80300946 B0002cac 21408001 716e2a3e 000c0946 B0002cbc
800029d6: 21408001 B52c2a3e 000c0946 B80002cd0 21408001 B852c2a3e
800028ee: 000c0946 80002ce8 21408001 B852c2a3e 000c0946 80002cfc
80002a06: 21408001 852c2a3e 000c0946 80002d14 21408001 852c2a3e
80002ale: 000c0946 B80002d28 21408001 852c2a3e 000c0946 80002d4c
80002a36: 21408001 B52c2a3e 000c2a4S B8005a2a4 2a418005 a2aB82a42
B80002a4de: 8005a2a0 16850014 0d000004 16810064 5ce2584d 09418005
B80002a66: alac586a 1482ff84 58517d01 0d408000 2dSc5086 0d000003
B0002a7e: 21408001 852c2a3e 000c1480 00100946 B80002d5c 21408001
80002a96: 767a2a3e 000c3240 B8005a32a8 14880001 36408005 &2a83240
80002aae: B005a2a8 3239fff4 4d810740 B0002952 09468000 2d742140
80002ach; 80022022 2a3e000c 09468000 2d7c2140 80022252 2a3e2000c
80002ade: 32408005 a2a41488 00013640 B8005a2a4 32408005 a2343239
B0002af6: £ffB84d81 07408000 292e0946 80002d94 21408002 20222a3e
80002b0e: 000c0946 B80002d9c 21408002 22522a3e 000c3240 8005a2a0
80002b26: 14880001 36408005 a2a03240 B005a2a0 3239fffc 4d810740
80002b3e: 8000290a 7c900000 00000000 00000000 00060000 00000000
80002b56: 00000000 00000000 00018000 2b480000 000eG000 00015355

[ ExamineWindow DataView

Scroll bars

Generally, the examine window is for viewing the data portion
of memory. (To view machine instructions, use the disassembly
window, which is described in Chapter 14.) Using the DataView
menu, you can specify either the symbolic or absolute starting
address of the data you want to display. Figure 178 shows how
to use the DataView menu.
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Figure 178

Specifying a new starting address to examine

@ Select
with the

© Enter | New Address Dialog

mouse \ DataView

New address :

new address

Memory Address

loc(MATRIX)

Find forward § ® Click on OK
Find backwardp

Change format

@ Display shows memory region starting at new address

with mouse
o press
RETURN

format:

(word hexadecimal) process: [#0/0]1 Alive
range: 0xB005alac. .0xB005a4b4

8005a0ac: 00000000
8005a0c4: 41cehB52
8005a0dc: 4348a0ea
8005a014: 00000000
8005a10c: 00000000
8005a124: bf0f5c20
8005al3c: 42b47507
8005a154: 43£d0000
8005al6e: 00000000
8005a184: 00000000
8005a19c: 41ldealea
8005alb4; 4337999a
8005%alcc: 00000000
8005ale4: 41c89999
8005alfc: 00000000
8005a214: 4274ccced
8005a22c: 00000000
8005a244: 41966666
8005a25c: 42fabbbb
8005a274: 00000000
8005a28c: 00000000
8005a2a4: 00000003
8005a2bc: 00000004
8005a2d4: 00000000

00000000 42700000 42700000 42700000 <©101999a -
4283999a 42e141d4 00000000 418ebB852 42ab99%a
00000000 00000000 42473334 4330a0ea 43fb6000
00000000 cl1f00000 c141998a 3feb8520 415cccce
c1940000 c091eb84 40ecccd0 4191d4le 00000000
41fpb3334 428c7507 42eBbh333 00000000 41bb3334
434c599a 00000000 00000000 4258ea0f 4334599a
00000000 00000000 00000000 Q0000000 00000000
00000000 c12f5c28 3fB0O000B 413d41d5 41af99S%a
40a00002 4205075 4293e666 4223333 00000000
42bbebbb  434f99%a 00000000 00000000 4267cccd
43fe75c3 00000000 00000000 00000000 00000000
00000000 00000000 cOaccccc 40adbb6dc  4178cccc
00000000 41ll6dbbe 421e3333 429a6666 42+50a3d
41fcbbbb  42c26666 4352851F 00000000 00000000
433a851f 43ffcccd 00000000 00000000 00000000
00000000 00000000 00000000 bf78af80 41126666
41e0f5c2 00000000 41526666 422b3333 42a03d71
00000000 420b3333 42cB83d71 43553333 00000000
42803d71 433d3333 44008666 00000000 00000000
00000000 00000000 00000000 00000000 00000004
00C00006 00000000 00000000 00000000 00000004
00000000 00000000 (Q00000CO 00000000 00000000
00000000 00000000 00000000 00000000 00000000

In Figure 178, the new address to examine is specified as

loc (MATRIX), where loc () isa FORTRAN function that
returns the starting address of the array MATRIX. You can
specify the address with any language expression that evaluates
to a valid program address.
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The DataView menu also enables you to search the examine
window for a specified byte pattern. The results of the search are
displayed in the command window, as shown in Figure 179.

Figure 179
Searching the examine window for a byte pattern

O Select

® Enter byte
with the DataView | attern in
mouse TNew address F exadecimal
Find forward ® Click on OK
Find backward with mouse
Change Pormatg SETE;(:JSS

@ Generated command and response appear in command window

(CXdb) :p 0 :t 0 find memory forward ff ‘8005alac’x..’8005a4b4’x
Data found at 0x8005a21d

Result of search

5[ ExamineWlindow DataView

@ format: {word hexaddgcimal) process: [#0/0] Alive
] range: OxH005a0ac. .0xB00Sa4b4

8005a0ac: 00000000 00000000 427400000 42700000 42700000 ¢101999a
8005a0c4; 41cebB52 4283998a 42d141d4 00000000 41BebB852 42ab989a
8005a0dc: 4348a0ea 00000000 00(O0000 42473334 4330a0ea 43fb6000
B8005a0f4: 00000000 00000000 c1f]00000 c141999a 3febB8520 41S5cccce
B8005a10c: 00000000 c1940000 c0Yleb84 d40ecccd0 4191d4le 00000000
8005a124:; bf0f5c20 41fb3334 42Hc7507 42eBb333 (00000000 41bb3334
B8005a13c: 42b47507 434c599a 00000000 00000000 4258ealdf 4334599a
8005a154; 43fd0000 00000000 ©O0QJoo000 00000000 Q0000000 (00000000
8005a16c: 00000000 00000000 c1df5c28 3800008 413d41d5 41af999a
8005a184: 00000000 40a00002 42Gf5075 4293e666 42ef3333 00000000
8005a19c: 41dealea 42bbeb66 434f98%a 00000000 00000000 4267cccd
8005a1b4; 4337999a 43fe?5c3  00(000COG 00000000 (0000CO00 00000000
8005alcc: 00000000 00000000 00d00000 cQacccce 4d0Oadbbdc 4178ccecc
8005aled: 41c99939 00000000 41fdbbe 42123333 429ab666 42f50a3d
8005alfc: 00000000 41fc6666 42026666 4352851f 00000000 00000000
8005a214: 4274cced  433a851F  43Fflcced 00000000 00000000 00000000
8005a22c: 00000000 00000000 00000000 00000000 bf7B8afB0 41126666
B8005a244: 41966666 41e0f5c2 00000000 41526666 422b3333 42a03d71
B005a25¢c: 42faB666 00000000 42003333 42cB83d71 43553333 00000000
80053274 00000000 42B03d71 433d3333 44008666 00000000 00000000
8005a28c: 00000000 (00000000 00000000 00000000 00000000 00000004
8005a2a4: 00000003 00000006 Q0000000 00000000 000CO000 Q0000004
8005a2bc: 00000004 00000000 00000000 00000000 00000000 00000000
B8005a2d4: 00000000 00000000 00000000 00000000 00000000 00000000
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Figure 180

By default, the examine window displays values in hexadecimal
format. The DataView menu lets you change the format, as
illustrated in Figure 180.

Changing the display format of the examine window

DataViewI

& decimal @ Native

O byte

o.SeleCt I New address
with the
mouse -

Find forward

Find backward

h

$ unsigned decimal < halfword < IEEE

Change format

& hexadecimal @ word & Dual
& octal < longword
& character $ quadword

new format

® Select desired format options

Q.CliCk on OK & fortran Complex
with mouse
. or press
@ Display RETURN -C -
changes to —

float — £ Pormati Floating point Format
10.4,

O float - e format

$ binary

$ fortran Logical

[ Exami névki ndow DataView

m \ format: (word float - f format) process: [#0/0]1 Alive
range: 0xBO05alac..0xB005ad4b4
8005a0ac: \ 0.0000 0.,0000 15,0000 15,0000 15.0000 T
8005a0c0: -2.0250 6.4600 16,4500 28,1571 0,0000
8005a0d4: 4.4600 21.4500 50.1571 0.0000 0.0000
8005a0e8: 12,4500 44,1571 125.6875 0.,0000 0.0000
8005a0fc: -7.5000 -3.0250 0.4600 3.4500 0,0000
8005a110: -4.6250 -1.1400 1.8500 4,5571 0.0000
8005a124: -0,1400 7.8500 17.5971 29,0875 0,0000
8005a138: 5.8500 22,5571 51.0875 0.0000 0.0000
8005al4c: 135571 45,0875 126.5000 0,0000 0.0000
8005a160: 0,0000 0.0000 0.,0000 0,0000 0.,0000
8005a174: -2.7400 0,2500 2.9571 5.4875 0,0000
8005a188: 1,2500 8.,9571 18,4875 29,9000 0.,0000
8005a19c: 6.9571 23,4875 51.9000 0.0000 0.,0000
B8005a1b0: 14,4875 45,9000 127.2300 0.0000 0,0000
8005alc4: 0,0000 0.0000 0,0000 0,0000 0.,0000
8005a1d8: -1,3500 1,3571 3.8875 6.,3000 0.0000
B005alec: 2,3571 9.8875 19,3000 30,6300 0.0000
8005a200: 7.8875 24,3000 52.6300 0.0000 0.0000
8005a214: 15,3000 46,6300 127 .9000 0.0000 0.0000
8005a228: 0,0000 0,0000 0.0000 0,0000 0.0000
8005a23c: -0.2429 2.2875 4,7000 7.0300 0.0000
8005a250: 3.2875 10,7000 20,0300 31,3000 0.0000
8005a264: 8.7000 25,0300 53.3000 0.0000 0.0000
8005a278: 16,0300 47,3000 128.,5250 0.0000 0.0000
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Figure 181

When the examine window first opens, it is not set to update
automatically. This means that the display does not update even
if the program modifies the area of memory being displayed.
However, you can enable the auto update feature by selecting it
from the ExamineWindow menu, as shown in Figure 181.

Enabling the auto update feature for the examine window

O Select
with the
mouse
to enable

Examinellindow

Examinewindow|

Close

Close §

-

® Entry in command window to step the process

Auto update| _ @ Enabled

- Auto updatef|

T ST

(CXdb) finish loop
Finishing innermost loop in Process [#0/*]
Process [#0/0] stopped nexting at [0x80002a5c) BLD _MATRIX in chapter7F.f line 42

@ New data values displayed automatically

format: (word float - f format) process: [#0/0] AQlive

range: 0xB005alac..0xB8005a3cc

8005a0ac:
8005a0c0:
8005a0d4:
8005a0e8:;
8005a0fc:
B8005a110:
8005a124:
8005a138:
8005a14c:
B8005a160:;
8005a174:
8005a168:
8005a19c:
8005a1b0:
8005alc4:;
8005a1d8:
8005alec:
80052200
8005a214:
80052228
8005a23c:
80052250
80052264
B8005a278:

0,0000
-2,0250
4.,4600
12,4500
-7.5000
-4,6250
-0.1400
5.8500
13,5571
0,0000
-2.7400
1.2500
6.9571
14,4875
0.0000
-1.3500
2,3571
7.8875
15,3000
0.,0000
-0.2429
3.2875
8.7000
16.0300

0.0000 15,0000 15,0000 15.0000
6.4600 16,4500 28,1571 0,0000
21,4500 50.1571 0.0000
44,1571 125,6875 0.0000
-3.0250 0.4600 0.0000
-1,1400 1.,8500 0,0000C
7.B500 17.5571 0.0000
22,5571 51,0875 0.0000
45,0875 126,5000 0.0000
0.0000 0,0000 0,0000
0.2500 2.9571 0.0000
8.9571 18,4875 0.0000
23,4875 51,8000 0.0000
45,9000 127.,2300 0,0000
0,0000 0.0000 0.0000
1.3571 3.8875 0.0000
9.,8875 19,3000 0.0000
24,3000 52,6300 0.0000
46,6300 127,9000 0.0000
0.0000 0.0000 0,0000
2.2875 4,7000 0.0000
10,7000 20,0300 0.0000
25,0300 53,3000 o< 0,0000
47,3000 128,5250 0.0000 00,0000
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Note

The finish loop command in Figure 181 causes the program
to modify some of the elements in the array MATRIX, which is
currently displayed in the examine window. Because the auto
update feature is enabled, the examine window automatically
displays the updated values of MATRIX when process execution
stops again.

By setting the appropriate resources in your .Xdefaults file,
you can enable the auto update feature by default whenever the
examine window is opened. For a description of how to do this,
refer to the concept "Xdefaults" in the CONVEX CXdb Reference.

To close the examine window, select the Close option from the
ExamineWindow menu, as shown in Figure 182.

Figure 182
Closing the examine window

Select ExamineWindow

with the lose ;
mouse

B Auto update

alac?
ONAR-N~N.

—_

Working with
array slices

Many CXdb commands enable you to work with a subset of an
array, called a slice. The handling of arrays and array slices
differs between FORTRAN and C. Therefore, these two
languages are treated separately in the next two sections of this
chapter. If you work primarily with FORTRAN code, proceed to
Section “Array slices in FORTRAN.” If you work primarily with
C programs, proceed to Section “Array slices in C.”
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Array slices in FORTRAN

To access an array slice in FORTRAN, you simply specify a
subscript range by placing two dots (. .) between the starting
and ending subscripts. For example, Figure 183 shows how to
print all elements of array MATRIX, and Figure 184 shows how
to print specific slices of that array.

Figure 183
Printing all elements of the FORTRAN array MATRIX
//?;de) set printopts maxarray 125 ﬁ\\

(CXdb) print MATRIX

REAL*4 (1:5, 1:5, 1:5)

(1..5,1,1) : 0.0000 0.0000 15.0000 15.0000 15.0000

(1..5,2,1) : -2.0250 6.4600 16.4500 28.1571 0.0000

(1..5,3,1) : 4.4600 21.4500 50.1571 96.6875 0.0000

(1..5,4,1) : 12.4500 44,1571  125.6875 0.0000 0.0000

(1..5,5,1) -7.5000 -3.0250 0.4600 3.4500 0.0000
* % %

(1..5,1,2) : -4.6250 -1.1400 1.8500 4.5571 0.0000

(1..5,2,2) : -0.1400 7.8500 17.5571 29.0875 0.0000

(1..5,3,2) : 5.8500 22.5571 51.0875 97.5000 0.0000

(1..5,4,2) : 13.5571 45,0875 126.5000 0.0000 0.0000

(1..5,5,2) : 0.0000 0.0000 0.0000 0.0000 0.0000
* %k Kk

(1..5,1,3) : -2.7400 0.2500 2.9571 5.4875 0.0000

(1..5,2,3) : 1.2500 8.9571 18.4875 29.9000 0.0000

(1..5,3,3) : 6.9571 23.4875 51.9000 98.2300 0.0000

(1..5,4,3) : 14.4875 45.9000  127.2300 0.0000 0.0000

(1..5,5,3) : 0.0000 0.0000 0.0000 0.0000 0.0000
* Kk %k

(1..5,1,4) : -1.3500 1.3571 3.8875 6.3000 0.0000

(1..5,2,4) 2.3571 9.8875 19.3000 30.6300 0.0000

(1..5,3,4) 7.8875 24.3000 52.6300 98.9000 0.0000

(1..5,4,4) 15.3000 46.6300 127.9000 0.0000 0.0000

(1..5,5,4) 0.0000 0.0000 0.0000 0.0000 0.0000
* k k

(1..5,1,5) : -0.2429 2.2875 4.7000 7.0300 0.0000

(1..5,2,5) : 3.2875 10.7000 20.0300 31.3000 0.0000

(1..5,3,5) : 8.7000 25.0300 53.3000 99.5250 0.0000

(1..5,4,5) : 16.0300 47,3000 128.5250 0.0000 0.0000

(1..5,5,5) : 0.0000 0.0000 0.0000 0.0000 0.0000

J

The set printopts command in Figure 183 sets maxarray
to 125 so that all 125 elements of the MATRIX can print at once.
The print command then prints MATRIX.
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Figure 184
Printing FORTRAN array slices

-~

Elements 1 through 5
+ (first row)
(CXdb) print MATRIX(1..5,1,1)
REAL*4 (1:5, 1:1, 1:1)
(1..5,1,1) : 0.0000 0.0000 15.0000 15.0000 15.0000

* % %

Elements 1 through 5
(first column)

(CXdb) print MATRIX(1,1..5,1)
REAL*4 (1:1, 1:5, 1:1)

ele Br1) @ 0.0000  -2.0250 4.4600 12.4500  -7.5000
Elements 2 through 3
Elements 2 through 4
* Elements 1 through 3

(CXdb) print MATRIX(2..3,2..4,1..3)
REAL*4 (2:3, 2:4, 1:3)

(2e3p2idl) 2 6.4600 16.4500

(2:.:3:3:1) 2 21.4500 50.1571

(2..3;4,%) 2 44.1571 125.6875
* % %

(2:3:252) = 7.8500 17.5571

(2.+3;3:2) 3 22.5571 51.08175

(2:+374:2) : 45.0875 126.5000
* X %

(2 0:03p2,,8) ¢ 8.9571 18.4875

(2:453:3,3) 2 23.4875 51.9000

(2:453¢4:3) 45.9000 127.2300

u y

The first print command in Figure 184 prints the first row of
MATRIX. Thesecond print command prints the first column
of MATRIX. The third print command prints a slice from the
central part of MATRIX.

An array slice is a temporary copy of the original array elements.
Note Any operations performed on the slice do not affect the original
array. The slice is deleted once the command that invoked it is
done executing.
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Array slices in C

To access an array slice in C language, you simply specify a
subscript range by placing two dots (. .) between the starting
and ending subscripts. For example, Figure 185 shows how to
print all elements of the C array matrix, and Figure 186 shows
how to print specific slices of that array.

Figure 185
Printing all elements of the C array matrix

4 )

(CXdb) break line chapter7C.c:50

#3: break line, on [#0/*], Enabled, ignore 0/0
[0x80004430] chapter7C'bld matrix in chapter7C.c line 50
(CXdb) disable event $BL7F38
Eventpoint 2 disabled
(CXdb) continue 15
Resuming execution of Process [#0/*]
Process [#0/0] stopped by Bkpt 3, at [0x80004430] chapter7C'bld matrix
(CXdb) print matrix
float [5] [5] [5]

[0][0]1(0..4] : -7.5000 -4.6250 -2.7400 -1.3500 -0.2429
[01([1}(0..4] : -1.0250 0.8600 2.2500 3.3571 4.2875
[0](2][0..4] : 6.4600 7.8500 8.9571 9.8875 10.7000
[01(3)[0..4] : 15.4500 16.5571 17.4875 18.3000 19.0300
[01(4][0..4] : 0.0000 0.0000 0.0000 0.0000 0.0000
* %k
[11[0]([0..4] 4.9750 6.8600 8.2500 9.3571 10.2875
[11[(1][0..4] : 21.4600 22.8500 23.9571 24.8875 25.7000
[11[2](0..4] : 43.4500 44.5571 45.4875 46.3000 47.0300
{1)[3]1([0..4] : 0.1571 1.0875 1.9000 2.6300 3.3000
{1)[4])([0..4] : 0.0000 0.0000 0.0000 0.0000 0.0000
* k%
[2][0]([0..4] : 48.4600 49.8500 50.9571 51.8875 52.7000
[21(1](0..4] : 107.4500 108.5571 109.4875 110.3000 111.0300
f21(21{0..4} : 1.1571 2.0875 2.9000 3.6300 4.3000
[21([3][0..4] : 28.6875 29.5000 30.2300 30.9000 31.5250
[2]1[4)[0..4] : 0.0000 0.0000 0.0000 0.0000 0.0000
* %k Xk
[3]1{03[0..4] : 315.4500 316.5571 317.4875 318.3000 319.0300
[31[11[0..4] : -3.8429 -2.9125 ~2.1000 -1.3700 -0.7000
[3]1([2][0..4] : 0.0000 0.0000 0.0000 0.0000 0.0000
[3]1(3)([0..4] : 0.0000 0.0000 0.0000 0.0000 0.0000
[31{4]1[0..4] : 0.0000 0.0000 0.0000 0.0000 0.0000
* %k %
[4](0)[0..4] = 0.0000 0.0000 0.0000 0.0000 0.0000
[4]{1][0..4)] 0.0000 0.0000 0.0000 0.0000 0.0000
[4][2][0..4] 0.0000 0.0000 0.0000 0.0000 0.0000
[4]113]1[0..4] 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0

K[4][4][0--4] .0000 J
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The break line command in Figure 185 sets a breakpoint at
line 50 of the C function that generates matrix. The disable
event command disables the breakpoint where the process is
currently stopped. The continue command continues
execution of the process, which builds part of matrix. The
print command prints all elements of matrix.

Figure 186
Printing C array slices
/ Elements 0 through 4\
V (first row)
(CXdb) print matrix[0][0][0..4]
float [1][1][5]
[0]1[0][0..4] : -7.5000  -4.6250 -2.7400 -1.3500 -0.2429
Elements 0 through 4

float [1][5][1]

* k%

float[2][3][3]

* ok x

.

(CXdb) print matrix[0] [0*.4] [0]

[0][0..4]([0] : -7.5000 -1.0250 6.4600 15.4500 0.0000

(CXdb) print matrix[1l..2][1..3][0..2]

[11[1](0..2] : 21.4600 22.8500 23.9571

[11[2100..2] : 43.4500 44.5571 45.4875

[11031[0..2] : 0.1571 1.0875 1.9000
* % %

[21([11(0..2] : 107.4500  108.5571  109.4875

[21[2](0..2] : 1.1571 2.0875 2.9000

[21(3]00..2] : 28.6875 29.5000 30.2300

(first column)

Elements 1 through 2
Elements 1 through 3
‘ + Elements 0 through 2

/

Note

The first print command in Figure 186 prints the first row of

matrix. Thesecond print command prints the first column
of matrix. Thethird print command prints a slice from the
central part of matrix.

An array slice is a temporary copy of the original array elements.
Any operations performed on the slice do not affect the original
array. The slice is deleted once the command that invoked it is
done executing.
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Using scope
paths to access
variables

If you want to access a variable that is local to the current
routine, you can generally do so without qualifying the variable
name. However, if you want to access a variable that is not
within the scope of the current routine, you must qualify the
variable name with a scope path. Chapter 13 explains scope
paths in detail.

Quitting the
examples

If you have been working the examples in this chapter, you can
quit them and exit CXdb by issuing the quit command, as
shown in Figure 187.

Figure 187
Quitting the examples

(CXdb) quit
Process [#0] is still running. Kill it? ¥y
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Process settings

Process settings control the environment in which the process
runs. CXdb allows you to manipulate many of the process
settings, such as the floating point mode.

This chapter details how to change the process settings and the
default process settings. The commands covered are:

® add environment

® clear environment

® clear fixed sched

® clear sgs

® clear seq

® clear step

® info environment

® info default environment
® info formatting

® remove environment

® set default environment
® set default step

® set directory

® set environment

® set fixed sched

® set format

® set memory

® set pshell

® set step
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Preparing for
the examples

Figure 189
Starting the example program

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 188.

Figure 188
Invoking CXdb

%cd /usr/lib/cxdb/examples
%cxdb a.out

The cd command in Figure 188 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb and gives it the name of the executable
file for the examples.

Once you have invoked CXdb, move the cursor to the command
window and enter the commands shown in Figure 189.

(CXdb) break line chapter8.f:22

#0: break line, on [#0/*], Enabled, ignore 0/0
[0x80003062] CHAPTER8 in chapter8.f line 22

(CXdb) run

Starting process [#0]: a.out
Process [#0/0] stopped by Bkpt 0, at [0x80003062] CHAPTER8 in chapter8.f line 22

The break line command in Figure 189 sets a breakpoint at

line 22 of the routine CHAPTER8. The run command runs the
example program. The program stops executing when it reaches
the breakpoint.

Process settings

When youusea debug exec command (ora debug proc or
debug core command), a process object is created. The process
object holds all of the information about the current program
being debugged. It holds the process settings as well as the
executable file, information from the compiler-debugger
interface (CDI) data files, and the process image.

The process settings control various aspects of a process, such as
the floating point mode used during process execution or the
step size used when stepping.
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There are 11 types of process settings. They are briefly described
below:

® Process directory—The directory from which the process is

run. By default, the process is run in the console working
directory (the current directory).

Process environment—The set of environment variables
passed to the process. By default the environment is a copy
of the environment passed to CXdb when it was invoked.

Floating point mode—The floating point mode used by the
process (IEEE, native, or dual). By default the floating point
mode is dual.

Display formats—The format used when displaying process
memory. Initially, there are no default display formats.
Instead, CXdb attempts to display process memory in the
format most appropriate for the data type being displayed.

Memory unit—The memory unit used when displaying
process memory. Initially, there is no default memory unit.
Instead, CXdb attempts to display process memory in the
memory unit most appropriate for the data being displayed.

Fixed scheduling—A system directive that prevents the
process from starting execution until all CPUs are made
available. By default, fixed scheduling is disabled.

Process shell—The type of shell in which the process is run.
By default the process shell is either the C shell or Bourne
shell (depending on the type of shell from which CXdb was
invoked). This is the shell that interprets the arguments
passed to the process.

Search path—The list of directories to search when CXdb
needs the source file, or CDI data file, corresponding to the
executing code. By default, the search path consists of the
console working directory and the directory of the
executable file.

Stepping granularity—The source unit granularity to use
when a granularity is not specified with a stepping
command. The default granularity is statement.

SEQ and SQS bits—Bits of the PSW that control pipelining
and memory stores for the process. By default, both the SEQ
and SQS bits are enabled.

Signal actions—The actions for handling signals sent to the
process. The actions can be changed for each signal.

You can change these process settings to suit your debugging
needs.
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The process directory, process environment, and process shell
settings are passed to a process only when it is created. If you
change one of these 4 process settings while a process exists, the
change has no effect on the existing process. However, if you
then create a new process using the run or rerun command,
the change is passed to the new process.

Default process
settings

Note

Most process settings have a correlating default process setting.
The default process settings are passed to the process object
when the process object is created.

The following is a list of available default process settings:
® Default process environment
® Default fixed scheduling
® Default format

® Default memory

Default floating point mode

Default search path
Default pshell

Default step

Changes made to the default process settings have no effect on
the process settings of a process object that has already been
created, except in the case of the clear step command.

In the rest of this chapter, the focus of the examples is on the
commands that affect the process settings local to the process
object. Unless noted otherwise, inserting default after the
first word of the command causes the command to affect the
default process setting. For example, set step versus set
default step. The action the command takes is the same,
except that the default process setting (which is only passed to
new process objects) is changed instead.

Process directory

The process directory is the directory from which the process is
run. Relative path names used in your program are relative to
the process directory. Initially, the process directory is the same
as the console working directory (the directory CXdb is
currently operating from).
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Figure 190
Setting the process directory

You can display the current process directory using the info
process command. If your program must be run from a
particular directory, change the process directory using the set
directory command, as shown in Figure 190.

(CXdb) set directory /usr/lib/cxdb

(CXdb) run

Process [#0] is already running with pid 21459.

Terminate existing process and restart? y

Starting process [#0]: a.out

Process [#0/0] stopped by Bkpt 0, at [0x80003062] CHAPTER8 in chapter8.f line 22

In Figure 190, the process directory for the process object is set
forthe /usr/lib/cxdb directory usingthe set directory
command. The run command creates a new process, which
receives the new process directory. In the process interface
window, the program outputs the name of the directory in which
it is running.

Process
environment

The process environment is the collection of environment
variables passed to the process when the process is created.
Environment variables hold string constants that can be used by
programs.

Initially, the process object does not have a process environment.
Instead, the default process environment is passed to the
process. The default process environment is a copy of the set of
environment variables passed to CXdb when it is invoked.

The process environment for the process object is created only
after you issue one of the following 4 commands:

® add environment—Adds variables to the process
environment.

® clear environment—Clears the environment of all
variables.

® remove environment—Removes variables from the
process environment.

® set environment—©Sets the process environment to
consist of only the specified variables.
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If a process environment does not exist when one of the above
commands is issued, a copy of the default process environment

is given to the process object, and then the appropriate changes

are made according to the command issued. If the process
environment does exist, the changes are made directly to it. |

You can get a list of the variables in the current default 1
environment using the info default environment ‘
command, as shown in Figure 191.

Figure 191
Getting information about the default process environment
/(deb) info default environment \
Default environment:
HOME=/usr/jones
SHELL=/bin/csh
EDITOR=vi
MAIL=/usr/spool/mail/jones
LESS=-MQce
MORE=-c
PAGER=less
RNINIT=/usr/jones/.rninit l/)
The list of environment variables shown in Figure 191 is an
example of some of the variables that might exist in the default
environment. This is the environment that was passed to CXdb
when it was invoked. Most likely your default environment
consists of more variables.
In Figure 192, the info environment command displays the
process environment, which is the same as the default
environment in this case.
Figure 192
Getting information about the process environment
/(deb) info environment \
Process [#0] environment: (from default environment)

HOME=/usr/jones
SHELL=/bin/csh

EDITOR=vi
MAIL=/usr/spool/mail/jones
LESS=-MQce

MORE=-c

PAGER=less
RNINIT=/usr/jones/.rninit
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Figure 193

The process environment is cleared using the clear
environment command, as demonstrated in Figure 193.

Creating the process environment

(CXdb) clear environment

(CXdb) info environment

Process [#0] environment:

Figure 194

Setting the process environment

The clear environment command does two things. First, it
creates a process environment. Because the environment did not
yet exist, it was created so you can change it as needed. Second,
the clear environment command cleared the environment
of all variables, thus leaving it empty, as shown with the info
environment command.

You can set the environment variables using the add
environment command, as shown in Figure 194.

CHAPTER=8
(CXdb) zrun

K(Cde) add environment CHAPTER = 8 \

(CXdb) info environment
Process [#0] environment:

Process [#0] is already running with pid 1155.
Terminate existing process and restart? ¥y
Starting process {[#0]: a.out

Process [#0/0] stopped by Bkpt 0, at [0x80003062] CHAPTER8 in chapter8.f line 22‘4//

The add environment command in Figure 194 adds the
variable CHAPTER to the process environment and sets its value
to the string 8. The info environment command shows the
new process environment consists of the single environment
variable CHAPTER. The run command creates a new process
that is passed the new process environment. The process
interface window shows the program has found the correct
value for the variable CHAPTER, but the variables DEBUGGER
and FLAGS still do not exist.

Figure 195 demonstrates how to add multiple environment
variables to the process environment.
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Figure 195
Adding multiple variables to the process environment

/ (CXdb) add environment DEBUGGER = cxdb , FLAGS = "—-e a.out" \

(CXdb) info environment
Process [#0] environment:
CHAPTER=8

DEBUGGER=cxdb

FLAGS=-e a.out

(CXdb) run

Process [#0] is already running with pid 1225.

Terminate existing process and restart? ¥y

Starting process [#0]: a.out

\\\?rocess [#0/0] stopped by Bkpt 0, at [0x80003062] CHAPTER8 in chapter8.f line 22 4//

The add environment command in Figure 195 adds 2
environment variables to the process environment. A comma is
used to separate the variables. The string for the variable FLAGS
is enclosed in quotes because it contains a space character.

The info environment command is again used to show the
new process environment. The run command creates a new
process. The process interface window shows the process now
has the correct values for all 3 variables.

You can also remove variables from the process environment
using the remove environment command, as shown in
Figure 196.

Figure 196
Removing process environment variables

/ (CXdb) remove environment FLAGS

(CXdb) info environment
Process [#0] environment:
CHAPTER=8

DEBUGGER=cxdb

(CXdb) run

Process [#0] is already running with pid 1313.

Terminate existing process and restart? ¥

Starting process [#0]: a.out

Process [#0/0] stopped by Bkpt 0, at [0x80003062] CHAPTER8 in chapter8.f line 22

\

The remove environment command removes the

environment variable FLAGS from the process environment.
The info environment command shows the variable has
been removed. When a new process is created using the run
command, the process cannot find the missing variable.
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Figure 197

Setting the process environment

The final method of changing the process environment uses the
set environment command.The set environment
command removes all variables from the process environment
and then adds the specified variables. It is the equivalent of a
clear environment command followed by an add
environment command. This is demonstrated in Figure 197.

(CXdb) set environment DEBUGGER = "cxdb —e a.out", FLAGS = —nw \

(CXdb) info environment
Process [#0] environment:
DEBUGGER=cxdb -e a.out

FLAGS=—nw
(CXdb) run

Process [#0] is already running with pid 1338.
Terminate existing process and restart? ¥

Starting process [#0]:
\\\%rocess [#0/0] stopped by Bkpt 0, at [0x80003062] CHAPTER8 in chapter8.f line 22 4//

a.out

Figure 197 uses the set environment command to set the
process environment to consist of the variables DEBUGGER and
FLAGS. Note that the environment variable CHAPTER no longer
exists in the environment, as shownby the info environment
command.

Floating point
mode

The floating point mode, or fpmode, determines the method
used by the process when it performs a floating point
calculation. The default fpmode (which is passed to the process
object’s fpmode) can be any of the following:

¢ IEEE—IEEE floating point mode
® native—Native floating point mode

® dual—either IEEE or native mode, determined by the current
frame of execution. )

Initially, the default fpmode is dual, which allows the process to
decide the mode used. You can override the fpmode used by the
process by changing the fpmode process setting with the set
fpmode command.

The fpmode for the process can be set to IEEE or native mode,
but not dual. The current setting of the fpmode and default
fpmode can be displayed using the info process command
and info cxdb command, respectively.
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Note

As soon as you issue the set fpmode command, the process
begins using the new floating point mode. The process continues
to use that mode until it completes execution or it explicitly
changes the floating point mode.

Display formats

A display format determines the format a segment of memory of
a particular size, called a memory unit, is displayed in. Each
memory unit can have a display format associated with it. For
example, by using display formats, memory examined as bytes
can be displayed as characters, while memory examined as
longwords can be displayed using scientific notation. If a display
format has not been set for a particular memory unit, CXdb
displays the values as hexadecimal numbers.

Display formats are set using the set format command.
Display formats affect only memory displayed with the
examine command.

The available memory units are:
® byte—8 bits
® halfword—16 bits
® word—32 bits
® 1longword—64 bits
® quadword—128 bits
The available display formats are:
® binary
® character
® complex (FORTRAN)
® decimal
® cformat (scientific notation)
® fformat (floating point notation)
® logical (FORTRAN)
® hexadecimal
® octal
® unsigned (decimal)

Not all display formats are available for the various memory
units. Table 6 lists the possible display formats for each memory
unit. A black dot (@) represents a valid format for the given
memory unit.
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Table 6

Possible formats for the different memory units

Display format Memory unit type
byte halfword word | longword | quadword

binary ® ® ] ] [ ]
character ®

complex e o
decimal ® L ] L ®

eformat (scientific notation) [ ] ] L
fformat (floating point) e ® ®
hexadecimal L L [ ® e
logical ® e ] ] ®
octal ® ] | ] ®
unsigned (decimal) L ] ] ®

Figure 198

Figure 198 uses the set format command to specify a display
format for the current process.

Specifying a format for a memory unit

8006dce8: 00000001
8006dd00: 00000009
8006dd18: 00000001
8006dd30: 00000005

8006dce8:
8006dcf8:
8006dd08:
8006dd18:

\\\» 8006dd28:

K (CXdb) examine ARRAY
Examine Process [#0/0] from 0x8006dce8 to 0x8006dd34

00000002
00000010
00000010
00000005

1

1
1
1
5

00000003 00000004
00000001 00000008
00000051 00000100

(CXdb) set format word decimal

(CXdb) examine ARRAY
Examine Process [#0/0] from 0x8006dce8 to 0x8006dd34

2
4
8
16
0

00000001
0000001b
00000005

00000004
00000040
00000000

16
64
256

—

J

The set format command in Figure 198 sets the display
format for words to decimal. From this point forward, all
memory displayed as words is displayed as a decimal value.
The examine command displays the variable ARRAY in word
format. Because the display format for words has been set to
decimal, the values of ARRAY are displayed as decimal values.
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Figure 199

The info formatting command can be used to display the
current formats for the process object, as shown in Figure 199.

Getting information on the display formats for the process object

Global format settings:
padding:

max array elements:
floating point format:

\_

/( CXdb) info formatting \

Process [#0] format settings:

Format settings for Thread 0
Selected memory size: (none)
Selected Memory Formats:
byte=(none), halfword=(none), word=decimal
longword=(none), quadword=(none)

Off
20
10.4

Display format changed

A

The info formatting command lists the current display
formats. The display format for words is set to decimal, while
the remaining formats have still not been set.

Memory unit

When you examine a region of memory using the examine
command, CXdb attempts to display the information in the most
appropriate memory unit type. You can choose to examine the
memory using a different memory unit by explicitly specifying
a memory unit with the examine command. Or, you can select
the memory unit for the process object.

You can set the memory unit used to display all process memory
using the set memory command. Once you select the memory
unit, all process memory is displayed in that memory unit. Thus,
if you select the memory unit to be bytes, all memory examined
is displayed as bytes. You can still override this default by
explicitly specifying a memory unit with the examine
command.

Once a memory unit for a process object has been specified, you
cannot return to an unspecified state (though the memory unit
can be changed again). If you want to examine a region of
memory in a particular memory size, but do not need to set the
process setting, you can use the examine command to do so,
as described in Chapter 7, Section "Examining and modifying
memory."
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The available memory units are:
® byte—_8 bits
® halfword—16 bits
® word—32 bits
® 1longword—64 bits
® quadword—128 bits

Figure 200 illustrates the use of the set memory command to
specify a memory unit for the current process object.

Figure 200
Specifying a memory unit for the current process
/(Cde) set memory byte \

(CXdb) examine ARRAY

Examine Process [#0/0] from 0x8006dce8 to 0x8006dcfb

8006dce8: 00 00 OO0 01 00 00 OO0 02 00 00 00O 03 00 OO 00 o04
8006dcf8: 00 00 00 01

(CXdb) info formatting

Global format settings:
padding: Off
max array elements: 20
floating point format: 10.4

Process [#0] format settings:

Format settings for Thread 0
Selected memory size: byte - Memory size Changed
Selected Memory Formats:
byte=(none), halfword=(none), word=decimal
longword=(none), quadword=(none)

N )

The set memory command in Figure 200 sets the memory unit
for the process object to byte. Now, all process memory
displayed with the examine command is displayed as bytes.
You can use the set format command to further specify the
display format for bytes.

The examine command displays the values of the variable
named ARRAY. The elements of ARRAY are printed as bytes
because all process memory is now displayed as bytes. Finally,
the info formatting command displays the current memory
unit for the process.
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Fixed scheduling

Note

Fixed scheduling ensures all CPUs are made available for the
process when execution begins. If you are debugging a process
that can have multiple threads, fixed scheduling should be
enabled because it makes thread behavior more deterministic.
Initially, fixed scheduling is disabled.

Enabling fixed scheduling can increase system overhead.
Enabling fixed scheduling only guarantees that all CPUs are made
available when execution begins, not that they will be used.

Fixed scheduling is enabled using the set fixed sched
command and disabled using the clear fixed sched
command. The current setting of fixed scheduling and default
fixed scheduling can be displayed using the info process
command and info cxdb command, respectively.

For more information about fixed scheduling and threads, refer
to Chapter 16.

Process shell

When a process is created in CXdb, it runs inside a shell. The
process shell is the shell that interprets arguments passed to the
process with the run command.

The initial setting of the default process shell depends upon the
type of shell from which CXdb is invoked. If CXdb is invoked in
a Cshell (csh or tcsh), the default process shell type is the C
shell. Otherwise, the default process shell type is the Bourne
shell.

The process shell is set using the set pshell command. You
can set the process shell to either the Bourne shell or the C shell.
The current setting of the process shell and default process shell
can be displayed using the info process command and
info cxdb command, respectively.

Search path

The search path of a process object is a list of directories CXdb
searches for the source files and CDI data files of the program

being debugged. When process execution stops in a source file
other than the current file being displayed, CXdb looks for the
corresponding source file in the directories listed in the search
path.

The search path for a process object is initially the default search
path plus the directory in which the executable was found (if not
yet in the search path). The default search path is initially the
console working directory.
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Commands that manipulate the search path are listed below:
® add path—Add directories to the search path.
® remove path—Remove directories from the search path.
® set path—Set the search path to the specified directories.

The above commands operate in much the same way as the
commands that affect the process environment (covered earlier
in this chapter). For a full description of the use of search paths,
refer to Chapter 9.

Stepping
granularity

Figure 201

You can specify a default granularity for the process object using
the set step command. When this is done, stepping
commands use the new default granularity, unless a granularity
is specified at the end of the stepping command. The default
stepping granularity is statement.

Figure 201 shows the effect of changing the stepping granularity
to expression (refer to Chapter 6 for a complete discussion of
stepping commands and granularity).

Changing the default stepping granularity ‘

(CXdb) step

status of process

executable:
arguments:

fixed scheduling:
pshell:

image status:
working dir:
default step:

(CXdb) step

(CXdb) step

N

Stepping process [#0/*] by 1 statement
Process [#0/0] stopped stepping at [0x8000306c] CHAPTER8 in chapter8.f line 23

(CXdb) set step expression
(CXdb) info process

Stepping process [#0/*} by 1 expression
Process [#0/0] stopped nexting at [0x80003072] CHAPTER8 in chapter8.f line 23

Stepping process [#0/*] by 1 expression
Process [#0/0]} stopped nexting at [0x80003078] CHAPTER8 in chapter8.f line 23 A4//

~

[#0]:

a.out

(none)

off

csh

created pid 10521, state = stopped
/usr/lib/cxdb

expression - Step size changed
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Figure 202

The set step command in Figure 201 sets the granularity to
expression. Subsequent step commands operate on
expressions, rather than statements, because the default
granularity for the process object has changed. The info
process command displays the default stepping granularity
for the process object.

You can clear the default step for the process object by using the
clear step command. The clear step command resets the
stepping granularity to the current value of the default stepping
granularity (one of the default process settings). If you then
change the default stepping granularity using the set
default step command, the process object’s stepping
granularity tracks the new value of the default.

Figure 202 shows how the clear step command is used to
reset the stepping granularity of the process object to the default
stepping granularity.

Resetting the stepping granularity

(CXdb) step

(CXdb) step

status of process

executable:
arguments:

fixed scheduling:
pshell:

image status:
working dir:

K\‘ default step:

/(Cde) clear step \

Stepping process [#0/*] by 1 statement
Process [#0/0] stopped stepping at [0x8000306c] CHAPTER8 in chapter8.f line 23

Stepping process [#0/*] by 1 statement
Process [#0/0] stopped stepping at [0x8000306c] CHAPTER8 in chapter8.f line 23

(CXdb) info process

[#0] :

a.out

(none)

off

csh

created pid 10521, state = stopped
/usr/lib/cxdb

statement -——————— Step size reset to default size of statement/

The clear step command in Figure 202 resets the stepping
granularity for the process object to statement. The step
commands step the process by statements, rather than by
expressions. The info process command displays the new
stepping granularity.
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SEQ bit

The sequential mode (SEQ) bit of the process status word (PSW)
controls pipelining within the processor. If this bit is set, the
processor executes all instructions sequentially; that is, the
execution of the next instruction is initiated only after the
previous instruction has been executed. If this bit is clear, the
processor operates with the maximum pipelining and overlap.

The default is SEQ set. You can clear the SEQ bit using the
clear seq command and enable it again using the set seq

command. The info psw command displays the setting of the
SEQ bit.

For more information about the PSW and the SEQ bit, refer to the
CONVEX Architecture Reference, Chapter 3, "Register Sets."

SQS bit

The sequential store enable (5QS) bit of the process status word
(PSW) controls sequential stores to memory.

If the SQS bit is set, all stores to memory occur in the same order
as instruction execution. If this bit is clear, stores to memory can
occur in nonsequential order.

By default, the SQS bit is set. You can clear the SQS bit with the
clear sgs command and set it again using the set sgs
command. The info psw command displays the setting of the
SQS bit.

For more information about the PSW and the SQS bit, refer to the
CONVEX Architecture Reference, Chapter 3, "Register Sets.”

Signal actions

The actions CXdb takes when it catches a particular signal can be
set. These signal actions are set using the set signal
command.

The three signal actions are described below:

¢ stop—If the signal is caught, the process is stopped, and the
value for the caught signal is stored in the debugger variable
$signal.

® print—If the signal is caught, the value of $signal and
the corresponding signal type is displayed in the command
window.

® pass—If process execution is continued, the value in the
$signal debugger variable is passed to the process.
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Figure 203

Each action can be set and unset for each signal using the set
signal command, as shown in Figure 203. To unset a signal
action, precede the signal action with the string no (for
example, nostop, nopass, noprint).

Setting the signal actions for the STGALRM signal

/(Cde) info signal SIGALRM

The current signal actions are:

-

Signal Signal
number Stop Pass Print name
14 No Yes No Alarm clock

(CXdb) set signal SIGALRM stop
(CXdb) info signal 14

The current signal actions are:

Signal Signal
number Stop Pass Print name
14 Yes Yes No Alarm clock

(CXdb) set signal SIGALRM nopass
(CXdb) info signal SIGALRM

S

Signal Signal
number Stop Pass Print name
14 Yes No No Alarm clock

#

In Figure 203, the default actions for the SIGALRM signal are
displayed using the info signal command. The stop
action is initially unset. The first set signal command sets
the stop action for the SIGALRM signal. The second info
signal command displays the new action settings for the
SIGALRM signal using its signal number, 2. The second set
signal command unsets the pass action for the SIGALRM
signal. The last info signal command again displays the
new settings for the SIGALRM signal.

For more information about changing the default actions for
signals, refer to the "Signals" section in Chapter 6.
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Origin of process The initial value for process settings is different for each setting.

settin g values Figure 205 and Figure 204 are flowcharts that demonstrate where
the values for the process settings originate. There are two
distinct groups of process settings and default process settings:
those that affect the current process and those that affect only
new processes. Figure 204 displays the first group and Figure 205
displays the second.

In each diagram, a shaded oval represents the default process
setting and an unshaded oval represents the process setting for
the process object.

Figure 204
Defaults for process settings that affect the current process

Original value Default process setting Process setting

None —>Q- default format H format
None —>< default memory H memory
Statement —>( default step )—»( step
Dual »u-efault fpmode )—»( fpmode

Off —»{ default fixed sched H fixed sched
Console working dir. _>( default search path )—‘rL path

“ U U U U U

Directory of executable

Default list of actions =< signal actions )
On ~(  SEQbit )
On ~( SQS bit )
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Figure 205
Defaults for process settings that affect only new processes

Original value Default process setting Process setting

csh (tcsh) or sh (ksh) o default pshell H pshell )
Shell environment ‘{ default environment)—»( environment )

e e .
Console working dir. - directory )
Qu“‘hng the If you have been working the examples in this chapter, you can
examples quit them and exit CXdb by issuing the quit command, as
shown in Figure 206.
Figure 206
Quitting the examples

(CXdb) quit
Process [#0] is still running. Kill it? ¥
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Debugging with multiple

source files

CXdb has commands that make it easier to debug large
programs consisting of multiple source files that may be spread
out over several directories. You can use these commands to
manipulate the search path, open multiple source windows, and
search source windows.

The commands covered in this chapter are:

add default path
add path

cd

display routine
display file

find window forward
find window backward
pwd

remove default
remove path

set default path

set path
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Preparing for
the examples

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 207.

Figure 207
Invoking CXdb

%cd /usr/lib/cxdb/examples
%cxdb

The cd command in Figure 207 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb.

Console working
directory

The search path of the process object defaults to the current
console working directory. The console working directory is the
current directory CXdb is operating from. Initially, the console
working directory is set to the directory from which you invoked
CXdb.

Many commands use the console working directory to find files.
If a relative path name (a path name that does not begin with a
slash or a tilde) is used in any of the following commands, the
relative path name is based from the console working directory:

® add cmderr

® add cmdlog

® add cmdout

® add default path
® add path

® cd

® edit

® remove cmderr

® remove cmdlog

® remove cmdout

® remove default path
® remove path

® set cmderr

® set cmdleg
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Figure 208

® set cmdout

® set default path
® set directory

® set path

You can change the console working directory by using the cd
command. You can display the current setting of the console
working directory by using the pwd command. Both of these
commands work much like their operating system counterparts.
These two commands are demonstrated in Figure 208.

Changing directories within CXdb

(CXdb) pwd
/usr/lib/cxdb/examples

(CXdb) cd example2
(CXdb) pwd

/usr/lib/cxdb/examples/example2

In Figure 208, the pwd command displays the current console
working directory. Initially, this is the directory from which
CXdb was invoked. The cd command changes the console
working directory to the example2 directory. Note that because
the example2 directory was not given an absolute pathname,
it was found using the current console working directory as a
base path name.

Search path

Large programs often have multiple source files. These source
files can all be in the same directory, as with the example
program debugged in preceding chapters, or can be located in
different directories.

CXdb uses two search paths to locate files:

¢ Default search path—Directories searched for executable
files, core files, and command files.

® Search path—Directories searched for source files and
compiler-generated data files.
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The default search path is initially set to track the console
working directory. If the console working directory changes
(through the use of the cd command), the default search path
changes with it. The following commands use the default search
path to find files specified with relative path names:

® core

® debug core
® debug exec
® executable
® source

The search path of the process object is used to locate source files
and compiler-generated data files. When the process object is
created, the search path defaults to the default search path plus
the directory in which the executable file is found (if not in the
default search path). The following commands use the search
path to locate files:

® break line

® display file

® display routine

® cvent reached line
® trace line

You can manipulate the default search path and process object
search path by using the following commands:

® add default path—Adds directories to the default search
path.

® add path—Adds directories to the search path.

® remove default path—Removes directories from the
default search path.

® remove path—Removes directories from the search path.

® set default path—Sets the default search path to the
specified directories.

® set path—Sets the search path to the specified directories.

It is important to properly set up the search path if the program’s
source files are not in the directory of the executable file. If you
do not, CXdb will not be able to find the appropriate source files.
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Figure 209
Displaying the default search path

Displaying the default search path

You can display the search path by using the info process
command and the default search path by using the info cxdb
command. Figure 209 shows how to display the default search
path.

(CXdb) info cxdb

Current CXdb state:

ENVIRONMENT:

pid:
cwd:

command modes:

cmdout:
cmderr:
cmdlog:
evalopts:
shell:

PROCESS DEFAULTS:
fixed scheduling:
step size:
process shell:
fpmode:

memory size:
memory formats:

search path:

~

14315
/usr/lib/cxdb/examples/example2
echo off, logging off, noclobber off
Window #1

Window #1

fpmode = dual, iprecision = 4, rprecision = 4
tcsh

Off

statement

csh

dual

(none)

byte=(none), halfword=(none), word=(none)
longword=(none), quadword=(none)

- -

o

Default search path

_/

The info cxdb command in Figure 209 displays the current
settings for CXdb. The default search path is set to track the
current console working directory (represented by a dot). As
long as the dot is part of the search path, the search path always
includes the current console working directory.

The default search path is passed to the process object when the
process object is created. It is usually best to change the default
search path so that CXdb can find the source files and CDI data
files corresponding to the executable file. If you do not, CXdb
generates an error message if it cannot find a needed file. If this
type of error message is displayed, you can add the name of the
directory where the file is located to the search path, then reissue
the command that generated the error message.

Chapter 9 Debugging with multiple source files 205



Changing the default search path

You can add directories to the default search path with the add
default path command, as shown in Figure 210.

Figure 210
Setting the default search path

/(deb) add default path sourcetreel, sourcetree2, sourcetree3 \
Default search path:

sourcetreel
sourcetree?2
sourcetree3

(CXdb) debug exec a.out

Default source file: sourcetreel/main.f
Default source language: Fortran

\\\?rocess [#0] created ‘//

The add default path command adds the directories
sourcetreel, sourcetree2,and sourcetree3 to the
default search path. These directories are appended to the
current setting of the default path, so the console working
directory remains in the search path.

The debug exec command creates a new process object. The
process object is passed the default process settings, so it
receives the new default search path. CXdb finds the default
source file main.f inthe sourcetreel directory, and opens
the source window.

Displaying the search path

You can display the search path of the process object with the
info process command, as shown in Figure 211.
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Figure 211

Displaying the search path of the process object

status of process

executable:
arguments:

fixed scheduling:
pshell:

image status:
working dir:
default step:
default language:

-

/(Cde) info process \

source file search path:

sourcetreel Directories inherited from the default search path
sourcetree2
sourcetree3

[#0]:

a.out

(none)

off

csh

no image

(default to current CXdb directory)
statement

Fortran

/

The info process command in Figure 211 displays the
process settings for the process object. The search path consists
of the default search path, plus the directory in which the
executable file is located.

Adding directories to the search path

You can add directories to the search path of the process object
by using the add path command, as illustrated in Figure 212.

Figure 212
Adding directories to the search path
/(deb) add path sourcetreel/subl, sourcetreel/sub2 \
Process (#0] search path:
sourcetreel
sourcetree2
\ sourcetree3
| sourcetreel/subl - Added directories

-

sourcetreel/sub2 /r

/

In Figure 212, the add path command adds the directories
sourcetree/subl and sourcetreel/sub2 to the search
path of the process object. CXdb then displays the new search
path for the process object.
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Because you usually debug from within the directory containing
the executable file, it is a good idea to keep the console working
directory in the search path. The set path command removes
all directories from the search path and then sets the search path
to the specified directories. By using the add path commands
rather than the set path commands, you can add the
additional directories to the search path without removing the
initial setting of the console working directory.

Removing directories from the search path

There may be times when you no longer need a directory in the
search path. You can remove one or more directories from the
search path by using the remove path command (or remove
default path for the default search path), as shown in
Figure 213.

/ (CXdb) remove path sourcetreel/sub2 \

Figure 213
Removing directories from the search path
Process [#0] search path:
sourcetreel
sourcetree2
sourcetreel3
sourcetreel/subl

-

/

The remove path command in Figure 213 removes the sub2
directory from the search path. CXdb no longer will look in the
sub2 directory to find source files or corresponding data files.

Initialization files
and search
paths

You can use CXdb initialization files to establish the search paths
you need, rather than having to enter the appropriate commands
each time you plan to use CXdb. Initialization files allow you to
execute CXdb commands automatically, each time CXdb is
invoked.

Figure 214 shows an example of the initialization files that might
be used to automate the setting up of the search path in the same
way as the preceeding examples. In Figure 214, the .cxdbinit
file in the /usr/1lib/cxdb directory, which is executed before
any other initialization files, is not included because this
typically would not be used to establish search paths.

Refer to Chapter 12, Section "Using initialization files," for more
information on initialization files.
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Figure 214
Using initialization files to set up search paths

/usr/jones/ (home directory)

add default path sourcetreel, sourcetree2, sourcetree3

.cxdbinit

files

example2/ (the executable’s directory)

debug exec a.out
add path sourcetreel/subl, sourcetreel/sub2

O CXdb invoked from
/usr/jones/example?2
directory.

sourcetreel/ (a source file directory)

subl/ (a source file directory)

@ .cxdbinit filein
/usr/jones executed.

sub2/ (a source file directory)

® .cxdbinit filein
/usr/jones/example2
executed. sourcetree2/ (a source file directory)

sourcetree3/ (a source file directory)

When CXdb is invoked, the .cxdbinit file in your home
directory is executed. Then, the .cxdbinit file in the current
directory is executed. From Figure 214, the resulting search paths
are as follows:

® Default search path
— . (the current console working directory)
— sourcetreel
— sourcetree?2
— sourcetree3

® Search path
— . (the current console working directory)
— sourcetreel
— sourcetree2
— sourcetree3
— sourcetreel/subl
— sourcetreel/sub2
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Initialization files can be used to control other process settings.
They can also be used to execute other command files, establish
aliases, or even begin debugging. In the above example, the
debug exec command creates a process object. The add path
command affects the search path of the new process object.

Displaying a file

Figure 215

When you are working with multiple source files, it may be
necessary to view the source code of different source files at the
same time. With CXdb, you can open multiple display file
windows to display the contents of any ASCII text file.

The display file command opens a display file window
containing the text of the file specified. If the file you want to
display is in the search path, you do not need to specify a path
name. To display a file outside of the process object’s search
path, you must specify a path name. You can have multiple
display file windows open at once.

Figure 215 shows the display file command and the
resulting window as seen in CXwindows.

Displaying a file in the display file window (in CXwindows)

<(Cde) display file build.f )

DisplayFile Window

. Display File Window] ' v - =

File: sourcetree2/build.f

INTEGER I
REAL ARRAY (20)

PRINT »

DO I=1.20
ARRAY (I} =
ENDDO

END

SUBROUTINE BUILD_ARRAY (ARRAY)

PRINT », "SUBROUTINE BUILD_ARRAY STARTING™

I

CALL PRINT_ARRAY (ARRAY)
PRINT =, "SUBROUTINE BUILD_ARRAY FINISHING"
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In CXwindows, the display file window is a new window. The
DisplayFile Window menu allows you to select another file to
display in the same window.

In Maryland Windows, the display file window is another
subdivision of the screen. This window can be scrolled just as
any other window in Maryland Windows.

Displqying a Just as you can display a file in CXdb, you can also display a
H routine. With the display routine command, the routine is
routine . . :
displayed in a new source window. You can open as many source
windows as necessary.

The advantage of displaying routines inside the source window
is that the source window displays line numbers for the source
file. Also, in the CXwindows interface, you can use the source
window to place eventpoints and select source code text.

In Figure 216, the display routine command opensanew
source window that displays the PRINT ARRAY routine. The
line numbers for the routine are displayed.

Figure 216
Displaying a routine in the source window (CXwindows version)

((deb) display routine PRINT ARRAY

5{ Sourcelindow FileView SourceUnit s

file: print.f process #[0]

SUBROUTINE PRINT_ARRAY(ARRAY)
INTEGER I
REAL ARRAY(20)

Do I=1,20
PRINT 99, I.":". ARRAY(I)
ENDDO

FORMAT (I2.A.X.F5.2)
END

1
2
3
4
5
6
7
8
9
0
1

1
1
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Searching
source code

Figure 217

CXdb provides two commands to help you locate a particular
piece of source code. The find window forward and find
window backward commands search the text in a particular
source window for a specified string. You specify the source
window you want to search by giving CXdb the window
number for that window.

In CXwindows, window numbers are displayed in square
brackets in the upper right-hand corner of the window. In
Maryland Windows, window numbers are displayed after the
window’s title in the title bar.

Searching forward in the source window

The find window forward command searches forward
through the source window. The first search in a window starts
from the beginning of the file. Subsequent searches start from
where the last search left off. If CXdb does not find the string, a
message is displayed. The search does not wrap.

Figure 217 illustrates the find window forward command.

Searching forward through source window 2 for a string

( (CXdb) find window forward ARRAY 2

o

Source Window

{ SourcelWindow FileView Sourcelnit

\

file: main,f process ﬂxgl

END

e e
NP, OUOUDNOOAGN-

PROGRAM CHAPTER10
REAL [T (20)

PRINT %, "PROGRAM CHAPTER10 BEGINNING"

CALL BUILD_ARRAY{(ARRAY)
CALL CHANGE_ARRAY (ARRAY)

PRINT %, "PROGRAM CHAPTER10 FINISHING"

Window to search
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Figure 218

The find window forward command in Figure 217 searches
for the string ARRAY from the beginning of the file displayed in
window 2. CXdb highlights the first occurrence of the string in
the window.

Subsequent searches in this window take place from this
location, as shown in Figure 218.

Continuing to search forward through the source window

chdb) find window forward ARRAY 2 )

1
2
3
4
5
6
7
8
9

;[ SourceWindow FileView SourcelUnit Frocess 5 Cidb #[2] J-

file: main,f process #[0]

PROGRAM CHAPTER10 :
REAL ARRAY(20) f

PRINT =, "PROGRAM CHAPTER10 BEGINNING"

CALL BUILD_ [T (ARRAY)
CALL CHANGE_ARRAY (ARRAY)

PRINT =, "PROGRAM CHAPTER10 FINISHING"
END

In Figure 218, the find window forward command searches
forward through window 2 for the next occurrence of the string
ARRAY. CXdb highlights the string when it is found.

Searching in a different source window

Any source window can be searched with the find window
forward and find window backward commands. Multiple
source windows can be opened with the display routine
command.

Figure 219 shows how to search source window 4, which was
opened by the display routine command in Figure 216.
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Figure 219

Searching a different source window

ERROR: 320
The pattern ’"FORMAT ('’ was

(CXdb) find window forward FORMAT ( 4

(CXdb) find window forward "FORMAT (" 4

not found.

{ SourcelWindow FileView SourceUnit

file: print.f process #[0]

INTEGER I
REAL ARRAY(20)

DO I=1.20
ENDDO

END

P OWUODNOO N OGIN -

N

SUBROUTINE PRINT_ARRAY (ARRAY) R

PRINT 99, I."

99  [EEGHEIEEAIZ.A.X.F5.2)

", ARRAY(I)

|
M

The first find window forward command in Figure 219
searches for the string FORMAT (, which does not exist in source
window 4. CXdb displays a message indicating that it did not
find the string. The second find window forward command
uses double quotes because the string contains a space. CXdb
highlights the string when it is found.

Searching backward in the source window

You can search backward through the text in the source window
by using the find window backward command. The search
begins where the last search left off, or from the end of the file if
this is the first search. You tell CXdb the window you want to
search by specifying the window number of the window, as
shown in Figure 220.
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Figure 220
Searching backward through the source window for a string

((deb) find window backward "DO I=1,20" 4 )

SourceWindow FileView Sourcelnit

file: print.f process #[0]

SUBROUTINE PRINT_ARRAY(ARRAY)
INTEGER I
REAL ARRAY(20)

I.":", ARRAY(I)

FORMAT (I2,A,X.F5.2)
END

1
2
3
4
5
6
7
8
9
0
1

1
1

The find window backward command in Figure 220 searches
window 4 backward from the last search to find the string
"DO I=1,20".CXdb highlights the string when it is found.

Quiﬁing the If you have been working the examples in this chapter, you can
quit them and exit CXdb by issuing the quit command, as
examples ‘ shown in Figure 221.

Figure 221
Quitting the examples

(CXdb) quit

Process [#0] is still running. Kill it? ¥y
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Specifying the program to

debug

Note

There are several methods for specifying the process to debug.
You can debug a new process inside of CXdb, a process that is
already running, or a core file. You can also specify a new
executable file if you wish to debug a different program.

This chapter covers the methods of specifying a program to
debug. It also explains how to execute shell commands from
within CXdb.

The following commands are covered:
® attach
® cd
® core
® debug core
® debug exec
® debug proc
® detach
® executable

® shell

Many of the examples in this chapter assume the shell being used
can place processes in the background. If you are using the
Bourne shell (sh) to execute the examples, you will be unable to
complete the examples shown in the Section "Attached
processes.”
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Preparing for
the examples

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 222.

Figure 222
Invoking CXdb

%cd /usr/lib/cxdb/examples
%cxdb &

The cd command in Figure 222 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb. The & places its execution in the
background.

Specifying a
process to
debug

To debug your program, you must specify the executable file and
a process generated from that executable file. CXdb uses the
image of the process to map between the current state of the
process and the original source code.

There are 3 ways of specifying a process to debug in CXdb. You
can create a new process by running the executable file from
within CXdb. This is the method used in the examples in the
preceding chapters. You can also attach to a process that is
already running outside of CXdb. Or, you can specify a core file.

You can specify the executable file or the process in either order.
The first one you specify, however, must be specified using one
of the following commands:

® debug core—Debug a core file (specifies a core image).
® debug exec—Debug a executable file.
® debug proc—Debug an already running process.

Once you have specified the first of these two pieces (the
executable file or the process), you can specify the other piece
using one of the following commands:

® attach—Attach to a running process.
® core—Retreive the process image from a core file.
® executable—Specify the executable file to use.

® run or rerun—Create a new process.
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Aftached
processes

Note

Figure 223

Attaching to a running process

Typically, when you want to debug a program in CXdb, you
specify the executable file and then run the executable file within
CXdb. CXdb gains control of the created process, and you can
step execution, set breakpoints, and manipulate program
variables.

However, sometimes you may not want to debug the process
created by the run command, but rather a program that has
been started elsewhere. In such a case, you can attach CXdb to
the process when the process nears the desired area of execution.
This is particularly helpful when it takes hours for execution to
reach a critical point.

Running the program in the shell

Before debugging a running process, the process must be run in
the shell. Figure 223 shows the example program being run in
the shell with an argument passed to it.

In the following example, do not provide any input to the process,
or else execution will finish before you can attach to the process.

% a.out -f

EXAMPLE PROGRAM STARTED
The process interface window handles program input.
As an example, enter your first name and press return.

CTRL2 «—— Pressed in the shell window

% ps

16716 q0 I
25544 g2 VT
11816 g2 S
11857 g2 R

17085 g2 S

(=i« o Nol

:00
:00
:02
: 00
:00

-csh

a.out —f <@————— Locate process number of a.out -f
/usr/convex/cxdb

ps

~tcsh

In Figure 223, the a.out -f command creates a new process
in the shell. The example program prints a message requesting
you to enter your first name. Do not provide the requested input;
instead press CTRL-z to stop the process and return to the shell
prompt.
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Figure 224
Attaching CXdb to a process

The ps command prints a list of processes and their process
numbers. Locate the a.out —f process and remember its
process number. In this case, its process number is 25544.

Debugging an existing process

Once a process is created, you can attach to it. There are two
ways to tell CXdb you want to debug an existing process. One is
to use the debug proc command to create a process object and
bring the specified process into it. You must then specify the
executable file using the executable command.

The second method is to create the process object using the
debug exec command and bring the specified executable into
it. You would then need to specify the process by using the
attach command. Figure 224 demonstrates the second
method.

Default source language:

Process [#0] created

(CXdb) attach 25544

o

/(Cde) debug exec a.out \

Default source file: ./example.f

Attaching Process [#0] to pid 25544
Process [#0/0] stopped by attach at [0x8000cb86] ap$read+0xe

Fortran

The debug exec command creates a process object. The
default language is FORTRAN, and the default source file is the
example. f file. The executable file has now been specified.
However, the image of the process to be debugged still has not
been specified.

The attach command specifies the process whose image is
brought into the process object. CXdb attaches to the process,
and then stops the process (though in this case it was already
stopped). The source window highlights the current point of
execution.

Now CXdb has all the pieces necessary to allow you to debug the
process. The process, however, is still stopped in the shell. The
process can be continued with the fg command, as shown in
Figure 225.
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Figure 225
Bringing the process into the foreground

% f£g

a.out -f
In Figure 225, the fg command brings the process back into the
foreground. In this example, because the process was started
outside of CXdb, the shell window in which the process was
started acts as the process interface window for the process.
Figure 226 demonstrates stepping an attached process.

Figure 226

Stepping execution of an attached process

r (CXdb) step \

Stepping process [#0/*] by 1 statement
INFO: 98

No debugging information available for stepping thread 0.
Continuing until routine exit.

\ Process now waiting for input

Type in the shell window ———» CBob )

Process [#0/0] stopped stepping at [0x800052a0] EXAMPLE_INPUT in example.f line 69
(CXdb) step

Stepping process [#0/*] by 1 statement Process steps one statement

Process {#0/0] stopped stepping at [0x800052ac] EXAMPLE_INPUT in example.f line 70

The step command continues process execution at the READ
statement on line 67. At this point, you can enter your name in
the shell window as input to the process.

When you do so, the READ statement completes, and the

process stops stepping. At this point, you can continue to debug
the program as you would a new process under CXdb’s control.
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Letting an attached process run to completion

If an attached process runs to completion, the kernel sends a
signal to the controlling process, but not to CXdb. Thus, CXdb
cannot detect when an attached process completes. This leaves
CXdb waiting for the process to stop; this can only be corrected
by removing the image from the process object, as shown in
Figure 227.

An aftached process that runs to completion causes CXdb to lose

Note control over the process. To return CXdb to normal, the kill

Figure 227

process command must be used.

Returning CXdb to normal after an attached process completes

(CXdb) continue

Resuming execution of Process [#0/*]

CTRL-c ~@——— Pressed 2 times in the command window

-

Stopping Process [#0]
(CXdb) kill process -

Interrupt

Terminating command [#152]: continue
Stopping Process [#0]

&

Interrupt

Terminating command [#149]: continue

<@—— continue command terminates

Must be used to remove image

Kill process [#0]? ¥
Process [#0] terminated
Terminated execution of Process

[#01]

~

_/

The continue command resumes process execution, and the
process runs to completion. CXdb does not receive notification
from the kernel of the completion of the process, and therefore is
left waiting for the process to stop.

Press CTRL¢ twice in the command window to terminate the
continue command. However, as far as CXdb is concerned,
the process is still running. The kill process command must
be used to remove the incorrect image from the process object.
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Detaching from a process

After you complete your debugging of a process, you can detach
from it by using the detach command. You can detach from a
process started in CXdb or from an attached process. The process
must be stopped before you can detach from it. This is
demonstrated in Figure 228.

When you detach from a process, the process exists outside of
the control of CXdb. The process is left running.

Note

A process whose order of execution has been aitered while being
debugged may continue execution unpredictably outside the

Figure 228

control of CXdb. 1t is best notto detach from processes whose order
of execution has been changed during debugging.

Detaching from a running process

N

/(Cde) run "-f" & w
Starting process [#0]: a.out -f

Command [#167] completed

(CXdb) stop

Stopping Process [#0]

Process [#0/0] stopped at [0x8000cb86] __  ap$read+Oxe

(CXdb) detach -= Detaches from current process

Process [#0] detached

(CXdb) info process
status of process [#0]:

executable:
arguments:

fixed scheduling:
pshell:

image status:
working dir:
default step:
default language:

source file search path:

a.out

(none)

off

csh

no image -¢——— Image has been removed
(default to current CXdb directory)

statement

Fortran

/

The run command creates a new process from the executable
file. The stop command stops process execution. The detach
command detaches CXdb from the current process. The process
is left running in the shell from which it was invoked.

The info process command now shows that there is no
process image.
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Changing the
executable file

Figure 229

When you have completed the debugging of one program in
CXdb, you can switch to debugging a new program without
leaving CXdb. You do so by specifying a new executable file.

When you specify a different executable file, the new executable
replaces the existing executable file in the process object. If a
current process exists, it is killed. All eventpoints are removed
from the process object.

Inthe /usr/lib/cxdb/examples directory thereisa
subdirectory containing another program. Figure 229 shows
how to debug this program with the executable command.

Changing the executable file of the process object

/ (CXdb) cd example3
(CXdb)

Default source file:
Default source language:

(CXdb) run

Starting process [#0]:

Process [#0]

executable a.out
Replace existing executable? ¥

./example3.f

a.

exited normally.

~

Fortran

out

/

The cd command in Figure 229 changes the console working
directory to the example3 directory. The cd command in
CXdb works much like the shell cd command. Relative path
names now use the /usr/lib/cxdb/example/example3
directory as a base path because it has become the console
working directory.

The executable command replaces the existing executable
file in the process object with the executable file a.out located
in the example3 directory. The existing source window is
closed and a new source window showing the source code
corresponding to the new a.out file is opened.

The run command runs the new program. The program runs
to completion.
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Issuing a shell

command

within CXdb

A shell command of the operating system can be issued from
within CXdb using the CXdb shell command. The shell
command is executed and the appropriate output is displayed in
an xterm window in CXwindows or on the screen in Maryland
Windows. This is demonstrated in Figure 230.

Figure 230

Issuing a shell command from within CXdb

(CXdb) shell ps

1T

=

g0
pc
pc
p3
pc
r7
r7

/usr/convex/cxdb
/usr/lib/cxdb/examples/a,.cut -f
/usr/bin/X11/xterm -e /bin/tcsh -fFc ps:echo
-bin/tcsh -ffc ps:echo 7~
ps

< 2
TN HHLWY

return to continue.,.}}

"*secho -n P
secho -n Press return to continu

Shell window in CXwindows

The shell ps command, shown in Figure 230, causes CXdb to
open a shell window. The shell window displays the output from
the ps command.

In CXwindows, the shell window is a normal xterm window.
When you press RETURN inside of this window, the window closes.

In Maryland Windows, the shell command causes the ouput
of the ps command to appear at the bottom of the terminal
screen. Pressing RETURN causes CXdb to continue as normal.
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Figure 231

You can also invoke an interactive shell window from within
CXdb. To do so, simply enter the shell command withoutany
parameters.

In CXwindows, the shell window opens again. This window is a
normal xterm window. When you exit the window using the
exit command, the window closes.

In Maryland Windows, CXdb is stopped and control returns to
the shell from which CXdb was invoked. When the exit
command is used in this shell, CXdb is brought to the
foreground again.

Figure 231 demonstrates the use of the shell command and
shell window to resume execution of the process that was
detached (see Figure 228).

Opening an interactive shell window

(CXdb) shell

% a.,out -f
{EXAMPLE PROGRAM STARTED

{Bob
1 Thanks, Bob

|EXAMPLE PROGRAM FINISHED
{vexith

| The process interface window handles program input.
As an example, enter your first name and press return.

{The command line argument was: -f

The shell command in Figure 231 opens a shell window in
CXwindows. The shell window is an interactive xterm window.
The exit command exits the shell window.
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Qu|ﬁ|ng the If you have been working the examples in this chapter, you can
quit them and exit CXdb by issuing the quit command, as
eXClmpleS shown in Figure 232.

Figure 232
Quitting the examples

(CXdb) quit
Process [#0] is still running. Kill it? ¥
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Aliases and macros

This chapter describes how to create and use aliases and macros
in the CXdb command language. It also explains how to use the
command history to recall previous commands.

This chapter covers the following commands:

® zlias

® info alias

¢ info history

® info macro

® macro

® recall

® remove alias

® remove macro

Preparing for
the examples

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 233.

Figure 233
Invoking CXdb

%cd /usr/lib/cxdb/examples
%cxdb a.out

The cd command in Figure 233 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb and gives it the name of the executable
file for the examples.

Once you have invoked CXdb, move the cursor to the command
window and enter the commands shown in Figure 234.
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Figure 234
Starting the example program

(CXdb) break routine chapter?
#0: break routine, on [#0/*], Enabled, ignore 0/0
[0x800026c6] CHAPTER7 in chapter7F.f line 4

(CXdb) run

Starting process [#0]: a.out
Process [#0/0] stopped by Bkpt 0, at [0x800026c6] CHAPTER7 in chapter7F.f line 4

The break routine command in Figure 234 sets a breakpoint
at the beginning of the routine chapter7. The run command
runs the example program. The program stops executing when
it reaches the breakpoint.

Aliases

An alias is an alternate name for a command. In the CXdb
command language, an alias can represent part of a command, a
complete command, or several commands.

The default initialization file (/usr/1lib/cxdb/.cxdbinit)
defines a number of default aliases. To create additional aliases,
use the alias command.

Displaying aliases

You can use the info alias command to list the default
aliases as well as any aliases you create. Figure 235 illustrates the
info alias command.
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Figure 235

Listing all aliases

//1Cde)

args

cfs

t?

ti

tl

tr

ts

up
whatis
where

\

info alias

“recall”

“source”

“help”

“info args”

“info break”

“break instruction”
“break line”

“break routine”
“break source”
“backtrace”
“continue”

“clear fixed sched”

“info trace”

“trace instruction”
“trace line”

“trace routine”
“trace source”
“frame +1”

“info expression”
“info scope”
“examine”

_J

The info alias command in Figure 235 lists all current
aliases, both the default ones and the ones you have defined. If
you want to list only particular aliases, you can limit the list by
using a regular expression with the info alias command.
For example, Figure 236 shows how to list all aliases that start
with the letter b.

Figure 236

Using a regular expression with the info alias command

(CXdb)

b?
bi
bl
br
bs
bt

info alias b

“info break”

“break instruction”
“break line”

“break routine”
“break source”
“backtrace”
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Defining aliases

The alias command defines an alias. The following rules
apply to defining an alias:

® The alias name can contain any printable characters except
tab, forward slash (/), and backslash (\).

® Alias names are case sensitive.

® Alias names can consist of multiple words. When defining a
multiword alias, precede each blank space with a backslash
(\). The backslash is not needed to invoke the alias.

® The alias definition (what the alias name represents) must be
a single string.

® If the alias definition contains white space, the entire
definition must be enclosed in quotation marks (either single
or double quotes).

® The alias definition can contain CXdb commands, macros,
and other aliases.

® An alias definition remains in effect until the end of the
current CXdb session or until you explicitly delete it,
whichever comes first.

Figure 237 illustrates how to define aliases.

Figure 237
Defining aliases

(CXdb) alias ssl ’'set step loop’
(CXdb) alias sss ’'set step statement’
(CXdb) alias loop\ &\ print ’step loop; print ARRAY’

The first command in Figure 237 defines ss1 as an alias for the
command set step loop. Because the string set step
loop contains white space, it must be enclosed in quotes. The
second command defines sss as an alias for set step
statement. The third command defines the multiword alias
loop & print to represent two commands: step loop and
print ARRAY. A backslash (\) is needed before each space in
the name of this multiword alias.

To verify that the aliases have been defined correctly, use the
info alias command, as shown in Figure 238.
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Figure 238
Displaying the new aliases

/(deb) info alias ss \

ssl "set step loop"”
sss "set step statement™

(CXdb) info alias loop

\loop & print "step loop; print ARRAY" /

Redefining and deleting aliases

You canalsouse the alias command to assign a new definition
to an existing alias name, as illustrated in Figure 239.

Figure 239
Redefining an alias
<(deb) alias loop\ &\ print 'step loop; print TABLE’ )
To delete an alias, use the remove alias command, as
illustrated in Figure 240. The remove alias command takes
effect immediately, without asking for confirmation.
Figure 240
Deleting an alias
<(deb) remove alias sss >
All dlias definitions are automatically deleted when you quit the
Note current debugging session. If there are any dliases that you want

to use in future debugging sessions, you should define those
aliases in an initialization file. (Refer to Chapter 12 for a description
of initialization files.)
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Figure 241
Invoking aliases

Using aliases

To invoke an alias, simply enter its name on the command line.
The following rules apply to using aliases:

® The alias must be the first entry on the command line.

® CXdb expands the alias to its definition before executing the
command line

® You cannot combine multiple aliases to form a single
command.

® Aliases cannot accept parameters. (However, macros can.)

Figure 241 shows several ways to invoke aliases.

/(Cde) ssl

(CXdb) s 2
Stepping process [#0/%*]

(CXdb) loop & print
Stepping process [#0/*]

1..4,3) : 10000

(
\(1..4,4) : 17000

Process [#0/0] stopped stepping at [0x80002700] CHAPTER7 in chapter7F.f line 6

Process [#0/0] stopped stepping at [0x80002700] CHAPTER7 in chapter7F.f line 6

(CXdb) INTEGER*4(1:4, 1:
(L..4;1) : 2000
(1..4,2) : 5000

~

by 2 loops

by 1 loop

4)

/

In Figure 241, the alias ss1 sets the stepping granularity to
loop. The alias s is the default alias for the step command,
so the command s 2 steps the process by two loops. Because
the alias is expanded before the command line is executed, the
step count of 2 is a parameter of the step command and not a
parameter of the alias s.

The alias loop & print expands into two commands. The
first command steps the process by one loop, and the second
command prints the array called TABLE.
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Macros Macros enable you to customize the CXdb command language to
suit your particular needs. Macros and aliases are similar in
many respects and can often be used interchangeably. However,
macros are more powerful in the following ways:

® Macros can accept parameters, but aliases cannot.
® A macro can invoke itself iteratively, but an alias cannot.

® A macro can appear anywhere within a command, but an
alias must be at the beginning of the command.

® Multiple macros can be used in a single command, but only
one alias can be used per command.

Defining macros

The macro command defines a macro. The following rules
apply to defining a macro:

® A macro name can contain alphanumeric characters only. No
white space is allowed in a macro name.

® Macro names are case sensitive.

® The macro definition (what the macro name represents) must
be a single string.

® If the macro definition contains white space, the entire
definition must be enclosed in quotation marks (either single
or double quotes).

® The macro definition can contain CXdb commands, aliases,
parameters, and other macros.

® A macro definition remains in effect until the end of the
current CXdb session or until you explicitly delete it,
whichever comes first.

Figure 242 illustrates how to define a macro.

Figure 242
Defining a macro

C(Cde) macro sl ’'step loop’ >
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Figure 243

The macro command in Figure 242 defines s1 asa macro that
represents the command step loop. Defining sl asan alias
would have worked just as well in this case. However, if you
want to include a parameter in the definition, then a macro is
needed. Figure 243 shows how to define a macro that includes a
parameter.

Including a parameter in the macro definition

< (CXdb) macro 1lp(N:1) ’'step loop N; info locals’ >

In Figure 243, the macro 1p accepts the parameter N to specify
the number of loops to step. The default value for N is1,
specified by (N:1) . This macro also includes a second
command, info locals.

Displaying macros

The info macro command displays the current definitions of
macros. Figure 244 illustrates this command.

Figure 244
Listing all macros

(CXdb) info macro

lp( N:1 ) "step loop N; info locals"
sl "step loop"

The info macro command in Figure 244 lists the definitions
of all current macros. If you want to list only particular macros,
you can limit the list by using a regular expression with the
info macro command. For example, Figure 245 shows how to
list all macros that start with the letter s.

Figure 245
Using a regular expression with the info macro command

(CXdb) info macro s

sl "step loop"
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Using macros

To invoke a macro, prefix an at-sign (@) to its name. The
following rules apply to using macros:

® The macro may appear anywhere on the command line.

¢ CXdb expands the macro to its definition before parsing the
command line.

® Multiple macros can be used to form a single command.

® A macro can invoke itself iteratively. This is not recursion in
a strict sense because it does not involve a stack. The macro
merely continues to expand until it reaches the end of its
parameter list.

® Macros can perform token pasting, which concatenates a
macro parameter with another parameter or with a fixed
string.

Figure 246 shows how to invoke a macro.

Figure 246
Invoking a macro

f(Cde) @lp(2) \

Stepping process [#0/*] by 2 loops
Process [#0/0) stopped stepping at [0x80002700] CHAPTER7 in chapter7F.f line 6
(CXdb) Process [#0/0]
Frame : 0; [0x80002700] CHAPTER7 in chapter7F.f line 6
Number of locals : 3
1l : TABLE = INTEGER*4(1:4, 1:4) 0x8005b058
2 : I = (INTEGER*4) 4

\ 3 : J = (INTEGER*4) 5 /

In Figure 246, the macro 1p is invoked with a value of 2 for the
parameter N. This steps the process by two loops, then lists the
local variables.

A macro can be defined to invoke itself iteratively, as shown in
Figure 247.

Figure 247
Defining an iterative macro

(CXdb) macro P(X) ’print X; @P’

Chapter 11 Aliases and macros 237



Figure 249

The command in Figure 247 defines the macro P. This macro
prints the first parameter passed to itas X. The macro
continues to expand (by @P) to print the next parameter passed
toitas X. The expansion continues until all parameters in the
list are printed. Figure 248 illustrates the use of this macro.

Figure 248
Invoking an iterative macro

(Cxdb) @P (I, J, TABLE)
(INTEGER*4) 4

(CXdb) (INTEGER*4) 5
(CXdb) INTEGER*4 (1:4, 1:4)
(1:431) ¢ 2 4 60

(1..4,2) = 512 210
(1..4,3) = 10 26 54 0
(1..4,4) : 17 48 129 0

In Figure 248, macro P is invoked with 3 parameters: I, J,
and TABLE. The macro goes through 3 iterations, printing one
parameter with each iteration.

Macros can also perform token pasting. Token pasting uses the
operator ## toconcatenatea macro parameter with a command
line token (lexeme) or with another macro parameter. Figure 249
illustrates how to define a macro that uses token pasting.

Defining a macro with token pasting

C(deb) macro FL(LN:1) ’chapterl3F.f:##LN’ >

The command in Figure 249 defines the macro FL, which
concatenates the parameter LN with the fixed string
chapter13F.f:. The default value for LN is 1, specified by
(LN:1) . This macro can be used to set breakpoints at specific
line numbers of the file chapter13F.£f. Figure 250 illustrates
the use of this macro.
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Figure 250
Invoking a macro that uses token pasting

(CXdb) break line @FL

#1: break line, on [#0/*], Enabled, ignore 0/0
[0x80003434] CHAPTER13F in chapterl3F.f line 1

(CXdb) break line QFL(12)

#2: break line, on [#0/*], Enabled, ignore 0/0
[0x800034e6] CHAPTER13F in chapterl3F.f line 12

The first break line command in Figure 250 uses the macro
FL to set a breakpoint at line number 1 in the file
chapterl3F.f. Theline numberin this case is specified by the
default value for the parameter LN. The second break line
command specifies a value of 12 for the parameter LN, so the
breakpoint is set at line 12 of the file chapter13F.f.

Redefining and deleting macros

You can also use the macro command to assign a new definition
to an existing macro name, as illustrated in Figure 251.

Figure 251
Redefining a macro

((deb) macro lp(N:1) ’'step loop N; print TABLE’ )

To delete a macro definition, use the remove macro command,
as illustrated in Figure 252. The remove macro command
takes effect immediately, without asking for confirmation.

Figure 252
Deleting a macro

C (CXdb) remove macro sl )

All macro definitions are automatically deleted when you quit the
Note current debugging session. If you want to include specific macros
in future debugging sessions, you should define those macros in
an initialization file. (Refer to Chapter 12 for a description of
initialization files.)
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Command
history

CXdb stores the last 100 commands you entered in a history
buffer. To display the contents of the command history buffer,
use the info history command, as illustrated in Figure 253.

Figure 253
Displaying the command history buffer

—

/(Cde) info history

debug exec a.out

break routine chapter?7

LWun

info alias

info alias b

alias ssl ’set step loop’

alias sss ’set step statement’
alias loop\ &\ print ’step loop:
info alias ss

info alias loop

alias loop\ &\ print ’step loop; print TABLE’
remove alias sss

ssl

s 2

loop & print

macro sl ’step loop’

macro lp(N:1) ’step loop N;
info macro

info macro s

@lp(2)

macro P (X) ’print X;
@P (I, J, TABLE)
macro FL(LN:1)
break line Q@FL
break line QFL(12)

macro lp(N:1) ’step loop N; print TABLE’
remove macro sl

\\\info history

As Figure 253 shows, the history buffer also includes the
command just entered, which is the info history command.

print ARRAY’

info locals’

@p’

’chapter7F.f:##LN’

/

If you do not want to view the entire history buffer, you can
specify the number of commands to display, as illustrated in
Figure 254. The count starts from the bottom of the history list
(last command entered) and proceeds toward the top of the list.
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Figure 255
Recalling a command

Figure 254
Displaying a specified number of commands

/(deb) info history 8 \

QP (I, J,TABLE)

macro FL(LN:1) ’chapter7F.f:##LN’

break line @FL

break line QFL(12)

macro lp(N:1) ’step loop N; print TABLE’
remove macro sl

info history

\\\fnfo history 8 4//

You can view the history list one line at a time by using CTRL-p to
go to the previous line and CTRL-n to go to the next line.

You can also retrieve a command from the history list and
execute it again by using the recall command. This command
searches for the first entry in the history list that contains the
search string you specify. The search starts at the bottom of the
history list (last command entered) and proceeds toward the top
of the list. Figure 255 illustrates the recall command.

(CXdb) recall break
{CXdb) break line @FL(12)

#3: break line, on [(#0/*], Enabled, ignore 0/0
[0x800034e6] CHAPTER13F in chapterl3F.f line 12

INFO: 104

Eventpoint 2 also has a breakpoint at address 0x800034e6. 4//

*\\

-t Recalled command

The recall command in Figure 255 searches for the first entry
in the history list that begins with the string break. It finds the
entry break line QFL(12) and executes it immediately.

To search for a string anywhere within any of the history entries,
prefix the search string with a question mark (?), as shown in
Figure 256.
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Figure 256
Using a search string to recall a command

/(Cde) recall ?his \

(CXdb) info history 8 -s¢———————Recalled command

break line @FL

break line @FL(12)

macro 1lp(N:1) ’‘step loop N; print TABLE’
remove macro sl

info history

info history 8

break line @FL(12)

\\\%nfo history 8 4//

The recall command in Figure 256 searches for the first entry
in the history list that contains the string his. Itfinds the entry
info history 8 and executes it immediately.

The recall command immediately executes the entry it
Note refrieves from the history list, without asking for confirmation and
without waiting for you to press RETURN.

Qmﬁ'mg the If you have been working the examples in this chapter, you can
quit them and exit CXdb by issuing the quit command, as
examples shown in Figure 257.
Figure 257

Quitting the examples

(CXdb) quit
Process [#0] is still running. Kill it? ¥y
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Logging, command files,
and batich mode

This chapter explains how to use files to manipulate CXdb input
and output. It describes file manipulation in relation to 3 major
functions:

® Logging CXdb input, output, and messages

® Using command files and initialization files

® Running CXdb in batch mode

This chapter covers the following commands:

add cmderr
add cmdlog
add cmdout
clear echo
clear logging
cxdb -b

edit
redirection operators
remove cmderr
remove cmdlog
remove cmdout
set cmderr
set cmdlog
set cmdout
set echo

set logging
set noclobber

source

Chapter 12 Logging, command files, and batch mode 243



Preparing for
the examples

Caution

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 258.

Figure 258
Invoking CXdb

%cd /usr/lib/cxdb/examples
%cxdb a.out

The cd command in Figure 258 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb and gives it the name of the executable
file for the examples.

The examples in this chapter create and delete files in your home
directory. You should carefully consider what effects this might
have on your home directory before executing any of the
examples.

Logging CXdb
input, output, and
messages

Figure 259

During a debugging session, you can keep a record (or log) of
any commands you enter as well as any output or messages
generated by CXdb. To log CXdb input and output, you direct it
to locations called viewports. A viewport is either a file or the
CXdb command window.

Logging CXdb output

The standard output from CXdb is called cmdout, and it
normally appears in the command window. To log the output to
a file, use the add cmdout command to define the file as a
viewport for cmdout. Figure 259 shows how to define a file as a
viewport for output.

Adding files to the viewport list for cmdout

(CXdb) add cmdout ~/output.log, ~/session.cxdb

New cmdout: Window #1, /usr/homedir/output.log, /usr/homedir/session.cxdb
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Figure 260

The add cmdout command in Figure 259 adds two files to the
viewport list for cmdout. The file names are output.log and
session.cxdb. The tilde (~) specifies that the files are to go in
your home directory. The response to the command indicates
that the new viewport list includes these two files plus Window
#1 (the command window), which is the default viewport for
cmdout. Any output from CXdb commands now goes to all three
of these viewports simultaneously.

To check the viewport list, use the info cxdb command, as
illustrated in Figure 260.

Checking the viewport list for cmdout

K(Cde) info cxdb
Current CXdb state:

ENVIRONMENT:
pid:
cwd:

command modes: e

cmdlog:
evalopts: £
shell: t

PROCESS DEFAULTS:
fixed scheduling: Of
step size: s
process shell: c
fpmode:
memory size:
memory formats: b

search path:

PROCESSES:
process [#0]: n

o

cmdout: Window #1, /usr/homedir/output.log, /usr/homedir/session.cxdb
cmderr: Window #1

~

Viewport list for CXdb output

7688
/usr/lib/cxdb/examples
cho off, logging off, noclobber off

pmode = dual, iprecision = 4, rprecision = 4
csh

f

tatement

sh

dual

none)

yte=(none), halfword={(none), word={(none)
longword= (none), quadword=(none)

0 image, executable = a.out
shell = c¢sh

_/

To display the contents of the log files, you can use either of the
following methods:

® Use the display file command.

® Use the shell command to access the shell, then display
the file with cat or a similar command.
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At this point, both output.log and session.cxdb contain
the same information. Both files are a log of the output from the
add cmdout and info cxdb commands in Figure 259 and
Figure 260, respectively. Figure 261 uses the display file
command to show the contents of the output.log file.

Figure 261
Displaying the contents of the ~/output.log file

Q(deb) display file ~/output.log - )

Entry in command window

Output from add cmdout Output from info cxdb

New cmdout: Window #1, output.log, /ubr/homedir/session.cxdb ‘\\

Current CXdb state:

ENVIRONMENT :
pid: 7688
cwd: /usr/lib/cxdb/examples
command modes: echo off, logging off, noclobber off

cmdout : Window #1, /usr/homedir/output.log, /usr/homedir/session.cxdb

cmderr: Window #1

cmdlog:

evalopts: fpmode = dual, iprecision = 4, rprecision = 4
shell: tcsh

PROCESS DEFAULTS:
fixed scheduling: Off
step size: statement
process shell: csh
fpmode: dual
memory size: (none)
memory formats: byte=(none), halfword=(none), word=(none)
longword=(none), quadword=(none)
search path:

PROCESSES:
process [#0]: no image, executable = a.out

\\\7 shell = csh A///

Display file window
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Logging CXdb messages

In response to your commands, CXdb can issue informational
and error messages. These standard messages are collectively
called cmderr, and they normally display in the command
window. To log the messages to a file, use the add cmderr
command to define the file as a viewport for cmderr. Figure 262
shows how to define a file as a viewport for CXdb messages.

Figure 262
Adding files to the viewport list for cmderr

(CXdb) add cmderr ~/error.log, ~/session.cxdb
New cmderr: Window #1, /usr/homedir/error.log, /usr/homedir/session.cxdb

The add cmderr command in Figure 262 adds two files to the
viewport list for cmderr. The file names are error.log and
session.cxdb. The response to the command indicates that
the new viewport list includes these two files plus Window #1
(the command window), which is the default viewport for
cmderr. Any messages from CXdb are now sent to all three of
these viewports simultaneously.

To check the viewport list, use the info cxdb command, as
illustrated in Figure 263.
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Figure 263
Checking the viewport list for cmderr

/(deb) info cxdb

N

Current CXdb state:

ENVIRONMENT :

pids:
cwd:

command modes:
cmdout :
cmderr:
cmdlog:
evalopts:
shell:

PROCESS DEFAULTS:
fixed scheduling:
step size:
process shell:

fpmode:

memory size:
memory formats:

search path:

PROCESSES:
process [#0]:

7688

/usr/lib/cxdb/examples
echo off, logging off, noclobber off
Window #1, /usr/homedir/output.log,
Window #1, /usr/homedir/error.log,

/usr/homedir/session.cxdb
/usr/homedir/session.cxdb

fpmode dual, iprecision 4, rprecision = 4

tcsh

Off
statement
csh

dual

(none)
byte= (none),
longword= (none) ,

Viewport list for
CXdb messages

halfword=(none), word=(none)
quadword= (none)

executable a.out

csh

no image,
shell

/

To display the contents of the log files, you can use either of the

following methods:

® Use the display file command.

® Use the shell command to access the shell, then display

the file with cat or a similar command.

Figure 264 shows a command that results in an error message. It

also shows the contents of the error.log file after this
command is executed.
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Figure 265
Logging your input

Figure 264
Logging an error message

(CXdb) info locals

Command

window ERROR: 32

Process [#0] has no running image.

~/error.log

fil ERROR: 32
Le Process [#0] has no running image.
Logging CXdb input

Standard input to CXdb is called cmdlog. Normally this input is
echoed in the command window. To log your input to a file, use
the add cmdlog command to define the file as a viewport for
cmdlog. Then use the set logging command to enable
logging of the input. Figure 265 illustrates how to log CXdb
input.

(CXdb) add cmdlog ~/input.log, ~/session.cxdb

New cmdlog: /usr/homedir/input.log, /usr/homedir/session.cxdb

(CXdb) set logging

The add cmdlog command in Figure 265 adds two files to the
viewport list for cmdlog. The file names are input.log and
session.cxdb. The set logging command then enables
logging of input to these files. Your input to CXdb now goes to
these two files as well as being echoed in the command window.

To check the viewport list and the status of the logging option,
use the info cxdb command, as illustrated in Figure 266.
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Figure 266
Checking the status of logging for cmdlog

~

K(Cde) info cxdb

memory formats:

search path:

PROCESSES:
process [#0]:

S

Current CXdb state: Logging enabled
ENVIRONMENT:
pid: 7688
cwd: /usr/lib/cxdb/exampl
command modes: echo off, logging on, noclobber off
cmdout: Window #1, /usr/homedir/output.log, /usr/homedir/session.cxdb
cmderr: Window #1, /usr/homedir/error.log, /usr/homedir/session.cxdb
cmdlog: /usr/homedir/input.log, /usr/homedir/session.cxdb
evalopts: fpmode = dual, iprecision = 4, rprecision = 4
shell: tcsh
PROCESS DEFAULTS:
fixed scheduling: Off \ﬁevvporthstfor
step size: statement CXdb input
process shell: csh
fpmode: dual
memory size: (none)

byte=(none), halfword=(none),
longword= (none) ,

word= (none)
quadword= (none)

executable
csh

no image,
shell

a.out

/

To display the contents of the log files, you can use either of the

following methods:

® Usethe display file command.

® Use the shell command to access the shell, then display

the file with cat or a similar command.

Figure 267 shows several commands being entered in the

command window. It also shows the contents of the input.log

file after those commands are entered.
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Figure 267
Logging input

Command window

Qde) executable a.out \

Replace existing executable? ¥

Default source file: example.f
Default source language: Fortran

(CXdb) break line chapter7F.f£f:40

#0: break line, on [#0/*], Enabled, ignore 0/0
[0x800029¢c0)} BLD_MATRIX in chapter7F.f line 40

(CXdb) run

Starting process [#0]: a.out
Process [#0/0] stopped by Bkpt 0, at [0x800029c0] BLD_MATRIX in chapter7F.f linegig)

info cxdb

executable a.out
~/input.log file break line chapter7F.f:40
run

) RO

Redefining and deleting viewports

You can use the add cmdout, add cmderr, and add
cmdlog commands to add viewports at any time, as shown in
Figure 268.

Figure 268
Adding another viewport

(CXdb) add cmderr ~/message.log
New cmderr: Window #1, /usr/homedir/error.log, /usr/homedir/session.cxdb,
/usr/homedir/message.log

To delete a viewport from one of the lists, use the remove
cmdout, remove cmderr, or remove cmdlog command,
as illustrated in Figure 269.
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Figure 269
Deleting a viewport

(CXdb) remove cmderr ~/error.log
New cmderr: Window #1, /usr/homedir/session.cxdb, /usr/homedir/message.log

You can also delete an old viewport list and replace it with a new
list by using the set cmdout, set cmderr, or set cmdlog
command. Figure 270 illustrates the use of the set cmdout
command to reset the viewport list so that Window #1 (the
command window) is the only viewport for CXdb output.

Figure 270
Resetting the viewport list

(CXdb) set cmdout 1

New cmdout: Window #1

To disable logging of input to all viewports except the command
window, use the clear logging command, as shown in
Figure 271.

Figure 271
Disabling input logging

C(deb) clear logging )

Using redirection operators

In addition to the viewport lists mentioned in the previous
sections, you can also use redirection operators to send CXdb
output or messages to specified viewports. (There are no
redirection operators for CXdb input.) The redirection operators
affect only the particular CXdb command with which they
appear.

Figure 272 shows the use of a redirection operator (>) to direct
the output of the info process command to the file
process.log. Redirection operators override all other
viewport lists, so in this case the output of the info process
command does not even display in the command window.
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Figure 272
Redirecting output to a file

(CXdb) info process > ~/process.log
(CXdb)

For more information about redirection operators, refer to the
parameter description <redirection-operator> in Chapter 3,
"Parameters,” of the CONVEX CXdb Reference manual.

Controlling file writes

When logging cmderr, cmdlog, or cmdout to files, CXdb creates
the files if they do not exist. If a specified file already exists, then
CXdb overwrites it unless you use the noclobber option.
Figure 273 illustrates the use of this option.

Figure 273
Using noclobber to prevent overwriting of a file

(CXdb) set noclobber
(CXdb) add emdout ~/output.log

ERROR: 162
File /usr/homedir/output.log exists. Can’t overwrite with NOCLOBBER set.

In Figure 273, the set noclobber command enables the
noclobber option. The add cmdout command tries to add the
file output.log to the viewport list for cmdout. Because this
file already exists in the current directory, the noclobber option
prevents the file from being overwritten, and an error results.

To display the current status of the noclobber option, use the
info cxdb command, as illustrated in Figure 274.
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Figure 274

Checking the status of the noclobber option

/(Cde) info cxdb

Current CXdb state:

ENVIRONMENT :
pid:
cwd:

command modes:
cmdout :
cmderr:
cmdlog:
evalopts:
shell:

PROCESS DEFAULTS:

step size:
process shell:
fpmode:

memory size:
memory formats:

search path:

PROCESSES:
process [#0]:

S

Status of noclobber option

7688
/usr/lib/cxdb/examples
echo off, logging off, noclobber on
Window #1
Window #1, /usr/homedir/session.cxdb, /usr/homedir/message.log
/usr/homedir/input.log, /usr/homedir/session.cxdb
fpmode = dual, iprecision = 4, rprecision = 4
tcsh

fixed scheduling: Off

statement

csh

dual

(none)

byte=(none), halfword=(none), word=(none)
longword=(none), quadword=(none)

created pid 21128, state = stopped, executable = a.out

shell = csh 4//

Command files
and initialization
files

A command file is any file that contains CXdb commands. A
command file is a convenient way to store a sequence of
commands that you want to execute more than once. Whenever
you want to repeat the sequence, you can execute the command
file by invoking the file with the source command.

There is a special type of command file known as an
initialization file. Initialization files execute automatically
whenever you invoke CXdb.
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Creating a command file

A command file is an ASCII text file that contains CXdb
commands. Therefore, you can create and edit a command file in
the same way you create any ASCII text file. One method of
creating a command file is to log the commands (cmdlog) to a file
the first time you enter them, then edit the log file to generate the
desired command file. Figure 275 illustrates this process.

Figure 275
A command file created from a cmdlog file

info cxdb

executable a.out

break line chapter7rF.£f:40
run

add cmderr ~/message.log
remove cmderr ~/error.log
set cmdout 1

clear logging

T

Contents of ~/input.log file

Command file chapterl2.cmds created by editing input.log file

executable a.out

break line chapter7F.f:40 {if (MATRIX(I,J,K).GT.100)\
{echo "value too high:"; echo/n " I= "; print I;\
echo/n " J= "; print J; echo/n "™ K= "; print K;\
echo/n " MATRIX(I,J,K)= "; print MATRIX(I,J,K);}\
else resume;} $BL40

run

| 4

Figure 275 shows the command file chapterl12.cmds, which
is created by editing the cmdlog file input.log. The
command file sets a breakpoint with a handler that tests whether
the value of an array element exceeds 100. Because the handler
is lengthy, it would be difficult to type correctly in the command
window. But the command file provides an easy way to create
the handler and to save it so that it can be modified and executed
again.

The command file in Figure 275 also uses the debugger variable
$BL40 to store the eventpoint number of the breakpoint. This
makes it possible to refer to the breakpoint by name, rather than
by number, in other CXdb commands.
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You can edit a command file from the shell, or you can use the
edit command to invoke your default editor from within
CXdb. The edit command opens an editor window, as shown

in Figure 276.
Figure 276
Using the edit command
In the command window ( (Cxdb) edit ~/input.loeg >
In the editor window / [nfo cxdo \

executable a.out

break line chapter?F.f:40
run

add cmderr “~/message.log
remove cmderr “~/error,log
set cmdout 1

clear logging

L /
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Executing a command file

After creating the command file, you can execute it with the
source command, as shown in Figure 277.

Figure 277
Executing the command file
/(deb) source chapterl2.cmds \
Replace existing executable? Y g CXdb waits for confirmation

All eventpoints on process [#0] removed

Default source file: example.f
Default source language: Fortran

#1: break line, on [#0/*], Enabled, ignore 0/0
[0x800029c0) BLD_MATRIX in chapter7fF.f lire 40
{
if (MATRIX(I,J,K).GT.100) {echo "Value o high:"; echo/n ™ I="; print ...
}
Process [#0] is already running with pid 788
Terminate existing process and restart? y
Starting process [#0]: a.out
Value too high:
I= (INTEGER*4) 3
J= (INTEGER*4) 4
K= (INTEGER*4) 1

\ MATRIX(I,J,K)= (RERL*4) 125.6875 441//

As Figure 277 indicates, the commands from the command file
are not echoed in the command window as they are executed. To
enable echoing of the command file commands, use the set
echo command, as illustrated in Figure 278.
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Figure 278
Executing the command file with echoing enabled

/( CXdb) set echo \

(CXdb) source chapterl2.cmds
(CXdb) executable a.out -
Replace existing executable? Yy

Echoed commands

All eventpoints on process [#0] removed

Default source file: example.f
Default source language: Fortran

(CXdb) break line chapter7F.f:40 {i TRIX(I,J,K).GT.100) {echo "Value too

#2: break line, on [#0/*],
[0x800029¢c0] BL

E led, ignore 0/0

TRIX in chapter7F.f line 40
if (MATR I,J,K).GT.100) {echo "Value too high:"; echo/n " I= "; print ...
}
(CXdb) run
Process [#0] is already running with pid 16279.
Terminate existing process and restart? ¥y

Starting process [#0]: a.out
Value too high:

I= (INTEGER*4) 3

J= (INTEGER*4) 4

K= (INTEGER*4) 1

\\\hMATRIX(I,J,K)= (REAL*4) 125.6875 4//
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Figure 279

To check the current status of the echo option, use the info
cxdb command, as shown in Figure 279.

Checking the status of the echo option

Current CXdb state:

ENVIRONMENT:
pid:
cwd:

command modes:
cmdout :
cmderr:
cmdlog:
evalopts:
shell:

PROCESS DEFAULTS:

step size:
process shell:

memory size:
memory formats:

search path:

PROCESSES:
process [#0]:

o

((Cde) info cxdb

fixed scheduling: Off

fpmode:

Status of the echo option

7688
/usr/gfb/cxdb/examples

echo on, logging off, noclobber on

Window #1

Window #1, /usr/homedir/session.cxdb, /usr/homedir/message.log
/usr/homedir/input.log, /usr/homedir/session.cxdb

fpmode = dual, iprecision = 4, rprecision = 4

tcsh

statement

csh

dual

(none)

byte=(none), halfword=(none), word=(none)
longword=(none), quadword=(none)

created pid 18128, state = stopped, executable = a.out

shell = csh 4//

Using initialization files

An initialization file is a command file that executes
automatically when you invoke CXdb. Initialization files have
the same format, and are created in the same way, as command
files.

Use initialization files to:
® Define aliases
® Define macros
® Set defaults for CXdb and the processes being debugged

® Execute a sequence of commands as a standard start-up
procedure for CXdb
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An initialization file must always be named .cxdbinit. You
can have a different .cxdbinit filein each directory you own.
Each time it is invoked, CXdb executes a maximum of 3
.cxdbinit files, in the following order:

® The default .cxdbinit file in the directory
/usr/lib/cxdb

® The .cxdbinit file in your home directory

® The .cxdbinit filein the console working directory (the
directory from which you invoked CXdb)

Ifa .cxdbinit file does not exist at one of these three levels,
that level is ignored. The commands from a later .cxdbinit

file override the commands from preceding .cxdbinit files.
Figure 280 shows of how these three levels of .cxdbinit files

interact.
Figure 280
Initialization files
@ Contents of alias denv+ "add default environment"

/usr/lib/cxdb/.cxdbinit alias env+ "add environment"
. . alias dp+ "add default path"
(contains default aliases)

alias tl "trace line"
alias tr "trace routine"
alias ts "trace source"

8 Contents of
.cxdbinit in your home directory

alias ss ’'set shell’
add default path sourcetree?2

® Contents of
.cxdbinit in the console working directory

alias ss ’'set step’
macro P(X) ’'print X; @P’

debug exec a.out

As Figure 280 indicates, the first initialization file executed is the
default .cxdbinit fileinthe /usr/1lib/cxdb directory. This
file defines default aliases for CXdb commands.
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The second initialization file executed is the .cxdbinit filein
the user’s home directory. In Figure 280, this file contains two
commands. The first command defines an alias named ss for
the set shell command. The second command adds the
directory sourcetree2 to the default search path. These
settings override any default settings contained in the
initialization file at level 1 (/usr/1ib/cxdb/.cxdbinit).

The third initialization file is the .cxdbinit file in the console
working directory (whichis /usr/lib/cxdb/examples in
this case). The file contains three commands that do the
following:

® Definethealias ss tomean set step. Thisoverrides the
alias ss defined inthe .cxdbinit file atlevel 2 (the home
directory).

® Define the macro P

® Create a process object by loading the executable file a.out
with the debug exec command

Batch mode

You can execute CXdb commands in batch mode without
invoking the interactive user interface. The primary purpose of
batch mode is to allow you to conduct all CXdb input and output
through files.

To execute CXdb in batch mode, use the ~b option for the cxdb
command. Figure 281 shows an example of batch mode
execution. The example includes the contents of the input and
output files as well as the shell command that invokes CXdb in
batch mode.
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Figure 281
Using CXdb in batch mode

In shell

P g % cxdb -b —e a.out —f batch.input > ~/batch.output &

Contents of batch.input file

executable a.out

break line chapter7F.f:40 {if (MATRIX(I,J,K).GT.100)\
{echo "Value too high:"; echo/n " I= "; print I;\
echo/n " J= "; print J; echo/n " K= "; print K;\
echo/n " MATRIX(I,J,K)= "; print MATRIX(I,J,K);}\
else resume;} $BL40

run
quit

Contents of ~/batch.output file after execution of the cxdb command

CXdb version 1.1, Copyright (C) 1991, Convex Computer Corp.
(CXdb) debug exec a.out - From -e option i

Default source file: ./example.f
Default source language: Fortran

Process [#0] created
(CXdb) source batch.input - From -f option

(CXdb) executable a.out g From batch.input file |
Replace existing executable? yes .

Default source file: example.f

Default source language: Fortran
(CXdb) break line chapter7F.f:40 {if (MATRAX(I
:"; echo/n " I= "; print I; echo/n "
/n " MATRIX(I,J,K)= "; print MATRI

,K) .GT.100) {echo "Value too high
int J; echo/n " K= "; print K; echo

#0: break line, on [#0/*], ighore 0/0
[0x800029co] BLD_MATRIX i .f line 40
{

; echo/n " J= "; pri

nt MATRIX(I,J,K);}) else resumef
}

(CXdb) run

Starting process

Value too high:
I= (INTEGER*4) 3
J= (INTEGER*4) 4
K= (INTEGER*4)
MATRIX (I,J,K

(CXdb) quit

" K= "; print K; echo/n " MATRIX(I,J,K)= "; pri

[#0]:

(REAL*4) 125.6875

Process [#0] is still running. Kill it? yes
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Note

In Figure 281, the -b option used with the cxdb command
invokes CXdb in batch mode. The option —e a.out specifies
a.out as the executable file, and it is equivalent to the
command debug exec a.out. Theoption -f
batch.input executesthe command file batch.input, and
it is equivalent to the command source batch.input. The
option > ~/batch.output redirects the CXdb output to the
file batch.output in your home directory. The background
directive (&) tells the shell to execute the cxdb command in
background.

CXdb executes all the options specified with the cxdb
command before reading any input from the included command
file batch.input. The lastline of the batch.input fileis
the quit command. The quit command is needed to exit
from batch mode.

Batch mode also allows you to enter your input directly in the shell
window rather than reading it in from a command file. The
command cxdb -b is sufficient to activate CXdb in this mode.
This is not completely interactive execution because the CXdb
prompts do not appear in the shell window, but the CXdb output
does.

Quitting the
examples

Figure 282

If you have been working the examples in this chapter, you have
created some log files in your home directory. You can delete
these files and exit CXdb by issuing the commands shown in
Figure 282.

Deleting the log files and quitting CXdb

(CXdb) ed ~

(CXdb) shell 'rm output.log error.log input.log message.log’
(CXdb) shell 'rm session.cxdb batch.output process.log’

(CXdb) quit

Process [#0] is still running. Kill it? ¥

The cd command in Figure 282 changes directories to your
home directory. The shell commands invoke the shell and
pass it commands to delete (rm) the log files created by the
examples in this chapter. The quit command exits CXdb.
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Scope paths and the stack 'I 3

Chapter 7 gave examples of printing the values of variables local
to the current routine. With scope paths, you can reference
variables in any part of a program. Scope paths enable you to
specify static variables, common block variables, loader
symbols, and even variables defined in other languages.

This chapter covers the use of scope paths and the stack. The
following commands are introduced:

® backtrace

® frame

® info frame

® info frame at

® info scope

Preparing for
the examples

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 283.

Figure 283
Invoking CXdb

%cd /usr/lib/cxdb/examples
%cxdb a.out

The cd command in Figure 283 changes directories to the
directory where the example program files are stored. The cxdb
a.out command invokes CXdb and gives it the name of the
executable file for the examples.

Once you have invoked CXdb, move the cursor to the command
window and enter the commands shown in Figure 284.
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Figure 284
Starting the example program

K(deb) break line chapterl3F.f:15 {remove event $self;} \
#0: break line, on [#0/*], Enabled, ignore 0/0
[0x80003510] CHAPTER13F in chapterl3F.f line 15
{

remove event S$self;
}
(CXdb) run

Starting process [#0]: a.out
\\\?ventpoint 0 removed 4//

The break routine command in Figure 284 sets a breakpoint
at line 15 of the file chapter13F.f. The breakpoint’s handler
removes the breakpoint after it is triggered. The run command
runs the example program. The program stops executing when
it reaches the breakpoint and then the breakpoint is removed.

SCOpe A declaration binds an identifier to a variable. A language’s
scope rules determine where in a program a declaration is in
effect. A variable is said to be visible where its declaration is in
effect.

When you use an identifier in a CXdb command, the variable the
identifier denotes is determined by the declaration that is in
effect at the current scope. The program counter (PC) of the
current stack frame is mapped to a source unit. The scope of this
source unit is the current scope, and it determines which
variables are visible.

When execution stops (at a breakpoint, for example), a stack
frame is selected to be the current stack frame. This is normally
the last frame pushed onto the stack, frame 0, and is located at
the top of the stack. You can change the current stack frame to a
different frame on the stack. The program counter from the
current stack frame determines the current scope. Thus,
changing stack frames also changes the current scope.

Referencing a variable that is not visible

When debugging, you may want to reference a variable that is
not visible from the current scope. You can reference the variable
by preceding its identifier with a scope path. Scope paths enable
you to reference a variable from any part of the program,
regardless of whether or not it is currently visible.
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Evaluating a variable that is not visible

A variable that is visible has storage allocated for it and can
usually be evaluated. Variables that are not visible, but have
storage allocated for them, can be evaluated in the following
cases:

® Allocated in global memory—Variables allocated storage in
global memory include external variables, static variables,
and FORTRAN local variables (unless they were compiled
using the —re option). Variables whose storage is in global
memory can be evaluated by using a scope path.

® Allocated on the stack—Variables allocated on the stack
include C local variables, routine arguments, and FORTRAN
local variables compiled using the ~re option. There are
two cases when stack-based variables are not visible:

— Shadowed in the current stack frame—A variable that is
shadowed in the current stack frame may be evaluated by
specifying a scope path.

— Allocated in a different frame—A variable that is
allocated in a frame other than the current stack frame is
evaluated by changing to the appropriate frame.

3cope quhs A scope path specifies a scope in which a variable is visible. An
identifier preceded by a scope path is called a qualified identifier.
There are two types of qualified identifiers:

® Fully qualified—A fully qualified identifier is one whose
scope path includes the language and complete syntactic
location of the variable. A fully qualified identifier can be
used to reference a variable in any scope.

® Partially qualified—A partially qualified identifier is one
whose scope path only partially describes the syntactic
location of the identifier. The current stack frame determines
the initial scope with which to interpret the path.

A generic scope path is shown in Figure 285. The scope path
must include the components needed to uniquely specify a
variable.

Figure 285
A generic scope path

[language-specifier$] [scope-block ] [...]
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The parts of a generic scope path are described below:

® language-specifier—The language in which the identifier is
declared. The possible language specifiers are:

— £$—FORTRAN program variables.

— c$—C program variables.

— 1$—Loader symbols.

— cxdb$—Debugger variables, including predefined
variables such as $signal and debugger variables you
create.

— s$—Synthesized variables.

® scope-block—A scope block is an artificial name that enables
you to specify a particular scope, such as a routine, or source
file. It may take multiple scope blocks to fully specify the
desired scope. For example, in C, a file name and a routine
name are necessary to specify variables in other source files.

The £$ and c$ language specifiers are not needed if the
variable you are trying to reference is defined in the current
language and the first specified scope block is visible. Thus,
these prefixes are usually only necessary in mixed language
programs.

The cxdb$ prefix can be abbreviated to $. Synthesized
variables are created by the compiler when a program is
optimized. They are covered in detail in Chapter 15, Section
"Synthesized variables."

Use of scope paths

Scope paths can precede an identifier in any language
expression. Typically, scope paths are used with the print and
info expression commands. You can always reference an
identifier with the info expression command. However,
you can only evaluate a variable whose storage is available.

The structure of scope paths differ for FORTRAN and C because
the rules of scope are different between the two languages.
Therefore, the two languages are treated separately in the next
two sections of this chapter. If you work primarily with
FORTRAN code, proceed to the section titled “FORTRAN scope
paths.” If you work primarily with C programs, proceed to the
section titled “C scope paths.”
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FORTRAN scope
paths

Figure 287

In FORTRAN, scope paths enable you to reference a variable in
a different routine, particularly the variables of a common block
in a different routine. In FORTRAN, only local variables
compiled with the -re option are allocated on the stack.

A generic FORTRAN scope path is shown in Figure 286.

Figure 286
A generic FORTRAN scope path qualifying an identifier

£ $routine-name “identifier

The routine name specifies the routine in which the identifier is
declared. Note that file names are not necessary because all
routines are global in FORTRAN. If the f£$ is omitted, the
identifier is partially qualified and the current scope determines
the language of the identifier.

Figure 287 shows generic examples of FORTRAN scope paths.

Generic example of FORTRAN scope paths

FILE: progf i

PROGRAM |

I | INTEGERI
COMMON I
Current point of execution > ¢
[ ROUTINE1 |
ROUTINE1 ‘I »| INTEGER I
COMMON1

ROUTINE2'T ———Ftm | INTEGER I

_FILE subf [

ROUTINES ]

COMMONI
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Getting the current scope

The info scope command displays the scope path of the
current scope, as illustrated in Figure 288.

Figure 288
Displaying the current scope

(CXdb) info scope
Process [#0/0], frame 0 scope: f$CHAPTER13F

The info scope command in Figure 288 shows that the
current scope path is £$CHAPTER13F, and frame 0 is the
current stack frame that determines this scope path. In the scope
path name, the £$ indicates that FORTRAN is the current
language. CHAPTER13F is the current routine.

Printing a variable from another routine

To reference a variable that is not visible within the current
scope, you must qualify its identifier with a scope path.
Unqualified variables are interpreted in the context of the
current scope. Figure 289 illustrates the use of scope paths with
the print command.

Figure 289
Referencing variables outside the current scope

K(Cde) step 2 \

Stepping process [#0/*] by 2 statements
Process [#0/0] stopped stepping at [0x8000368c] SUB13C in chapterl3F.f line 64

(CXdb) print I

(INTEGER*4) -1

(CXdb) print CHAPTERI13F ‘I
(INTEGER*4) 1

(CXdb) print SUB13B'‘I

\\\ijTEGER*l) 7 4//

In Figure 289, the step 2 command steps execution into the
SUB13C routine, changing the current scope to this routine.

The print I command displays the value of the variable I
local to the SUB13C routine. The print CHAPTER13F ‘I
command prints the variable I local to the CHAPTER13F
routine. The print SUB13B‘I command prints the value of
the variable I local tothe SUB13B routine. All three identifiers,
though named the same, denote distinct variables.
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Referencing variables that cannot be evaluated

In FORTRAN, the local variables of a routine compiled with the
—-re option are allocated on the stack. If the frame for this
routine is not the current stack frame, these variables cannot be
evaluated solely with a scope path, because the appropriate
stack frame is not selected. The routine SUB13D of the example
program was compiled with the ~re option. Its local variable
I can be referenced but not evaluated, as shown in Figure 290.

Figure 290
Referencing a variable without storage available

ERROR: 196
Variable’s storage is not available, line: 1 col: 7, I.

( (CXdb) print SUBL3D'‘I

(CXdb) info expression SUB13D‘I
ERROR: 196
Variable’s storage is not available, line: 1 col: 17, I.

object type: FORTRAN identifier
location: <none>

size: 4 bytes

type: INTEGER
value: <unknown>

1 liveness ranges:

Start End Location
1. 0x8000371a:0x80003728 - Q@ ($fp-4)

*\\

N\

/

The print SUB13D‘I command attempts to evaluate the local
variable I of the SUB13D routine. CXdb displays a message
indicating that the variable’s storage is not available. This is
because the variable’s storage is stack-based, and the SUB13D
routine is no longer on the stack.

The info expression SUB13D‘I command displays
information about the variable I.The variable can still be
referenced using a scope path, but not evaluated.

Using scope paths to view common blocks

Scope paths are especially useful in printing variables that are
part of a common block. Common blocks may be declared
differently in different routines. In the example program, each of
the subroutines in chapter13F.f declares the common block
BLK differently, as shown in Figure 291.
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Figure 291

Subroutines’ use of the common block BLK

Source code

SUB13B

SUB13C

SUBROUTINE SUB13A ]
CHARACTER*12 INFO
COMMON /BLK/ INFO

SUBROUTINE SUB13B
CHARACTER*6 NAME
INTEGER*1 NUM(6)

REAL AVG

COMMON /BLK/ NAME, NUM, AVG

SUBROUTINE SUB13C
CHARACTER*6 NAME
CHARACTER*2 RESULTS (3)

REAL AVG

COMMON /BLK/ NAME, RESULTS, AVG

Bytes of the common block named BLK

1(2(3|4|5|]6|7]|8

9(10|11(12|13(14|15|16

AMMIMIIDIY

[0

Y
§\§ CHARACTER*6 NAME

INTEGER*1 NUM(6)

. CHARACTER*12 INFO

CHARACTER*2 RESULTS (3)

7/4 REAL*4 AVG

UNDEFINED

All three subroutines manipulate the data stored in the same

common block. However, as shown in Figure 291, each

subroutine divides the common block in different ways. You can
use scope paths to reference the common block as it is declared

in each of the different routines, as shown in Figure 292.
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Figure 292
Referencing variables of a common block

ﬁCde) print SUB13A'‘INFO N\
(CHARACTER*12) ‘CONVEX999897’

(CXdb) print SUB13B‘'‘NUM
INTEGER*1 (1:6)

(1..3)= 57

(4)=56

(5)=57

(6)=55

(CXdb) print SUB13C‘RESULTS
CHARACTER*2 (1:3)

(1)="99*

(2)="98"

K(:”:’ 97’ /

In Figure 292, the print commands all reference the same
memory, through different common block variables.

C scope pqihs In C, scope paths allow you to reference variables in different
routines and files. Local variables in C are allocated on the stack,
unless declared static. Scope paths also enable you to
reference shadowed identifiers.

A generic C scope path is shown in Figure 293.

Figure 293
A complete C scope path qualifying an identifier

c$file-name *routine-name “block-list “identifier

® file-name—The file containing the routine in which the
variable is declared. The file name can be omitted if the
routine is visible.

® routine-name—The routine in which the variable is declared.
The routine name can be omitted if the block or identifier is
visible.

® block-list—A list of numbers specifying the block source unit
in which the variable is declared. Block numbers are
discussed in more detail in Section "Block numbering."

Figure 294 provides some generic examples of ANSI C scope
paths.
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Figure 294
Generic example of ANSI C scope paths

> | staticinti |

main‘l‘i

main‘2‘i

| static int i |

Current point of execution 'S

routinel ‘i

FILE: sub.c

sub.c‘routine2‘i

sub.c‘routine2‘1'‘i static int 1

Figure 294 shows the scope paths that would be used to
reference the different variables named i, if execution was
stopped at the end of the main routine.

The example program contains the routine chapterl3c_,
which is written in C. Figure 295 shows how to set a breakpoint
in this part of the program.
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Figure 295
Starting the C routine

{

}
(CXdb) continue

Eventpoint 1 removed

f(cxdb) break line chapterl3C.c:27 {remove event $self;} \
#1: break line, on (#0/*], Enabled, ignore 0/0
[0x80004722] chapterl3C*chapterl3c_‘1l in chapterl3C.c line 27

remove event $self;

Resuming execution of Process [#0/%*]

)

Figure 296
Displaying the current scope

The break line command in Figure 295 sets a breakpoint at
line 27 of the routine chapterl3c_. The continue
command resumes process execution. Execution stops at the
new breakpoint, which is then removed, as specified in the
handler.

Getting the current scope

The info scope command displays the scope path of the
current scope, as illustrated in Figure 296.

(CXdb) info scope

Process [#0/0], frame 0 scope: c$chapterl3C‘'chapterl3c_'l

The info scope command in Figure 296 shows that the
current scope is c$chapterl3C‘chapterl3c_'1, and that
frame 0 is the current stack frame. The c¢$ indicates that C is the
language of the current routine. The current routine is
chapterl3c_ inthe file chapterl3cC.c.

Printing a variable from another routine

To reference a variable that is not visible within the current
scope, you must qualify the variable name by specifying its
scope path. In C, only static variables and external variables are
active outside the current scope. Figure 297 illustrates the use of
scope paths to reference static variables.
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Figure 297

Referencing variables outside the current scope

(CXdb) step 2

(CXdb) print i
(int) -1

(int) 1

(int) 3

(int) 4 ?

Stepping process [#0/*] by 2 statements
Process [#0/0] stopped stepping at [0x80004bf6] chapterl3C‘'subxc in chapterl3C.c

(CXdb) print chapterl3C‘'chapterl3c_‘i
(CXdb) print chapterl3C‘'subl3b‘i

(CXdb) print chapter7C‘chapter7c_‘i «@———— Variable

\

+ Routine name

Y

File name /

In Figure 297, the step command steps execution into the
subxc routine. The print i command prints the value of the
local variable 1i.

The print chapterl3C‘chapterl3c_ ‘i command prints
the value of the static variable i from the routine
chapterl3c_ ofthefile chapter13C.c. Theremaining two
print commands print the value of the variable i from the
subxb routine and chapter7c_ routine, respectively.

Referencing variables that cannot be evaluated

In C, local variables are allocated on the stack, unless they are
declared static. If the local variables are not allocated in the
current stack frame, these variables cannot be evaluated solely
with a scope path because the appropriate stack frame is not
selected. The local variable named data of the chapterl3c_
routine can be referenced using scope paths, but not evaluated,
as shown in Figure 298.
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Figure 298
Referencing a variable without global memory

(CXdb) print chapterl3C‘'chapterl3c_ ‘data
ERROR: 196
Variable’s storage is not available, line: 1 col: 7, data.

(CXdb) info expression chapterl3C‘chapterl3c_‘data
ERROR: 196
Variable’s storage is not available, line: 1 col: 17, data.

object type: C identifier
location: <none>

size: 24 bytes

type: struct info block
value: <unknown>

1 liveness ranges:

Start End Location
1. 0x80004660:0x800047c6 — Q(Sfp—-24)

N

/

The print chapterl3C‘chapterl3_‘data command
attempts to evaluate the variable data of the chapterl3_
routine. CXdb displays a message indicating that the variable’s
storage is not available from the current stack frame. However,
the identifier can be referenced, as shown by the info
expression command, but again, its value cannot be
determined.

Block numbering

In C, you can declare variables inside of a block. Such variables
are local to the block. If multiple variables with the same name
are declared in nested blocks, only the variable of the innermost
block is visible. The other variables are said to be shadowed, and
are not visible. Because of this, a special mechanism exists to
allow you to specify the block of a variable.

Blocks that have at least one variable declared in them are
numbered by the C compiler. The blocks are numbered
consecutively if they are at the same level, and the first block in
the routine is numbered 1. Each new level of nesting starts over
at1.

The numbering of the blocks is different between ANSI C mode
and pcc mode. In pcc mode, the block defining the routine is
counted; in ANSI C mode it is not.
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The example program has two nearly identical routines,
ansi_block and pcc block.The ansi block routine has
been compiled in ANSI C mode, and the pcc_block routine
has been compiled in pcc mode (compiled with the -pcc
flag). The next two sections provide examples of scope paths
using block numbers in the respective modes.

Block numbering in ANSI C

In ANSI C, the block defining the routine is not counted.
Therefore, the first block inside of the routine is block 1, as
shown in Figure 299.

Figure 299
ANSI C mode block numbering

/ ansi_block (i) \

int i;
{
Akl No block number
if (i == 0)
{
int i=1 ; Block 1
if (1 == 1)
{
int i=11 ; Block 1'1
}
if (i == 1)
{
int i=12 ; Block 12
}
}
Current PC —#» printf ("\nThe routine ansi block is finishing.\n");

\_ : L
Figure 300 shows how to use scope paths to reference the
different variables (all named 1i)inthe ansi block routine.
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Figure 300
Using scope paths in ANSI C mode

-

/(Cde) break line ansi_block.c:20 \

#2: break line, on [#0/*], Enabled, ignore 0/0
[0x80004da2] ansi_block‘ansi_block in ansi_block.c line 20
(CXdb) continue
Resuming execution of Process [#0/%*]
Process [#0/0] stopped by Bkpt 2, at [0x80004da2] ansi_block‘ansi_block
(CXdb) print ansi_block'‘'i
(int) 0
(CXdb) print ansi_block'l‘i
(int) 1
(CXdb) print ansi_block'l1'l‘'i
(int) 11
(CXdb) print ansi_block‘l'2‘i -« Variable

e, -

Block numbers
Routine name

/

The print commands in Figure 300 use scope paths with block
numbers to reference the different variables named i in the
routine.

Block numbers in pcc mode

In pcc mode, the block of the routine is counted as block 1. This
is because the local variables of a routine have a different scope
than the arguments to the routine. The local variables of the
routine are declared in block 1. The arguments to the routine are
not given their own block. This is shown in Figure 301.
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Figure 301
pcc mode block numbering

/ pcc_block (i) \

int i3
{
i L= L j block 1
if (i == 1)
{
int i=11 ; block 1'1
if (1 == 11)
{
int i=111 ; block 1'1'1
}
if (1 == 11)
{
int i=112 ; block 1'1'2
}
}
Current PC —# printf ("\nThe routine pcc_block is finishing.\n");
\ } '/

Figure 302 illustrates how to use scope paths to reference the
different variables (all named 1i) in the pcc_block routine.

Figure 302
Using —pcc mode scope paths

((Cde) break line pcc_block.c:20 \

#3: break line, on [#0/*], Enabled, ignore 0/0
[0x80004e62] pcc_block'pcc_block'l in pcc_block.c line 20

(CXdb) continue
Resuming execution of Process [#0/*]
Process [#0/0] stopped by Bkpt 3, at [0x80004e62] pcc_block'‘pcc_block'l
(CXdb) print pcc_block‘i - Argument to the routine
(int) O
(CXdb) print pcc_block ‘'l ‘i <@———— Local variable of the routine
(int) 1
(CXdb) print pcc_block'l'l‘'i
(int) 11
(CXdb) print pcc_block'l'1'1'i
(int) 111
(CXdb) print pcc_block'l1'1'2'i

\\\flnt 112 ‘//
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The print commands in Figure 302 print the values of all the
different variables named i. Because the routine block is
counted, the scope paths to all of the variables in the routine are
affected.

Printing variables
from a different
language

Figure 303

Scope paths allow you to reference variables that are in routines
written in a different language. As with variables defined in the
current language, variables must be either global, statically
allocated, or on the stack to ensure that you can print their
values.

When you use a scope path to qualify a variable in another
language, the scope path must conform to the rules of the
variable’s language. Figure 303 demonstrates how to reference C
variables from a FORTRAN routine.

Referencing C variables from a FORTRAN routine

(CXdb) run

(int) 0

o

ﬂde) break routine f£$CHAPTERI13F \

#4: break routine, on [#0/*], Enabled, ignore 0/0
[0x80003436] CHAPTER13F in chapterl3F.f line 6

Process [#0] is already running with pid 3796.

Terminate existing process and restart? ¥

Starting process [#0]: a.out

Process [#0/0] stopped by Bkpt 4, at [0x80003436] CHAPTER13F in chapterl3F.f

(CXdb) print c$chapterl3C‘'chapterl3c_ ‘i

C language identifier J

The break routine command in Figure 303 sets a breakpoint
at the beginning of the CHAPTER13F FORTRAN routine. The
run command creates a new process, and execution stops at the
beginning of the CHAPTER13F routine.

The print c$chapterl3C‘chapterl3c_‘i command
prints the value of the C language variable named i from the
chapterl3c_ routinein the chapter13C.c file. The c$
prefix indicates to CXdb that the variable is in the C language.

Figure 304 demonstrates how to reference FORTRAN variables
from a C routine.
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Figure 304
Referencing FORTRAN variables from a C routine

/(Cde) break routine chapterl3c_ \
#5: break routine, on [#0/*], Enabled, ignore 0/0

[0x80004664] chapterl3C‘chapterl3c_ in chapterl3C.c line 18
(CXdb) continue
Resuming execution of Process [#0/*]
Process [#0/0] stopped by Bkpt 5, at [0x80004664] chapterl3C‘chapterl3c_
(CXdb) print £$CHAPTER13F ‘I
(INTEGER*4) 4 *

o

FORTRAN language identiﬁey

In Figure 304, the break routine command sets a breakpoint
at the start of the chapterl3c_ routine. The continue
command causes execution to continue until it is stopped by
breakpoint 5.

The print £$CHAPTER13F ‘I command prints the value of
the variable I from the CHAPTER13F routine. The £$ prefix
indicates to CXdb that the variable is in the FORTRAN language.
Because the scope path is a FORTRAN scope path, a file name is
not necessary.

Figure 305 shows how to reference loader symbols and debugger
variables.

Figure 305
Referencing loader symbols and debugger variables

/(Cde) print/x 1§ exit \

(int) 0x80007008
(CXdb) evaluate cxdb$dbvar =1 + 1
(CXdb) print $dbvar

(int) 2 *
A cxdb$ prefix not necessary

\ C language type /

The print/x 1$ exit command in Figure 305 prints the
value of the loader symbol _exit as a hexadecimal number.

The evaluate command creates the $dbvar debugger
variable. The debugger variable’s type is dependent upon the
current language (in this case, C). The print command prints
the value of the new debugger variable.
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Changing frames
to reference
variables

Figure 306

Another way to reference a remote identifier is to change stack
frames to the frame where the identifier is visible. Because the
current stack frame determines the current scope, changing stack
frames also changes the current scope.

Generally, when execution stops, the last frame pushed onto the
stack is the current stack frame, and therefore determines the
current scope.

Enter the commands shown in Figure 306 to prepare the
examples for this section.

Preparing to change stack frames

/(Cde) run

Starting process [#0]:

(CXdb) step loop 2

(CXdb) info scope

ERROR: 181

Process [#0] is already running with pid 3796.

Terminate existing process and restart? ¥y

a.out

Process [#0/0] stopped by Bkpt 4, at [0x80003436] CHAPTER13F in chapterl3F.f

Stepping process [#0/*] by 2 loops
Process [#0/0]) stopped stepping at [0x80003602] SUB13B in chapterl3F.f line 46

Process [#0/0], frame 0 scope: fS$SUBL13B
(CXdb)} print INFO_BLOCK

Identifier not visible from the current lexical scope, line: 1 col: 7 ‘INFO_BLOCK’

/

The run command restarts execution. Execution is stopped by
breakpoint 4, which was set in Figure 303. The step loop 2
command steps execution into the SUB13B routine.

The info scope command shows that the current scope is the
SUB13B routine. The print command attempts to print the
variable INFO_BLOCK, which is declared in the CHAPTER13F
routine. Because the current scope does not include the
CHAPTER13F routine, the variable is not found.

You can obtain information about the stack and the frames of the
stack. The backtrace command displays a list of all the frames
of the stack, as shown in Figure 307.
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Figure 307

Getting information about a stack frame

/( CXdb) backtrace
Process [#0/0]

A

1
2
3
4

cf> 0 : 0x80003602 in SUB13B() (chapterl3F.f line 46)

: 0x8000350c in CHAPTER13F (ARRAY = (INTEGER*4(1:4, 1:4)) ) (chapterl3F.f line 14
: 0x80004fd6 in EXAMPLE () (example.f line 25)

: 0x8000d560 in main(l, OxffffcaR4, OxffffcaZc)

: 0x800010d0 in ___apSenvret ()

\

File name and line number

Routine name

Frame address

Frame number

Current frame /

The backtrace command in Figure 307 displays a list of the
frames currently on the stack. The display includes the frame
number, address, and corresponding routine (and its arguments)
for each frame. The file name and line number for each routine
(where applicable) are listed.

When looking at a backtrace, it is important to remember that
each frame was called by the next highest numbered frame.
Thus, frame 0 was called by frame 1, and frame 1 was called by
frame 2. Routines that begin with an underscore character (_) are
generally assembly-language routines that control the starting
and exiting of the process.

You can get more information about a particular frame on the
stack by using the info frame and info frame at
commands. The info frame command displays the contents
of a particular frame on the stack. The info frame at
command displays information about a frame at a particular
address. These commands are demonstrated in Figure 308.
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Figure 308

Getting information on a specific frame

Process [#0/0]

Frame address
Saved Registers

Process [#0/0]

Frame address :

K(Cde) info frame 2 -« Specific frame number
Frame : 2; [0x80004fd6] EXAMPLE in example.f line 25

Floating point mode : NATIVE; Language : FORTRAN
Number of arguments : O

(CXdb) info frame at $fp g Frame address
[0x8000350c] CHAPTER13F in chapterl3F.f line 14

Saved registers :
Floating point mode : NATIVE; Language : FORTRAN

\\ﬁfﬁ?er of arguments : 1 Al//

Oxff£fc9b0
: pc=0x80004fd6 psw=0x7909400 fp=0xffffc9cO ap=0x8000539%¢c

Oxffffc9%al
pc=0x8000350c psw=0x87109480 fp=0xffffc9b0 ap=0x800038d8

The info frame command in Figure 308 requests information
on frame 2. CXdb responds by displaying the frame’s number,
address, saved registers, floating point mode (IEEE or NATIVE),
language, and number of arguments.

The info frame at command requests information on the
frame located at a particular address. It can be used to determine
the frame that the frame pointer, $fp, points to, or to interpret
the contents of a block of memory as a stack frame. The
information displayed is in the same format as the information
displayed by the info frame command.

Because the current frame determines the current scope, you can
change the current scope by changing the current frame. This
allows you to reference variables in another scope without
having to use a scope path. Figure 309 demonstrates the use of
the frame commands.
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Figure 309
Changing stack frames to reference a variable

( (CXdb) frame 1 - Specific frame number \

1 : 0x8000350c in CHAPTER13F (ARRAY = (INTEGER*4(1:4, 1:4)) ) (chapterl3F.f

T 4 Routine name

Frame address
Frame number

(CXdb) info scope

Process [#0/0], frame 1 scope: f$CHAPTER13F -@§———— New current scope
(CXdb) print INFO_BLOCK

(CHARACTER*12) ’CONVEX999897’

(CXdb) frame -1 - Relative to current frame
0 : 0x80003602 in SUB13B() (chapterl3F.f line 46)

(CXdb) info scope

Process [#0/0], frame 0 scope: f$SUB13B

\ /

The frame 1 command changes the current frame to frame 1.
This also causes the current scope to change, as shown by the
info scope command.

Because the current scope is now CHAPTER13F, the variable
INFO_BLOCK can now be referenced without a scope path. The
frame -1 command decrements the current frame number by
1. Thus, the current frame again becomes frame 0. The second
info scope command verifies that the current scope is the
SUBXB routine.

Process execution always proceeds from frame 0, regardless of
Note which frame is selected as the current stack frame.

Stack window The stack window is only available in CXwindows. It displays
the frames of the program stack. It is opened from the
CXdbWindows menu of the command window or from the
ProcessWindows menu of the source window.

Figure 310 shows how to open the stack window from the
CXdbWindows menu.
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Figure 310
Opening the stack window

idow

CXdbWindows

Process

hf&Of

t
S 0 Source #2
create Source Select with
2 fr create Stack the mouse
ggoé create Disassembly £
;ss create Examine

sters : pc=0x8000350c psw=0xE
Jint mode : NATIVE: Language
arguments : 1

The stack window is shown in Figure 311.

Figure 311
The stack window

Menus

CXdb #[3]

pc = 0xB80003602 process: [#0/01 Alive

0xB0003602 SUB13B() (chapterl3F.f line 46)

0xB000350c CHRAPTER13F(ARRAY = (INTEGER%4(1:4, 1:4)) ) (chapteri3F.f
0xB80004fd6 EXAMPLE() (example.f line 25)

0xB8000d560 _main{1l, Oxffffca24,,0xffffca2c)

0x800010d0 ——apsenvret()

RIRTRTE

File name

Routine name

Frame address
Frame number

Current frame indicator

The stack window displays the current frame indicator (c£>). It
also displays the number, address, routine name, and file name
for each frame on the stack.
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You can use the stack window to track the state of the program
stack, and to obtain information about the frames on the stack.
To open a stack frame description window, click the left mouse
button on a line shown in the stack window. The stack frame
description window for the CHAPTER13F routine is shown in
Figure 312.

Figure 312
Stack frame description window

Stack Frame Description

=

Process [#0/01]

Frame : 1: [OxB000350c] CHAPTER13F in chapterl3F.f line 14

Frame address : Oxffffc9a0

Saved Registers :; pc=0x8000350c psw=0xB87109480 fp=0xffffc9b0 ap=0x800038d8
Floating point mode : NATIVE: Language : FORTRAN

Number of arguments : 1

Number of arguments : 1

1 : ARRAY= INTEGER=4(1:4, 1:4) 0OxB006dce8

Number of locals : 2

1 : I = (INTEGER»4) 1
2 : INFO_BLOCK = (CHARACTER+*12) "CONVEX999897"

The stack frame description window shown in Figure 312 was
created by clicking with the left mouse button anywhere on the
line describing the stack frame for CHAPTER13F in the stack
window. The stack frame description window displays
information about the frame itself, as well as information on the
routine’s local variables and arguments (if any).

You can use the stack window to change the current frame of the
process stack. Using FrameView menu options, you can set the
current frame to the previous frame or next frame on the stack.
The Top of Stack option, in the FrameView menu, resets the
current frame to 0.

Figure 313 illustrates how to select the previous frame (the frame
below the current frame) in the stack window.
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Figure 313
Changing stack frames with the stack window

FrameViewI

Next frame 0x80003602

1x80s

1x80

Previous frame m
chapt
Top of stacR\ }FR13F (ARRAY

1x80004fd6 in EXAMP
1x8000d560 in _main{1 xffffc
1x800010d0  in ___ap$envre

Select with the mouse

Figure 314
Result of selecting the Previous frame menu option

When you select the Previous Frame option, from the
FrameView menu, the stack window updates to show the new
position of the current frame indicator (c£>), as shown in
Figure 314.

StackWindow FrameView

pc

= 0xB0003602 process: [#0/0] Alive

HOGIN—-O

e oo s+ se se

0x80003602
0x8000350c
0xB80004fdb
0xB8000d560
0xB800010d0

in SUB13B() (chapterl3F.f line 46)

in CHAPTER13F(ARRAY = (INTEGER=4(1:4, 1:4)) ) ({(chapteri3F.f
in EXAMPLE() (example.f line 25)

in _main(1, Oxffffca24, OxffffcaZc)

in ___aps$envret()

Current frame indicator at previous frame

The new position of the current frame pointer is shown in
Figure 314. Initially, the stack window updates to reflect the
current state of the stack each time process execution stops. You
can set the stack window to remain static by toggling the auto
update option from the StackWindow menu. You can enable
auto-updating of the stack window in the same manner.
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Qu|ﬁ|ng the If you have been working the examples in this chapter, you can
excmples quit them and exit CXdb by issuing the quit command, as
shown in Figure 315.

Figure 315
Quitting the examples

(CXdb) quit
Process [#0] is still running. Kill it? ¥y
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Debugging at the
instruction level

This chapter explains features of CXdb that help you to debug
code at the machine instruction level. These features include
highlighting expression source units, displaying disassembled
code, and stepping by instruction.

This chapter covers the following commands:
® disassemble
® next expression
® next instruction
® step expression
® step instruction

This chapter also covers the disassembly window, which is
available through the CXwindows interface.

Preparing for
the examples

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 316.

Figure 316
Invoking CXdb

%cd /usr/lib/cxdb/examples
%cxdb a.out

The cd command in Figure 316 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb and gives it the name of the executable
file for the examples.
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Once you have invoked CXdb, move the cursor to the command
window and enter the commands shown in Figure 317.
Figure 317
Starting the example program

(CXdb) break line chapter7F.f:39

#0: break line, on [#0/*], Enabled, ignore 0/0
[0x80002952] BLD MATRIX in chapter7F.f line 39
(CXdb) run

Starting process [#0]: a.out

Process [#0/0] stopped by Bkpt 0, at [0x80002952] BLD_ MATRIX in chapter7F.f line 39

The break line command in Figure 317 sets a breakpoint at
the beginning of line 39 in the file chapter7F.f. The run
command runs the example program. The program stops
executing when it reaches the breakpoint.
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Sfepp"'\g by As discussed in Chapter 5, CXdb stepping commands give you

expressi on control over the stepping granularity. The smallest granularity is
expression, which enables you to step a process by a single
source language expression.

Stepping by expression is particularly helpful if you want to see
how a complicated source statement is evaluated. Figure 318 and
Figure 319 illustrate this point.

Figure 318
Stepping by expression with a default granularity of statement

(CXdb) step

stepping process [#0/*] by 1 statement

Process [#0/0) stopped stepping at [0x800029c0] BLD_MATRIX in chapter7F.f line 40
(CXdb) step

Stepping process [#0/*] by 1 statement

Process [#0/0] stopped by Bkpt 0, at [0x80002%52] BLD_MATRIX in chapter7F.f line 39

38 DO K =1, L

~B3RKAPLD =29, 7/ (1+J+K) o+ SLICE(ILJ)
I."J=",3,"K=",K, "MATRIX(I,J,K)=",MATRIX(I,J,K)

PRINT 89, “I=
41 ENDDO

(CXdb) step expression
Stepping process [#0/*] by 1 expression
Process [#0/0] stopped stepping at [0x80002958] BLD_MATRIX in chapter7F.f line 39

38 DOK =1, L

® MATRIX(I, I KY T= 3sK/755 =29, 2/ CI+J+K) -+ SLICECLL D)
40 PRINT 99, "I=",I,"J=".J."K=",K."MATRIX(I,J, K)=",MATRIX(I,J,K)
41 ENDDO

Because the default stepping granularity is set to statement, the
first two step commands in Figure 318 step the process by one
statement each. In the source window, the entire statement at
line 39 is highlighted. Line 39 is a complicated statement, and
stepping through it by expression would provide more insight
into how the expressions within the statement are evaluated.

The step expression command in Figure 318 steps the
process by only one expression. However, because the default
granularity is still set to statement, the entire statement at line 39
is highlighted in the source window. To make the highlighting
more detailed, set the stepping granularity to expression, as
shown in Figure 319.
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Figure 319

Stepping by expression with a default granularity of expression

(CXdb) step
Stepping process [#0/*]

(CXdb) set step expression

Process [#0/0] stopped stepping at [0x8000295e] BLD MATRIX in chapter7F.f line 39

by 1 expression

3 D0 K = 1, L
B © MATRIX(H, J.K) = 3%K/7.5 - 29,7/ (H+J+K) + SLICE(H, D)

40 PRINT 99, "I=",I,"J=".J,"K=".K,"MATRIX(I,J.K)=",MATRIX(I,J, K}

41 ENDDO

(CXdb) step
Stepping process [#0/%*]

Process [#0/0] stopped stepping at [0x80002964] BLD_ MATRIX in chapter7F.f line 39

by 1 expression

38 D0 K = 1. L
B © MATRIX(I,J,.K) = EEI§/7.5 - 29.7/(I+J+K) + SLICE(I..J)

40 PRINT 99, “I=",I,"J=",J,"K=",K,"MATRIX(I,J,K)=",MATRIX(I,J,K)

41 ENDDO

(CXdb) step
Stepping process [#0/*]

Process [#0/0] stopped stepping at [0x8000296a] BLD MATRIX in chapter7F.f line 39

by 1 expression

38 D0 K = 1, L
BEEE © MATRIX(I,J,K) = 3=K/7.5 - 29,7/ (EESE®E> + SLICE(I,J)

40 PRINT 99, "I=",I,"J=",J,"K=".K,"MATRIX(I,J,K)=",MATRIX(I,J.K)

41 ENDDQ

The set step command in Figure 319 changes the stepping
granularity to expression. This causes the source window to
highlight expression source units rather than statement source
units. Because the default granularity is now set to expression,
each step command in Figure 319 steps the process by one
expression. The highlighting in the source window shows that
the expression for I isevaluated, then the expression for 3*K,
and then the expression for I+J+K.

The next expression command can also be used for
stepping by expression. When this command encounters a
subroutine call, it executes the subroutine but does not count any
of its expressions as part of the step. The step expression
command, on the other hand, counts all expressions in both the
calling and the called routines.

294 CONVEX CXdb User’s Guide




Both the step expression and next expression
commands accept a repeat count. Figure 320 illustrates the use of
a repeat count with the next expression command.

Figure 320
Using a repeat count with the next expression command

(CXdb) next expression 3
Nexting process [#0/*] by 3 expressions
Process [#0/0] stopped nexting at [0x80002974] BLD_MATRIX in chapter7F.f line 39

D|sp|qy|ng An important aid to instruction level debugging is the

disassembled disassemble command. With this command, you can display
the assembly language instructions that are generated from your

code source code. Figure 321 illustrates the use of the disassemble
command.

Figure 321

Displaying disassembled code

/(Cde) disassemble \

Disassemble Process [#0/0] from 0x800027f0 to 0x80002b42
0x800027£0 BLD_MATRIX: sub.w #16,a0
0x800027f4 BLD_MATRIX+ (0x4): 1d.w @4 (ap),s0 ;s M
0x800027£8 BLD_MATRIX+(0x8): ld.w @0 (ap),sl ;N
0x80002b36 BLD_MATRIX+(0x354): 1d.w -4 (fp),sl ; <TEMP2>
0x80002b3a BLD_MATRIX+ (0x35a): le.w s0, sl
0x80002b3c BLD_MATRIX+(0x35c): jmps.t _bld matrix +(0xlla)

\Ox80002b42 BLD_MATRIX+(0x362): rtn

As shown in Figure 321, the disassemble command without
any parameters displays all instructions of the current routine.
(The vertical ellipsis in the figure indicates that some of the
| output has been omitted from the example.) The output displays
the hexadecimal address of the instruction, the relative address
based on the start of the routine, the assembly language code,
and the associated program variable if there is one.
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Figure 322

Usually you will want to display only certain instructions rather
than all instructions of the current routine. To do this, you can
specify a starting address and the number of instructions to
disassemble, as shown in Figure 322.

Specifying a range of instructions to disassemble

—

(CXdb) disassemble $PC:10

Starting address is current program counter \

Number of instructions to disassemble

v

Disassemble Process [#0/0] from 0x80002974 for 10 machine instructions
0x80002974 BLD_MATRIX+ (0x184): 1d.w #1122867610,s5
0x8000297a BLD_MATRIX+ (0x18a): div.s #1106247680,s3
0x80002980 BLD_MATRIX+(0x190): div.s s4,s5
0x80002982 BLD_ MATRIX+ (0x192): mov sl,a5
0x80002984 BLD_MATRIX+(OX194) H 1d.w <TEMP0>, al
0x8000298a BLD_MATRIX+ (0x19a): 1d.w 12 (ap) , a2 ; SLICE
0x8000298e BLD_MATRIX+ (0x19e) : mov a5,a3
0x80002990 BLD_MATRIX+ (0x1a0): mul .w #20,a3
0x80002994 BLD MATRIX+ (0Oxlad): add.w #-1,a5
\\\g?x80002998 BLD_MATRIX+ (0x1a8) : mul.w a5,al 4//

Figure 323

The disassemble command in Figure 322 displays 10
instructions (specified by :10), starting at the address indicated
by the current PC (program counter). The predefined debugger
variable $PC stores the current value of the program counter.

To disassemble instructions from other locations in the program,
you can specify either a symbolic or an absolute starting address.
For example, the disassemble command in Figure 323
displays 5 instructions starting at 14 bytes past the beginning of
the routine called chapter6.

Specifying a relative starting address to disassemble

(CXdb) disassemble chapter6+14:5

Disassemble
0x80001fda
0x80001fde
0x80001fe4d
0x80001fea
0x80001fee

Process [#0/0] from 0x80001fda for 5 machine instructions

CHAPTERG6+ (Oxe) : 1d.w 12 (fp) , a6

CHAPTERG6+ (0x12) : ldea _chapter6_+(0x480),a6
CHAPTERG6+ (0x18) : calls _forS$do_lio

CHAPTERG+ (0x1e) : 1d.w 12 (fp) , a6

CHAPTER6+ (0x22) : ldea _chapter6_+(0x494) ,a6

296 CONVEX CXdb User’s Guide



Stepping by
instruction

Figure 324

Stepping a process by machine instruction is the third feature for
debugging at the instruction level. When combined with
highlighting of expression source units in the source window
and with displaying of disassembled code, stepping by
instruction provides the most detailed view of how a process
executes. Figure 324 illustrates the combined use of these three
features.

Stepping by instruction, combined with disassembled code and expression highlighting

Disassemble
080002974
0x8000297a
0x80002980
0x80002982
0x80002984

\\\?rocess [#0/

[(Cde) disassemble $PC:5 \

(CXdb) step instruction
Stepping process [#0/*] by 1 instruction

Process [#0/0] from 0x80002974 for 5 machine instructions
BLD_MATRIX+(0x184): 1d.w #1122867610,s5
BLD_MATRIX+(0x18a): div.s $#1106247680,s3
BLD_MATRIX+(0x190): div.s s4,s5
BLD_MATRIX+(0x192): mov sl,a5

BLD_MATRIX+ (0x194): l1d.w <TEMP0O>, al

0] stopped stepping at [0x8000297a] BLD_MATRIX in chapter7F.f line %i//

38
EE ©
40
a1

DOK=1, L

MATRIX(I,J,.K) = BERR —~ 29.7/(I+J+K) + SLICE(I,J)

PRINT 99, "I=",I,"J=",J,"K=".K,"MATRIX(I,J.K)="_MATRIX(I,J,.K)
ENDDO

\\\?rocess [#0/

/(deb) step instruction
Stepping process [#0/*] by 1 instruction

0) stopped stepping at [0x80002980) BLD_MATRIX in chapter7F.f line 39

38 DOK = 1, L

= © MATRIX(I,J,K) = 3%K/7.5 - EEIE + SLICE(I,J)
40 PRINT 99, "I=",I,"J=",J,"K=",K, "MATRIX(I,J,K)=",MATRIX(I,J.K)
41 ENDDO

The disassemble command in Figure 324 displays 5
instructions starting at the current PC, or address 80002974.
The step instruction command executes the instruction at
address 80002974. When execution stops, the PC contains the
address 8000297a, and the source window shows that the
expression 3*K/7.5 ishighlighted. Therefore, the expression
3*K/7.5 mapstothe currentinstructionataddress 8000297a.
The disassemble command shows that the instruction at
8000297a is a division operation (div . s), which agrees with
the operation specified in the expression 3*K/7.5.
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Figure 325

The second step instruction command in Figure 324
executes the instruction ataddress 8000297a. Execution stops
ataddress 80002980, and the expression 29.7/ (I+J+K) is
highlighted in the source window. This expression maps to the
division instruction (div.s) at address 80002980.

As with other stepping commands, you can specify a repeat
count with the step instruction command.

In addition to the step instruction command, there is also
a next instruction command. The next instruction
command does not count instructions in called subroutines as
part of the repeat count. In contrast, the step instruction
command counts all instructions in both calling and called
routines.

Figure 325 illustrates the next instruction command and
the repeat count.

A repeat count with the next instruction command

/(Cde) disassemble $PC:5

~

Nexting process [#0/*] by 3 instructions
Process [#0/0]

stopped nexting at

Disassemble Process [#0/0] from 0x80002980 for 5 machine instructions
0x80002980 BLD MATRIX+ (0x190): div.s s4,s5
0x80002982 BLD_ MATRIX+ (0x192): mov sl,a5
0x80002984 BLD MATRIX+ (0x194): 1d.w <TEMP0>,al
0x8000298a BLD_MATRIX+ (0x19a): 1d.w 12 (ap),a2 ; SLICE
0x8000298e BLD_MATRIX+ (0x19e) : mov a5,a3
(CXdb) next instruction 3

[0x8000298a] BLD_ MATRIX in chapter7F.f line 39

(CXdb) disassemble $PC:5
Disassemble Process [#0/0] from 0x8000298a for 5 machine instructions
0x8000298a BLD_MATRIX+ (0x19a): 1d.w 12 (ap) ,a2 ; SLICE
0x8000298e BLD_MATRIX+ (0x19e) : mov a5,a3
0x80002990 BLD_MATRIX+ (0x1a0): mul.w #20,a3
0x80002994 BLD_MATRIX+ (0xla4): add.w #-1,a5
\\\?x80002998 BLD_MATRIX+ (0x1a8): mul.w a5,al 4///
38 DO K =1, L
BEE © MATRIX(I,J,K) = 3%K/7.5 - 29,7/(I+J+K) + ENISENPNE
40 PRINT 99, "I=",I,"J=",J,"K=",.K,"MATRIX(I,J.K)=",MATRIX(I,.J,K)
41 ENDDO

In Figure 325, the next instruction command steps the
process by 3 instructions. Both before and after stepping, the
disassemble commands display the 5 instructions starting at
the current PC.

298 CONVEX CXdb User’s Guide



The disassembly The CXwindows environment has a separate disassembly
window in window for viewing disassembled code. This section explains
. how to access and use that window. If you are not using
CXwindows CXwindows, you can skip this section and proceed to the section
"Quitting the examples,” at the end of this chapter.

You can open the disassembly window from either the
CXdbWindows menu in the command window or from the
ProcessWindows menu in the source window. Both of these
methods are shown in Figure 326.

Figure 326

Opening the disassembly window

In command window In source window

CommandWindow

T Pracess. [#0701

M Source #2
create Source

Frocezz [82.0]
-l Source #2
create Source

Info Events

Stepping proce

—_—e— T

Process [#0/0] create Stack create Stack
Disgiggggégogr create Disassembly . create Disassembl
0xB80002904 create Examine create Examine

0xB8000290a BLD_MATRIX+(0x18c): L=5

0xB8000280c BLD_MATRIX+(0x18e):
0x80002910 BLD_MATRIX+(0x192):

Select either
with mouse

You can open any number of disassembly windows during a
debugging session, and each can display a different section of
code. When a disassembly window first opens, it displays the

machine instructions starting at the current program counter
(PC).

Figure 327 shows the disassembly window. Its parts include:

® Menus—These pull-down menus allow you to do the
following with the mouse:

— DisassemblyWindow closes the disassembly window or
enables and disables the auto update option.

— InstructionView allows you to select a different section of
disassembled code to view.

— RegisterView opens special windows for viewing the

processor status word, scalar, vector, and communication
registers.
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Figure 327
Disassembly window

® Window number—This is a unique number that identifies
each window in CXdb. Certain CXdb commands allow you
to specify a window number as a parameter.

® pc—A marker to indicate the instruction that the current
program counter is pointing to. This is the next instruction to
be executed if the process continues normally.

® Scroll bars—These bars and arrows enable you to scroll the
window vertically and horizontally with the mouse.

® Paging buttons—Buttons that allow you to scroll the
window up or down by one page (screen) per click of the

button.

Page up

Menus

Window number

Page down

[ DisassemblyWindow InstructionView RegisterView

ry

pc = OxBO00298a process: [#0/0]1 Alive

pc>0xB000298a
0xB8000298e  BLD
A 0x80002990 BLD,
0xB80002994 BL

0x80002998
0xB8000299a BI/D
0x8000299¢c D
0x800029% PLD
0x800029a0 /BLD
0xB800029a2 /BLD
0x800028a4/ BLD
0x800029a8 BLD
0x800029a# BLD
0x8000295c BLD
0xB800029K0 BLD
0x800029b2 BLD
0x80002Bb4 BLD
0x800079b6 BLD
BLD
0xB800029ba BLD
0x800023c0 BLD
0x800029c6 BLD
0x800029cc  BLD
BLD

TRIX+(0x19a): ld.w

12¢ap’.,.a2

ATRIX+(0x1%e): mov a5,a3

MATRIX+(0x1a0): mul.w
_MATRIX+(0x1a4): add.w
_MATRIX+(0x1aB8): mul,w

#20,a3
#-1,a5
a5.al

_MATRIX+(Oxlaa): mov s2.a5
_MATRIX+(0Oxlac): mov a5, a4

_MATRIX+(Oxlae): mul.w
_MATRIX+(0x1b0): add.w
_MATRIX+(0x1b2): mul.w

#4, a4
a5.al
#4.al

_MATRIX+(Ox1b4): mov s0,a5

_MATRIX+(0Ox1b6): mul.,w
_MATRIX+(Oxlba): add.w
_MATRIX+(0Ox1lbc): ld.w
_MATRIX+(0x1c0): add.w
_MATRIX+(0x1c2): add.w
_MATRIX+(0x1c4): cvtw.s
_MATRIX+(0Ox1c6): sub.s
_MATRIX+(0x1cB8): add.s
_MATRIX+(Oxlca): st.,w
_MATRIX+(0x1d0): ldea
_MATRIX+(0x1d6): calls
_MATRIX+(Oxldc): 1ld.w
_MATRIX+(0x1e0): ldea A

#100,a5

al,a2

-4(a2),s0

a5.a3

a3, a4

s0.s0

s5,.83

s0,s3
53,-2147114960(a4)
_bld_matrix_+(0x4bc).,ab
_for$s_wsfe

12(fp).ab
_bld_matrix_+(0x4cc) ., ab

)

Current program counter

Disassembled code

Scroll bars
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Figure 328

Selecting auto update

When the disassembly window first opens, auto update is not
enabled. This means that the display does not update if
execution continues beyond the instructions currently shown in
the window. Figure 328 illustrates this point.

Disassembly window with auto update disabled

Finishing innermost

(CXdb) finish loop

Process [#0/0] stopped by Bkpt 0, at [0x80002952] BLD_MATRIX in chapter7F.f line 39

loop in Process [#0/*]

PC updated to current point of execution Display not updated

f DisassemblyWindo

&l

w\ﬁtr‘uctionwew RegisterVieuw / Crdb #[3]

pc = 0xB0002952 process: [#0/0] 7ﬂive

0xB80002598a
0xB8000298e
0xB80002830
0x80002594
0x800029588
0xB80002983
0xB00029S8c
0x8000299%e
0x800029a0
0xB80002%a2
0x800029a4
0xB800029a6
0xB800029%aa
0xB00029ac
0x800028b0
0xB800028b2
0xB00029b4
0x80002966
0x800029b8
0x800029%ba
0x800029c0
0xB800029c6
0x800029cc
0xB800023d0

BLD_MATRIX+(0x19a): ld.w 12(ap).,a2 " : SLICE
BLD_MATRIX+{0x19e): mov a5,a3

BLD_MATRIX+(Ox1a0): mul.,uw #20,a3
BLD_MATRIX+(0Ox1ad4): add.w #-1,a%
BLD_MATRIX+(0x1a8): mul.w ad,at
BLD_MATRIX+({0x1aa): mov s2.a5

BLD_MATRIX+(Oxlac): mov a5,a4d

BLD_MATRIX+(Oxlae): mul.w #4,a4
BLD_MATRIX+(0Ox1b0): add.w a5,al
BLD_MATRIX+(0Ox1b2): mul,w #4,al
BLD_MATRIX+(0Ox1b4): mov s0,aS

BLD_MATRIX+(Ox1b6): mul.w #100,a5
BLD_MATRIX+(Oxlba): add.w alt,a2
BLD_MATRIX+(Ox1lbc): 1ld.w -4(a2),s0
BLD_MATRIX+(0x1c0): add.w a5.a3
BLD_MATRIX+(0x1c2): add.w a3.a4d
BLD_MATRIX+(0x1c4): cvtw.s s0,s0
BLD_MATRIX+(0Ox1cB): sub,.s s5,83
BLD_MATRIX+(0x1cB): add.s s0.83
BLD_MATRIX+(Oxlca): st.w s3,-2147114960(a4)
BLD_MATRIX+(0Ox1d0): ldea _bld_matrix_+(0x4bc) ., a6
BLD_MATRIX+(Ox1d6): calls _forss_wsfe
BLD_MATRIX+(Ox1dc): ld.w 12(fp).ab
BLD_MATRIX+(0Ox1e0): ldea _bld_matrix_+(0x4cc),ab

The finish loop command in Figure 328 continues execution
beyond the instructions currently displayed in the disassembly
window. Because auto update is disabled, the display does not
update to show the instructions at the new point of execution.
However, the value indicated for the PC is updated.
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To enable the auto update feature, select it from the
DisassemblyWindow menu, as shown in Figure 329.

Figure 329
Enabling the auto update feature

Disassemblgwindowl

Close

Aut dat
{1 Auto upda s TR

Select with mouse to enable

After you enable the auto update option, the
DisassemblyWindow menu looks like Figure 330.

Figure 330
Auto update enabled

Disassemblgwindowl

[ Close

M Auto update[

Enabled

When auto update is enabled, the disassembly window
automatically updates to display the instructions starting at the
current point of execution, as shown in Figure 331. The figure
also shows that the disassembly window displays eventpoints.
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Figure 331
Disassembly window with auto update enabled

(CXdb) finish loop
Finishing innermost loop in Process [#0/*]
Process [#0/0] stopped by Bkpt 0, at [0x80002952] BLD_MATRIX in chapter7F.f line 39

PC updated to current point of execution

Display also updated

K o -

0xB80002952 process:

l Disassemblgwlnaﬁu\\lnstructionView RegisterVieuw //

[#0/01 /Suve

® | pc>0x80002952
f 0x80002958

BLD_MATRIX+(0x162):
BLD_MATRIX+(0x168) :
BLD_MATRIX+{0x16e):
BLD_MATRIX+(0x174):
BLD_MATRIX+(0x176) 3
BLD_MATRIX+(0x17a):
BLD_MATRIX+(0x17c);
BLD_MATRIX+(0x17e):
BLD_MATRIX+(0x180):
BLD_MATRIX+(0x182):
BLD_MATRIX+(0x184):
BLD_MATRIX+(0x18a):
BLD_MATRIX+(0x190):
BLD_MATRIX+(0x192);
BLD_MATRIX+{0x194):
BLD_MATRIX+(0x19a):
BLD_MATRIX+(0x19e):
BLD_MATRIX+(0x1a0):
BLD_MATRIX+(0x1la4):
BLD_MATRIX+(0Ox1a8):
BLD_MATRIX+(Ox1laa):
BLD_MATRIX+(Oxlac):
BLD_MATRIX+{Oxlae):
BLD_MATRIX+{(0x1b0):

0x8000295e
0xB80002964
0xB80002966
0xB8000296a
0x8000296¢c
0xB00029%6e
0xB80002970
0xB80002972
0xB80002974
0xB8000297a
0xB00023980
0xB0002982
0xB0002984
0xB8000298a
0x8000298e
0xB80002930
0x80002994
0x80002998
0xB000299a
0xB8000299c
0xB8000299e
0xB00029a0

ld.w
ld.,w
1d.w
mov,w
mul . w
mov,w
add.w
add.w
cvtw,.s
cvtw.s
ld.w
div,.s
div,.s

mov si,

ld,w
ld.w

mov a5.

mul.,w
add.w
mul,w

mov s2.
mov a5,

mul ,w
add.,w

K,s0
J.s1
I.s2
s0.s3
#3,83
sl,s4
50,584
s2.s4
s3,s3
s4.s4
#1122867610.s5
#1106247680.s3
54,85

as
<TEMPO>,al
12(ap).a2

a3
#20,.a3
#-1,a5
a5.al

ad

a4
#4,a4
ag.al

¥

Breakpoint marker

Note

By setting the appropriate resources in your .Xdefaults file,

you can enable the auto update feature by default whenever the
disassembly window is opened. For a description of how to do this,
refer to the concept "Xdefaults® in the CONVEX CXdb Reference.
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Figure 332

Specifying another address to disassemble

To view a section of disassembled code that is not near the
current point of execution, you can specify a new starting
address for the disassembly by selecting the New address option
from the InstructionView menu. The address can be either
symbolic or absolute. Figure 332 illustrates this feature.

Specifying a new starting address for the disassembly

@ Select
with the
mouse

 Disassenr @ Enter

new address

InstructionView ] Reg

1Point of executionp

@ Display shows disassembled code starting at new address

New address - ® Click on OK

™1c  with mouse
or press
RETURN

Disassembly Window

DisassemblyWindow InstructionView RegisterView

@ pc = 0OxB0002952 process: [#0/01 Alive ¥
0xB0001654 CHAPTERS: sub.,w #16,a0
0xB80001658 CHAPTERS5+(0x4): ldea _sub5a_+(0x256),a6
0x8000165e CHAPTERS+(0Oxa): calls _forss_wsle
0xB0001664 CHAPTERS+(0x10): ld.w 12(fp).ab
0xB0001668 CHAPTERS+(0x14): ldea _subba_+(0x286),ab
0x8000166e CHAPTERS+{(0x1a): calls _forsdo_lio
0xB80001674 CHAPTERS+(0x20): ld,w 12(fp).ab
0xB0001678 CHAPTERS+(0x24): ldea _sub5a_+(0x29a) ., a6
0xB000167e CHAPTERS+(0x2a): calls _forse_wsle
0xB80001684 CHAPTERS+(0x30): ld,w 12(fp).ab
0xB80001688 CHAPTERS+(0x34): ld,w #1,s0
0xB8000168c CHAPTERS+(0x38): st.w s0.mthshwtype+(0x14)
0xB0001692 CHAPTERS+(0x3e): ldea _sub5a_+(0x2b2),ab
0xB80001698 CHAPTERS+(0x44): calls _forss_wsfe
0xB000169e CHAPTERS+{0x4a): ld.w 12(fp).,.ab
0xB800016a2 CHAPTERS+{0x4e): ldea _subBSa_+{(0x2ch) ,ab
0xB800016a8 CHAPTERS+(0x54): calls _forsdo_fio
0xB00016ae CHAPTERS+(0x5a) : ld.w 12(fp).ab
0x800016b2 CHAPTERS+(0x5e) ldea _subBa_+(0x2da),ab
0xB00016b8 CHAPTERS+(0x64): calls _for$do_fio
0x800016be CHAPTERS+(0x6a): ld.w 12(fp).,ab
0x800016c2 CHAPTERS+(0Ox6e): ldea _subBSa_+{0x2ea).ab
0x800016c8 CHAPTERS+{(0x74): calls _forse_wsfe
0xB00016ce CHAPTERS+(0x7a): ld.w 12(fp) . a6

EX v |
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Figure 333

Select the Point of execution option from the InstructionView
menu to return the disassembly window to the current point of
execution, as shown in Figure 333.

Returning the disassembly window to the current point of execution

O Select with the mouse ——————p»

InstructionView| Reg

Point of execution

D

4 New address

1
IR TN,

ol W

#1

8 Display shows disassembled code at current point of execution

isassembly Window

DisassemblyWindow InstructionView RegisterView S CRob #0351

pc = 0xB80002952 process: [#0/0]1 Alive

BLD_MATRIX+(0x162):
BLD_MATRIX+(0x168):
BLD_MATRIX+(0x16e):
BLD_MATRIX+{0x174):
BLD_MATRIX+(0x176):
BLD_MATRIX+(0Ox17a):
BLD_MATRIX+(0x17c):
BLD_MATRIX+(0x17e):
BLD_MATRIX+(0x180):
BLD_MATRIX+(0x1B2):
BLD_MATRIX+(0x184):
BLD_MATRIX+(0x18a):
BLD_MATRIX+(0x190):
BLD_MATRIX+{(0x192):
BLD_MATRIX+(0x194):
BLD_MATRIX+(0x19a):
BLD_MATRIX+(0x19e):
BLD_MATRIX+(0x1a0):
BLD_MATRIX+(Oxla4):
BLD_MATRIX+(0x1aB):
BLD_MATRIX+(Oxlaa):
BLD_MATRIX+(Oxlac):
BLD_MATRIX+(Oxlae):
BLD_MATRIX+(0x1b0):

ld,w
ld.w
ld,w
mov.,w
mul,w
mov.w
add.w
add,w
cvtw,s
cvtw.s
ld.w

K,s0

J.sl

I,s2

s0.83
#3,83
sl,s4
s0.s4
s2,.s4
s3,s3
s4,s4
#1122867610,s5
div.s #1106247680,.s3
div.s s4,s5

mov st.,aS

ld.w <TEMPO>., al
1d.w 12¢ap).a2
mov a5, a3

mul ., w #20,a3
add.w #-1,35

mul ,w a5, al

mov s2,a5

mov a5, a4

mul . w #4,a4
add,w ad.al

pc>0x80002952
0xB80002958
0xB000295e
0x80002964
0xB0002966
0x800029%6a
0x8000296¢c
0xB000296e
0x80002970
0x80002972
0xB0002974
0xB8000297a
0xB0002980
0xB0002962
0xB0002984
0xB8000238a
0xB000298e
0xB80002390
0xB80002994
0xB0002998
0xB000299%a
0xB000299¢
0xB00029%e
0x80002930
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Displaying registers

From the RegisterView menu of the disassembly window, you
can open special windows that display the scalar registers,
vector registers, communication registers, and processor status
word register. Figure 334 shows how to display these register

windows.

Figure 334

Displaying the scalar registers

pc 3
psw:
fp
ap
as
a4
a3
az2
al

.
ks
.
.
.
.
+
.
.
.
I3
.
-
.
+
.
.
.
I3
.
+
.
+
.
.
.
.
.
I3
.
.
.

Select with
the mouse

RegisterViewl

calar registers

= Process status register

Yector registers

Communication registers

by MOV . SIron

Scalar registers window

giste

Scalar Registers

Process [#0/01]

80002952
03909480
ffffcaz20
80002bbc
800ed02e
00000000
000000kh8
800472d4
800ec100
f+ffcalo
00003030
4a2c4b29
41545249
20332020
3d203120
493d2031
202d322e
00000000

00000000
3d20202d
5828492c
00000000
00000000
00000000
00000005
00000004

gEhange Formatl
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Figure 335

The register windows update automatically, as shown in
Figure 335.

Automatic updating of register windows

(CXdb) step instruction
Stepping process [#0/*] by 1 instruction
Process [#0/0] stopped stepping at [0x80002958] BLD MATRIX in chapter7F.f line 39

calar Reglsters

Scalar Regis

Process [#0/01]

¢+ 80002958

+ 03909480
ffffca20
80002bbc
800ed02e
00000000
000000b8
800472d4
800ec100
ffffcalo
00003030
432c4b29
41545249
20332020
3d203120
493d2031
202d322e
00000000

.
.
.
.
.
.
.
.
.
.
-
.
.
.
-
.
-
.
-
-
-
-
-
.
-
S
-
.
-
.
.
.

ters

00000000
3d20202d
5828492c
00000000
00000000
00000000
00000005 3 .

00000004 K -t Variable K loaded into register SO

Change Pormatl

l

The step instruction command in Figure 335 executes the
next machine instruction. This instruction, shown in Figure 333,
loads the variable K into scalar register SO. By placing the
name of the variable beside the register that contains it, the scalar
register window indicates that the load has occurred.

By default, the register windows display values in hexadecimal
format. To change the format, click on the Change format button
at the bottom of the register window, as shown in Figure 336.
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Figure 336

Changing the display format of the register window

Process [#0/01]
80002958
03909480
: ffffca20
:+ B80002bbc
: B00edO2e
¢ 00000000
: 000000b8

800472d4
: B00ec100

ffffcalo
¢ 00003030

4a2c4b29

41545249
¢ 20332020
s+ 3d203120
:+ 493d2031
: 202d322e
+ 00000000

Scalar Registers

00000000
3d20202d
5828492c
00000000
00000000
00000000
00000005
00000004 K

® Select desired format options

@ hexadecimal @ word @ Native
& decimal & longword < IEEE
& unsigned decimal < Dual

¢ float - f format Floating point Format
& float - e format I10.4 t

® Click with the mouse

® Click on OK with mouse or press RETURN

Quitting the
examples

If you have been working the examples in this chapter, you can
quit them and exit CXdb by issuing the quit command, as
shown in Figure 337.

Figure 337
Quitting the examples

(Cxdb) quit

Process [#0] is still running. Kill it? ¥

308 CONVEX CXdb User’s Guide




Debugging optimized code

Note

This chapter describes basic principles involved in debugging
optimized code with CXdb. It is assumed that you are already
familiar with concepts and terminology relating to optimization.
For information about optimization, refer to either the CONVEX
FORTRAN Optimization Guide or the CONVEX C Optimization
Guide.

The goal of this chapter is to provide some helpful suggestions
for debugging optimized code. It is not a detailed guide to
optimization, nor does it explain how to debug every type of
optimization. Rather, this chapter tries to explain, in general
terms, what CXdb can and cannot do to debug optimized code.

Optimizations occur even if your program is compiled with the
-no option (the default optimization leveb. This chapter contains
important information about the effects of level —no
optimizations. You should read this chapter even if you do not
optimize your program beyond level —no.

Three major debugging functions are most significantly affected
by optimization:

® Setting eventpoints
® Stepping program execution
¢ Displaying the values of program variables

The examples in this chapter illustrate how different levels of
optimization affect these three debugging functions.
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Source units and
optimized code

Source units provide a means of representing source code as
syntactical units. They subdivide the source code into a set of
routines, blocks, loops, statements, and expressions. These units
provide a convenient way to reference and manipulate the
source code. Source units also reflect the syntax and structure of
the source code.

Optimization, on the other hand, produces object code that is
directed toward making more efficient use of the capabilities of
the machine. The optimized object code strongly reflects
characteristics of the machine architecture. Because of this,
optimized code has a much different structure and order of
execution than unoptimized code.

Even though optimized code differs markedly from
unoptimized code, CXdb is able to map the source units to
specific ranges of optimized object code. The mapping is made
possible by the data files generated by the CONVEX FORTRAN
and CONVEX C compilers. When you compile your program
with the —cxdb option, the compiler creates the data files that
CXdb needs to debug your program symbolically, regardless of
optimization level. These data files reside in the .CXdb
directory, and they contain most of the debugging information
about your program.

Why source units are important

Conventional debuggers operate on line numbers of source
code. When code has been optimized, source line numbers
usually do not map well to object code. Thus, conventional
debuggers cannot track the execution of optimized code directly.

CXdb, on the other hand, tracks source units. (Refer to

Chapter 5.) The granularity of the source units ranges from
something as large as a routine to something as small as a single
identifier (expression). These different types of source units
make it possible for CXdb to map the source code directly to the
optimized object code. CXdb displays this mapping graphically
in the source window by highlighting the source unit that is
currently active.

The result is that CXdb enables you to track the execution of the
optimized code to whatever degree of accuracy (granularity)
you desire. As you step through the execution of your program,
you can use the disassemble command to display the
assembly language instructions from the optimized object code.
To analyze the optimizations in more detail, you can then
correlate the disassembled object code with the source units that
are highlighted in the source window.
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Figure 338

Source unit ranges

Each source unit maps to zero or more ranges of object code. A
range is a sequence of one or more machine instructions in the
object code.

The CONVEX FORTRAN and CONVEX C compilers perform
various code transformations at each optimization level, even
level —no. Atlevel -no, the transformations are less
pronounced than at higher optimization levels. Therefore, the
mapping of source units to ranges of optimized code is
essentially linear atlevel -no. However, at higher optimization
levels, the mapping can quickly become more dispersed.
Figure 338 illustrates this concept.

Mapping of source units to ranges of optimized code

Object code compiled
atlevel -no

Object code at higher

Original source code optimization level

Routine

Statement

Expression Jii

Statement

As the left half of Figure 338 indicates, at optimization level -no
each source statement maps to only one range of instructions in
the object code. This is because, atlevel —no, the compiler puts
each source statement into its own basic block. The optimization
transformations at level —no occur within a basic block (that is,
within a statement) rather than between blocks. Therefore, the
object code retains the same logical order as the source code.

Chapter 15 Debugging optimized code 311



Note

A basic block in the object code is generated by the compiler. It
is not the same as a source unit block recognized by CXdb in the
source code.

At optimization level —00 and above, a basic block usually
consists of more than one statement. At level —01 and above,
optimization transformations can occur between the basic
blocks as well as within them. For example, transformations
such as elimination, hoisting, and loop distribution change the
logical order of instructions in the optimized object code. As the
optimization level increases, the transformations to the code
become more dramatic.

As a result of the code transformations, even at optimization
level -no, each source unit can map to more than one range of
object code. For the same reasons, one range of object code can
map to more than one source unit. The higher the optimization
level, the more dispersed the mapping will be. The right half of
Figure 338 illustrates this type of dispersed mapping.

Optimization of
variables

Often during the debugging session, you might want to print the
current value of a particular variable in your program.
Optimization can affect program variables in a number of ways,
such as by folding, propagation, or elimination. Because of these
optimizations, it might be difficult or impossible to determine
the exact value of a program variable at any given time.

For example, if all references to a variable are eliminated by
optimization, then the compiler does not generate any code to
store the value of the variable. If the value of the variable is not
stored, then the debugger cannot retrieve it to display it for you.

In most cases, optimization does not completely eliminate all
references to a variable. However, the storage location of the
variable is changed to optimize performance. In general, there
are three ways a variable can be stored:

® In memory (either globally or on the process stack)
® In a register

® In the derivation of a synthesized variable (at optimization
level -01 and higher)

If the variable is stored in memory or in a register, it is relatively
easy for the debugger to retrieve and display the value.
However, at optimization level —-01 and higher, some program
variables are not stored directly. Instead, the compiler generates
a set of synthesized variables whose use is more efficient than
the original program variable. Conventional debuggers cannot
track synthesized variables, but CXdb can.

312 CONVEX CXdb User’s Guide




Figure 339

Synthesized variables

Synthesized variables are generated by the compiler at
optimization levels —01 and higher. The compiler uses
synthesized variables for one of two reasons:

® To replace a program variable with a more efficient construct
¢ To provide runtime support for the program

The most important use of synthesized variables is to replace
loop induction variables in your program. Frequently, induction
variables are used as array subscripts. If the induction variable
were used as originally defined in the source code, the compiler
would have to generate machine code to recalculate the address
of the referenced array element each time the induction variable
is incremented. For greater efficiency, the compiler creates a
synthesized variable that is a pointer into the array. Instead of
incrementing the original induction variable, the optimized code
increments the synthesized pointer by the length of an array
element.

Because the optimized code no longer needs the original
induction variable, it does not compute or store the value.
However, CXdb can calculate the value of the program variable
from the equations that the compiler uses to generate the
synthesized variables. Figure 339 shows an example of this.

Example equation used to derive a synthesized variable

Source code using induction variable I _ g A(I) = I * (X+Y)

Synthesized variable generated by compiler —p»- | 212 = loc(A) + (4*(I-1))

Equation CXdb uses to calculate valueof I —» | I = (?i2 - loc(a))/4 + 1

bo I=1,100

ENDDO
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In Figure 339, the source code uses the induction variable I as
an index into the array A. Rather than incrementing I and
computing the address of A(I) on each iteration of the loop,
the compiler generates the synthesized variable 212 to serve as
a pointer to the desired array element. On each iteration of the
loop, ?i2 isincremented by 4, which is the number of bytes in
one array element.

When you ask CXdb to display the current value of I, itmust
calculate the value from the equation that the compiler used to
generate ?i2. CXdb rearranges the equation for 212 and
solves it for I based on the current value of ?i2.

In many cases, CXdb must solve several equations
simultaneously to calculate the value of a single program
variable. This can sometimes lead to equations that have no
solution or that have multiple, inconsistent solutions. If CXdb
cannot calculate any value for the program variable you
requested, CXdb issues an informational message stating that
the variable is not available. If there are multiple values for the
variable, CXdb lists all of the values and indicates which value it
has selected from the list.

Figure 339 also illustrates the naming convention that CXdb
uses for synthesized variables. The identifier, or name, of the
synthesized variable begins with a special character (such as ?
or #) that generally is not part of an identifier name in the source
language of the program. The name includes a code letter to
indicate the variable type, and it ends with a hexadecimal
number that uniquely identifies each variable. These
synthesized variable names are the same as those found in the
assembler listing generated by the compiler.

If the synthesized variable name begins with a special character
(such as ?) that has meaning in a CXdb command, then you
must precede the name with a backslash (\). The full scope path
for a synthesized variable starts with S$ and includes the name
of the object file that contains the synthesized variable.

Figure 340 illustrates the format of synthesized variable names.
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Figure 340

Full scope path of a synthesized variable

Optional qualifier to specify
scope path of synthesized variable

Optional name of object file that
uses the synthesized variable

Delimiter that separates scope path from variable name
Escape character; required if the variable name
begins with a special character (such as ?)

Special character; begins the name of the synthesized variable

Code letter that identifies the type of synthesized variable

Hexadecimal number that uniquely identifies the variable

s$lobject—filel‘\?ixx
AAA T

One program variable can be associated with the generation of
many synthesized variables. The info expression
command displays all of the synthesized variables derived from
a single program variable. The info expression command
lists the name of the synthesized variable, the equation used to
generate it, and the reason for its use. The reason for its use is
listed as a four-letter acronym. The possible reasons and their
corresponding acronyms are listed and described in the
following sections.

Call temporaries (CTMP) and temporary pointer (TPTR)

When arguments are passed in subroutine calls, synthesized
variables are used as temporary storage for the arguments that
are expressions. Call temporaries are used to pass arguments by
value, and temporary pointers are used to pass arguments by
reference.

Loop strength reduction (INDV)

Loop strength reduction is simplification of the iterative
operator for an induction variable.
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Subscript expansion (SEXP)

Subscript expansion occurs when the subscripts of a
multidimensional array have constant, predetermined bounds.
The subscripts are folded into one, and the array is accessed as a
1-dimensional array.

Reduced subexpression (REXP)

A reduced subexpression is one that is hoisted out of a loop. Its
value is calculated and stored in a synthesized variable.

Outer strip (OSTR) and inner strip (ISTR)

Strip mining transforms a single loop into two new loops: one
inner and one outer. The inner loop usually represents the
portion of code that is either vectorized or parallelized, and the
outer loop controls the iteration count. The inner strip (ISTR)
and outer strip (OSTR) are the synthesized variables for these
two new loops.

Simple sink (SINK)

In some cases, a loop that is marked for strip mining is not
vectorized because the iteration count is too small. When this
happens, a new sink variable is generated to replace the original
induction variable.

Simple trip (TRIP)

A trip count is often used to replace a more complex loop
iteration quantity.

MLXS (MLXS)

During vectorization, a multidimensional array can sometimes
be transposed into a 1-dimensional array. This differs from
subscript expansion, which is performed after vectorization.

Unrolled induction value (URIV), unrolled trip (URTP), and
unrolled expression (UREX)

For an unrolled or partially unrolled loop, synthesized variables
are needed to replicate values from the loop header.

Put back use (PBKU) and put back expression (PBKE)

Loop-invariant expressions and constants are placed back into
the middle of a loop as a single reference to a synthesized
variable.
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Forward link (FLNK)

During vectorization, a constant value may be propagated to the
distributends of a loop. A synthesized variable is used to
represent this constant value.

Cheat min (CMIN)

Pattern matching is used for some types of optimization. In these
cases, an array can be traversed to find the minimum element. A
synthesized variable is used as the index to the array.

Alternate entry (ALTE)

For a loop that executes conditionally, this synthesized variable
represents an alternate entry point to the loop.

Vector mask (VMSK), bit bucket (BITB), and zero mask
(ZMSK)

These synthesized variables are used for storing and assigning
the current vector mask.

Strip mine length (STML)

This synthesized variable stores the strip mine length, which is
usually 128.

Memory addresses (TBSS, TEXT, TDATA, DATA, BSS)

These variables store the addresses of the designated memory
sections. TBSS is the area of memory that is thread-specific,
uninitialized, static storage. TEXT is the area of memory where
machine instructions are stored. TDATA is process-wide
uninitialized storage. DATA is process-wide initialized storage.
BSS is process-wide, uninitialized, static storage.

Communication register (CREG)

This synthesized variable represents a communication register.

Scalar boot (BOOT) and vector boot (VBOT)

During register allocation, a specific value can be removed from
a register so that the register is free to be reallocated. The
synthesized variable that stores the removed variable is called
the boot.

Scalar spill (SPLL) and vector spill (VSPL)

Just before a subroutine call, all active registers are stored
(spilled) into memory.
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Distributed expression (DEXP)

A variable from one loop can be distributed over several
optimized loops.

Unsolvable induction variable (DEAD)

In some cases, it is technically impossible to calculate the correct
value of a loop induction variable. In such cases, CXdb does not
report a synthesized variable.

318 CONVEX CXdb User’s Guide




Values that cannot be determined

Although CXdb far exceeds the capabilities of many
conventional debuggers in its ability to track synthesized
variables, there are still a number of cases where CXdb cannot
calculate the value of a variable. Those cases are enumerated
below.

If you try to print a variable in one of these cases, CXdb issues a
message indicating that the value is not available.

Changing the base

If the base value of an induction variable is changed inside the
loop, then the value of the variable cannot be determined during
a particular iteration of the loop. Figure 341 shows an example of
an induction variable I that is based on the value of variable
M. Because the value of M is changed inside the loop, the base
value of I also changes.

Figure 341
An induction variable with a changing base

I=M
DO WHILE E% Base of I changes
M=4

I =1I+1
ENDDO

Parallel equations

For some induction variables, the compiler uses parallel
equations to generate the synthesized variables. In these cases,
the induction value cannot be determined. Figure 342 shows a
case where the induction variables I and J generate parallel
equations.

Figure 342
Induction variables with parallel equations

I =M

J =1

DO WHILE (A(I+J) .LT. N)
J = J+] -y Parallel equations
I = I+1

ENDDO

Chapter 15 Debugging optimized code 319



Inactive variables

If optimization has removed references to a variable, that
variable can become inactive during and after the body of the
loop. Therefore, the value of the variable is not available within
those areas of the program. Figure 343 shows an example from a
C program. In this example, the pointer p is referenced prior to
the start of the loop, but not inside the loop body.

Figure 343
A pointer that becomes inactive inside a loop

i=m;
do while (p[i++] < n)
{
sum += b->data[i]; -s@— Variable p not referenced
}

Completely unrolled loops

If a loop is unrolled completely, no variable is synthesized to
keep track of the iterations. Therefore, the value of the induction
variable is not available.

Variables within intrinsics

The value of an intrinsic function such as log or sine can be
calculated, but the value of a parameter passed to an intrinsic
cannot be calculated. For example, in the equation Y=LOG (X) ,
the value of Y can be determined, but the value of X cannot.
Variables used with special operators

The following operators make it impossible to determine the
value of a variable:

® BITSHIFT
® MIN
® MAX

e All relational operators

All logical operators

For example, in the equation z=MAX (X,Y), thevalueof Z can
be determined if the values of X and Y are known. However,
the value of X cannot be determined evenif Y and Z are
known.
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Variables derived from user-defined functions

To avoid any possible side effects to the user’s address space,
CXdb does not invoke a user-defined function in order to
determine the value of a variable.

Variables that are not updated

In a type of optimization known as redundant store elimination,
the value of a variable is loaded into a register, but the value is
not stored back into the memory location of the variable unless
the variable is used in a different basic block of the code. If the
source code makes no other references to the variable, the
memory location of the variable is never updated. Printing the
variable yields the old (stale) value in memory and not the
updated value in the register.

Figure 344 shows an example from a C program. In this example,
the value of the expression x+1 isloaded into a register, but the
value of x in memory is not updated because of redundant store
elimination. Because the source code does not reference x
outside the loop, its value is not stored back into memory as the
register value is incremented. Therefore, the current value of x
is the original value in memory, not the current value in the
register.

Figure 344
A variable whose memory location is not updated

do while (y < n)
{

X = x+1;
y foo(x):

} \
Value of x not stored in memory

Incomplete symbolic equation

In a few cases, CXdb is not able to infer the correct symbolic
equation to derive the value of a variable. CXdb does, however,
report as much information as it can correctly infer.
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Hints for
debugging
optimized code

Although specific debugging steps will vary quite a bit from one
situation to another, those steps can be generalized into a set of
guidelines that provide a sound overall approach to debugging.

The list below presents such a set of guidelines for debugging
optimized code. The items in the list are numbered for purposes
of organization only. Each of the items is equally important, and
they should all be used together.

The section "Debugging at various optimization levels" shows
examples that apply the guidelines listed here.

1.

Compile your program at optimization level —no and
debug it at that level first. Debugging optimized code does
not supplant the effectiveness of debugging new code
without optimizations. After you are certain that the
program is running properly at level -no, recompile it at
level -00 and debug it at that level. Then precede to level
-01, and so forth, until you reach the desired level of
optimization. This approach makes it easier to isolate any
problems introduced into the program by a particular type
of optimization.

. Use the set step expression command to set the

stepping granularity to expression. This gives the most
detailed highlighting in the source window. Because the
highlighting illustrates the mapping between machine
instructions and source units, it provides a graphical way to
track the execution of your program.

. Use the info line command to display the source units

on a given line of your program. This shows the address
ranges of the machine instructions that map to each source
unit. It can help with setting eventpoints, stepping the
program, and tracking the execution.

. Usethe info expression command to display your

program variables. This displays the liveness ranges and
storage locations of the variables. At optimization levels
—-01 and above, it also displays how synthesized variables
are derived from user-defined variables.

. Use the disassemble command to display the

disassembled code surrounding the current point of
execution. (In CXwindows, use the disassembly window
with auto update enabled.) This shows which machine
instructions map to the current source unit. It also shows
which instruction will execute next, thus revealing the
execution order of the optimized code.

322 CONVEX CXdb User’s Guide



6. Use the step instruction command to step through a
part of the program that is of critical interest to you.
Stepping by larger increments could cause you to overshoot
or miss the critical point.

Setting eventpoints in optimized code

For eventpoints that are based on location (for example, trace
line or break source), CXdb sets the eventpoint at the
machine instruction that maps to the location you specify.
Because the optimized machine code has a different ordering
than the source code, the eventpoint marker shown in the source
window might not always appear where you expect to see it.

In some cases, multiple eventpoints will appear at different
addresses, even though you specified only one eventpoint at one
location. This is because one source unit can map to several
different ranges of machine instructions, and one machine
instruction can map to several different source units.

Stepping through optimized code

Program execution follows the order dictated by the machine
instructions. Because the ordering of the machine instructions is
usually quite different than the ordering of your source
statements, stepping by source units does not follow the
sequence you would expect from looking at only the source
code.

At optimization levels -00 and above, it generally is not
possible to predict where execution will stop if you are stepping
a process by source units. The higher the optimization level, the
more dispersed is the mapping between source units and
machine instructions. Therefore, the more difficult it is to
calculate exactly how many source unit steps there are between
any two points in the source code. For example, it usually is not
possible to step the optimized code by 5 statements and have
execution stop exactly 5 lines of source code from where it
started.

Even at level —no, optimizations such as instruction
scheduling can cause a program to execute in a different
sequence than what you would expect from the source code. A
methodical approach to stepping (such as the one outlined
below) can enhance the predictability of the results.
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Stepping carries execution forward, but not backward.
Therefore, it is important to avoid stepping past the location in
the program that is of critical interest to you. The following
guidelines for stepping can help achieve this objective:

1.

Step by large source units such as blocks, loops, or routines,
until the current point of execution is relatively near a critical
location in the program.

. When in doubt about what stepping granularity to use or

how many steps to take at once, be conservative. Take fewer
steps at one time, and use a smaller stepping granularity.

. For loop iterations, use the step block or next block

commands rather than stepping by loop.

. Near a critical point of the program, step by instruction until

you reach the precise location that is of interest to you.

. Frequently during procedures 1 through 4, observe the

disassembled code and the source window to determine
where execution has stopped and what instruction will
execute next.
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Debugging at
various
optimization
levels

Figure 346
Starting the example program

The following sections present examples that illustrate
significant points about debugging at various optimization
levels. The examples use the same FORTRAN source code
compiled at each of the optimization levels. This helps to
emphasize the changes that occur in the object code when a
program is compiled at different optimization levels.

Preparing for the examples

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 345.

Figure 345
Invoking CXdb

%cd /usr/lib/cxdb/examples
%cxdb a.out

The cd command in Figure 345 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb and gives it the name of the executable
file for the examples.

Once you have invoked CXdb, move the cursor to the command
window and enter the commands shown in Figure 346.

(CXdb) set printopts maxarray 50
(CXdb) set step expression

The set printopts command in Figure 346 allows a
maximum of 50 array elements to be displayed at one time,
instead of the default of 20 elements.

The set step command in Figure 346 sets the stepping
granularity to expression. The highlighting in the source
window is affected by the granularity. With the granularity set to
expression, the source window will highlight the smallest active
source unit at the current point of execution. This provides the
most detailed graphical view of the source units.
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Note

The text and examples in this section are cumulative. It is strongly
recommended that you read all of the material in the sequence
presented. Do not skip any topics, even if you are using only one

Figure 347

of the optimization levels discussed here.

Level -no

At any level of optimization, CXdb sets an eventpoint at the first
machine instruction that corresponds to the location you
specified for the eventpoint. For example, Figure 347 illustrates
the effects of the break routine command at optimization
level -no.

Breaking on a routine at level -no

(CXdb)
Starting
Process

(CXdb)

(CXdb)
#0: break routine, on [#0/*], Enabled, ignore 0/0

Disassemble Process [#0/0] from 0x80003ca2 for 1 machine instructions

\ 0x80003caa LEVEL_NO+ (0x18) : 1d.w g @4 (ap),s0 ;i N

break routine LEVEL NO \

[0x80003caa] LEVEL NO in chapterl5.f line 36

run

process [#0]: a.out

[#0/0] stopped by Bkpt 0, at [0x80003caa] LEVEL NO in chapterl5.f line 36

disassemble $PC:1

33
34
35
Ak
37
38
39
40
41
42

SUBROUTINE LEVEL_NO(M,N.A.B.,X)
REAL A(M,N), B(M.N) foad of 1 s fist
® D0 J=1.[ <& executable instruction
00 I=1.M in routine
TEMP = 3.0 = B(I,J)
A(I.J) = TEMP/(2,0%X)
B(I.J) = 2,0 = TEMP
ENDDO
ENDDO

The break routine command in Figure 347 sets a breakpoint
at the machine instruction that maps to the first executable
source unit of the routine LEVEL NO. The run command
starts execution. When execution is stopped by the breakpoint,
the source window highlights the expression N because N is
the first executable expression in the routine. The
disassemble command verifies this fact by displaying the
instruction at the current point of execution (current PC). This
instruction loads the value of N (the highlighted source unit)
into scalar register s0.
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Figure 348
Stepping through a loop header

Components of a loop

There are 2 major components of a loop in either FORTRAN or C:
® Loop header
¢ Loop body

The loop header contains setup code for the loop, such as the
start condition, stop condition, and loop step size of the loop.
This setup code consists of a number of statement and
expression source units. Because of optimization, some of these
loop header source units can be merged with source units in
other parts of the program.

The loop body contains the iterative portion of the loop. It is a
block source unit, but it can contain other expressions,
statements, loops, and blocks. Because of optimization, some of
the loop body source units can be merged with each other, or
they can be moved out of the loop and merged with source units
in other parts of the program.

Figure 348 uses stepping by statement to reveal some facts about
the header of a DO loop.

\\\é.

@db) step statement \

Stepping process [#0/*] by 1 statement
Process [#0/0] stopped stepping at [0x80003cb2] LEVEL NO in chapterl5.f line 36

(CXdb) info line 36

Id Address Boundaries Start End Kind
1. ( 78) 80003cb2:80003cb6 36 x 12 36 x 12 <EXPR> 1
2. ( 77) 80003¢cb2:80003cbc 36 x 10 36 x 12 <STMT> J=1
3. ( 79) 80003caa:80003cae 36 x 14 36 x 14 <EXPR> N
4, ( 76) 80003caa:80003dc2 36 x 7 42 x 11 <LOOP> DO J=1,N <...> ENDDO
( 75) 80003caa:80003dc4 36 x 7 45 x 9 <BLOCK> DO J=1,N <...> EN?_’//
33 SUBROUTINE LEVEL_NO(M.N.A,B.X)
gg REAL A(M,.N), B{(M.N)
G © D0 JA.N
37 Do I=1.M
38 TEMP = 3.0 » B(I.,JJ
39 A(I.J) = TEMP/(2,.0%X)
40 B(I.J) = 2,0 » TEMP
41 ENDDO
42 ENDDO
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The step statement command in Figure 348 executes one
statement source unit. You might anticipate that this would
cause the highlighting in the source window to move from line
36 to line 37. Instead, the highlighting moves from variable N in
line 36 to constant 1 in the same line of source code. This is
because the header for the DO loop consists of 2 source units:
one for the expression N and one for the statement that
initializes the loop counter (J=1).

The info line command in Figure 348 displays the source
units that make up the header of the DO loop. Source unit 76 is
the loop itself. This source unit corresponds to the test for the
condition J>N. Source unit 77 is the initialization of the loop
counter, J=1.

Note that the starting address of the expression source unit for
N (source unit79)is 80003caa. Thisisthe same as the starting
address of the loop source unit (source unit 76). This indicates
that both of these source units have the same entry point and
begin with the same machine instruction. So N is the first
expression source unit in the loop.

Similarly, the expression source unit for the constant 1 (source
unit 78) has the same starting address as the statement source
unit for J=1 (source unit 77).

Also note that source unit 75 is listed as a block source unit, and
it has the same starting address as the loop (source unit 76). This
block is the body of the routine LEVEL_NO. The DO loop that
starts on line 36 is the entire routine body in this case.
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Figure 349

The body of a loop is a block source unit. Figure 349 shows the
results of stepping by block.

Stepping by block at level —no

Km.t-wwr—*
P

(CXdb)

step block \
Stepping process [#0/*] by 1 block

Process [#0/0] stopped stepping at [0x80003cca} LEVEL _NO in chapterl5.f line 37
(CXdb) info line 37

Id Address Boundaries Start End Kind

( 83) 80003cd2:80003cd6 37 x 15 37 x 15 <EXPR> 1

( 82) 80003cd2:80003cdc 37 x 13 37 x 15 <STMT> 1I=1

( 84) 80003cca:80003cce 37 x 17 37 x 17 <EXPR> M

{ 8l) 80003cca:80003da4 37 x 10 41 x 14 <LOOP> DO I=1,M <...> ENDDO

( 80) 80003cca:80003dc2 37 x 10 41 x 14 <BLOCK> DO I=1,M <...> ENDii//
33 SUBROUTINE LEVEL_NO(M,N.A.B.X)
34 REAL A{M,.N), B(M.N)
35
3606 DO J=1.N Beginning of

- 37 I=1.[§ -— :

38 = 3.0 % B(I, D) block source unit
39 A(I.J) = TEMP/(2,0%X)
40 B(I,J) = 2,0 » TEMP
41 ENDDO
42 ENDDO

The step block command in Figure 349 steps execution to the
beginning of the next block, which is the DO loop that begins on
line 37. This block is also the loop body for the loop that begins
online 36. The info line command shows that the block is
source unit 80, and its starting address is 80003cca.

The loop source unit for the loop on line 37 (source unit 81) and
the expression source unit for M (source unit 84) have the same
starting address as the block (source unit 80). This is also the
address indicated by the current PC, as shown in the response to
the step block command
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Address ranges of source units

Evenatlevel —no, onesource unit can map to several different
ranges of machine instructions, and vice versa. Figure 350
illustrates this point.

Figure 350
Breaking at a source unit that maps to multiple address ranges

/(Cde) info line 39 \

Id Address Boundaries Start End Kind
1. ( 99) 0: 0 39 x 28 39 x 30 <EXPR> 2.0
2. (100) 80003d1c:80003d20 39 x 32 39 x 32 <EXPR> X
3. ( 98) 80003d26:80003d2c 39 x 28 39 x 32 <EXPR> 2.0*X

80003d1c:80003d20

4. ( 96) 80003d20:80003d26 39 x 22 39 x 25 <EXPR> TEMP

5. ( 97) 80003d26:80003d2c 39 x 27 39 x 33 <EXPR> (2.0%*X)
80003d1c:80003d20

6. ( 93) 80003d3a:80003d40 39 x 15 39 x 15 <EXPR> I

7. ( 94) 80003d2c:80003d32 39 x 17 39 x 17 <EXPR> J

8. ( 95) 80003d32:80003d34 39 x 22 39 x 33 <EXPR> TEMP/ (2.0*X)
80003d1c:80003d2c

9. ( 92) 80003d1c:80003d54 39 x 33 <STMT> A(I,J) = TEMP/ (2.0*X)

One source unit mapped to

(CXdb) break source 95 .
multiple address ranges

#1: break source, on [#0/*], Enabled, ignore 0/0
[0x80003dlc] LEVEL_NO in chapterl5.f line 39

[0x80003d32] LEVEL NO in chapterl5.f line 39 Multiple address
ranges for one
(CXdb) continue breakpoint

Resuming execution of Process [#0/*]
Process [#0/0] stopped by Bkpt 1, at [0x80003dlc] LEVEL NO in chapterl5.f line 39

(CXdb) disassemble $PC:1
Disassemble Process [#0/0] from 0x80003d14 for machine instructions

\\\7 0x80003dlc LEVEL_NO+(0x8a): ld.w @16 (ap),sO -~ f//
33 SUBROUTINE LEVEL_NO(M.N,A,B,X)
34 REAL A(M.N), B{(M.N)
35 |
36 ® DO J=1.N
37 D0 I=1,M _
38 TEMP = 3,0 = B(I.J) Process stops at first
EE ® A(I.J) = TEMP/(2.0+f) <& address range of the
40 B(I,J) = 2,0 » TEMP breakpoint
41 ENDDO
42 ENDDO
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The info line command in Figure 350 shows that source unit
95 represents the expression TEMP/ (2.0*X) . This source unit
maps to 2 address ranges. Level ~no optimizations such as
instruction scheduling account for this dispersed mapping
between source units and machine instructions.

Note that source unit 99 has an address range of 0. This means
that there are no machine instructions that map directly to source
unit 99.

The break source command in Figure 350 creates a
breakpoint event for source unit 95. Because source unit 95 maps
to 2 address ranges, the breakpoint also maps to those same 2
address ranges. The continue command continues execution,
but the process stops at the first address range of the breakpoint
for source unit 95. The source window highlights the expression
X, and the disassemble command shows that this
highlighted expression corresponds to the instruction for
loading the value of X into register soO.

Continuing the process brings it to the next address range of the
breakpoint for source unit 95, as illustrated in Figure 351.

Figure 351
Continuing execution to the next address range of the breakpoint

(CXdb) continue

Resuming execution of Process [$#0/*]

Process (#0/0] stopped by Bkpt 1, at [0x80003d32} LEVEL_NO in chapterl5.f line 39

(CXdb) disassemble $PC:1

Disassemble Process [#0/0] from 0x80003d32 for 1 machine instructions
0x80003d32 LEVEL_NO+(0xa0): div.s s0,sl

(CXdb) remove event 1

Eventpoint 1 removed

33 SUBROUTINE LEVEL_NO(M.N.A,B,.X)
34 REAL A(M,N),. B(M,.N)
35
360® DO J=1.,N
37 DO I=1.M
- 38 TEMP = 3,0 » B(I.J)
E A(I.J) =
40 B(I.J) =
41 ENDDOD
- 42 ENDDO

In Figure 351, the source window highlighting and the
disassemble command show that the next breakpoint occurs
at the instruction for dividing TEMP by (2.0*X). The
remove event command removes the breakpoint so that it
does not interfere with the remaining examples in this chapter.

Chapter 15 Debugging optimized code 331



Displaying variables

Displaying program variables is an important aid to debugging.
You can use the print command to display the value of a
variable, but the info expression command provides much
more than just the value, as illustrated in Figure 352.

Figure 352
Displaying program variables at level —no

~

@de) step block
Stepping process [#0/*] by 1 block

Process [#0/0] stopped stepping at

[0x80003cea]

LEVEL_NO in chapterl5.f line 38

(CXdb) info expression J
object type: Fortran identifier
location: 0x8006dc38
size: 4 bytes
type: INTEGER*4
value: 1

7 liveness ranges:

e i Location Current storage location
1. 0x80003cc2:0x80003cca — register sO andlivenessrangefor J
2. 0x80003cf0:0x80003d04 - register a5
3. 0x80003d32:0x80003d48 - register a5
4. 0x80003d5a:0x80003d7a — register a5
5. 0x80003daa:0x80003dae - register sO
6. 0x80003dba:0x80003dc2 - register s0
\\‘ 7. 0x80059000:0x8005a000 — 0x8006dc38 4///
33 SUBROUTINE LEVEL_NO{(M.N.A,B.,X)
34 REAL A(M.N), B(M,N)
35
36 ® DO J=1,N
37 DO I=1.M :
35 TEMP = 3.0 » B(IJ) <@—— E;‘fcut“];ngt(’ps aitap
39 A(I,J) = TEMP/(2,0%X) GLI00p DOGY
40 B(I.J) = 2,0 » TEMP
41 ENDDO
42 ENDDO

The step block command in Figure 352 steps the process to
the top of the loop body at line 38. The info expression
command shows the current value of the variable J, aswell as
its storage locations and liveness ranges. Currently, J is stored
in memory ataddress 8006dc38. Note that the stopping point
(current PC) of the process is 80003cea, which does not fall
into any of the first 6 liveness ranges for J. This information
indicates that J is not stored in a register at this point in the
process.
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Figure 353 shows what happens when execution brings the PC
into one of the other liveness ranges for J.

Figure 353
Stepping into another liveness range of a variable

K (CXdb) disassemble $PC:1 \

Disassemble Process [#0/0} from 0x80003cea for 1 machine instructions
0x80003cea LEVEL NO+(0x58): 1ld.w J, a5

(CXdb) step instruction

Stepping process [(#0/*] by 1 instruction

Process [#0/0) stopped stepping at [0x80003cf0] LEVEL NO in chapterl5.f line 38

(CXdb) info expression J

object type: Fortran identifier

location: register a$ :>Variable J stored

0x8006dc38 in both locations
size: 4 bytes

type: INTEGER*4
value: 1
7 liveness ranges:
Start End Location
1. 0x80003cc2:0x80003cca — register sO
2. 0x80003cf0:0x80003d04 - register a5
3. 0x80003d32:0x80003d48 - register a5
4. 0x80003d5a:0x80003d7a - register a$S
5
6
7

Current liveness range

. 0x80003daa:0x80003dae ~ register sO
. 0x80003dba:0x80003dc2 ~ register s0
. 0x80059000:0x80052000 ~ 0x8006dc38 44//

The disassemble command in Figure 353 shows that the
current instruction loads the value of J into register a5. The
step instruction command executes this instruction. The
info expression command shows that J is now stored in
register a5 as well as in memory. Execution stopped at address
80003cf0, whichisin liveness range 2 of variable J.

For purposes of optimization, the compiler generates some
temporary variables which you can access with CXdb.
Figure 354 shows an example of such a compiler-generated
variable.
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Figure 354
Displaying compiler-generated variables

/(deb) info expression B

object type: Fortran array

total size:

base addr: 0x80004044

object type:

size: 4 bytes

type: INTEGER*4
value: 10

orientation: column
bounds: REAL*4 (1:<TEMP0>, 1:<TEMP1>)

base type: REAL*4

base size: 4 bytes

40000 bytes

(CXdb) info expression \<TEMP1l\>

Fortran expression result

Compiler-generated variable

_/

Note

The info expression B command in Figure 354 displays
information about array variable B. The upper bounds of the
array are defined by the variables <TEMP0O> and <TEMP1>,
which were generated by the compiler.

The info expression \<TEMP1\> command shows that the
upper bound of the column subscript for array B is 10. The
angle brackets (<>) are part of the name of the
compiler-generated variable. Because angle brackets are also
redirection operators in CXdb commands, a backslash (\) must
precede each angle bracket in this case.

Level -00

Atlevel -00, optimizations occur within a basic block but not
between basic blocks. A basic block is a linear sequence of
statements that has a single entry point and that ends in a
conditional or unconditional branch.

A basic block in the object code is generated by the compiler. It
is not the same as a block source unit recognized by CXdb in the
source code.

Redundant-use elimination

Within a basic block at level -00, different occurrences of a
variable in the source code can be merged into one load or store
instruction. This type of optimization is known as
redundant-use elimination. Figure 355 illustrates how CXdb
displays redundant-use elimination.
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Figure 355
Redundant-use elimination of a variable at level -00

/(Cde) break routine LEVEL 00 \

#2: break routine, on [#0/*], Enabled, ignore 0/0
{0x80003ded4] LEVEL OO0 in chapterl5.f line 53

(CXdb) continue
Resuming execution of Process [#0/*]
Process [#0/0] stopped by Bkpt 2, at [0x80003de4] LEVEL 00 in chapterl5.f line 53
(CXdb) step block 2
Stepping process [#0/*] by 2 blocks
Process [#0/0] stopped stepping at [0x80003el4] LEVEL_O0 in chapterl5.f line 57
(CXdb) disassemble $PC:1

Disassemble Process [#0/0] from 0x80003e0c for 1 machine instructions

\\\7 0x80003el4 LEVEL_O0+(0x48): 1d.w J, a5 A//
50 SUBROUTINE LEVEL_OO(M.N,R,B,X)
51 REAL A(M,N), B(M,N)
52
53 ® Do J=1.N
54 D0 I=1,M .
55 TEMP = 3.0 = B(I ) <—]
56 ACLE) = TEMP/(2,0%X) -t—f——— Auh‘i’cch‘f?rﬁ?cgs of
57 B(I.A) = 2.0 » TEMP -t—1 J highlighte
58 ENDDO
59 ENDDO

Line numbers are not meaningful beyond level -no

Note

The step block command in Figure 355 brings execution to
the start of the block (loop body) for the DO loop on line 55. The
disassemble command shows that the first instruction of this
block loads the value of J into register a5. Because J is
referenced several times within the block, redundant-use
elimination causes the value of J to remain in register a5
through all instructions of the block. In the source window,
CXdb highlights all occurrences of J that are affected by the
current instruction.

Note that the source window also highlights line number 57.
This does not mean that execution has stopped at line 57 in this
case. It simply means that one of the highlighted source units is
on this line.

At oplimization levels —00 and above, source code line numbers
should not be used for sefting breakpoints or for stepping. Use
source units, memory addresses, or machine instructions instead.
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Code motion

Within a basic block at level —00, local optimizations can
change the order of the instructions in the object code. This is
known as code motion.

A basic block can represent multiple source statements. Because
of code motion between the statements of a single basic block,
the execution order of the object code no longer matches the
logical order of the source code statements. Figure 356 illustrates

this point.
Figure 356
Code motion at level —00
ﬁCde) step statement 2 \
Stepping process [#0/*] by 2 statements
Process [#0/0] stopped stepping at [0x80003e2a] LEVEL OO0 in chapterl5.f line 56
(CXdb) print TEMP
REAL*4) 0.0000
(CXdb) print B(I,J)
REAL*4) 2.0000
(CXdb) disassemble $PC:20
Disassemble Process [#0/0] from 0x80003e2a for 20 machine instructions
0x80003e2a LEVEL_ OO0+ (0x5e) : 1d.w @16 (ap),s0O 2 4
0x80003e2e LEVEL_OO0+(0x62) : mov a2,a4
0x80003e30 LEVEL_00+(0x64) : add.w #1,a2
0x80003e32 LEVEL 00+ (0x66) : add.w #-1,a5
0x80003e36 LEVEL_O00+ (0x6a) : mul.w a5,al
0x80003e5e LEVEL_O0O0+ (0x92): st.w s1l, TEMP
0x80003e64 LEVEL_O0+(0x98): mov.w sl,s2
0x80003e66 LEVEL 00+ (0x9%a): div.s s0,s2
\ 0x80003e68 LEVEL_O00+ (0x9c) : add.s sl,sl /
50 SUBROUTINE LEVEL_OO(M.N,A.B.X)
gé REAL A(M.N), B(M,N) Variable TEMP
53 ©® DO J=1.N not updated yet
54 DO I=1.M
55 TEMP = 3,0 * B(I,J)
5= A(I.JY = TEMP/(2,0:+4)
57 B(I.J) = 2,0 » TEMP
58 ENDDO
59 ENDDO
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Note

The step statement command in Figure 356 advances
execution to the expression for X on line 56 of the source code.
Based on this stepping command and the highlighting in the
source window, you might expect that line 55 of the source code
has executed already. However, the print command shows
that the value of TEMP isstill 0, while the value of B(I, J)
is 2. Ifline 55 had already executed, the value of TEMP should
be 3.0*B(I,J), or 6.

The disassemble command in Figure 356 reveals that the
instruction for storing a new value into TEMP has not executed
yet,so TEMP still contains its initial value of 0. This reordering
of instructions is a result of optimizations such as instruction
scheduling and redundant-assignment elimination.

Atlevel -00, the compiler can reorder any of the machine
instructions within a basic block to achieve maximum execution
efficiency. Because the loop body is a basic block, the compiler
can move instructions from one source statement to another
within the loop body. The highlighting in the source window
reflects this reordering of machine instructions by moving back
and forth between the source statements in the loop body.

At optimization levels —00 and above, source statements do not
map to a single basic block of machine instructions. For this
reason, stepping by statement can produce results that you might
not expect. Step by larger units, such as routines or blocks, or by
smaller units, such as instructions.
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Assignment substitution

Another form of optimization at level -00 is assignment
substitution. In this type of optimization, subsequent references
to a variable are replaced by the value assigned to the variable.
Figure 357 illustrates assignment substitution for the variable
TEMP .

Figure 357
Assignment substitution at level -00

/(Cde) step instruction 13 \
Stepping process [#0/*] by 13 instructions
Process [#0/0] stopped stepping at [0x80003e52] LEVEL OO0 in chapterl5.f line 57
(CXdb) disassemble S$PC:1
Disassemble Process [#0/0] from 0x80003e52 for 1 machine instructions
0x80003e52 LEVEL 00+ (0x86) : mul.s #1094713344,s1
(CXdb) info expression TEMP
object type: Fortran identifier
location: 0x8006dc54
size: 4 bytes
type: REAL*4
value: 0.0000
1 liveness ranges:

Start End Location
K 1. 0x80059000:0x8005a000 — 0x8006dc54 /
50 SUBROUTINE LEVEL_OO(M.N.A.B.X)
51 REAL A(M,.N). B(M.NJ
52
53 ® DO J=1.N
54 D0 I=1.M
st v e xﬁ} CEIE neplamead
» = + il 1 3
== B(I.T> = 200 PP il by its equivalent
58 ENDDO
59 ENDDO

The step command in Figure 357 advances execution to the
machine instruction for the expression 3.0*B (I, J) inline 55.
The disassemble command shows this instruction. Because
assignment substitution replaces the variable TEMP with the
value of 3.0*B(I,J), all subsequentoccurrencesof TEMP
are highlighted in the source window.
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The info expression command in Figure 357 shows that
TEMP has a liveness range and storage location. This indicates
that the variable TEMP is still available, even though assignment
substitution has replaced TEMP with the value 3.0*B(I,J) .
Optimizations at higher levels can result in the elimination of the
original variable, as the following sections illustrate.

Chapter 15 Debugging optimized code 339



Level -01

Atlevel -01, optimizations occur between basic blocks as well
as within them. This causes the mapping between source units
and machine instructions to be even more dispersed than at
level —-00. In addition, synthesized variables are introduced at
level -01.

Code motion

Optimizations atlevel -01 move loop-invariant operations out
of the loop body and place them in a basic block preceding or
following the loop. Figure 358 illustrates some of the effects of
code motion at level -01.

Figure 358
Code motion at level -01

/(Cde) break routine LEVEL Ol \
#3: break routine, on [#0/*], Enabled, ignore 0/0
[0x80003e9c] LEVEL Ol in chapterl5.f line 70
(CXdb) continue
Resuming execution of Process [#0/*]
Process [#0/0] stopped by Bkpt 3, at [0x80003e9c] LEVEL_Ol in chapterl5.f line 70

(CXdb) step 15

Stepping process [#0/*] by 15 expressions

Process [#0/0] stopped stepping at [0x80003ed4] LEVEL Ol in chapterl5.f line 73
(CXdb) disassemble $PC:1

Disassemble Process [#0/0] from 0x80003eca for 1 machine instructions

0x80003ed4 LEVEL_O1+(0x3c): 1d.w @16 (ap),s3 & X
(CXdb) print I
ERROR: 196
Qariable's storage is not available, line: 1 col: 7, I. /
67 SUBROUTINE LEVEL_O1(M,N.A.B.X)
68 REAL A{(M.N),. B(M,.N)
gg ® DO J=1.N Load of X hoisted
21 D0 I=1.M outside of loop
Fs TEMP = 3,0 »* B(I.J) T
A(I,J) = TEMP/(2,0:)
74 B(I.J) = 2,0 » TEMP
75 ENDDO
76 ENDDO

The break routine, continue, and step commands in
Figure 358 advance process execution to the instruction for
loading the value of X into register s3. The disassemble
command shows this instruction.
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Figure 359

From the source code, X appears to be inside the loop body.
However, X is a constant whose value does not change inside
the loop. Therefore, the instruction to load X into a register is
hoisted to a location preceding the loop. The print command
shows the loop counter I has no current value. This is because
execution has not yet entered the loop body.

Synthesized variables

As aresult of optimizations atlevel -01, the compiler generates
synthesized variables to replace less efficient calculations for
values of program variables. For example, your program might
use a loop induction variable as an index to array elements. At
level ~01, the compiler replaces this induction variable with a
synthesized pointer to the array elements. This is a form of
optimization known as strength reduction. Figure 359 illustrates
how synthesized variables replace a loop induction variable.

Strength reduction of a loop induction variable

used
1.

N W N

(INTEGER*4)

8005a3a8:

\\\é005a3bc:

object type:
location:
size:

type:

value:

<none> -}
4 bytes
INTEGER*4
1 -t

to create 7 synthesized variable(s):

<INDV>

. <INDV>
. <INDV>
. <INDV>
. <INDV>
. <INDV>
. <SEXP>

/(Cde) step block 3
Stepping process [#0/*] by 3 blocks
Process [#0/0] stopped stepping at [0x80003ef8] LEVEL Ol in chapterl5.f line 72

(CXdb) info expression J
Fortran identifier

‘\\

Variable J not stored because it is replaced

by synthesized variables

Value of J calculated

?i0
?i1
?2i2
?i5
?i6
?1i7
?c8

(CXdb) print/x \?i2
0x8005a328 -t

(CXdb) print/x \?i7
(INTEGER*4) 0x8005a3b0 .

(CXdb) examine/f loc(A):10

Examine Process [#0/0] from 0x8005a3a8 to 0x800F9k3cc
2.3077
0.0000

from equations

= J+((-1*N)-1)

= loc(B)+((4*M) * (J-1))

= loc(A)+((4*M) *(J-1)) --f——
= (—4+?2i1)+(4*(I-1))

= ?il+(4*(I-1))

= ?2i2+(4*(I-1)) -
= ?2il+4(-1* (4* (1+(-1*M))))

Pointer to current
row of array A

Pointer to current
element of A

Address of current row of array A

Address of current element of A

3.4615 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 4//)
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The step block command in Figure 359 advances execution
through 2 iterations of the inner loop body and stops execution
at the beginning of the third iteration. This generates the first 2
elements of arrays A and B.

The info expression command in Figure 359 shows that the
program variable J gives rise to seven synthesized variables.
The name, equation, and reason for each synthesized variable
are listed. The current value of J is 1. Note that there is no
storage location or liveness range listed for J. This is because
J has been completely replaced by the synthesized variables.
Even though the value of J is not stored directly, CXdb can
calculate it from the equations for the synthesized variables.
(Refer to the section "Synthesized variables" in this chapter for
an explanation of the reason codes.)

The first synthesized variable of interest in the above example is
?12. Thereasonfor ?i2 isINDV, which means that it provides
strength reduction of a loop induction variable (J in this case).
The base of the equation for 212 is the starting address of array
A, as designated by the FORTRAN function loc (2). Thus,
?12 is a pointer to the current row of A, justas J isan index
to the current row. Each time the induction variable J is
incremented by 1, the synthesized variable ?i2 isincremented
by 4*M, where M is the number of elements in one row and 4
bytes is the size of one element of A. Because the current value
of J is1, ?i2 currently points to the first row of A.

The synthesized variable 217 also provides strength reduction
of an induction variable (INDV). The equation for 217 starts
with ?i2 as a base. Each time the program variable I is
incremented by 1, ?i7 is incremented by 4, which is the
number of bytes in one array element. Thus, 217 is a pointer to
the current element of array A.

The print commands in Figure 359 display the values of 2i2
and 2?17 in hexadecimal format. The examine command
displays the first 10 elements of array A, which include the
current element referenced by 2i7.

Inconsistent values for a variable

One program variable usually gives rise to many synthesized
variables at level -01 and above. Each synthesized variable
gives rise to an individual equation for calculating its value, but
the equations are expressed in terms of other synthesized
variables. Trying to solve these equations simultaneously to
determine the current value of a program variable can
sometimes lead to inconsistent values. Figure 360 illustrates this
point.
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Figure 360
Inconsistent values derived from synthesized variables at level -01

/(Cde) step 3 \

Stepping process [#0/*] by 3 expressions
Process [#0/0] stopped stepping at [0x80003f04} LEVEL_Ol in chapterl5.f line 72

(CXdb) info expression I
object type: Fortran identifier
location: <none>
size: 4 bytes
type: INTEGER*4

value: 3
used to create 3 synthesized variable(s): .
1. <INDV> 215 = (=4+2i1)+(4%(I-1)) Inconsistent values
2. <INDV> 216 = 2il+ (4% (I-1)) for program variable I
3. <INDV> 217 = 2i2+ (4% (I-1))
INFO: 410

Inconsistent induction value for I, using 3, from the set of (3, 3, 4}

(CXdb) disassemble $PC:1
Disassemble Process [#0/0] from 0x80003efa for 1 machine instructions
0x80003£04 LEVEL_01+(0X6C): add.w #4,a2

(CXdb) info registers A
Process [#0/0]

pc : 0x80003f04
psw: 0x03909480
fp : Oxffffca20
ap : 0x800040d4

a5 : Oxfffff064
ad : 0x80063fe8 2il
a3 : 0x8005a3bd4 ?2i7
a2 : 0x80063ff0 ?i6 -alf— Synthesized variables being modified

al : 0x80064f84
sp : Oxffffcal8
s7 : 0x0040000000000fa0 2c4

s6 : 0x40380000fffffff6 2i0
s5 : 0x00157£0380064£84 2c8
s4 : 0x4552313580063fec ?2i5
s3 : 0x4e45204341266666 2c9

s2 : 0x535542524591ac4f
sl : 0x54415254415d89d9

\\\fo : 0x0000000042400000 #l//

The info expression command in Figure 360 shows a value
of 3 for variable I, butaninformational messages also displays
to indicate that other values for I are equally valid at this point
in the process execution. CXdb simply picks the lowest value in
the set of possible values, and it prints a message to indicate the
other possibilities.
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Figure 361

The reason for the inconsistent values is also revealed in
Figure 360. The disassemble command shows that the next
instruction modifies the contents of register a2. The info
registers command shows that register a2 contains the
value of the synthesized variable 2i6. Because ?i6 is one of
the synthesized variables used to calculate the value of I,
modifying the contents of register a2 (and therefore ?i6) also
affects the value of I.

In the above example, execution stopped at a point in the process
where some of the synthesized variables used to derive the value
of I had been modified but the rest had not. Inconsistent values
generally occur at such locations in the process.

For each basic block in the object code, CXdb determines the
value, availability, and liveness ranges of a variable. At the
beginning of a basic block such as a loop body, variable values
are consistent, as Figure 361 illustrates.

Variable values remain consistent within a basic block

/(Cde) step block \

Stepping process [#0/*] by 1 block

Process [#0/0] stopped stepping at [0x80003ef8] LEVEL Ol in chapterl5.f line 72
(CXdb) info expression I

object type:

Fortran identifier

location: <none>
size: 4 bytes
type: INTEGER*4
value: 4
used to create 3 synthesized variable(s):
1. <INDV> ?2i5 = (=4+?2il)+(4*(I-1))
2. <INDV> ?2i6 = ?2il+(4*(I-1))
K 3. <INDV> ?2i7 = ?2i2+ (4* (I-1)) /
67 SUBROUTINE LEVEL_O1(M,N,A.B.X)
68 REAL A(M.N), B(M.N)
69
70® D0 J=1.NM
71 00 I=1.M
TEMP = 3.0 » [EINPNE
73 A(I.J) = TEMP/(2,0%X)
74 B(I,J) = 2,0 » TEMP
75 ENDDO
76 ENDDO
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The step block command in Figure 361 advances execution
to the beginning of the basic block that is inner loop body. The
info expression command shows that the variable I hasa
single, consistent value of 4 at this location. The value of I
remains 4 throughout one full jteration of the inner loop. The
value becomes inconsistent again when execution steps beyond
the boundaries of the inner loop body.
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Level -02

Atlevel -02, the optimizations focus on the vectorization of
loops. Vectorization involves the use of the vector registers that
are available on CONVEX machines.

Code motion

Optimizations atlevel —~02 move loop-invariant operations out
of the loop body and place them in a basic block preceding or
following the loop. Figure 362 illustrates some effects of code
motion at level -02.

Figure 362
Code motion at level —02

/(Cde) break routine LEVEL_ 02 \
#4: break routine, on [#0/*], Enabled, ignore 0/0

[0x80003£340] LEVEL O2 in chapterl15.f line 90
(CXdb) continue
Resuming execution of Process [#0/*]
Process [#0/0] stopped by Bkpt 4, at [0x80003f40] LEVEL 02 in chapterl5.f line 90
(CXdb) disassemble $PC:4

Disassemble Process [#0/0] from 0x80003£f36 for 4 machine instructions

0x80003£f40 LEVEL_O02+(0x4) : 1d.w @16 (ap),s2 -— ; X
0x80003£44 LEVEL_O2+ (0x8) : ld.w @0 (ap), s0 ;M
0x80003f48 LEVEL 02+ (0xc): add.s s2,s2
\ 0x80003f4a TVEL_02+(Oxe): lt.w #0,s0 /
| |
Relative addressing This instruction Current instruction loads
indicates the beginning calculates 2.0*X variable X into register s2

of routine LEVEL 02

B4 SUBROUTINE LEVEL_02(M,N, A, B, %)

85 REAL A(M,N), B(M,N)

86

87 DO J=1,N

58 DO I=1,M

89 TEMP = 3.0 = B(I,J)
BER © A(I,J) = TEMP/(2.0+f)

91 B(I,J) = 2.0 = TEMP

92 ENDDO

93 ENDDO

Breakpoint set at first executable source unit of routine LEVEL 02
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The break routine command in Figure 362 sets a breakpoint
at the first executable source unit of the routine LEVEL_02.
Contrary to what you might expect, the breakpoint marker and
the highlighting in the source window appear at line 90 in the
source code rather than at line 87. This is because the expression
2.0*X has been hoisted out of the DO loop and moved to the
beginning of the routine. The disassemble command verifies
that the current instruction is at the beginning of the routine, as
indicated by the relative address LEVEL_02+ (0x4) .

Even though the breakpoint appears to be in the middle of the
DO loop in Figure 362, it does not stop execution of the loop. This
is because the breakpoint is associated with a source unit that has
been hoisted out of the loop.
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Figure 363
Loop interchange at level —02

Loop interchange

Another important type of optimization at level -02 is loop
interchange, which interchanges the inner and outer loops of a
nested pair. Loop interchange improves vectorization and
memory accesses. Figure 363 shows some of the effects of loop
interchange.

ﬂCde) info line 89

Id Address Boundaries Start End Kind

1. (195) 0: 0 89 x 28 89 x 28 <EXPR> I

2. (196) Os 0 89 x 30 89 x 30 <EXPR> J

3. (193) 80003f8c:80003£92 89 x 20 89 x 22 <EXPR> 3.0

4. (194) 80003f9%e:80003fa2 89 x 26 89 x 31 <EXPR> B(I,J)
80003£98:80003f9%e

5. (192) 80003f9%e:80003fa4 89 x 20 89 x 31 <EXPR> 3.0 * B(I,J)
80003£98:80003f9%e
80003£8c:80003f92

6. (191) 80003f9e:80003fa4 89 x 13 89 x 31 <STMT> TEMP = 3.0 * B(I,J)
80003£98:80003f9%e
80003£8c:80003£92

7. (190) 80003£78:80003fel 89 x 13 91 x 31 <BLOCK> TEMP = 3.0 * B(I,J)

(CXdb) break source 190

#5: break source, on [#0/*], Enabled, ignore 0/0
[0x80003£78] LEVEL_ 02 in chapterl5.f line 89

(CXdb) continue

Resuming execution of Process [#0/%*]

Process [#0/0] stopped by Bkpt 5, at [0x80003f78] LEVEL_O2 in chapterl5.f line 89

(CXdb) print I

(INTEGER*4) 1

(CXdb) print J

ERROR: 196

\\z?riable’s storage is not available, line: 1 col: 7, J.

‘\\

w

SUBRO
REAL

EH
ENDDO

UTINE LEVEL_D2(M.N,A.B,X)
A(M.N),. B(M.N) Loopfor I is now

the outer loop

0L
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The info line command in Figure 363 shows that source unit
190 is the block for the body of the I loop. The break source
command sets a breakpoint at source unit 190. The continue
command advances process execution until it is stopped by the
breakpoint. The breakpoint marker and the highlighting in the.
source window confirm that source unit 190 is associated with
the I loop.

The print I command in Figure 363 shows that I hasa
current value of 1. However, the print J command shows that
the value of J is not available. This is because execution has not
yet entered the J loop. The 2 loops have been interchanged, so
the I loop is now the outer loop and the J loop is the inner
loop. Source unit 190 and its associated breakpoint are part of the
outer (I) loop.
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Figure 364 shows how to stop execution at the loop body of the

inner (J) loop.

Figure 364
Setting a breakpoint at the inner loop body

/(Cde) info line 88

~

(CXdb) print I
(INTEGER*4) 1
(CXdb) print J
(INTEGER*4) 1
(CXdb) print A

Id Address Boundaries Start End Kind
1. (188) D 0 88 x 15 88 x 15 <EXPR> 1
. (187) 0z 0 88 x 13 88 x 15 <STMT> I
3. (189) 80003£54:80003£58 88 x 17 88 x 17 <EXPR> M
80003£44:80003f48
4. (186) 80003£f40:80003fe0 88 x 10 92 x 14 <LOOP> DO I=1,M <...> ENDDO
5. (185) 80003f9e:80003fbe 88 x 10 92 x 14 <BLOCK> DO I=1,M <...> ENDDO
(CXdb) break source 185
#6: break source, on [#0/*], Enabled, ignore 0/0
[0x80003f9%e] LEVEL 02 in chapterl5.f line 89
(CXdb) continue

Resuming execution of Process
Process [#0/0] stopped by Bkpt 6, at [0x80003f9%e] LEVEL 02 in chapterl5.f line 89

[#0/%*]

REAL*4 (1:<TEMP0>, 1:<TEMP1>)
\\:}..1000,1) 0.0000 0.0000 0.0000 0.0000 0.0000
84 SUBROUTINE LEVEL_DO2(M,N,A.B,X)
85 REAL A{M,.N), B{(M,N)
86
87 D0 J=1.N
88 DO I=1.M
* TEMP = 3.0 =
90 ® A(I,.J) = TEMP/(2,0%X)
91 B(I.J) = 2.0 » TEMP
92 ENDDO
93 ENDDO

The body of the J loop is really the block source unit that starts
on line 88 of the source code. The info line command in
Figure 364 shows that this block is source unit 185. The break
source command sets a breakpoint at source unit 185, and the
continue command advances execution to that breakpoint.

The print commands in Figure 364 show that both I and J
have a current value of 1. Therefore, execution has reached the
start of the J (inner)loop. The print A command shows that
none of the elements of array A have been modified, so no
iterations of the J loop have occurred yet.
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Vectorization

The purpose of loop interchange is to improve vectorization and
memory access. Vectorization converts scalar loop operations
into equivalent vector operations. Figure 365 illustrates some of
the effects of vectorization at level -02.

Figure 365
Vectorization of a loop at level -02

K(Cde) disassemble $PC:4 \

Disassemble Process [#0/0] from 0x80003f%94 for 4 machine instructions

0x80003f% LEVEL 02+(0x62): ld.w 0(a2),v0
0x80003fa2 LEVEL_O02+(0x66) : mul.s v0,s0,vl
0x80003fa4 LEVEL_02+(0x68): div.s vl,s3,v0
0x80003fa6 LEVEL_O02+(0x6a): st.w v0,0(a3)

(CXdb) continue

Resuming execution of Process [#0/*]

Process [#0/0] stopped by Bkpt 6, at [0x80003f9e] LEVEL 02 in chapterl5.f line 89
(CXdb) print A(1..10,1..5)

REAL*4(1:10, 1:5)

(1..10,1) : 2.3077 3.4615 4.6154 5.7692 6.9231 8.0769 9.2308 10.3846 11.5385 12.6923
(1..10,2) : 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0R00 0.0000 0.0000 0.0000
(1..10,3) : 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
(1..10,4) : 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
(1..10,5) : 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000§ 0.000C ©0.0000 0.0000
(CXdb) print A(125..130,1..5)
REAL*4 (125:130, 1:5)

(125..130,1) : 145.3846 146.5385 147.6923 148.8462 0.0000 010000
(125..130,2) 0.0000 0.0000 0.0000 0.0
(125..130, 3) 0.0000 ©0.0000 0.0000 0.0000
(125..130,4) 0.0000 0.0000 0.0000 0.0000 0.
(125..130,5) : 0.0000 0.0000 0.0000 0.0000 0.00
(CXdb) print I
(INTEGER*4) 1 First 128 elements
(CXdb) print J of array A are
(INTEGER*4) 2 processed
(CXdb) print $vs

(INTEGER*4) 4 - Vector stride
(CXdb) print $vl

(INTEGER*4) 128 -y Vector length
(CXdb) print/f $vO0

INTEGER*4 (0:127) -——— Vector register v0 contains the values of array A
(0)= 2.3077

(1)= 3.4615

{2)= 4.6154

v oae ee e

(125)= 146.5385
(126)= 147.6923

k(127)= 148.8462 /
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The disassemble command in Figure 365 shows that the next
sequence of machine instructions uses the vector registers. The
continue command advances execution through one iteration
of the inner (J) loop because the breakpoint at the beginning of
the J-loop body stops execution after each iteration of the inner
loop. During the loop iteration, the process performs the vector
operations indicated by the disassemble command.

The print A(1..10,1..5) command prints elements 1
through 10 of rows 1 through 5 in array A. The print
A(125..130,1..5) command prints elements 125 through
130 of rows 1 through 5 in array A. These 2 commands show
that the first 128 elements of array A have been processed, even
though execution has gone through only one iteration of the
inner loop. This is a result of the vectorization technique known
as strip mining.

Strip mining processes up to 128 array elements at one time. It
stems from the fact that each vector accumulator register can
hold up to 128 elements.

In Figure 365, the print I and print J commands show
that J has been incremented to 2, but I isstill 1. This confirms
that the J (inner) loop has completed only one iteration so far.
For each iteration of the J loop, the program processes 128
elements per row of array A. Thus, itis the I loop thatis
vectorized and strip mined in this case.

The print $vs command in Figure 365 prints the contents of
the vector stride register, vs. The vector stride is the number
of bytes between consecutive array elements. Because each
element of array A is 4 bytes long, the vector stride is 4 in this
case.

The print $vl command in Figure 365 prints the contents of
the vector length register, v1. The vector length is the number
of array elements loaded into the vector accumulators during
each iteration of the loop. Therefore, it is also the number of
elements strip mined during each iteration of the loop. The
vector length in this case is 128, which is the maximum possible.

The print/f $v0 command in Figure 365 prints the contents
of vector accumulator register v0 in floating point format (/ £).
The response to this command shows that v0 contains the
elements that have just been processed for array A.
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Figure 366
Effects of strip mining

Figure 366 shows the results of strip mining for one more
iteration of the J loop.

(1.
(1.
(1.
(1.
(1.

(125.
(125.
(125.
(125.

\\\leS.

1:5)

: 2.3077
: 3.4615
: 0.0000
¢ 0.0000
: 0.0000

.130,4)
.130,5)

/ (CXdb) continue
Resuming execution of Process [#0/*)
Process [#0/0]) stopped by Bkpt 6, at [0x80003f9e] LEVEL_O2 in chapterl5.f line 89

(CXdb) print I
(INTEGER*4) 1

(CXdb) print J
(INTEGER*4) 3 -uif

‘\\

Each iteration of the
J loop processes

3.4615
4.6154
0.0000
0.0000
0.0000

(CXdb) print A(l1..5,1..5)
REAL*4(1:5,
.5,1)
.5,2)
.5,3)
.5,4)
.5,5)

4.6154
5.7692
0.0000
0.0000
0.0000

:5)

5.3846 146.
6.5385 147.
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000

OO o oW

5385 147.
6923 148.

.7692
.9231
.0000
.0000
.0000

(CXdb) print A(125..130,1..5)
REAL*4(125:130, 1
.130,1) : 14
.130,2) : 14
.130,3)

6.9231
8.0769
0.0000
0.0000
0.0000

6923 148.8462
8462 150.0000

0.0000 0.0000
0.0000 0.0000
0.0000 0.0000

0.0000
0.0000
0.0000
0.0000
0.0000

(=« e Ne)

.0000
.0000
.0000
.0000

.0000 A//

128 elements per row
of array A

The continue command in Figure 366 executes the second
iteration of the J (inner) loop. This iteration processes the first
128 elements in row 2 (J=2) of array A. Then J is incremented
to 3 for the beginning of the next iteration.
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Figure 367

Figure 367 illustrates how vectorization and strip mining affect
array processing in the above example.

Array processing under vectorization and strip mining

s w N

10

I
129 i 287 wws 1000
—>
Each I-loop
iteration
processes

128 columns

Each J-loop
iteration
processes
one row of
128 elements

g

As Figure 367 illustrates, each iteration of the J (inner) loop
processes 128 elements in one row of the array. In the first 10
iterations of J, elements 1 through 128 of rows 1 through 10 are
processed. After the tenth iteration of the J loop, J isreset to
land I isincremented to 129. The eleventh iteration then fills
elements 129 through 256 of row 1.

354 CONVEX CXdb User’s Guide




Ten iterations of the J (inner) loop is equivalent to one iteration
of the I (outer) loop. Figure 368 shows the results after one
complete iteration of the outer loop.

Figure 368
Completing one iteration of the outer loop

/(Cde) continue 8 \

Resuming execution of Process [#0/*]
Process [#0/0] stopped by Bkpt 5, at [0x80003£78] LEVEL 02 in chapterl5.f line 89
(CXdb) print I
(INTEGER*4) 129
(CXdb) print J
ERROR: 196
Variable’s storage is not available, line: 1 col: 7, J.
(Cxdb) print A(127..130,1..10) 128}f19me£ﬁ53f
REAL*4(127:130, 1:10) /eac row iile
(127..130,1) : 147.6923 148.8462 0.0000 0.0000
(127..130,2) : 148.8462 150.0000 0.0000 0.0000
(127..130,3) : 150.0000 151.153%9 0.0000 0.0000
(127..130,4) : 151.1539 152.3077 0.0000 0.0000
(127..130,5) : 152.3077 153.4615 0.0000 0.0000
(127..130,6) : 153.4615 154.6154 0.0000 0.0000
(127..130,7) : 154.6154 155.7692 0.0000 0.0000
(127..130,8) : 155.7692 156.9231 0.0000 0.0000
(127..130,9) : 156.9231 158.0769 0.0000 0.0000
0.0000 O

\\1}27..130,10) : 158.0769 159.2308

.0000 /

The continue command in Figure 368 advances execution
through iterations 3 to 10 of the J (inner) loop. Execution stops
at the breakpoint for the body of the outer (1) loop. At this point,
I isincremented to 129 but J has not been reset yet, as
indicated by the print I and print J commands. The
print A(127..130,1..10) command shows that the first
128 elements of all 10 rows have been filled.
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The next 10 iterations of the J loop fill elements 129 through 256
of each row, as illustrated by Figure 369.

Figure 369
Processing columns 129 through 256

/(Cde) continue 2 \

Resuming execution of Process [#0/%*]

Process [#0/0] stopped by Bkpt 6, at [0x80003f9%e] LEVEL 02 in chapterl5.f line 89
(CXdb) print I

(INTEGER*4) 129

(CXdb) print J

(INTEGER*4) 2

(CXdb) print A(127..130,1..3)

REAL*4(127:130, 1:3)

(127..130,1) : 147.6923 148.8462 150.0000 151.1539

(127..130,2) : 148.8462 150.0000 0.0000
(127..130,3) : 150.0000 151.1539 0.0000
(CXdb) print A(255..258,1..3)
REAL*4 (255:258, 1:3)
(255..258,1) : 295.3846 296.5385 0.0000 0.0000
{255..258,2) @ 0.0000 0.0000 0.0000 0.0000

\\1?55..258,3) : 0.0000 0.0000 0.0000 0.0000 4//

The continue command in Figure 369 advances execution
through one iteration of the J (inner) loop. The print
A(127..130,1..3) and print A(255..258,1..3)
commands show that this iteration has processed elements 129
through 256 in row 1 of array A.

Elements 129 through 256
of row 1 are processed
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Level -03

The optimizations at level —03 generate parallel threads of
object code that can execute simultaneously on separate CPU’s
within the same machine. CXdb provides special commands for
debugging threads. These commands and the level -03
optimizations are discussed in Chapter 16.

Quitting the
examples

If you have been working the examples in this chapter, you can
quit them and exit from CXdb by issuing the quit command,
as shown in Figure 370.

Figure 370
Quitting the examples

(CXdb) quit
Process [#0] is still running. Kill it? ¥
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Debugging a program with
multiple threads

Note

Multiple threads within a program introduce another dimension
to the debugging of a process. Several CXdb commands exist to
help debug a process with more than one thread. Special
eventpoints can be used to trap a thread executing a spawn or
join instruction. Also, information can be requested on a
particular thread of a process, or a signal can be passed to a
particular thread.

In addition to these new commands, many of the CXdb
commands that have already been discussed can be directed to a
particular thread rather than the all threads of a process. This
chapter covers the use of these thread-related commands.

The following commands are covered:
® clear default fixed sched
® clear fixed sched
® event exec
® event join
® event spawn
® info threads
® set default fixed sched
® set fixed sched

® signal thread

To work the examples in this chapter, your CONVEX machine must
be capable of supporting multiple threads. The examples in this
chapter were created on a CONVEX C200 Series machine with
two CPUs.
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Preparing for
the examples

If you plan to work the examples in this chapter, you can prepare
for them by executing the commands shown in Figure 371.

Figure 371
Invoking CXdb

%cd /usr/lib/cxdb/examples/example3
%cxdb a.out

The cd command in Figure 371 changes directories to the
directory where the example program files are stored. The cxdb
command invokes CXdb and gives it the name of the executable
file for the examples.

Threads

Note

A thread is an independent execution stream. An execution
stream is a sequence of instructions that are executed by a CPU.
A process is made up of one or more threads, each of which can
be concurrently executing on a different CPU. The example
program of the previous chapters was a single-threaded process.

A CONVEX machine with multiple heads can use threads to
speed up time to solution. For example, each thread may execute
a sequence of instructions which calculate the values of a large
array. Each thread, operating on a different CPU, calculates a
different portion of the array.

Parallel optimizations performed by the compiler at the -03
level generate an executable that can be multithreaded. Each
thread executes an identical set of instructions. This type of
parallel processing is called symmetric, and is described in the
next section.

You can also explicitly spawn threads from a single thread using
a pfork instruction. This is an asymmetric form of parallel
processing. Processes using either form of parallel processing
can be debugged with CXdb.

Differences in CPU availability and resource contention (for
example, memory bank contention) may cause the behavior of
the threads of a multithreaded process to differ each time it
executes. This unpredictable nature is called non-determinism.
Though the examples in this chapter have been constructed to
behave as consistently as possible, you may experience different
behavior while executing the examples.
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Optimizations
at level -03

Figure 372
Execution of a parallel region

When you compile your program at the —03 optimizationlevel,
the compiler creates object code that can generate multiple
threads. By default, the compiler attempts to only parallelize
loops in your program. Typically, a strip-mined loop (created
when a loop is vectorized) is parallelized.

Each iteration of a parallelized loop is called a chore. A set of
chores eligible to execute in parallel represents a parallel region.

Upon entry to a parallel region, the process executes a spawn
instruction. The spawn instruction requests the allocation of
idle CPUs to create multiple threads. The actual number of
threads created depends upon the total number of CPUs and
CPU availability.

The set of instructions in each thread is a loop which performs
chores. When a thread completes a chore, it executes another
chore. When there are no more chores to execute, the thread joins
(performsa join, cfork, or wfork instruction), and then
terminates. However, the last thread remaining does not
terminate, but rather continues execution of the process. This is
shown in Figure 372.

m Parallel region

join

[ Thread 0] [ Thread 2]

join

o
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In Figure 372, the process consists of a single thread (thread 0)
upon entry to the parallel region. When the next-to-last thread
joins (in this case, thread 0), the process is once again single
threaded. Execution is continued by thread 2 (the last thread to
join).

The example program for this chapter has a simple loop. The
program was compiled at level -03. The compiler strip mined
and parallelized the loop. The strip mining of a loop causes each
iteration (or chore, in the case of parallelization) of the loop to
calculate a vector length of the array at a time. In this case, the
vector length is 128, so each iteration of the loop calculates 128
elements.

The distribution of chores between threads is completely non-
deterministic, due to resource contentions (such as memory
bank contention). Figure 373 illustrates the unpredictable
distribution of chores between threads. Each shaded box
represents a chore executed by a specific thread. The unshaded
boxes represent chores that still have not been executed.

Figure 373
Parallel and vector optimizations to the loop

DO I=1,12800

Original _
source code ———»
ENDDO

Calculated elements Uncalculated elements

512 640 768 12426 12554 12672 12800
eeoo

Thread 0 Thread 1 Thread 2 Thread 3 Thread ?
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Fixed
scheduling

Fixed scheduling ensures that all CPUs of a machine are made
available for each timeslice of a process. Fixed scheduling does
not ensure that multiple threads are created. However, fixed
scheduling should be enabled before entering a parallel region
because it minimizes the non-determinism of threads.

Within CXdb, you can enable or disable fixed scheduling by
changing the fixed scheduling setting of the process object. This
setting must be changed before a process is created to affect the
process. The initial value of the setting is the same as the default
fixed scheduling setting. The default fixed scheduling setting is
initially disabled. For more information on process settings, refer
to Chapter 8.

The default fixed scheduling setting is enabled with the set
default fixed sched command and disabled with the
clear default fixed sched command.

The fixed scheduling setting for a process object is enabled with
the set fixed sched command and disabled with the clear
fixed sched command. To increase the chances of the
example program generating multiple threads, fixed scheduling
should be enabled, as shown in Figure 374.

Figure 374
Enabling fixed scheduling

chdb) set fixed sched >

In Figure 374, the set fixed sched command sets fixed
scheduling for the process object. Any process now created will
be run with fixed scheduling enabled.

Spawn
eventpoints

A spawn eventpoint stops process execution when a thread is
created. CXdb stops all threads of the process and opens a new
source window for the new thread.

You can then debug the process using thread-specific
commands. To set a spawn eventpoint, use the event spawn
command, as shown in Figure 375.
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Figure 375
Setting a spawn eventpoint

( (CXdb) event spawn

o

#1: spawn, on [#0], Enabled, ignore 0/0
(CXdb) run

Starting process [#0]: a.out

Process [#0/1] thread spawned

Process [#0/0] stopped at [0x8000140a]

Process [#0/1] stopped by Eventpoint 0, at [0x800013a6] THREADS in threads.f line 7

THREADS in threads.f line 8

In Figure 375, the event spawn command creates an
eventpoint that watches for the creation of a thread. The run
command begins process execution. Execution stops when
thread 1 is spawned from the process, triggering the eventpoint.

CXdb opens a second source window corresponding to thread 1,
as shown in Figure 376. This source window tracks the execution
of thread 1. The source window created when CXdb was
invoked tracks thread 0.
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Figure 376

Source windows for threads 0 and 1 in CXwindows

Tracks thread 0 Tracks thread 1

'1 SourceWindow FileView SourceUnit ProcessWindows

v / Cxdb #C2] I

file: threads.f process: [#0/0] Alive //

INTEGER I

PRINT +,

-
om!ummbum»—-

PROGRAM THREADS
INTEGER A(128000)
"PROGRAM THREADS STARTING"

l Sourcellindow FileView SourceUnit ProcessWindows ‘{ Cidb #[3]

file: threads.f process: [#0/1] Alive

INTEGER 1

PRINT =,

ENDDC

-
O\QCDiU\LﬂAMND—‘

PROGRAM THREADS
INTEGER A(128000)
“PROGRAM THREADS STARTING"

Gelting
information
about threads

You can get information on all threads using the info threads
command. The status for all active threads is displayed, as well
as a summary for all threads of the process. The maximum
number of threads that can be created by the process is also
displayed. Note that this is not necessarily the actual number of
threads that will be created. The info thread command is
shown in Figure 377.
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Figure 377

Getting information about the threads of a process

thread count:
active threads:
current thread:

-

/(Cde) info threads

Status of process

Thread O0:

Thread 1:

[#0] threads:
// Number of threads available to the process

Threads currently in existance

\ Thread used when no thread is specified

stopped at [0x8000140a] THREADS in threads.f line 8
by general process stop

Or

stopped at [0x800013a6]
by thread creation trap

THREADS in threads.f line 7

i

In Figure 377, the info threads command displays the status
of all threads of the process. The thread count field shows how
many threads are available to the process. The active threads
field lists the numbers of all threads in existence. In this case,
both thread 1 and thread 0 exist. The current thread is the thread
used by commands that are thread-specific, such as the print
command, when a thread is not specified. Thread 1 is the current
thread. Finally, the status for all existing threads is shown.
Thread 0 is stopped at line 8 of the program and thread 1 is
stopped at line 7.

Making
commands

thread-specific

You can specify a particular thread in many CXdb commands.
When you do so, the command affects only the specified thread.
Examples of commands that can be made thread-specific are
process-execution commands, eventpoint commands, and the
print command.

A thread list is used to specify the threads a command affects. A
thread list appears before the command name itself. Figure 378
shows a thread list being used to step through thread 1 of the
process.
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Figure 378
Specifying a thread list with the step command

/ :t indicates start of the thread list \
# * Number of thread to be affected

(CXdb) :tl step block

Stepping process {#0/1] by 1 block

Process [#0/0) stopped at [0x8000140a] THREADS in threads.f line 8

Process [#0/1) stopped stepping at [0x800013da] THREADS in threads.f line 8

(CXdb) print I -&— Current thread used to evaluate I
NFO: 154

Multiple threads selected, evaluating expression in thread 1

(INTEGER*4) 3713

(CXdb) :tl1 step\ block

Stepping process [#0X1] by 1 block

Process [#0/0] stopped at [0x8000140a] THREADS in threads.f line 8

Process [#0/1] stopped tepping at [0x800013da] THREADS in threads.f line 8

(CXdb) print I

INFO: 154
Multiple threads selected, ev
(INTEGER*4) 3841

uating expression in thread 1

128 elements of array calculated (3841 minus 3713)

o

The :tl1 step block command in Figure 378 steps thread 1
by one block. CXdb responds with a message indicating that
thread 1 stopped stepping, while thread 0 remains stopped.

The print command prints the value of the variable I from
the current thread. The current thread is generally the last thread
that stopped executing. In this case, the value of I is 3713.

The values displayed by print commands in this section may
Note differ greatly from the values displayed on your screen, due to the
non-deterministic nature of the distribution of chores to the
threads.

Just as thread 1 calculated an iteration of the strip-mined loop,
thread 0 is about to calculate an iteration, as shown in Figure 379.
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Figure 379
Building of the array by the two threads

//k

~

(CXdb) :t0 step block

Stepping process [#0/0] by 1 block

Process [#0/0] stopped stepping at [0x800013da] THREADS in threads.f line 8
Process [#0/1] stopped at [0x800013da] THREADS in threads.f line 8

(CXdb) :t0 print I

(INTEGER*4) 19713

(CXdb) :t1 print I

(INTEGER*4) 19585

(CXdb) :t0 step block
Stepping process [#0/0] by 1 block

Process [#0/0] stopped stepping at [0x800013da] THREADS in threads.f line 8

Process [#0/1] stopped at [0x800013da] THREADS in threads.f line 8
(CXdb) :t0 print I
(INTEGER*4) 19841

v

In Figure 379, the :t0 step block command steps thread 0
by one block.

The next two print I commands print the value of I in the
two threads. Note that the value of I is distinct between the two
threads. This is because the synthesized variables, from which I
is calculated, are stored in thread-specific memory rather than
global memory. However, array A still remains in global memory.
Thus, both threads affect different elements of the same array.

The last step block command steps thread 0 by another
block. The value of I is again printed in the last print
command.

Eventpoints that can be placed at particular locations in the code
can also be placed on particular threads. Normally, a breakpoint
is set on all threads of the process. However, you can set a
breakpoint for a specific thread by specifying a thread list in
front of the break command. Figure 380 gives an example of
setting a breakpoint on a specific thread.
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Figure 380
Setting a breakpoint on a particular thread

~

KCde) :tl break line 8

Breakpoint set for thread 1 only

#1: break line, on [#O/If;nabled, ignore 0/0
[0x800013d6] THREADS in threads.f line 8 Multiple breakpoints set
[0x800013da] THREADS in threads.f line SE due to optimizations at
[0x800013fc] THREADS in threads.f line 8 line 8

(CXdb) :tl1 continue

Resuming execution of Process [#0/1]

Process [#0/0) stopped at [0x800013da] THREADS in threads.f line 8

Process [#0/1] stopped by Bkpt 1, at [0x800013fc] THREADS in threads.f line 8

t

K Thread 1 stopped by new breakpoint/

Figure 380 uses the break line command to set a breakpoint
on thread 1 of the process. The breakpoint is placed at multiple
instructions due to optimizations on line 8.

The continue command continues execution of thread 1.
Thread 1 is stopped by the breakpoint.

You can also specify multiple thread numbers in a thread list.
When you do so, all threads listed are affected by the command.
Most CXdb commands act on all threads of the process by
default. Figure 381 illustrates the set format command being
used with a multiple thread list.

Figure 381
Using a multiple thread-list

/ Thread 1 and thread 0 specified \

(CXdb) :t0,1 step instruction

Stepping process [#0/0,1] by 1 instruction

Process [#0/0] stopped at [0x800013da] THREADS in threads.f line 8

Process [#0/1] stopped stepping at [0x80001402] THREADS in threads.f line 8

(CXdb) remove event 1
Crentpoint 1 removed j

The :t0,1 step instruction command in Figure 381 steps
both threads by an instruction. Note that only one thread,
thread 1, actually stepped. This is because one thread typically
completes execution before the other thread begins execution.
CXdb stops all threads of a process when it detects one thread
has completed execution. The remove event command
removes the breakpoint.
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Sending a
signalfo a
thread

A signal can be sent to a particular thread using the signal
thread command. The signal is sent to the specified thread,
and all threads resume execution. Because the operating system
sends the signal to a single thread, only one thread can be
specified with the signal thread command.

If you use the signal process command to send a signal to
the process, the operating system determines which thread
catches the signal.

Opening

thread-specific

CXwindows

Figure 382

In the CXwindows interface, each thread of a process can have
its own set of process windows. However, only one process
interface window exists for a multithreaded process. You can
open a disassembly window, stack window, or examine window
for each thread of the process.

All of the functionality available in these windows is available
for each thread. Figure 382 demonstrates how to open a
disassembly window for thread 1.

Opening a disassembly window for thread 1

-~

~

e

Source #2

create Source
create Stack
create Disassembly
create Examine

So B0 A1

Source #3

create Source
create Stack

create Disassembly

create Examine

o)
TH

Source #3

create Source
create Stack

create Disassembly

create Examine

Select with the mouse from either menu
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You can open a disassembly window using either the
ProcessWindows menu from thread 1’s source window or from
the CXdbWindows menu from the command window. The
disassembly window opened tracks the execution of thread 1,
rather than thread 0.

Join
eventpoints

Note

The event join command sets an eventpoint that triggers
when a thread joins (executesa join, cfork or wfork
instruction). A thread joins just before it terminates. A join
eventpoint is the opposite of a spawn eventpoint (which detects
thread creation).

Just before the thread terminates, the eventpoint is triggered,
process execution stops, and CXdb displays a message
indicating which thread is joining. The last thread that joins does
not terminate, but rather continues process execution.

The source window that tracks the thread executing the remaining
portion of the program may not be the original source window.
The source window tracking the last thread that joined continues
to track the thread when the process is single threaded.

Figure 383 shows the event join command being used to
stop execution before thread 1 executesa join instruction.
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Figure 383
Setting a join eventpoint

ﬂ:de) event join \

#2: join, on [#0], Enabled, ignore 0/0
(CXdb) :t0 continue

Resuming execution of Process [#0/0]

Process [#0/0] thread joining

Process [#0/0] stopped by Eventpoint 2, at [0x80001424] THREADS in threads.f line 7
Process [#0/1] stopped at [0x80001402] THREADS in threads.f line 8

(CXdb) info threads
Status of process [#0] threads:

thread count:
active threads:
current thread:

;1

o o N

Thread 0: exiting at [0x80001424] THREADS in threads.f line 7

Thread 1: stopped at [0x80001402] THREADS in threads.f line 8
by general process trap
(CXdb) break line 11
#3: break line, on [#0/*], Enabled, ignore 0/0
[0x8000143e] THREADS in threads.f line 11
(CXdb) continue

Resuming execution of Process [#0/*]
Process [#0/1] stopped by Bkpt 3, at [0x8000143e] THREADS in threads.f line 11

- J

In Figure 383, the event join command creates a join
eventpoint to watch for a thread to executea join instruction.

The :t0 continue command continues execution of thread 0.
Thread 0 completes its set of instructions and executes a join

instruction before exiting. The join eventpoint is triggered, and
execution is stopped.

The info threads command displays the current status of
the threads. From the output of the info threads command,
it can be seen that thread 0 is exiting. The break line 11
command sets a breakpoint atline 11. The continue command
resumes process execution. Execution stops when the
breakpoint at line 11 is triggered by thread 1.

The source window for thread 1 remains the active window, as
shown in Figure 384.

372 CONVEX CXdb User’s Guide




Figure 384
Status of threads

shown in source window

Thread 0 is dead (has exited) Thread 1 is alive

-[ SourcelWlindow

FileView SourceUnit Feroceesihindous

file: threads.f process: [#0/0] Dead

PROGRAM THREADS
INTEGER 1
INTEGER A(128000)

;[ SourceWindow FileView SeourceUnit Processlindows ‘( CXdb #[3] ];
file: threads.f process: [#0/1]1 Alive
1 PROGRAM THREADS :
2 INTEGER I
3 INTEGER A(128000)
4
5 PRINT =, "PROGRAM THREADS STARTING"
6
7 D0 I=1,128000
8 A =1
9 ENDDO
10
| ®
12
13
Quiﬂ'ing the If you have been working the examples in this chapter, you can
examples quit them and exit CXdb by issuing the quit command, as
shown in Figure 385.
Figure 385
Quitting the examples
(CXdb) quit

Process [#0] is still running.. Kill it? ¥y
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Source code for example

program

This appendix contains a listing of the source code used in the
examples for this book. The code is listed by file name.

The source code contains routines written in FORTRAN and C.
These routines are not necessarily intended to be examples of
good programming. Rather, they are designed to illustrate
specific features of CXdb.

For some of the examples in this book, the same routine is
presented in both C and FORTRAN to illustrate the differences
in how CXdb handles these two languages. In such cases, the C
code is written to be as similar to the FORTRAN code as possible.
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Source file: example.f

O OIS UTL B WN =

W WWWWRYNDNNDNNNNNND = e e e e
B ONROOVWONAAUTE WNEOWWWNO U W S : g

PROGRAM EXAMPLE
INTEGER ARRAY (4,4)
INTEGER I, NUMARGS
EXTERNAL chapter7c
EXTERNAL chapterl3c

PRINT *, “EXAMPLE PROGRAM STARTED”

DO I=1,4
DO J=1,4
ARRAY (I,J)=I*J
ENDDO
ENDDO

NUMARGS = IARGC ()

IF (NUMARGS .EQ. 0) THEN
CALL CHAPTER4 (ARRAY)
CALL CHAPTERS (ARRAY)
CALL CHAPTERG (ARRAY)
CALL CHAPTER7 (ARRAY)
CALL chapter7c (ARRAY)
CALL CHAPTERS8 (ARRAY)
CALL CHAPTER13F (ARRAY)
CALL chapterl3c (ARRAY)
CALL CHAPTER1S5

ELSE
CALL EXAMPLE_ INPUT

ENDIF

PRINT *, ”“EXAMPLE PROGRAM FINISHED”
END

(Continued on next page.)
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35
36
37
38
39
40
41

43

45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

72
73
74

99

99

SUBROUTINE PRINT_ARRAY (ARRAY)
INTEGER ARRAY (4,4)
INTEGER I

PRINT *
PRINT *, ”“THE TABLE:”
DO I=1,4

PRINT 99, ARRAY(I,1), ARRAY(I,2), ARRAY(I,3), ARRAY(I,4)

ENDDO

PRINT *
FORMAT (3X,12,X,12,X,12,X%,12)
END

SUBROUTINE CLEAR_ARRAY (ARRAY)
INTEGER ARRAY (4,4)

DO I=1,4
DO J=1,4
ARRAY (I, J)=0
ENDDO
ENDDO
END

SUBROUTINE EXAMPLE INPUT
CHARACTER*30 NAME, ARG

PRINT *, ”The process interface window handles program input.”
PRINT *, ”“As an example, enter your first name and press return.”

READ *, NAME

CALL GETARG (1,ARG)
PRINT 99, ”Thanks, ”, NAME

PRINT 99, “The command line argument was: ”, ARG

FORMAT (2A)
END
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Source file: chapter4.f

1 SUBROUTINE CHAPTER4 (ARRAY)
2 INTEGER ARRAY (4,4)

3 INTEGER I, J, PICK

4 INTEGER*4 SEED

5

6 PRINT *, “SUBROUTINE CHAPTER4 STARTING”
74

8 DO I=1,4

9 ARRAY (I, I) =0

10 CALL PRINT ARRAY (ARRAY)
11 ENDDO

12 ¢

13 COMMENT LINE - THIS LINE HAS NO SOURCE UNITS
14

15 DO I=1,4

16 DO J=1,4

17 ARRAY(I,J) =1

18 ENDDO

19 ENDDO

20

21 SEED = 1

22 PICK = RAN(SEED) * 4 + 1
23 ARRAY (PICK,PICK) = 99

24

25 DO I=1,16

26 PICK = PICK + 4096

27 ENDDO

28

29 DO I=1,16

30 PICK = PICK + 65536

31 ENDDO

32

33 PICK = PICK + 1

34

35 PRINT *, ”SUBROUTINE CHAPTER4 FINISHING”
36 END
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Source file: chapter5.f

1 SUBROUTINE CHAPTERS (ARRAY)

2 INTEGER ARRAY (4, 4)

3

4 PRINT *, “SUBROUTINE CHAPTERS5 STARTING”

5 DO I =1, 10

6 PRINT 99, "I =", I

7 CALL SUBSA(I)

8 PRINT *, ”Subroutine SUBS5A has returned.”

9 ENDDO

10 PRINT *, ”The loop for M is next.”

11 DO J =1, 4

12 DOM=1, 4

13 ARRAY (J,M) = J**M

14 PRINT 99, "3 =", J, "M = ”, M, ”"ARRAY(J,M) = ”, ARRAY(J,M)
15 ENDDO

16 ENDDO

17 99 FORMAT (A,I2,3X,A,I2,5X,A,I4)

18 PRINT *, ”SUBROUTINE CHAPTERS FINISHING”

19 END

20

21 SUBROUTINE SUBS5A(N)

22 PRINT 98, “Subroutine SUBSA has started. The value of N is ”, N
23 DOK=1, N

24 PRINT 98, “K = ”, K

25 IF (K .LE. 5) THEN

26 DOL =1, N

27 PRINT 98, "L = ", L

28 ENDDO

29 PRINT 98, ”“The loop for L is done, with L = 7, L
30 ENDIF

31 ENDDO

32 PRINT 98, “Subroutine SUBS5A is done. The value of K is ”, K
33 RETURN

34 98 FORMAT (A,I2)

35 END
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Source file: chapteré.f

1 SUBROUTINE CHAPTERG6 (ARRAY)

2 INTEGER ARRAY (4,4),I,J,NEXT,KILL,GETPID,PID,SIG,TEST
3 REAL FRACTION, SQUARE,A, B

4

5 PRINT *, ”SUBROUTINE CHAPTER6 STARTING”
6

7 DO I=1,4

8 IF ((I .EQ. 1) .OR. (I .EQ. 2)) THEN

9 DO J=1,4

10 PRINT 99, ”“LOOP1 ITERATION: ”, J
11 ENDDO

12 ELSE

13 DO J=1,4

14 PRINT 99, ”“LOOP2 ITERATION: ”, J
15 ENDDO

16 ENDIF

17 ENDDO

18

19 DO A=4,1000

20 B =2

21 SQUARE = A/B

22 DO WHILE (SQUARE .GE. B)

23 IF (SQUARE .EQ. B) THEN

24 PRINT 98, A, ” IS A PERFECT SQUARE”
25 ENDIF

26 B=B+1

27 SQUARE = A/B

28 ENDDO

29 ENDDO

30

(Continued on next page.)
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31
32
33
34
35
36
37
38
39
40
41

43
44
45
46
47
48
49
50
51
52

97
98
99

NEXT = 0
IF (NEXT .EQ. 1) THEN
DO I=1,4
DO J=1,4
PRINT 97, "I 1IS:”,
TEST = ARRAY(J,I)
ENDDO
ENDDO

NEXT SEVERAL LINES SEND

PID = GETPID ()

SIG = KILL(PID,2)

SIG = KILL(PID,2)
ENDIF

I, "J 1s:”, J
- ARRAY(I,J)

SIGNALS TO THIS PROCESS

PRINT *, “SUBROUTINE CHAPTER6 FINISHING”

FORMAT (A,I12,2X,A,I12)
FORMAT (F5.1,3)
FORMAT (A,I2)

END
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Source file: chapter7F.f

1 SUBROUTINE CHAPTER7 (ARRAY)

2 INTEGER ARRAY (4,4), TABLE (4, 4)

3

4 PRINT *, “SUBROUTINE CHAPTER7 STARTING”
5 DO I =1, 4

6 DO J =1, 4

7 TABLE (I,J) = ARRAY(I,J) + I*ISQR(J)
8 ENDDO

9 ENDDO

10 CALL BLD_MATRIX(4,4,5, TABLE)

11 PRINT *, “SUBROUTINE CHAPTER7 FINISHING”
12 RETURN

13 END

14

15

16 FUNCTION ISQR (N)

17 ISQR = N*N

18 RETURN

19 END

20

21

(Continued on next page.)
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23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
11

43
44
45
46
47
48

99

SUBROUTINE BLD_MATRIX(N,M,L,SLICE)

INTEGER SLICE (N,M)
REAL MATRIX(5,5,5)

DOI=1, 5
DOJ =1, 5
DOK =1, 5
MATRIX(I,J,K) = 0
ENDDO
ENDDO
ENDDO
IF (N .GT. 5) THEN N=5
IF (M .GT. 5) THEN M=5
IF (L .GT. 5) THEN L=5
pDOI=1, N
DOJ =1, M
DOK =1, L

MATRIX(I,J,K) = 3*K/7.5 - 29.7/(I+J+K) + SLICE(I,J)
PRINT 99, ”I=",I1,7”J=",J,”K=",K,”MATRIX(I,J,K)=",MATRIX(I,J,K)

ENDDO
PRINT *
ENDDO
PRINT *
ENDDO
FORMAT (A, I2, 3X, A, I2, 3%, A,
RETURN
END

I2, 5%, A, F8.3)
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Source file: chapter7C.c

OO TTEWN =

[ o G G Gy G G G Y
SOV ULRXNROS

REBRR

NN
S G

#include <stdio.h>
void chapter7c_(array)
int arrayl(4][4];

static int i, j, table[4][4];

printf (“The C subroutine chapter7c is starting.\n”);
for (i=0; i<4; i++)
{

for (j=0; j<4; j++)

{

table[i] [j] = array[i][]j] + (i+1)*isgr(j+1);

}
}
bld matrix(4,4,5,table);
printf (“Subroutine chapter7c is finished.\n”);

int isqgr(n)
int n;

return n*n;

(Continued on next page.)
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27 void bld_matrix(n,m,1,slice)
28 int n, m, 1, slice([5]1[5];

29 {

30 int i,3,k;

31 float matrix[5]([5]([5]:

32

33 for (i=0; i<5; i++)

34 {

35 for (j=0; 3j<5: j++)

36 {

37 for (k=0; k<5; k++)
38 {

39 matrix[i}[j] (k] = O;
40 }

41 }

42 )

43 if (n > 5) n=5;

44 if (m > 5) m=5;

45 if (1 > 5) 1=5;

46 for (i=0; i<n; i++)

47 {

48 for (3=0; j<m; j++)

49 {

50 for (k=0; k<l; k++)
51 {

52 matrix(i] [j][k] =
53 printf (“i= %d j= %d
54 i, 3,

55 }

56 printf (“\n”);

57 }

58 printf (*“\n”);

59 }

60 }

k=

3*(k+1) /7.5 = 29.7/(i+j+k+3) + slice(i}[]]:;

%d matrix[i, j, k]l= %$8.3f\n”,

k, matrix{i][j][k]):
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Source file: chapter8.f

1 SUBROUTINE CHAPTERS (ARRAY)

2 INTEGER ARRAY (4,4)

3 INTEGER FUNCTION getcwd

4 CHARACTER*40 DIRNAME,EVALUE, ENVVAR (3)

5

6 PRINT *, “SUBROUTINE CHAPTER8 STARTING”

7 CALL getcwd (DIRNAME)

8 PRINT *, ”THE CURRENT DIRECTORY IS: ”, DIRNAME
9

10 ENVVAR (1) = ”“CHAPTER”

11 ENVVAR (2) = ”“DEBUGGER”

12 ENVVAR (3) = ”“FLAGS”

13 DO I=1,3

14 CALL getenv (ENVVAR(I),EVALUE)

15 IF (EVALUE .EQ. ””) THEN

16 PRINT 98, “COULDN’T FIND ENVIRONMENT VARIABLE: ”, ENVVAR(I)
17 ELSE

18 PRINT 99, ENVVAR(I),”IS SET TO:”, EVALUE
19 ENDIF

20 ENDDO

21

22 DO I =1, 10

23 VALUE = VALUE + 3 * (I * I + VALUE)

24 ENDDO

25

26 PRINT *, ”“SUBROUTINE CHAPTER8 FINISHING”

27

28 98 FORMAT (A, A8)

29 99 FORMAT (A8, X,A,X,A)

30 END
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Source file: chapter13F.f

1 SUBROUTINE CHAPTER13F (ARRAY)

2 INTEGER ARRAY(4,4), I

3 CHARACTER*12 INFO_BLOCK

4 COMMON /BLK/ INFO_BLOCK

5

6 PRINT *, “SUBROUTINE CHAPTER13F BEGINNING”
7

8 CALL SUB13D

9 OPEN (7, FILE="data”)

10 PRINT *, ”TEST NAME TEST-1 TEST-2 TEST-3  AVERAGE”
11 PRINT *, "=————————-—= ————me —meeoe mmmmem mmmme ”
12 DO I=1,3

13 CALL SUB13A

14 CALL SUB13B

15 CALL SUB13C

16 ENDDO

17 CLOSE (7)

18

19 PRINT *

20 PRINT *, “SUBROUTINE CHAPTER13F FINISHING”
21 PRINT *

22

23 END

24

25

26

27

28 SUBROUTINE SUB13A

29 CHARACTER*12 INFO

30 COMMON /BLK/ INFO

31

32 READ (7,98) INFO

33

34 98 FORMAT (A)

35 END

36

37

38

(Continued on next page.)
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39
40
41

43

45
46
47

49

51
52
53

55

57
58
59
60
61

R AR AR

67
68
69
70
71
72
73
74
75
76

78
79

99

SUBROUTINE SUB13B
CHARACTER*6 NAME

INTEGER*1 NUM(6), I

REAL AVG

COMMON /BLK/ NAME, NUM, AVG

SUM = 0
DO I=1,6,2

SUM = SUM + (NUM(I)-48)*10 + (NUM(I+1l) - 48)
ENDDO

AVG = SUM / 3

END

SUBROUTINE SUB13C

INTEGER I

CHARACTER*6 NAME

CHARACTER*2 RESULTS (3)

REAL AVG

COMMON /BLK/ NAME, RESULTS, AVG

I=-1
PRINT 99, NAME,RESULTS (1),RESULTS (2),RESULTS (3),AVG

FORMAT (X,A,8X,A,7X,A,7X,A,6X,F5.2)
END

OPTIONS -re
SUBROUTINE SUB13D
INTEGER I

This routine is compiled -re, so its local variable

is allocated on the stack, rather than being in global memory

I =40

END
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Source file: chapter13C.c

1 #include <stdio.h>

2 extern void ansi_block() :

3 extern void pcc_block() ;

4

5 struct info_block {

6 char subject[7] ;

7 int test[3] ;

8 float avg ;

9 1

10

11 void chapterl3c_(array)

12 int arrayl[4]1[4]:

13 |

14 struct info_block data ;

15 FILE *fopen(), *fp :

16 static int i ;

17

18 printf ("\nThe C subroutine chapterl3c is starting.\n\n”);
19 printf (“TEST NAME TEST-1 TEST-2 TEST-3  AVERAGE\n”);
20 printf (Y-—msmmecom | mmmeee cmmmem . eeeem e \n”) ;
21

22 fp = fopen(“data”, “r”)

23 for(i=1;i<4;i++)

24 {

25 subl3a(&data, fp) :

26 subl3b (&data) ;

27 subl3c(&data)

28 }

29 close(fp) ;

30

31 ansi_block (0) :

32 pcc_block(0) ;

33

34 printf (*\nThe C subroutine chapterl3c is finishing.\n\n”);
35 }

36

37

38

(Continued on next page.)
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39 subl3a(info, fp)
40 struct info block *info ;
41 FILE *fp ;

42

43 static int i,c ;

44

45 for (i=0;1i<6;i++)

46 {

47 c = getc(fp) :

48 info->subject[i] = (char)c ;
49 }

50

51 for (i=0;1i<3;i++)

52 {

53 c = getc(fp)

54 info->test[i] = (c - 48) * 10 ;
55 c = getc(fp) ;

56 info->test[i] += (c - 48) ;
57 }

58 c = getc(fp)

59 }

60

61

62

63 subl3b(info)

64 struct info block *info ;

65 {

66 static int i, sum ;

67

68 sum = 0 ;

69 for (i=0; 1i<3; i++)

70 sum += info->test[i] ;

71

72 info->avg = sum / 3.0 ;

73 }

74

75

76

77 subl3c(info)

78 struct info block *info ;

79 {

80 int i= -1 ;

81

82 printf (M %s d %d %d %$5.2f\n”, &info->subject,
info->test[0],info->test[1],info->test[2],info->avg) ;

oe

83 }
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Source file: chapter15.f

1 SUBROUTINE CHAPTER15

2 PARAMETER (M=1000, N=10, X=1.3)
3 REAL A(M,N), B(M,N)

4

5 PRINT *, “SUBROUTINE CHAPTER15 STARTING”
6 CALL LEVEL NO(M,N,A,B,X)

7 CALL INIT(M,N,A,B)

8 CALL LEVEL OO0 (M,N,A,B,X)

9 CALL INIT(M,N,A,B)

10 CALL LEVEL Ol ({M,N,A,B,X)

11 CALL INIT(M,N,A,B)

12 CALL LEVEL_O2(M,N,A,B,X)

13 PRINT *, “SUBROUTINE CHAPTER1S FINISHING”
14

15 END

16

17

18 SUBROUTINE INIT(M,N,A,B)

19 REAL A(M,N), B(M,N)

20

21 DO I=1,M

22 Do J=1,N

23 A(I,J) = 0.0

24 B(I,Jd) = +J

25 ENDDO

26 ENDDO

27

28 RETURN

29 END

30

31

32

33 SUBROUTINE LEVEL_NO(M,N,A,B, X)
34 REAL A(M,N), B(M,N)

35

36 DO J=1,N

37 DO I=1,M

38 TEMP = 3.0 * B(I,J)
39 A(I,J) = TEMP/(2.0%*X)
40 B(I,J) = 2.0 * TEMP
41 ENDDO

42 ENDDO

43

44 RETURN

45 END
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46

47

48

49 OPTIONS -00

50 SUBROUTINE LEVEL_ OO (M,N,A, B, X)
51 REAL A(M,N), B(M,N)

52

53 DO J=1,N

54 DO I=1,M

55 TEMP = 3.0 * B(I,J)
56 A(I,J) TEMP/ (2.0%*X)
57 B(I,J) 2.0 * TEMP
58 ENDDO

59 ENDDO

60

61 RETURN

62 END

63

64

65

66 OPTIONS -01

67 SUBROUTINE LEVEL Ol (M,N,A,B,X)
68 REAL A(M,N), B(M,N)

69

70 DO J=1,N

71 DO I=1,M

72 TEMP = 3.0 * B(I,J)
73 A(I,J) TEMP/ (2.0%*X)
74 B(I,J) 2.0 * TEMP
75 ENDDO

76 ENDDO

77

78 RETURN

79 END

80

81

82

(Continued on next page.)
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83

85
86
87
88
89
90
91
92
93
94
95
96

OPTIONS -02

SUBROUTINE LEVEL_O2(M,N,A,B,X)

REAL A(M,N), B(M,N)

DO J=1,N
DO I=1,M
TEMP =
A(I,J)
B(I,J)
ENDDO
ENDDO

RETURN
END

.0 * B(1,J)

= TEMP/ (2.0*X)

2.0 * TEMP
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Source file: ansi_block.c

1 ansi block(i)

2 dnt i3

3

4 i=20;

5

6 if (1 == 0)

7 {

8 int i=1 ;

9

10 if (i == 1)

11 {

12 int i=11 ;
13 }

14

15 if (1 == 1)

16 {

17 int i=12 ;
18 }

19 }

20 printf (“\nThe routine ansi block is finishing.\n”);
21 )
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Source file: pcc_block.c

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

pcc_block (i)
int i;
{

int i =1 ;

if (i == 1)
{
int i=11 ;
if (1 == 11)
{
int i=111 ;

}

if (i == 11)
{
int i=112 ;
}
}

printf (*\nThe routine pcc_block is finishing.\n”);
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Quick reference o
Maryland Windows

This appendix contains a quick reference to the keyboard
functions used in Maryland Windows. These keyboard functions
manipulate the windows and edit the command line.

The functions are divided into four groups:

® Text Scrolling Functions—These functions scroll the text
inside a window. You can scroll a line or a screen at a time, or
jump to the beginning or end of the buffer.

® Window Functions—These functions move between
windows, close windows, raise and lower windows, or move
and resize windows.

® Window Positioning Functions—These functions are used
when placing a window or resizing a window.

¢ Command Window Functions—These functions are unique
to the command window. They provide a means of scrolling
the text in the command window or the command history
list. There are also functions to edit the command line.

In the following tables, words separated by a hyphen indicate
two keys that you must press simultaneously. For example,
CTRLx indicates that you must press and hold down the CTRL key
and then press the x key.

For more information on the Maryland Window keyboard
functions, including how to change the default key bindings
listed here, refer to the Section, “Maryland Windows,” in the
CONVEX CXdb Reference.
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Text Scrolling Functions

Function

Key Sequence

left character
right character
left word

right word

down line

up line

down screen

up screen

top of buffer
bottom of buffer

Window Functions

LEFT ARROW, CTRL-b

RIGHT ARROW, CTRL-f

META-b

META-f

DOWN ARROW, CTRL-n (except command window)
UP ARROW, CTRL-p (except command window)
CTRL-v

META-v

META-<

META->

Function

Key Sequence

next window
previous window
move window
resize window
lower window
raise window
close window

Window Positioning Functions

META-n
META-p
META-m
META-z
META-0
META-r
META-k (except commmand window)

Function Key Sequence
up k, CTRL-p
down j» CTRL-n
right I, META-f
left h, META-b
anchor window SPACEBAR
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Command Window Functions

Function Key Sequence
down line META-A

up line META-B

beginning of line CTRL-a

end of line CTRL-e

down history CTRL-n

up history CTRL-p

delete character DELETE, CTRLd
delete back character BACKSPACE, CTRL-h
transpose characters CTRL-t

delete word META-DELETE, METAd
delete back word META-BACKSPACE, META-h
set mark CTRL-@

exchange point and mark CTRL-x

kill to end ofline CTRL-k

kill region CTRL-w

copy region META-w

yank CTRLy

startover CTRL-g

redrawn screen CTRLY, CTRL-r
lowercase META-

uppercase META-u

capitalize META-c

universal argument CTRL-u

argument digit META-0. . . META9
newline RETURN, LINEFEED, CTRL-j, CTRL-m
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Cross-referenceto csd

commands

This appendix contains a cross-reference between the commands
for the CONVEX csd debugger and CXdb commands. In cases
where there is not a one-to-one correspondence between
commands, macros are given if possible.

For the most frequently used csd commands, aliases have been
provided in CXdb. The alias name in CXdb is the same as the
csd command itself. Those csd commands that have aliases
are indicated on the following pages by a plus sign (+) in front of
the commands.

The csd aliases are defined in the command file
/usr/lib/cxdb/csd_aliases. Thiscommand files does not
execute automatically when you invoke CXdb. If you want to
use the aliases, first execute the command file with the source
command, as illustrated in Figure 386.

Figure 386
Incorporating the csd aliases

<(deb) source /usr/lib/cxdb/csd _aliases )

You can include the above source command in your
.cxdbinit file so that the aliases are incorporated
automatically each time you invoke CXdb.
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csd

/<string>/

//

2<string>?

2

. , <count>?<mode>

<address>, <count>?<mode>
+ &<name>

alias

alias <name>

alias <name> <string>

alias <name> (params) <string>
+ assign <var> = <exp>

+ call <routine> (<params>)

catch

catch <signal>
cont

cont <signal>
cont all

cont all <signal>
cregs

cregs <index>

+ delete <index>
delete all
down
down <num>

+ dump
edit
edit <filename>
edit <routine>
file

+ file <filename>
format

+ format hex

+ format decimal

fpmode
+ fpmode native
fpmode ieee
+ fpmode auto
func
func <routine>

+

examine/<cxdb-mode> S$pc:<count>
examine/<cxdb-mode> <address>:<count>
print &<name>

info alias

info alias <name>

alias <name> <string>

Use macro

evaluate <uvar> = <exp>

print <var> = <exp>

eval <routine> (<params>)

print <routine>(<params>)

info signal

set signal <signal>; stop; print
rt<num> continue

$signal = <signal>; :t<num> continue
continue

$signal = <signal>; continue
info cregisters

print $C<index>

remove event <index>

remove event *

frame -1
frame -<num>
backtrace

Use edit. File name displayed in source window
edit <filename>

Displayed in source window

Can be changed with display routine
info cxdb

set format byte hexadecimal;

set format halfword hexadecimal;
set format word hexadecimal;

set format longword hexadecimal;
set format quadword hexadecimal;
set format byte decimal;

set format halfword decimal;

set format word decimal;

set format longword decimal;

set format quadword decimal;
info cxdb

set fpmode native

set fpmode ieee

set default fpmode dual

info scope

display routine <routine>
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+ + + + o+

csd

help
help

<command>

ignore
ignore <signal>

list
list
list
list
mode
mode
mode
next

next

next

next

nexti
nexti
nexti
nexti
print
print
print
print
quit

regs

regs

rerun
rerun
rerun
rerun

<first last>
<routine>
eventlines <firstlast>

chained
sequential

<count>

all

all <count>

<count>

all

all <count>
<expr>

<expr>, <expr>, ...
<expr> \ <type>
<expr> \ <var>

all

< <fl> > <f2>
<args>
<args> < <fI> > <f2>

CXdb

help
help <command>
info signal

set signal <signal> nostop,nopass,noprint

Scroll source window

Scroll source window
display routine <routine>
info process

clear seq

set seq

next

next expression

next statement

next loop

next block

next routine

next <count>

next expression <count>
next statement <count>
next loop <count>

next block <count>

next routine <count>
next

next expression

next statement

next loop

next block

next routine

next <count>

next expression <count>
next statement <count>
next loop <count>

next block <count>

next routine <count>
next instruction

next instruction <count>
next instruction

next instruction <count>
print <expr>

print (<type>) <expr>
info expr <wvar>; print . (<type>) <var>
quit

info registers

info registers

rerun

run "<args>"

run “<args> < <fI> > <f2>m
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csd

return

return <routine>
run
run < <fI> > <f2>
run <args>
run <args> < <fI> > <f2>
set
set deref aaregs = true | false
set dump_lfmt = true | false
set dumpsrc = true | false
set dumpvregs = true | false
+ set num_elements = <num>,<num>,
+ set precision = <num>
sh <cmdline>
source <fn>
+ status
status > <fn>
step

step <count>

+ step all

+ step all <count>

+ stepi
stepi <count>
stepi all
stepi all <count>
+ stop at <line>
stop at <line> if <cond>
stop at "<file>":1line

CXdb

return

return <wvalue>

run

run "< <fI> ><f2>"

run "<args>"

run "<args> < <fI> > <f2>"

set printopts maxarray <num>

set printopts precision <width>.<decn>

shell <cmdline>

source <fn>

info event *

into event * > <fn>
step

step expression

step statement

step loop

step block

step routine

step <count>

step expression <count>
step statement <count>
step loop <count>

step block <count>

step routine <count>
step

step expression

step statement

step loop

step block

step routine

step <count>

step expression <count>
step statement <count>
step loop <count>

step block <count>

step routine <count>
step instruction

step instruction <count>
step instruction

step instruction <count>
break line <line>

break line <line> {if (!<cond>)
break line <file>:<line>
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csd CXdb

stop at "<file>":line if <cond> break line <file>:<line> {if (!<cond>)
resume; }

stop in <routine> break routine <routine>

stop in <routine> if <cond> break routine <routine> {if (!<cond>)
resume; }

stop if <cond> event relation <cond>

stop <var> event modify &<var>

stop <var> if <cond> event modify &<var> {if (!<cond>) resume;}

stop threads event spawn; event join

stop threads in <routine> Must be done manually

stopi at <addr> break instruction <addr>

stopi at <addr> if <cond> break instruction <addr> { if (!<cond>)
resume; }

stopi <var> event modify &<var>

stopi <wvar> if <cond> event modify &<var> { if (!<cond>)
resume; }

thread info process

) info threads
thread <number> Use :t command focus on appropriate commands
threads info process

info threads
threads <number> _—

threads false remove eventtype join, spawn

threads true event join; event spawn

trace -—

trace <line> trace line <line>

trace <line> if <cond> trace line <line> {if (<cond>) echo
"message"; resume;}

trace "<file>":<line> trace line <file>:<line>

trace "<file>":<line> if <cond> trace line <file>:<line> {if (<cond>) echo

"message"; resume;}
trace in <routine> ——

trace <routine> trace routine <routine>

trace <routine> if <cond> trace routine <routine> {if (<cond>) echo
"message"; resume; }

trace <exp> at <line> trace line <line> { print <exp>; resume;}

trace <exp> at <line> if <cond> trace line <line> { if-(<cond>) print <exp>;
resume; }

trace <exp> at "<file>":<line> trace line <file>:<line> {print <exp>;

resume; }
trace <exp> at "<file>":<line> if <cond> trace line <file>:<line> { if (<cond>)
print <exp>; resume;}

trace <wvar> in <routine> if <cond> Must be done manually

trace threads ) event spawn {echo "message"; resume;}
trace threads in <routine> Must be done manually

tracei -—-

tracei if <cond> -—

tracei <addr> trace instruction <addr>

tracei <addr> if <cond> trace instruction <addr> {if <cond> echo

"message"; resume;}

Appendix C Cross-reference to csd commands 405



+ 4+ 4+ +

+ 4+ + + +

csd

tracei <var>
tracei <wvar> if <cond>

unalias <name>
up

up <num>

use

use <dir>...
vregs

vregs <index>
vregs all

vregs all <index>
whatis <routine>
whatis <type>
whatis <wariable>
when at <line> {<cmd>; ...}

when at <file>:<line> {<cmd>; .

when in <routine> {<cmd>; ...

when <cond> {<cmd>; ...}

where

where > <file>
where <num>
whereis <identifier>
which <identifier>

}

}

CXdb

event modify &<wvar> {echo "message";
resume; }

event modify &<wvar> {if (<cond>) echo
"message" ; resume; }

remove alias <name>

frame +1

frame +<num>

info process

set path <dir>...

info vregisters

print $v<index>

info vregisters

info vregisters

info expr <routine>

info type <type>

info expr <wvariable>

event reached line <line> {<cmd>; ...;
resume; }

event reached line <file>:<line> {<cmd>;...;

resume; }

event reached routine <routine> {<cmd>;
...; resume;}

event relation <cond> {<cmd>; ...;
resume; }

backtrace

backtrace > <file>

backtrace <num>

info symbols <identifier>

info symbols <identifier>
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Cross-reference to gdb

commands

This appendix contains a cross-reference between the commands
for the gdb debugger and CXdb commands. In cases where
there is not a one-to-one correspondence between commands,
macros are given if possible.

For the most frequently used gdb commands, aliases have been
provided in CXdb. The alias name in CXdb is the same as the
gdb command itself. Those gdb commands that have aliases
are indicated on the following pages by a plus sign (+) in front of
the commands.

The gdb aliases are defined in the command file
/usr/lib/cxdb/gdb aliases. This command files does not
execute automatically when you invoke CXdb. If you want to
use the aliases, first execute the command file with the source
command, as illustrated in Figure 387.

Figure 387
Incorporating the gdb aliases

(  (CXdb) source /usr/lib/cxdb/gdb _aliases )

You can include the above source command in your
.cxdbinit file so that the aliases are incorporated
automatically each time you invoke CXdb.
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gdb
$

S__
s<n>
lcont
lcont <ignore>

Spc

Spsw

Ssp

Sap

$fp

$al-5

$s0-7

Sv0-7

Svl

Svs

$Svm

$c0-63

$S0-7

$V0-7

$C0-63

add-file

alias <new> <old>
attach <pid>

attach <device>
backtrace
backtrace <count>
break <function>
break +<offset>

break -<offset>

break <line>

break <file>:<line>
break <file>: <function>
break *<address>
break
break
cd <dir>
clear
clear
clear

<cond>

<function>

<filename> : <function>

clear <linenum>

clear <filename>:<linenum>

commands \n <cmds> \n...\n end
commands <bnum> \n <cmds> \n...\n end
condition <bnum>

condition <bnum> <cond>

cont
cont <ignore>

CXdb

Can be done with a macro
Can be done with a macro

it <thread-#> cont
$pc
Spsw
$sp
$ap
Sfp
$al-5
$s0-7
Sv0-7
Svl
$vs
Svmu,
$c0-63
$50-7
SV0-7
$C0-63
load object
alias <new> <old>
attach <pid>

Svml

backtrace
Use backtrace, but you always get all frames
break routine <function>
Must be done manually
Must be done manually
break line <line>
break line <file>:<line>
break routine <file, no extension>‘<function>
break instruction <address>
Must be done manually
break {if (!<cond>)
cd <dir>; set directory
Must be done manually using
Must be done manually using
Must be done manually using
Must be done manually using remove event
Must be done manually using remove event
set handler <bnum> {<cmds>; ...}
set handler <bnum> {<cmds>; ...}
Create handler with no condition using
set handler <bnum> { <handler>}
Create handler with a condition using
set handler <bnum> { if (<cond>)
{<handler>} else resume;}
continue
set ignore <ignore> <bnum>; continue

resume; }
<dir>

remove
remove
remove

event
event
event
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+

gdb

core-file

core-file <file>

define <name> \n <cmd>...
delete <bnum> ...

delete display <dnums>
delete environment <varname>
detach

directory

directory <dir>...

disable breakpoints <bnum> ...
disable display

disassemble

disassemble <addr>

disassemble <start> <end>
display

display <exp>

display/fmt <exp>

display/fmt <addr>

document

down

down <n>

down -<n>

dump-me

echo <string>

echo <string>\n

enable breakpoints <bnum>
enable breakpoints once <bnum>

\n end

enable breakpoints delete <bnum>

enable display

exec-file

exec-file <file>

finish

forward-search

frame

frame <n>

frame <addr>

handle <sig> <action>...
help

ignore <bnum> <count>

info address <symbol>

info args

info break

info break <num>

info comm-registers

info comm-registers c<creg>
info comm-registers <addr>
info convenience

info directories

..

CXdb

debug core <file>

alias <name> '<cmd>; ...’
remove event <bnum>, ...
remove environment <varname>
detach

Use pwd then set path <dir>
add path <dir>, ...
disable event <bnum>,
disassemble

disassemble <addr>
disassemble <start>..<end>

frame -1

frame -<n>

frame +<n> :

Use kill -SEGV <pid> to kill CXdb from a shell

echo/n <string>

echo <siring>

enable event <bnum>, ...

Modify handler of eachtoinclude disable $self;
as the last command

Modify handler of each to include
remove event $self; as thelast command

debug exec <file>

finish routine

find window forward

info frame

frame <n>

set signal <sig> <action>,...
help

set ignore <count> <bnum>
info expr <symbol>

info args

info break

info event <num>

info cregisters

info expr $c<creg>; pr $cl<creg>

info process
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gdb

info display

info environment

info environment <var>
+ info files

info frame
+ info functions

info functions <regexp>

info history

info line

info locals

info psw

info psw <arg>

info registers

info registers <regname>
info signal
info signal <signo>

+ info sources

info threads

info types

info types <regexp>
+ info variables
jump <linenum>
+ jump *<addr>

kill

list

next

next <n>

nexti

nexti <n>

output

print

printf <format> <arg>...
+ printsyms <file>
+ ptype <typename>

pwd

quit

return

return <value>
+ reverse-search

run

+

run <args>
search
set
set args

+ set array-max <num>
set base

CXdb

info environment

info environment <var>

info process

info frame

info symbols

info symbols <regexp>

CXdb version gives command history

CXdb version lists source units at a line of code
info locals

pr/B $psw

info psw

info registers; info cregisters;
info vregisters

print $<regname>

info signal

info signal <signo>

info objectmap can be used and the filenames
extensions changed from .o to .c (etc.)
info threads

info type

info type <regexp>

info symbols

goto line

goto address <addr>

kill process

Use display file or display routine
next

next <n>

next instruction

next instruction <n>

7

print

info symbols > <file>

info type <typename>

info cxdb; info process

quit

return

return <value>

find window backward

run (first time)

rerun (after first time)

run "<args>"

evaluate

Part of the run and rerun commands
set printopts maxarray <num>
Use set format with examine or
command line options with print
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gdb
set base <n>

set compile off

set compile on

set compiled-breakpoints
set debug-flag

set editing

set environment <var> = <value>
set history expansion
set history file <file>
set history size

set history write on
set history write off
set parallel fixed
set parallel off

set parallel on

set pipeline off

set pipeline on

set prettyprint

set prompt

set screensize

set unionprint

set verbose

shell

shell <cmds>

signal <sig>

source <file>

step

step <n>

stepi

stepi <n>

symbol-file <file>
tbreak ...
term-status

thread

thread <n>

tty <dev>

undisplay <nums>
unset environment <var>
until

until <location>

up
up <n>
up —-<n>

whatis <exp>
x/<fmt> <addr>

CXdb

Use set format with examine or
command line options with print

Always enabled

set environment <wvar> = <uvalue>
set cmdlog <file>

Fixed at 100

set logging

clear logging

set fixed sched
clear fixed sched
set seq

clear seq

Donein .Xdefaults file
Donein .Xdefaults file

shell

shell "<cmds>"
signal process <sig>
source <file>

step

step <n>

step instruction
step instruction <n>
Automatically as needed

break ... {...; disable event $self;}

info threads

CXdb uses separate window
remove environment <var>
finish loop

Must be done manually

frame +1

frame +<n>

frame -<n>

info expression <exp>
examine (some variant)
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Index

Symbols

## 238
$self 137
$signal 149
$v0 352
$vl 352
Svs 352
&

as a C operator 89

for background execution 25, 60
(CxXdb) 12,23,25
.CXdb 13, 310
.cxdbinit. see files, initialization
.0 13
.Xdefaults 12
/usr/lib/cxdb 260
/usr/lib/cxdb/examples 6
:t 366
@. see macros, invoking
\ 232,314
\; 144

A

add cmderr. see commands, add cmderr
add cmdlog. see commands, add cmdlog
add cmdout. see commands, add cmdout
add default path. see commands, add default

path

add environment.see commands, add

environment

add path. see commands, add path
addresses

memory 81

ranges 154, 332

ranges for source units 330

specifying a range 92

symbolic 81
alias. see commands, alias

aliases
compared to macros 235
creating 232
defaults 230, 260
deleting 233
displaying 230
invoking 234
modifying 233
multiword 232

ALTE 317

anchoring windows. see Maryland Windows,

anchoring
arguments
block numbers in pcc 279

passing to a macro. see macros, passing parameters

to

passing to a process 22, 25
array slices

described 174

inC 177

in FORTRAN 175
assembly code. see disassembled code
assignment substitution 338
attach. see commands, attach
attaching to a process 219
auto update 173, 174, 289, 301

background
execution of commands 25, 60
stopping execution 28, 223
backslash 232, 314

backtrace. see commands, backtrace

basic block 311, 334
batch mode 261
BITB 317
BITSHIFT 320
block
basic. see basic block
source unit 3,329
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block numbers
described 277
in ANSI C mode 278
in pcc mode 279
body of a loop 327, 329
BOOT 317
break line.see commands, break line
break routine.see commands, break routine
break source. see commands, break source
breakpoints
described 78
displaying. see commands, info break
number 81
removing. see commands, remove event
setting
ataline 16, 80, 87
at a routine 82
at a source unit 104
methods 79
BSS 317
buttons
command 12
paging 169, 300

C

c$ 268
cd
CXdb command. see commands, cd
shell command 10

changing executables 224

clear default fixed sched. see commands,
clear default fixed sched

clear default handler. see commands, clear
default handler

clear environment.see commands, clear
environment

clear fixed sched.see commands, clear fixed
sched

clear handler. see commands, clear handler

clear logging.see commands, clear logging

clear segq.see commands, clear seq

clear sgs.see commands, clear sgs

clear step.see commands, clear step

clear typehandler.see commands, clear
typehandler

closing windows. see Maryland Windows, closing

cmderr. see logging, messages

cmdlog. see logging, input

cmdout. see logging, output

CMIN 317

code motion 336, 340, 346

command files. see files, command

command history. see history

command line 12, 47

command window

command line 12,47

in CXwindows. see command window
(CXwindows)

in Maryland Windows. see command window
(Maryland)

window number 12, 47

command window (CXwindows)

buttons 12
command menus
Configuration 12
Events 12
Execution 12, 18
Info 12
Misc 12
Process 12
described 10
scroll bars 12
window menus
CommandWindow 11
CXdbWindows 11
Xdefaults 12

command window (Maryland) 46

scrolling 62
title bar 47
window edges 47

commands 281

add cmderr 247
add cmdlog 249
add cmdout 244
add default path
described 204
example of 206
add environment
described 185
add path
described 204
example of 207
alias 232
attach
described 218
example of 220
backtrace 283
break line
described 16, 54, 80
example of 85, 87, 140, 369
in a source file 85
break routine 82
break source 104, 331
cd
described 203
example of 224
clear default fixed sched 363
clear default handler 143
clear environment
described 185
clear fixed sched 194

414 CONVEX CXdb User’s Guide



commands (continued)

clear handler 140
clear logging 252
clear seq 197

clear sqgs 197

clear step 184,196
clear typehandler 142
continue

described 22

example of 25, 58, 133, 372
copy 166
core 218
cxdb

-b option 261
described 10
example of 46
debug core 218
debug exec
described 13, 218
example of 48
debug proc 218
detach 223
disable event 128
disassemble 295
display file
described 210
example of 246
display routine 211
echo 137
edit 256
enable event 129
evaluate 138, 158
event join 371
event reached 128
event relation 144
event signal 149
event spawn 363
examine
described 161
example of 190, 192
executable 218
£ill 166
find memory backward 163
find memory forward 163
find window backward 212
find window forward 212
finish
comparison to step 117
described 105, 115
example of 115, 123
frame 285
help
described 28
example of 31, 64
if 140
info alias 230
info break 83

info cxdb
described 27

example of 62, 205, 245, 247, 249, 253, 259
info default environment 186

info environment 186
info event
described 96
example of 97
info eventtype 134
info expression
described 153
example of 161

for synthesized variables 315, 342

info formatting
described 157
example of 192, 193
info frame 284
info frame at 284
info history 240
info line
described 103
example of 328
info locals 153
info macro 236
info process
described 26
example of 61, 105, 196, 206
info registers
example of 369
info scope
described 270
example of 275
info signal
described 146
example of 148, 198
info source 104
info threads 365
info trace 89
info watch 91
kill process
described 22
example of 58, 222
macro 235
next
comparison to step 107
described 105
example of 109, 111, 294, 298
next over 118
described 105
print
described 21

example of 57, 155, 176, 178, 270, 276, 279, 282,

342
formatting output 156
pwd 203




commands (continued) set seq 197

quit set signal
described 44 described 148, 197
example of 75 example of 197
recall 241 set sgs 197
remove alias set step
described 233 described 111
remove cmderr 251 example of 195, 294
remove cmdlog 251 set typehandler 141
remove cmdout 251 shell
remove default path 204 described 225
remove environment example of 226
described 185 signal process 150
remove event signal thread 370
described 84 source 257
example of 86, 97 step
remove eventtype 135 comparison to finish 117
remove macro comparison to next 107
described 239 comparison to step over 118
remove path described 105
described 204 example of 107, 110, 122, 293, 297, 367
example of 208 step over
rerun comparison to step 118
described 25, 218 described 105, 118
example of 60 example of 120
resume 139 stop
run described 28
described 18, 218 example of 63, 223
example of 22, 55, 58 trace line 88
set cmderr 252 trace routine 88
set cmdlog 252 watch
set cmdout 252 described 90
set default fixed sched 363 example of 93, 95
set default handler 143 CommandWindow menu 11
set default path 204 common blocks 271
set default step 196 compiler-generated variables 333
set directory 185 compilers
set echo 257 —cxdb option 13, 310
set environment completion 21, 57
described 185 Configuration menu 12
set fixed sched console working directory 202
described 194 contact utility xviii
example of 363 continue. see commands, continue
set format 190 copy. see commands, copy
set fpmode 189 core. see commands, core
set handler 137 CREG 317
set ignore 130 csd, cross-reference 401
set logging 249 CTMP 315
set memory 192 CTRL-c 28, 222
set noclobber 253 CTRL-n 241
set path 204 CTRL-p 241
set printopts CTRL-z 219
described 157 current frame 283
example of 175 current scope. see scope, current
set printopts.see commands, set current source unit 118
printopts 157 current thread 366
set pshell 194 CX/Motif 10
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CXdb

concepts 2

described 1

features 1

invoking 10

Online Guide 6, 44

overview 1

prompt 12, 23, 25

symbolic debugger 1
—cxdb option 13, 310
cxdb$ 268
cxdb (1) 10
cxdb. see commands, cxdb
CXdbWindows menu 11, 286, 299
CXwindows

described 9

scrollbars 10

tutorial 10

D

DATA 317
data

program. see program variables
DataView menu 168
DEAD 318
debug core. see commands, debug core
debug exec. see commands, debug exec
debug proc. see commands, debug proc
debugger variables

$self 137

$signal 149

creating 159

data type 159

described 139

displaying 155, 282

modifying 159

with eventpoints 145, 152
default process settings. see process settings, default
detach see commands, detach
detaching from a process 223
DEXP 318
directory

console working 202, 260

home 245

process. see process settings, process directory
disable event.see commands, disable event
disassemble. see commands, disassemble
disassembled code 295
disassembly window

auto update 301

changing address 304

described 299

menus
DisassemblyWindow 299
InstructionView 299
RegisterView 299
paging buttons 300
Xdefaults 303
DisassemblyWindow menu 299
display file window 210, 246
display file.see commands, display file
display formats. see process settings, display formats
display routine.see commands, display
routine
DisplayFile Window menu 211
documentation
ordering xvii
related xvii
dual mode. see process settings, floating point mode

E

echo. see commands, echo
edit. see commands, edit
enable event.see commands, enable event
environment. see process settings, process
environment
evaluate. see commands, evaluate
event join.see commands, event join
Event Point Dialog window 17
event reached.see commands, event reached
event relation. see commands, event
relation
event signal.see commands, event signal
event spawn. see commands, event spawn
eventpoints
address 81
breakpoints. see breakpoints
described 4
disabling 128
displaying. see commands, info event
enabled setting 80, 129
enabling 128
handlers. see handlers
ignore count 81, 130
in optimized code 323
marker 17, 54, 81
multiple, at one location 132
number 81, 85
thread-specific 368
tracepoints. see tracepoints
types
described 127
displaying. see commands, info eventtype
join 371
reached 128
relation 143
removing. see commands, remove eventtype
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signal 149
spawn 363
watchpoints. see watchpoints
Events menu 12
examine window
auto update 173, 174
described 168
menus
DataView 168
ExamineWindow 168
paging buttons 169
Xdefaults 174
examine. see commands, examine
ExamineWindow menu 168
examples
directory 6
introduction 6
source code 375
executable file
changing 224
specifying 13
executable. see commands, executable
Execution 18
Execution menu 12
exit 226
expression
language. see language expression
source unit 3
expression terminator 144

F

£$ 268
fg 221
files
command
creating 255
described 254
executing 257
compiler-generated 13
displaying 210
executable 224
specifying 13
initialization
.cxdbinit 209, 230, 260
creating 255
described 208, 259
order of execution 260
object 13
source 13, 80
FileView menu 14
f£ill.see commands, fill
find memory backward.see commands, find
memory backward
find memory forward.see commands, find
memory forward

find window backward. see commands, find
window backward

find window forward.see commands, find
window forward

finish. see commands, finish

fixed scheduling. see process settings, fixed scheduling

FLNK 317

floating point mode. see process settings, floating point
mode 189

fpmode. see process settings, floating point mode

frame. see commands, frame

FrameView menu 288

functions. see routine

G

gdb, cross-reference 407
granularity
block 3
described 101
displaying. see commands, info process
effects on highlighting 114, 293
expression 3
loop 3
routine 3
setting 111, 195
statement 3
guidelines for debugging optimized code 322

H

handlers
default handler 142
described 136
for eventpoint types 141
removing 140
setting 136
header of a loop 327
help 28
see also help, online
help window
in CXwindows. see help window (CXwindows)
in Maryland Windows. see help window (Maryland)
window number 30, 65
help window (CXwindows)
described
find button 30
menus
HelpWindow 30
History 30, 42
SearchOptions 30, 39
Topics 30, 35
result of search 30
scroll bars 30
string to search for 30
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help window (Maryland)
described
help topic 65
help, online
commands 28
concepts 28
CXdb messages 28, 34
parameters 28
related topics 32
help. see commands, help
HelpWindow 30
highlighting 20
hints for debugging optimized code 322
History 30, 42
history
described 240
displaying 240
retrieving commands from 241
hoisting 347
home directory 245

IEEE mode. see process settings, floating point mode

if.see commands, if

induction variables

changing the base of 319
described 313

INDV 315, 342

info alias.see commands, info alias

info break.see commands, info break

info cxdb.seecommands, info cxdb

info default environment.see commands,
info default environment

info environment.see commands, info
environment

info event.see commands, info event

info eventtype.see commands, info
eventtype

info expression.see commands, info
expression

info formatting.see commands, info
formatting

info frame at.seecommands, info frame at

info frame.see commands, info frame

info history. see commands, info history

info line.see commands, info line

info locals. see commands, info locals

info macro. see commands, info macro

Info menu 12

info process.seecommands, info process

info scope. see commands, info scope

info signal.see commands, info signal

info source. see commands, info source

info threads. see commands, info threads

info trace.see commands, info trace

info watch. see commands, info watch
initialization files. see files, initilization
innermost active source unit 115
instruction scheduling 331
InstructionView menu 299, 304

intrinsic functions 320

ISTR 316

K

kill process.see commands, kill process

L

1s 268
language expression
as an address 82
displaying 154
evaluating 159
relational 143
terminator 144
line numbers 80, 335
liveness ranges 154, 332
loader symbol 282
loc() 89
logging
input 249
messages 247
output 244
overwrite protection 253
loop interchange 348
loops
body 327, 329
components of 327
header 327
source unit of 3
unrolled 316, 320
lowering windows. see Maryland Windows,
lowering

M

macro. se¢e commands, macro
macros
compared to aliases 235
creating 235
deleting 239
described 235
displaying 236
invoking 237
iterative 237
modifying 239
passing parameters to 237
token pasting 237, 238
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Maryland Windows
anchoring 71
closing 73
described 45
keystrokes quick reference 397
lowering 67
moving 69
moving between windows 51
raising 67
resizing 69
scrolling 50

MAX 320

memory
display formats 190
examining 161
modifying 166
region. see addresses, specifying a range
searching 163
unit 192

menus
CommandWindow 11
Configuration 12
CXdbWindows 11, 286, 299
DataView 168
DisassemblyWindow 299
DisplayFile Window 211
Events 12
ExamineWindow 168
Execution 12, 18
FileView 14
HelpWindow menu 30
History 42
History menu 30
Info 12
InstructionView 299, 304
Misc 12
Process 12
ProcessWindows 14, 299
RegisterView 299, 306
SearchOptions menu 30, 39
SourceUnit 14
SourceWindow 14
Topics 35
Topics menu 30

MIN 320

Misc menu 12

MLXS 316

moving windows.seeMaryland Windows, moving 69

N

native mode. see process settings, floating point mode
next over. see commands, next over
next. see commands, next
-no 326
see also optimization, levels

noclobber. see logging, overwrite protection
notational conventions xv

o

-00 334
-01 340
-02 346
-03 360
object file 13
Online Guide 6, 44
online help. see help, online
optimization
described 310
hints for debugging 322
levels
-no 326
-00 334
-01 340
-02 346
-03 360
of variables 312
see also synthesized variables
types
assignment substitution 338
code motion 336, 340, 346
hoisting 347
instruction scheduling 331
loop interchange 348
parallelization 360
redundant-use elimination 334
strength reduction 341
strip mining 352, 354
vectorization 346, 351, 354
OSTR 316
output, formatting 156

P

paging buttons
disassembly window 300
examine window 169
parallelization 360
parameters. see macros, passing parameters to
PBKE 316
PBKU 316
PC. see program counter
print
example of 281
print. seecommands, print
process image 18
process interface window
activating in Maryland Windows 59
closing 24
input to 23
invoking 18, 55
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Process menu 12
process number. see process object
process object 13, 15, 18, 80, 182
process settings
affecting a new process 199
affecting the current process 199
default 184
described 182
display formats 190
fixed scheduling 194, 363
floating point mode 189
memory unit 192
process directory 184, 185, 186, 189, 190, 192, 194,
196, 197, 203, 204, 210, 211, 212
process environment 185
process shell 194
search path 194
SEQ bit 197
signal actions 197
SQS bit 197
stepping granularity 195
types 183
processor status word (PSW) 197
ProcessWindows menu 14, 299
program counter (PC) 154, 168, 300
program variables
array slices. see array slices
displaying 152, 319
inactive 320
inconsistent values for 342
modifying 158
not updated 321
optimization of. see synthesized variables
ps 220
PSW. see processor status word
pwd. see commands, pwd

Q

quit. see commands, quit

R

raising windows. see Maryland Windows, raising
recall. see commands, recall
recursion. see macros, iterative
redirection operators 252
redundant-use elimination 334
registers

displaying 155, 306

modifying 159

vector accumulator 352

vector length 352

vector stride 352

vector. see vector registers
RegisterView menu 299, 306

relational expression 143

relocating windows. see Maryland Windows, moving

remove alias.see commands, remove alias

remove cmderr. see commands, remove cmderr

remove cmdlog.see commands, remove cmdlog

remove cmdout.see commands, remove cmdout

remove default path. see commands, remove
dafault path

remove environment.see commands, remove
environment

remove event.see commands, remove event

remove eventtype.see commands, remove
eventtype

remove macro.see commands, remove macro

remove path.see commands, remove path

reporting problems xviii

rerun. see commands, rerun

resizing windows. see Maryland Windows, resizing

resume. see commands, resume

REXP 316

routine
displaying 154, 211
executing 160

preamble 83
source unit 3
run. see commands, run

S

s$ 268
scope
changing 283
current 266
displaying 270, 275
scope paths
inC 273
in FORTRAN 269
language prefix
c$ 268
cxdb$ 268
described 268
£$ 268
1$ 268
s$ 268
mixed languages 281
to view common blocks 271
scrolling. see Maryland Windows, scrolling
search path
default 203
for source files 85, 194, 203
searching
a source file 212
for a help topic 37
SearchOptions menu 30, 39
SEQ bit. see process settings, SEQ bit
set cmderr. see commands, set cmderr
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set cmdlog. see commands, set cmdlog current 118

set cmdout. see commands, set cmdout described 3, 101
set default fixed sched. see commands, set displaying. see commands, info line
default fixed sched examples of 101
set default handler. see commands, set expression 3
default handler granularity. see granularity
set default path. see commands, set default highlighting 20
path in optimized code 310
set default step.see commands, set default innermost active 115
step loop 3
set dircetory.see commands, set directory mapping to object code 310
set echo. see commands, set echo ranges 311, 330
set environment.see commands, set routine 3
environment statement 3
set fixed sched. see commands, set fixed source-window

SEEE displaying multiple routines 211
set format.see commands, set format highlighting 20
set fpmode. see commands, set fpmode in CXwindows. see source window (CXwindows)

set l?andler' see commands, set .handler in Maryland Windows. see source window
set ignore.see commands, set ignore (Maryland)

set logging. see commands, set logging
set memory. see commands, set memory
set noclobber. see commands, set noclobber c
window number 15, 50
set path.see commands, set path ; .
) ) source window (CXwindows)
set printopts.see commands, set printopts 2
described 14
set pshell. see commands, set pshell
set seq.see commands, set seg
set signal. see commands, set signal
set sgs.see commands, set sgs
set step.see commands, set step
set typehandler. see commands, set
typehandler
SEXP 316
shell
process. see process setting, process shell
shell commands

process object 15
searching 212

menus
FileView 14
ProcessWindows 14
SourceUnit 14
SourceWindow 14
scroll bars 15
source window (Maryland)
described 49
window edges 50
source. see commands, source
SourceUnit menu 14

cd 10 :

exit 226 SourceWindow menu 14

£g 221 specifying a process 218

issuing from CXdb 225 SPLL 317

ps 220 SQS bit. see process settings, SQS bit
shell window 225 stack

shell. see commands, shell displaying 283

signal processr.seecommands,signal process frames
signal thread.see commands, signal thread current 283
signals displaying 284
actions 146, 197 stack frame description window 288
described 146 stack window
displaying. see commands, info signal auto update 289
sending to a process 150 described 286
sending to a thread 370 menus
setting actions 147 FrameView 288
sigvec () 146 StackWindow 289
SINK 316 StackWindow menu 289
source file 13, 80 statement, source unit 3
source units step over. see commands, step over
block 3, 329 step. see commands, step
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stepping
by block 113
by expression 293
by instruction 297
by loop 109
by loop iterations 113
by routine 122
by statement 106, 337
described 5, 100
granularity. see granularity
over source units 118
threads 367
through optimized code 323
to the end of a routine 123
STML 317
stop. see commands, stop
strength reduction 341
strip mining 352, 354
symbolic debugger 1
synthesized variables
atlevel 01 341
described 312
displaying 342
from parallel equations 319
incomplete equations 321
scope path 314

types 315

T

TAC xviii
TBSS 317
TDATA 317
Technical Assistance Center (TAC) xviii
terminator for language expressions 144
TEXT 317
thread list 366
threads
current 366
described 360
displaying 365
number 80
specifying with a list 366
token pasting 237, 238
Topics 30, 35
TPTR 315
trace line.seecomamnds, trace line
trace routine.see commands, trace routine
tracepoints
described 79
displaying. see commands, info trace 89
setting 88
TRIP 316
tutorial. see Online Guide

U

unrolled loops 316, 320
UREX 316
URIV 316
URTP 316
user interface
CXwindows. see CXwindows
Maryland Windows. see Maryland Windows

types 2
user-defined functions 321

\'

variables
compiler-generated 333
debugger. see debugger variables
inactive 320
induction. see induction variables
not updated 321
optimization of. see synthesized variables
program. see program variables
see also scope paths
synthesized. see synthesized variables
VBOT 317
vector accumulator registers 352
vector length 352
vector registers 352
vector stride 352
vectorization 346, 351, 354
viewports
deleting 251
described 244
modifying 251
vl 352
VMSK 317
vs 352
VSPL 317

w

watch. see commands, watch
watchpoints
described 79
displaying 91
setting
at a variable 89
at an address range 92
windows
command. see command window
disassembly. see disassembly window
display file. see display file window
Event Point Dialog 17
examine. see examine window
help. see help window
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manager 10, 12

menus. see menus

number 12, 15, 30, 47, 50, 65

process interface. see process interface window
described 19

shell 225

source. see source window

stack frame description 288

stack. see stack window 286

thread-specific 370

types 2

X

X resources. see Xdefaults

X Window System 9

Xdefaults
command window (CXwindows) 12
disassembly window 303
examine window 174

Z

ZMSK 317
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