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Preface

This preface discusses the purpose of the manual, the MULTI documentation set,
and typographical conventions used.

About This Book

The MULTI: Debugging book is divided into the following parts:

* Part I: Before You Begin Debugging documents the basic components of the
Debugger and describes how to connect to your target and prepare it for
debugging. See Part I. Before You Begin Debugging on page 1.

» Part Il: Basic Debugging describes how to execute embedded programs and
navigate the Debugger window. See Part II. Basic Debugging on page 119.

» Part IlI: Viewing Debugging Information and Program Details documents
how to examine program code and view debugging information. See
Part II1. Viewing Debugging Information and Program Details on page 181.

» Part IV: TimeMachine Debugging describes how to collect and analyze trace
data and documents the separately licensed TimeMachine tool suite. See
Part IV. TimeMachine Debugging on page 399.

» Part V: Advanced Debugging in Specific Environments documents how to test
target memory; use flash memory; use the MULTI Debugger with ROM;
perform field debugging, run-mode and freeze-mode debugging, and OS-aware
debugging; and establish serial connections. See Part V. Advanced Debugging
in Specific Environments on page 509.

» Part VI: Appendices contains reference material, including comprehensive
documentation of the Debugger's menus, keyboard shortcuts, and command
line options. This part also contains instructions about how to use the Debugger
with third-party tools and how to create custom data visualizations.
Specifications for the register definition format supported by this release are
included, as are descriptions of Integrate features new in this release. See
Part VI. Appendices on page 657.

Note

New or updated information may have become available while this book
was in production. For additional material that was not available at press
time, or for revisions that may have become necessary since this book
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The MULTI 6 Document Set

was printed, please check your installation directory for release notes,
README files, and other supplementary documentation.

The MULTI 6 Document Set

The primary documentation for using MULTI is provided in the following books:

MULTI: Getting Started — Provides an introduction to the MULTT Integrated
Development Environment and leads you through a simple tutorial.

MULTI: Licensing — Describes how to obtain, install, and administer MULTI
licenses.

MULTI: Managing Projects and Configuring the IDE — Describes how to
create and manage projects and how to configure the MULTI IDE.

MULTI: Building Applications — Describes how to use the compiler driver
and the tools that compile, assemble, and link your code. Also describes the
Green Hills implementation of supported high-level languages.

MULTI: Configuring Connections — Describes how to configure connections
to your target.

MULTI: Debugging — Describes how to set up your target debugging interface
for use with MULTT and how to use the MULTI Debugger and associated tools.

MULTI: Debugging Command Reference — Explains how to use Debugger
commands and provides a comprehensive reference of Debugger commands.

MULTI: Scripting — Describes how to create MULTI scripts. Also contains
information about the MULTI-Python integration.

For a comprehensive list of the books provided with your MULTI installation, see
the Help — Manuals menu accessible from most MULTI windows.

Most books are available in the following formats:

A printed book (select books are not available in print).

Online help, accessible from most MULTI windows via the Help — Manuals
menu.

An electronic PDF, available in the manuals subdirectory of your IDE or
Compiler installation.
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Conventions Used in the MULTI Document Set

All Green Hills documentation assumes that you have a working knowledge of your
host operating system and its conventions, including its command line and graphical
user interface (GUI) modes.

Green Hills documentation uses a variety of notational conventions to present
information and describe procedures. These conventions are described below.

Convention Indication Example

bold type Filename or pathname C:\MyProjects
Command setup command
Option -G option
Window title The Breakpoints window
Menu name or menu choice The File menu
Field name Working Directory:
Button name The Browse button

italic type Replaceable text -0 filename
A new term A task may be called a process

or a thread

A book title MULTI: Debugging

monospace type

Text you should enter as presented

A word or words used in a
command or example

Source code

Input/output

A function

Type help command name

The wait [-global] command
blocks command processing,
where —-global blocks
command processing for all
MULTT processes.

int a = 3;

> print Test
Test

GHS System()

ellipsis (...)

(in command line
instructions)

The preceding argument or option

can be repeated zero or more times.

debugbutton [namel]...

XXVi
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Convention Indication Example

greater than sign (>) Represents a prompt. Your actual > print Test
prompt may be a different symbol  Test
or string. The > prompt helps to
distinguish input from output in
examples of screen displays.

pipe (|) One (and only one) of the call proc | expr
parameters or options separated by

the pipe or pipes should be

specified.

(in command line
instructions)

square brackets ([ ]) Optional argument, command, .macro name [list]
option, and so on. You can either

include or omit the enclosed

elements. The square brackets

should not appear in your actual

command.

(in command line
instructions)

The following command description demonstrates the use of some of these
typographical conventions.

gxyz [-option]... filename
The formatting of this command indicates that:

* The command gxyz should be entered as shown.

* The option -option should either be replaced with one or more appropriate

options or be omitted.

* The word £ilename should be replaced with the actual filename of an
appropriate file.

The square brackets and the ellipsis should not appear in the actual command you

enter.
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Chapter 1. Introduction

The MULTI Debugger

The MULTI Debugger is a powerful graphical debugger that supports source,
assembly, and mixed-language debugging.

A Register View = || @ | 5= | | € My Projects\Project?\visualize - MULTI Debugger o= | A Memory View = =)=
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The MULTI Debugger's graphical interface makes it possible to view information
about multiple processes and program elements simultaneously. The GUI also makes
it easy to perform various debugging tasks, since most tasks can be invoked with
a simple mouse click or keyboard shortcut. Most tasks can also be performed by
typing commands into the Debugger's command pane.
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Building Your Code for Debugging

The MULTI Debugger allows you to perform the following tasks quickly and easily:

» Download, execute, control, and debug embedded applications written in C,
C++, assembly, or a combination of these languages.

* Browse, view, and search all aspects of your program code using graphical
windows.

» View and edit variables, pointers, structures, registers, and memory ranges.

» Create, view, edit, and remove conditional breakpoints, non-intrusive
tracepoints, data watchpoints, and Debugger Notes.

« View profiling, memory allocation, code coverage, and stack trace information.
+ Analyze collected trace data.

* Interface seamlessly with the TimeMachine tool suite, the MULTTI Editor, the
MULTT Builder, the Eclipse environment, and with third-party editors and
compilers.

 Perform multiprocess debugging through a single JTAG connection, even when
those processes are running on multiple processors.

* Perform non-intrusive field debugging of live systems.

Building Your Code for Debugging

To make the most of the MULTI Debugger, you should enable generation of
debugging information before compiling your code. See the MULTI: Building
Applications book for information about how to generate debugging information.
Profiling and run-time error checking are advanced Debugger features that are also
enabled via the compiler. See the MULTI: Building Applications book for
information about enabling run-time error checking and obtaining profiling
information.

Starting the MULTI Debugger

You can open the MULTI Debugger from within the MULTTI IDE or from the
command line. The sections below provide brief instructions about how to start the
Debugger. For instructions about starting MULTI, see the MULTI: Getting Started
book.

Green Hills Software 5
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Starting the Debugger in GUI Mode
To start the MULTI Debugger in GUI mode, do one of the following:

» From the MULTI Launcher, click the Debug button (#) and select an
executable from the drop-down list of recently accessed programs. If the
executable you want to debug does not appear on the list, click Open Debugger,
navigate to the file in the chooser that appears, and click Debug. Performing
either of these procedures repeatedly adds the specified executables to the open
Debugger window.

* From the MULTI Project Manager, select a compiled program and click the
Debug button (% ). If the Debug button appears dimmed, you have not selected
a compiled application. Performing this procedure repeatedly adds the specified
executables to the open Debugger window.

* From the command line of your host system, start MULTTI:

° On a compiled program. For example, enter the command:
multi [options...] program

For information about compiling a program for debugging, see the
documentation about enabling debugging features in the MULTI: Building
Applications book.

o By attaching MULTI to a target on which the target operating system is
already running. For example, enter the command:
multi [options...] -connect="rtservZ2 myboard"
to connect via rtserv2 to an operating system running on myboard. For
more information, see Chapter 25, “Run-Mode Debugging” on page 577.

© On a trace session file. For example, enter the command:
multi [options...] trace session.trs

For information about trace session files, see “Saving and Loading a Trace
Session” on page 448

where options is any non-conflicting combination of command line options.
The most common options are listed in the following table. For a full list, see
Appendix C, “Command Line Reference” on page 721.
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Starting the Debugger in GUI Mode

-connect[=target | =connection_method_name)

Connects to the target debug server specified by target; connects using the specified
Connection Method; or, if neither a target nor a Connection Method is specified, opens
the Connection Chooser.

For more information about connecting to targets, see Chapter 3, “Connecting to Your
Target” on page 39. For information about the connect command, which corresponds to
this option, see “General Target Connection Commands” in Chapter 18, “Target Connection
Command Reference” in the MULTI: Debugging Command Reference book.

Note: The Debugger ignores the deprecated mode argument in Connection Methods that
specify it. To remove the mode argument from a MULTI 4 Connection Method, edit and
save the Connection Method in MULTI 6. For more information, see the connect command
in “General Target Connection Commands” in Chapter 18, “Target Connection Command
Reference” in the MULTI: Debugging Command Reference book.

-display disp
Linux/Solaris only

Specifies that the Debugger will open in the alternative display disp.

-h
Displays a concise description of all command line options.

-H

-help
Opens the MULTI Help Viewer on the MULTI: Debugging book.

-norc¢

Causes MULTT to ignore all .re script files upon startup except for those specified with
-rc. For information about the -re option, see Appendix C, “Command Line Reference”
on page 721.

For more information, see “Using Script Files” in Chapter 7, “Configuring and Customizing
MULTTI” in the MULTI: Managing Projects and Configuring the IDE book.

-p file

Runs the commands in the playback file £i1e on startup.

For more information, see “Record and Playback Commands” in Chapter 15, “Scripting
Command Reference” in the MULTI: Debugging Command Reference book.

Each time you start MULTTI from the command line, a new Debugger window
opens.

For a description of the main features of the Debugger window, see Chapter 2, “The
Main Debugger Window” on page 11.
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Note

If you load an executable whose debug information files are out of date
(that 1s, the executable is newer than the debug information), the
Translate debug information? dialog box appears. The executable may
be newer than the debug information if, for example, you customarily
build your program and then move it to a new location, but at some point
forget to move the debug information files along with the executable. If
you know why the debug information files are out of date, try to remedy
the problem and then click Check Again. The dialog box closes if the
executable has an older timestamp than the debug information files. If
you do not know the reason for the out-of-sync files, you can click
Translate to extract debug information from the executable. If the
executable was built with DWAREF or Stabs information, a reasonable
amount of debug information is extracted. However, if the executable
was built without DWARF of Stabs information, debug information inside
the executable is limited. In the latter case, MULTTI will be able to open
the executable, but source-level debugging will not be available.

Starting the Debugger in Non-GUI Mode (Linux/Solaris only)

On certain versions of Linux/Solaris, you can run the MULTI Debugger in a
non-GUI mode. Non-GUI mode does not support all of the features of the GUI
mode and may not be sufficient for debugging some target systems.

To run the Debugger in non-GUI mode, start MULTT from the command line and
use the -nodisplay option, as follows:

multi -nodisplay program

For information about compiling a program for debugging, see the documentation
about enabling debugging features in the MULTI: Building Applications book.

U

Tip

If you want to script Debugger actions without bringing up a GUI, you
may want to use the -run command line option. See Appendix C,
“Command Line Reference” on page 721.
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Next Steps

Next Steps

The next chapter contains a detailed description of the main Debugger window and
a summary of the key features that can be accessed from it.

While you can open a Debugger window and view your program code without
connecting to your target, you will be unable to perform certain MULTI Debugger
operations until you have connected MULTI to a target. These operations include
viewing memory or registers and setting certain types of hardware breakpoints. For
instructions about connecting MULTT to a target, see Chapter 3, “Connecting to
Your Target” on page 39 and Chapter 6, “Configuring Your Target Hardware”

on page 89. After you have established a connection, see Chapter 7, “Preparing
Your Target” on page 103 for information about running a program on your target.
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Chapter 2. The Main Debugger Window

This chapter describes the main Debugger window, which opens when you first
start the MULTI Debugger. For instructions about starting the Debugger, see
“Starting the MULTI Debugger” on page 5.

Debugger Window Components

The following graphic displays the main Debugger window. The topmost pane
displays all items available for debugging and shows how these items are related.
The middle pane displays source code for the item you are debugging. The bottom
pane functions as a command prompt by default, but also allows you to view other
panes.

Title bar * % My Projects\Projectd\basic_dbg - MULTI Debugger EI

Menu bar——{ File Debug View Browse Target TimeMachine JTools Ceonfig Windows Help

Toobar— QLK F I FpH T2 i 0RF Q20RO % E Y

Target Status @& b T
R Simulated target / PowerPC 601 / hasic dbg Stopped
Target list—
107 3 -
108 4 . while (i--)
109 5 . al[i] = 1:
110 & . H
111
112 int main (wvoid)
113 1 {
114 2 int i:
Source 115 3 short count;
pane 116 2
117 5 /% Print Hello */
115 6 PrintHello:
119 7 . printf("Hello World!Yyn™):
1z0 & InitializeCounter:
121 9 wpEEE counter = 0;
1z& 10
123 11 4% First let us create a list of names +/
1z4 12 . for (i = 0; i < COUNT: i++)
125 13 InForLoop:
126 14 @ add_to_list(table[i] .name, table[i].info.age,
127 15 [enuwn gender)] tablel[i] .info.gender):;
1z 16 =
129 17 A% Now let us print out the global list */
130 18 . print_global list():
131 19
132 20 A% Just doing & little extra work to make it more interesting */ il
Navigation |/ * ° ET
bar —| Source » File: src_dbghlinked_list.c * Proc; main > |/ =
I/0: Hello World! -

Notice that 'Hello World!' was printed to the target IS0 pane.
Output from the target iz also shown in the commwand pane with 'I/0:!
hefore each line.

Command, Tou can double click on a variable in the source pane to display it
target, 11O, in & Data Explorer.
serial terminal, —— o Conti Lick 'G el a1 rs
r . ! t t v,
Pylhon, or o Continue, clic 0 on Jelecte emz (F5) .
traffic pane Stopped by breakpoint
MULTI> il
Crnd | Trg® | [/0% | Py | Tfc* ]|In section: text R STOFPED
Status bar
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Debugger Window Components

The major components of the Debugger window are described below.

Title bar — Displays the name of the executable being debugged. In this
example, the executable name is basic_dbg.

Menu bar — Contains drop-down menus with the Debugger's most commonly
used features. Specific menu options are documented throughout Parts I, II,
and III of this manual, in the context of the tools or actions they are associated
with. For a comprehensive description of Debugger menus and menu choices
arranged by menu, see “Debugger Window Menus” on page 660. For information
about how to customize menus, see “Configuring and Customizing Menus” in
Chapter 7, “Configuring and Customizing MULTI” in the MULTI: Managing
Projects and Configuring the IDE book.

Toolbar — Contains buttons with the Debugger's most commonly used features.
Positioning your mouse pointer over a button displays the button's function.
For a full description of each default button and its command equivalent, see
“The Debugger Window Toolbar” on page 691. For instructions about how to
add or remove buttons from the toolbar or customize buttons, see “Configuring
the Debugger Toolbar” on page 698.

Target list — Displays items that are currently available for debugging and
shows the relationships among these items. For more information, see “The
Target List” on page 15.

Source pane — Displays the source code of your program. For more
information, see “The Source Pane” on page 21. From the source pane, you
can also open special windows to view variables, registers, target memory, the
call stack, and other process and debugging information. For more information,
see “Viewing Program and Target Information” on page 168.

Navigation bar — Contains buttons and tools for changing the display mode
of the source pane, browsing through the files and procedures of the program
you are debugging, and jumping to previous or subsequent source pane views.
For more information about these tools, see “The Navigation Bar” on page 25.

Command, Target, 1/0, Serial Terminal, Python, and Traffic panes — Functions
as the command pane by default. The command pane accepts Debugger
commands and displays the output of debugging activity. You can use the tabs
beneath the pane to display a target pane, I/O pane, serial terminal pane, Python
pane, or traffic pane instead of the command pane. For more information about
each pane and how to switch among them, see “The Cmd, Trg, I/O, Srl, Py,
and Tfc Panes” on page 26.
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 Status Bar — Displays process status and various informational messages. For
more information, see “The Status Bar” on page 36.

Setting Up Your Debugging Environment

When you are debugging, you can reuse the Debugger window and certain other
windows or you can open new windows and debug different executables side by
side. The following sections describe how to set up each of these debugging
environments.

Reusing the Debugger Window

MULTT allows you to debug multiple items using one Debugger window. To debug
a different executable in the current Debugger window, simply single-click the
executable in the target list. The code for that executable appears in the source pane.
Additionally, certain windows automatically update to display information relevant
to the new executable. MULTT's ability to remember this information as you switch
between executables reduces the number of windows required for debugging,
especially when you are debugging multi-core or multi-threaded systems.

MULTT reuses the following windows:

 Call Stack window

* Breakpoints window

* Memory View window
* Register View window
* Data Explorer

* Note Browser

Opening Multiple Debugger Windows

The ability to open multiple Debugger windows is useful when you want to debug
different executables side by side. To open a new Debugger window on an
executable, perform one of the following actions in the target list:

* Double-click the executable.

14 MULTI: Debugging



The Target List

 Right-click the executable and select Open in New Window from the shortcut
menu that appears.

Note
\ : : : .
It is not possible to debug the same process in two windows.

If you open multiple Debugger windows, the background colors are different to
help you distinguish among the windows. In the target list located in the original
Debugger window, the names of executables that are open in another Debugger
window are highlighted in the same color as the corresponding Debugger window.
The target list does not appear in secondary Debugger windows.

The original Debugger window functions as a control window; when it is closed,
any secondary Debugger windows that were launched from it are also closed.

The Target List

The target list displays all the items that are currently available for debugging. It
may also list items that are not available for debugging (you cannot attach to any
items that appear dimmed). The following sections provide information about
repositioning the target list and about target list entries and terminology.

| Note

% For the following sections, the term executable is used to mean any
executable; thread; or INTEGRITY application, module, or kernel that
you can select for debugging.

Repositioning and Hiding the Target List

The first time you open the Debugger, the target list is located at the top of the
window, above the source pane. If the target list takes up a lot of screen real estate
(often the case when it contains many target list entries), you may want to move it
to the left side of the Debugger window. To do so, click the Move target list to
left button (), which is located to the right of the Status column. To move it back
to the top of the window, click the Move target list to top button ( ). MULTI
remembers the location of the target list across sessions.
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When you change the target list location, MULTT attempts to preserve the width of
the source pane by resizing the window. If the source pane area is too small, MULTI
does not change the window size.

Tip

0 As an alternative to moving the target list, you can maximize the target
list area and then debug every executable in a separate window. To
maximize the target list area, click the Move splitter down button (=)
or the Move splitter right button (- ) (depending on the position of the
target list). For information about debugging executables in separate
windows, see “Opening Multiple Debugger Windows” on page 14.

By default, the target list is auto-sized when it occupies the top pane of the Debugger
window, but you can also size it manually. To do so, drag the splitter that separates
the target list from the source pane. To revert to the default auto-sizing behavior,
click the Auto-size splitter button (%), which is located to the right of the Status
column.

To hide the target list completely, click the Move splitter up button ( -+ ) or the
Move splitter left button ( -1) (depending on the position of the target list), or drag
the splitter.

Debugging Target List Iltems

The content of the source pane varies depending on the item you select in the target
list. The following list describes what appears in the source pane when you select
a particular item in the target list.

* An executable — The executable's source code appears in the source pane.

* An OSA AddressSpace — The source pane is empty. OSA AddressSpaces are
located under CPU nodes, and their names begin with OSA.

* An OSA master process — The kernel's source code appears in the source
pane. The master process is listed under the CPU node of a freeze-mode
connection. For more information, see “Master Debugger Mode” on page 614.

* An OSA task — The task's source code appears in the source pane. OSA tasks
are located under OSA AddressSpaces (AddressSpaces whose names begin
with OSA). MULTI refreshes OSA tasks in the target list when the OSA
Explorer is refreshed or when trace data is retrieved. If you have frozen or

16
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closed the OSA Explorer and disabled the retrieval of trace data, MULTI does
not refresh OSA tasks when the target halts. For more information, see
“Debugging in Freeze Mode” on page 613 and “Task Debugger Mode”

on page 615.

* A run-mode AddressSpace — If you are using INTEGRITY version 10 or later,
the AddressSpace's source code appears in the source pane. Otherwise, the
source pane is empty. Run-mode AddressSpaces are located under a CPU node
of'a run-mode connection to the target, or they are located under an application
(kernel image or dynamically downloaded module), which is in turn located
under a CPU node. A run-mode connection to a target is usually denoted by
Run mode target. For more information, see “Run-Mode AddressSpaces”
on page 581.

* A run-mode task — The task's source code appears in the source pane.
Run-mode tasks are located under run-mode AddressSpaces. For information
about run-mode debugging, see Chapter 25, “Run-Mode Debugging”
on page 577.

* A program or task in TimeMachine mode — The program's or task's source
code appears in the source pane. The Status column indicates target list entries
for which TimeMachine is enabled. For information about debugging in
TimeMachine mode, see “The TimeMachine Debugger” on page 413.

Any commands you give via menu selections, buttons, or the command pane are
performed on the item that is selected in the target list (if applicable).

For information about how the above items are arranged in the target list, see the
next section.

The Target List Display

Related executables, CPUs, and debug servers are arranged hierarchically on several
lines or compressed onto one line. Both views illustrate the relationships among
items. Which items appear and the style of grouping is dependent upon your current
environment. The two views available are described below:

» Compressed — The Debugger compresses all related items onto a single line
when the resulting line contains only one of each item. For example, suppose
you are connected to a PowerPC 860 CPU that is running a kernel. The debug
server, CPU, and kernel are all compressed onto one line, as shown next.
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Target Status LS

Simulated target / PowerPC 860 (PowerQUICC) / kernel Running

» Hierarchical — The Debugger arranges related items as a hierarchy when the
resulting hierarchy contains multiple occurrences of any item. For example, if
a kernel contains multiple tasks, the items are arranged as shown next.

T arget Status LT
B Fun mode target (localhost) _I
B PowerPC 860 (PowerQUICC) (localhost)
E Eernel and boot image Loaded
EH kernel
Initial Zombied
Idle Running
ResourcelManager FPended
LoaderTask Pended
MULTILoadigent HostcIg

In both compressed and hierarchical view mode, you can change the display by
expanding or collapsing nodes. If you collapse a node that encompasses multiple
items of the same type (for example, a CPU that contains multiple applications),
the source pane is generally empty and the target list does not display status or CPU
information for the parent object. Displaying a single status for the parent object
would be ambiguous in this case because multiple child objects, each of which have
a valid status, are encompassed by the parent object.

As the previous samples illustrate, executables appear after the CPU that they are
associated with. The CPU in turn appears after the appropriate debug server.

Target Terminology

The following list defines the phrases that are used in the Target section of the
target list.

* Direct hardware access — Appears under a CPU name in the target list when
you are not actively debugging an executable on that CPU. For information
about preparing to debug an executable on your target, see Chapter 7, “Preparing
Your Target” on page 103.

* Unconnected Executables — The executables that appear under this heading
are not associated with a connection. For more information, see “Associating
Your Executable with a Connection” on page 105.
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The Status Column

The Debugger lists the statuses of certain items in the target list's Status column
and automatically updates these statuses when appropriate. The following table
defines common statuses. Not all statuses are supported by all operating systems.

Status Meaning

DebugBrk The task has been stopped due to a MULTI breakpoint or
single-stepping.

Execing The process has just performed an exec () call—a kernel call via
a software interrupt.

Exited The task has exited (usually by calling exit ()).

GrpHalt The task, which is part of a task group, has been halted by a group
breakpoint. For more information see, “Group Breakpoints”
on page 588.

Halted The run-mode task has been halted by the operating system.

HostIO The task is writing to or reading from a file on the host system or

the I/0 pane. This status may also signify that the target process
is waiting for input from stdin. In this case, select the process in
the target list, click in the I/O pane, and type the input you want
the process to receive.

No TimeMachine Data

Trace data was not saved for the loaded task.

Not loaded The executable has not been downloaded or flashed onto a target
or is not currently running on the target system. For information
about loading the executable on a target, see “Preparing Your
Target” on page 108.

Pended The exact meaning is OS-specific. In general, this status signifies
that the run-mode task is waiting for something to happen, such
as the release of a semaphore or message on a socket.

Running The task is running.

status(TimeMachine) TimeMachine mode is enabled. For information about
TimeMachine, see “The TimeMachine Debugger” on page 413.

Stopped The task is stopped.

SysHalt All tasks on the target system are halted, and the target is frozen.

Zombied The task has exited (usually by calling exit () ), but data structures

describing the task still exist on the target.
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The CPU % Column

In specific debugging environments, a CPU % column appears in the Debugger
window's target list. It displays the percentage of the CPU that each task and

AddressSpace is currently using. For more information, see “Profiling All Tasks
in Your System” on page 603.

Target

H Run mode target [localhost)
B PowerPC 60 (PowerQUICC) [localhost)
El Eernel and hoot image

B

[
[
[
[

pizza-kernel

Initial

Idle
mphonecompany / Initial
mengineer / Initial
minformation / Initial
mpizzahut / Initial

Statuz

Loaded

Zombied
Funning
Pended
Funning
Pended
Pended

CPU %

@ WsT

g .42

o.
gg. 42
.aa
.26
.aa
32

o O N

oo
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The Source Pane

The source pane displays the source code of your program. Your program's source
code can be in C, C++, or assembly language.

Line numbers

(By default, file-relative line numbers in left-hand column and
Regular breakdot procedure-relative line numbers in right-hand column)
(green)
5 L wal=1;
Enabled software |15 15~ walee=1s
breakpoint (red) —zo—1= g if (val==0)
30 18 L] wal=1;

Software breakpoint
31 13 3

with command "Sl'\&g.._,zo\‘

33 21 MW printf("done!Yn" ;
Program counter—zs—aa—semm
(red arrow) |35

26 1 void do_tick{int tick) {
37 2 static int last_tick = 0;
28 3 static char message buf[&4];
Disabled software |35 4 -
breakpoint (gray) —+s—s—gh if (tick » last_tick + 1) {
41 & L] fatal abort ("Unexpected tick wvalus.™): /% not executed */
Software breakpoint 42 - 3 -
with conditions —ss—e—gj if(tiek % 10 == 0) {
44 9 L] perform maintenance (tick);
Debugger note ,.- L] +Hnun_ maintenance ;
. o 11 ¥
(gray shading) 47 1zmp s lazt_tick = tick: /7% update the last_tick wvalue */
. 15 = ++num ticks:
Current line 49 14 0 Springf (wessage buf, "tick :d\vn"™, tick):
pointer (blug) |sq s} B
Jump breakpoint 1 ) o
5z int wainfint arge, char **argv)
53 1 i
54 2 int i:
Software breakpoint 55 3
with count—s6—3—y forf{i = 0; i < 50; ++1i)
57 5 L] do_tickii):
58 6
59 7 EeforeReturn:
Hardware breakpoint —8—s—§ return 0;
al 2 End: :
4 m [ 2 |—

The main features of the source pane are described below.

» Source pane display modes — The source pane can display your program code
in high-level language, mixed high-level and assembly language, or assembly
language. You can use the Display Mode Selector in the navigation bar or the
View — Display Mode menu option to switch among these display modes.
For more information, see “Source Pane Display Modes” on page 23.

* Line numbers — By default, file-relative line numbers appear in the left-most
column of the source pane, and procedure-relative line numbers appear to the
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right of the file-relative numbers. You can configure the Debugger to display
either, both, or neither of the columns or to display the columns in opposite
orientation. See “Source Pane Line Numbers” on page 24.

Breakdots — A breakdot (*) is a small dot located to the left of any line of
code that corresponds to an executable instruction. You can set a software
breakpoint simply by clicking a breakdot. You can also use breakdots to set
hardware breakpoints or tracepoints, if your target supports them. For more
information, see “Breakdots, Breakpoint Markers, and Tracepoint Markers”
on page 125.

Breakpoint markers — A breakpoint marker is an icon that appears in place
of a breakdot when you set a breakpoint. Hardware breakpoints are indicated
by a small purple cube (®). Software breakpoints are indicated by a small red
stop sign (&). The stop sign may contain a symbol indicating that certain
conditions are associated with the breakpoint. If a breakpoint is disabled, the
breakpoint marker is gray. For more details, see “Breakdots, Breakpoint
Markers, and Tracepoint Markers” on page 125.

Debugger Notes — Debugger Notes are free form notes that can be associated
with any line of code. The line number column(s) of lines associated with
Debugger Notes are shaded gray. For more information, see Chapter 10, “Using
Debugger Notes” on page 173.

Current line pointer — The blue current line pointer (=) jumps to any line
you type in the command pane, select with a mouse click, or navigate to with
commands. If you run or step a process, the pointer jumps to the location where
the process halts. Many Debugger commands operate at the line pointer location
if no other location is specified.

When you open a program, the line pointer is located at the entry point. If you
stop a running process, the line pointer jumps to the code where the process
has stopped. You can also navigate to other locations easily. For more
information about how to navigate to different locations, see Chapter 9,
“Navigating Windows and Viewing Information” on page 155.

Program counter (PC) pointer — The program counter (PC) pointer is a red

arrow marked with the word STOPPED (===). When a process stops, the PC
pointer identifies the line that will execute next when you resume the process.
When the Debugger stops on a conditionally not-executed instruction, or when
the PC is not in the selected image, the PC pointer turns gray (=), When you
step backward in the Debugger or launch TimeMachine, the PC pointer turns
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blue (==). When you move up or down the call stack, the PC pointer becomes
a hollow arrow outlined in red ().

* Shortcut menus — Shortcut menus are available when you right-click a source
line, a breakpoint, a procedure, a variable, a type, or a member of a type. See
“Source Pane Shortcut Menus” on page 704 for more specific information about
these menus.

j Note

% You can open other windows to view details about certain program
elements, such as variables, by double-clicking them in the source pane.
For more information, see “Viewing Program and Target Information”
on page 168.

Source Pane Display Modes
The Debugger source pane has three modes for code display:

» Source only — Displays only high-level source code. This is the default display
mode.

* Interlaced assembly — Displays high-level source code interlaced with the
corresponding machine instructions.

» Assembly only — Displays only assembly code.
You can change the source pane display mode in any of the following ways:

* From the Display Mode Selector's drop-down menu, select Source, Mixed, or
Assem. The Display Mode Selector (souce  ~ ) appears on the navigation bar.

* Press the Assembly button ( &l ) located on the toolbar to toggle between
source-only mode and interlaced assembly mode.

* From the View — Display Mode menu, select Source Only, Interlaced
Assembly, or Assembly Only.

» Use the assem Debugger command. For information about this command, see
Chapter 8, “Display and Print Command Reference” in the MULTI: Debugging
Command Reference book.
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When assembly code is displayed (interlaced assembly or assembly-only mode),
the hexadecimal address of each machine instruction appears in the source pane.
When the process stops at a line in the high-level source code, the PC pointer (===)
appears at the first machine instruction associated with that high-level source line.
Note that not all high-level source lines generate executable code.

If no high-level source code is available to the Debugger, or if the module was not
compiled with sufficient debugging information, the Debugger only displays
assembly code, regardless of the display mode setting. See the MULTI: Building
Applications book for information about how to generate debugging information.

Source Pane Line Numbers

The Debugger supports both procedure-relative and file-relative line numbers. You
can configure the Debugger source pane to display either, both, or neither of these
line numbers. To configure the appearance of procedure-relative and file-relative
line numbers, select Config — Options — Debugger tab. From the Line numbers
in source pane text box, choose No Number, File Number, Proc Number, or
Both Numbers.

When both file-relative and procedure-relative line numbers are displayed, they
appear as two separate columns on the left side of the source pane. By default,
file-relative line numbers appear in the left-most column, and procedure-relative
line numbers appear to the right of the file-relative numbers and to the left of the
breakdots. You can change the orientation of the column display with one of the
following methods:

» Select Config — Options — Debugger tab. If you check the Use procedure
relative line numbers (vs. file relative) box, file-relative numbers appear in
the left column and procedure-relative numbers in the right column. This is the
default setting. If you clear this check box, file-relative numbers appear in the
right column and procedure-relative numbers in the left column. This option
also affects how line numbers in Debugger commands are interpreted. See
“Specifying Line Numbers” in Chapter 1, “Using Debugger Commands” in
the MULTI: Debugging Command Reference book.

* Use the configure command to set the option ProcRelativeLines to on or of £
(for more information, see “Using the configure Command” in Chapter 7,
“Configuring and Customizing MULTT” in the MULTI: Managing Projects
and Configuring the IDE book).
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For example:
> configure ProcRelativelLines on

Setting this option to on causes file-relative numbers to appear in the left column
and procedure-relative numbers to appear in the right column. This is the default
setting. Setting this option to o f f causes file-relative numbers to appear in the
right column and procedure-relative numbers to appear in the left column. This
option also affects how line numbers in Debugger commands are interpreted.
See “Specifying Line Numbers” in Chapter 1, “Using Debugger Commands”
in the MULTI: Debugging Command Reference book.

The Navigation Bar

With the navigation bar, you can change the display mode of the source pane; browse
through the output, files, and procedures of the program you are debugging; and
jump to previous or subsequent source pane views. The navigation bar is located
below the source pane and above the command pane in the Debugger window.

Saurce

w File #rc_tracehbrace_democ * Proc man - & =

The navigation bar contains the following buttons and tools.

Display Mode Selector (sarce  ~) — Changes the source pane's display mode
to source only (Source), interlaced assembly (Mixed), or assembly only
(Assem). For more information, see “Source Pane Display Modes” on page 23.

File Locator (Fie: sic_tracetiace_democ ~ ) — Shows the name of the file currently
displayed in the Debugger and allows you to quickly navigate to other files in
your program. For a full description of how to use this tool, see “Using the File
Locator” on page 164.

Procedure Locator (Fre=: man ~ ) — Shows the name of the procedure currently
displayed in the Debugger and allows you to quickly navigate to other
procedures in your program. For a full description of how to use this tool, see
“Using the Procedure Locator” on page 165.

Back (&) and Forward () buttons — Allow you to jump to files and
procedures you have viewed before or after the current view. For more
information, see “Using Navigation History Buttons” on page 167.
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You can change the relative sizes of the source pane and the command pane by
dragging the navigation bar up or down.

Note

The pane-switching buttons that appeared on the navigation bar in
previous releases and that allowed you to switch between the command,
target, and I/O panes have been replaced by tabs under the command
pane. For more detailed information, see the next section.

The Cmd, Trg, I/O, Srl, Py, and Tfc Panes

The pane located below the navigation bar in the Debugger window functions as
the command pane by default. But it can also display a target pane, I/O pane, serial
terminal pane, Python pane, or traffic pane. The availability of individual panes
depends upon the current environment.

MOLTI> -

-

4 I 3

Crd | Trg | 140 ] Py | The |

To change which pane is displayed in this area, click the appropriate tab located in
the lower-left corner of the pane. The following table describes each tab and pane.

Tab Pane Description

Cmd Command Allows you to enter Debugger commands and view the output
of debugging activity. This is the default pane.

For more information about using the command pane, see “The
Command Pane” on page 28.

Trg Target Allows you to send commands to your debug server. This tab
and pane are only available if your debug server supports this
feature and you are connected to a target.

For more information about using the target pane, see “The
Target Pane” on page 30.
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Tab

Pane Description

/o

I/O (input/output)  Provides basic I/O for the process you are debugging. This tab
and pane are only available if your debug server supports this
feature and you are connected to a target. If input is not possible
for the currently selected target, the pane is labeled Out.

For more information about using the I/O pane, see “The I/O
Pane” on page 30.

Srl

Serial terminal Allows you to send commands to a serial port and receive input
back from it. This tab and pane are only available if you are
connected to an active serial port.

For more information about using the serial terminal pane, see
“The Serial Terminal Pane” on page 31.

Py

Python Allows you to execute Python statements and view
MULTI-Python output. This pane only remembers Python
history for the current Debugger's debugging session.

For more information about using the Python pane, see “The
Python Pane” on page 32.

Tfc

Traffic Provides messages detailing interactions between MULTT and
your target. This pane only contains meaningful messages if
you have connected to a target.

For more information about using the traffic pane, see “The
Traffic Pane” on page 33.

If a pane is not available in your current context, the tab for that pane does not
appear. If a tab is not selected but new output is available in the corresponding pane,
the tab 1s marked with an asterisk (*). The asterisk indicates that output is available
for viewing.

U

Tip
For information about limiting the number of scroll back lines available
in these panes, see the CTextSize option in “Other Debugger

Configuration Options” in Chapter 8, “Configuration Options” in the
MULTI: Managing Projects and Configuring the IDE book.
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The Command Pane

The command pane accepts Debugger commands for the process you are debugging
and displays the output of those commands. By default, the command pane also
displays color-coded output from the target, I/O, and serial terminal panes. When
the Cmd tab is selected, the command pane appears below the navigation bar in
the Debugger window. This is the default tab setting.

Stopped by breakpoint ~
MULTI>

-

4 T b

Crod [ Trg | 140 | Py | Tic ] Insection: text STOFFED

If the Cmd tab is not selected, but new output is available in the command pane,
the tab is marked with an asterisk (*).

In the Debugger window, most keystrokes you make go into the command pane,
unless you have clicked in the File Locator or the Procedure Locator text box. The
command pane automatically evaluates expressions using the syntax of the source
code language currently being debugged. For general information about using
Debugger commands and for a detailed description of the Debugger commands that
can be entered in the command pane, see the MULTI: Debugging Command
Reference book.

Note

% The default prompt in the command pane is MULTI>. You can specify a
different prompt by entering the command configure prompt
new_prompt in the command pane, or by setting the Command pane
prompt configuration option. For information about the configure
command, see “General Configuration Commands” in Chapter 6,
“Configuration Command Reference” in the MULTI: Debugging
Command Reference book. For information about the Command pane
prompt option, see “The Debugger Options Tab” in Chapter 8,
“Configuration Options” in the MULTI: Managing Projects and
Configuring the IDE book. For information about saving your prompt,
see “Saving Configuration Settings” in Chapter 7, “Configuring and
Customizing MULTT” in the MULTI: Managing Projects and Configuring
the IDE book.
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The Command Pane

The Debugger keeps a history of all the Debugger commands entered in the
command pane. You can use history commands, such as the ! and !! commands, to
search the command history and execute previously entered commands. For more
information, see “History Commands” in Chapter 15, “Scripting Command
Reference” in the MULTI: Debugging Command Reference book. You can also
record and play back sequences of Debugger commands. For more information,
see “Record and Playback Commands” in Chapter 15, “Scripting Command
Reference” in the MULTI: Debugging Command Reference book.

Command Pane Shortcuts

In the Debugger window, some key combinations, such as Ctrl+UpArrow, function
as shortcuts that invoke actions in the command pane. The following table lists
common shortcuts that affect the command pane. For a comprehensive list of
shortcuts, see “Command Pane Shortcuts” on page 718.

Shortcut Effect

UpArrow Retrieve the previous command from the command history, moving
back in the list. Press repeatedly to retrieve older commands.

DownArrow Retrieve the next command from the command history, moving
forward in the list. Press repeatedly to retrieve more recent commands.

Ctri+UpArrow Scroll up four lines.

Ctri+DownArrow Scroll down four lines.

Ctrl+U Cuts to the beginning of the current line or the selection.

Tab Accept auto-completion of the current word.

Ctrl+P Attempt to auto-complete the current string, working backwards
through the command history for commands beginning with the typed
characters.

Ctrl+D Display a list of possible completions for the current word.

F6 Cycle between the available panes in the command pane area. For
more information, see “The Cmd, Trg, 1/O, Srl, Py, and Tfc Panes”
on page 26.

Click with the right Open a shortcut menu. For a full description of the shortcut menu,

mouse button see the “The Command Pane Shortcut Menu” on page 712.

Green Hills Software
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Note

The procedures for copying, cutting, and pasting text in the command
pane differ slightly from the procedures used in other windows. For more
information, see “Selecting, Copying, and Pasting Text in the Main
Debugger Window” on page 161.

For a full list of default shortcuts, see Appendix B, “Keyboard Shortcut Reference”
on page 715. For information about reconfiguring the MULTI IDE's default shortcut
keys and mouse clicks, see “Customizing Keys and Mouse Behavior” in Chapter
7, “Configuring and Customizing MULTT” in the MULTI: Managing Projects and
Configuring the IDE book.

The Target Pane

The target pane allows you to send commands to your debug server. When the Trg
tab is selected, the target pane appears below the navigation bar in the Debugger

window.
Initializing "C:iyghs)\comp 60Ysimppe -cpusppoell [ -
Target cpu: PowerPC 601 L
Simppc> 3
Cd | Trg | 120 | Py | Tic ] Insection: text STOPFED

If the Trg tab is not selected, but new output is available in the target pane, the tab
is marked with an asterisk (*).

This tab and pane are only available if your debug server supports this feature and
you are connected to a target. For more information about debug servers, see the
MULTI: Configuring Connections book for your target processor family. For
instructions about connecting to your target, see Chapter 3, “Connecting to Your
Target” on page 39.

The 1/0 Pane

The 1/0O pane provides basic I/O for the process you are debugging. When the 1/0
tab is selected, the I/O pane appears below the navigation bar in the Debugger
window.
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The Serial Terminal Pane

Hello, World! -

Itewm Natwe: bhinder Itew Iham: 53 Frice: $1.99

Item MName: crayons Item MNum: 115 Price: §3.57

Item Nawe: dividers Item MNwm: 102 Price: $Z.49

Item Mame: notepad Item Num: S99 Frice: §1.39 -
Crod* [ Trg® | 120 | Py ] Thce® J|In section: spscal STOPPED

If the I/0 tab is not selected, but new output is available in the I/O pane, the tab is
marked with an asterisk (*). If input is not possible for the currently selected target,
the pane is labeled Out.

This tab and pane are only available if your debug server supports this feature and
you are connected to a target. For more information about debug servers, see the
MULTI: Configuring Connections book for your target processor family. For
instructions about connecting to your target, see Chapter 3, “Connecting to Your
Target” on page 39.

The Serial Terminal Pane

The serial terminal pane allows you to send commands to a serial port and receive
input back from it. When the Srl tab is selected, the serial terminal pane appears
below the navigation bar in the Debugger window.

m

Crod | Trg* | 170 ] S | Py | Tic ] RUMNING

If the Srl tab is not selected, but new output is available in the serial terminal pane,
the tab is marked with an asterisk (*).

This tab and pane are only available if you are connected to an active serial port.
There are two ways to connect to a serial port:

* Select Tools — Serial Terminal. From the submenu that appears, you can
open recent connections or create a new serial connection using the Serial
Connection Chooser. For more information, see “Using the Serial Connection
Chooser” on page 646.

* In the Debugger command pane, issue the serialconnect command with
appropriate arguments. For information about this command, see “Serial

Green Hills Software 31



Chapter 2. The Main Debugger Window

Connection Commands” in Chapter 18, “Target Connection Command
Reference” in the MULTI: Debugging Command Reference book.

Once you have established a serial connection, the serial terminal pane is available.
Input to this pane is sent to the serial port; output from the serial port is sent to this

pane.

Note

Only one serial connection exists per debugging session. If you open a
second Debugger window and a serial connection is already active, the
new window displays a Srl pane, but you cannot make a second,
simultaneous serial connection. All Debugger windows in a debugging
session show views of the same serial connection in their Srl panes. If
you require multiple serial connections at the same time, see Chapter 27,
“Establishing Serial Connections” on page 643, for alternate ways to use

serial connections.

The serial terminal pane provides partial VT100 support.

The Python Pane

The Python pane allows you to execute Python statements and view MULTI-Python
output. When the Py tab is selected, the Python pane appears below the navigation

bar in the Debugger window.

CmdCut: Pun command $help (or $h) to get basic information sbhout the Python pane. &

Python> x = 100

Cradiout: Executing Python statements ... Done.
Python> print xr

Crdiout: Executing Python statements ...

Py Err: Traceback (most recent call last):
Py Err: File "<string='", line 1, in ?

Py Err: WameError: name 'xr' 1is not defined
Cmdout: Done.

Python> print =

CrdCut: Executing Python statements ...

Py Cut: 100

CmdCut: Done.

Python> if = == 100:

..... 2 print ("X i= 100"):

..... 3 else:

..... L print (™% is not 100"

CrwdCut: Executing Python statements ...

Py Cut: ¥ i=s 100

CmdCut: Done.

Python>

Cmd | Py | T

m

WO PROCESS
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The Traffic Pane

If the Py tab is not selected, but new output is available in the Python pane, the tab
is marked with an asterisk (*).

This tab and pane are always available, but the Python pane only remembers Python
history for the current Debugger's debugging session. For more information about
this pane, see “MULTI-Python Interfaces” in Chapter 2, “Introduction to the
MULTI-Python Integration” in the MULTI: Scripting book.

To open the Python pane as a separate window, right-click in the Python pane area
and select Show Separate Py Window from the shortcut menu.

The Traffic Pane

The traffic pane displays messages that detail the interactions between MULTI and
your target. When the Tfc tab is selected, the traffic pane appears below the
navigation bar in the Debugger window.

| Set software breakpoint at O0x4Z5c tlinked_list.c:fact#‘l] P
| Resume process

| Status iz StatExecBreak

| Read register (#96) pc as Ox4ZeD (linked list.c:main#7) -

4 e I

Cod [ Trg | 140 ] Py ] Tfc Jlnsectinn:.te:-:t STOPPED

If the Tfc tab is not selected, but new output is available in the traffic pane, the tab
is marked with an asterisk (*).

This tab and pane are always available. However, you will only see meaningful
messages if you have connected to a target during the current MULTI session.

Viewing traffic information may be useful if you see unexpected results while
working in MULTTI or if your target crashes. You can examine traffic pane messages
to see what commands MULTT has issued to the target and to see how the target
has responded.

Each line of information in the traffic pane is referred to as a traffic report. When
you are debugging native processes, each traffic report begins with pi d—for
“process ID”—followed by the process ID number. When you are debugging
INTEGRITY tasks, each traffic report begins with task followed by a hexadecimal
number. These numbers and either pid or task are always enclosed in parentheses.
The target gives every process a new process ID number and every task a new task
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number, making it easy to tell processes and tasks apart. If the target does not know
the process ID or task number, or if none exists, the traffic report does not list any
number.

The traffic pane displays MULTI commands that result in target traffic, requests
that MULTI makes to the target, and resulting target responses or actions. The
following example typifies what you might see in the traffic pane.

Suppose you are debugging an ARM stand-alone program on a simarm simulator.
The simulator just executed the instruction MOV R0, 20, and you type the following
into MULTT's command pane.

MULTI> print $r0

The following result appears.

0x00000014

If you view the traffic pane contents, you see the following.

MULTI command: print $r0
| Read register (#0) r0 as 0x14

As aresult of you typing the print command, MULTT asked the target (in this case,
simarm) to read register RO.

Most MULTI buttons and menu items correspond to MULTI commands. Therefore,
if you click a button or select a menu item, the traffic pane displays the command
associated with your action. For example, suppose you click the & button or press
F10 to single-step a Linux x86 native process. If you view the traffic pane contents,
you might see something like the following.
MULTI command:  ntwcommand next
\_ MULTI command: n

| (pid 22434) Set software breakpoint at 0x8049448 (foo.cc:main#12)

| (pid 22434) Resume process at 0x8049437 (foo.cc:main#ll), in source step

| (pid 22434) Read memory block (64 bytes @ Oxbfecel80)
| (pid 22434) Remove breakpoint from 0x8049448 (foo.cc:main#l2)

The =] button and the F10 key are linked to MULTI's n command. As a result,
MULTTI executes the n command when you click & or press F10. The n command

causes MULTT to set a temporary breakpoint at the next source line (in this case,
line 12 of main () ), and then resume the process from the current source line (in
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this case, line 11 of main () ). When it reaches line 12, it removes the temporary
breakpoint.

In addition to displaying interactions between your target and MULTI, the traffic
pane also displays the chain of commands (if any) that causes target traffic. You
might not explicitly specify multiple commands; however, some MULTI commands
execute others as a part of their operation. For example, suppose that while a process
1s running, you enter the tog command to inactivate a breakpoint. You might see
something like the following.

MULTI command: tog off main#2
| (pid 22807) Halt remote process (stop thread)
| (pid 22807) Status 1is StatHalted
| (pid 22807) Remove breakpoint from 0x80491bf (foo.cc:main#2)
\_ MULTI command: cC
| (pid 22807) Resume process at 0xb7f85402
| (pid 22807) Status is StatRunning

In this case, MULTT halts the process and later executes the ¢ command to continue
it. When one command executes another as shown, the commands appear nested
in the traffic pane. A backslash followed by an underscore (\ ) signifies a nested
command. In this example, the ¢ command is nested within the tog command. For
each additional nested command, the traffic pane indents the backslash-underscore
pair further right.

The traffic pane only displays messages for the current MULTI session. Within one
session, you can view all the messages that MULTT has printed—even if you have
disconnected from your target. Scroll up to see the beginning of the message log.
To clear the messages, right-click in the traffic pane and select Clear Pane from
the shortcut menu.

For more information about the commands included in the preceding examples, see
the MULTI: Debugging Command Reference book.
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The Status Bar

The Debugger window status bar is located below the command pane, to the right

of the pane-switching tabs.

Status bar

Crod [ Trg | 140 ] Py | Tic JjIn section: text STOPPED

T T
Informational Program state information
messages

The bar is divided into two areas. The box on the left displays informational
messages. The following table lists the most common messages and their meanings.

Message

Meaning

In section: section

Displays the name of the program section where the PC
pointer is currently located.

item_description

Explains the function of the button or field under your mouse
pointer.

For example, if you place your mouse pointer over the B
button on the toolbar, the message Go on selected items
appears in the status bar.

Srch: string

Indicates that the incremental search utility is searching the
source pane for the pattern string. See “Incremental
Searching” on page 156.

The box on the right displays process state information, such as that listed in the

following table.

Process State Message Meaning

CONTINUING The program being debugged is preparing to resume
execution.

DYING The process being debugged is dying.

EXEC'ING The process being debugged is performing an exec or is still
executing startup code.

NO PROCESS The process to be debugged has not started.

RUNNING The process being debugged is running.

STOPPED The process being debugged is stopped.
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Process State Message

Meaning

STOPPED INSIDE

The process being debugged is stopped at a machine

instruction other than the first one on the current source line.

ZOMBIE

The process being debugged has exited, but data structures
describing it still exist on the target.
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Chapter 3. Connecting to Your Target

This chapter describes how to use the tools listed below to create, save, view,
manage, and use Connection Methods. It also describes how to view information
about your targets and manage them.

* Connection Editor — Allows you to create, save, and edit Connection
Methods.

* Connection Chooser — Allows you to create or use Connection Methods to
connect to your target.

* Connection Organizer — Allows you to manage all of your Connection
Methods.

Chapter 6, “Configuring Your Target Hardware” on page 89 and Chapter 7,
“Preparing Your Target” on page 103 outline the steps you must take before you
can run a program on the target you are connected to.

Working with Connection Methods

Before you can run your program, you must connect MULTI to your target.
Configuring your debugging interface so that MULTI can connect to your target
can be a complicated process. However, MULTI provides several graphical tools
that simplify this process by allowing you to create as many Connection Methods
as you need. A Connection Method contains a template that MULTI uses to connect
to your target hardware or simulator. Whether you are using an on-chip debugging
solution, an in-circuit emulator, a ROM monitor, an embedded RTOS, or a simulator
to perform debugging, you need to create a Connection Method that contains all of
the configuration settings required for connecting to your target.
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Hardware Connections

In addition to configuring at least one Connection Method, you may also need to
configure your target board and/or hardware debugging device (if applicable) before
you can download and debug code. For information about configuring your target
hardware, see Chapter 6, “Configuring Your Target Hardware” on page 89. For
information about the specific options available for:

* INTEGRITY run-mode target connections, see Chapter 4, “INDRT?2 (rtserv2)
Connections” on page 59 or Chapter 5, “INDRT (rtserv) Connections”
on page 77.

 Green Hills Probe or SuperTrace Probe target connections, see the Green Hills
Debug Probes User's Guide.

* Other target connections, see the MULTI: Configuring Connections book for
your target processor.

Simulator Connections

Even if your hardware is unavailable during development, you can still debug your
program with the MULTI Debugger by connecting to a simulator for your target
architecture type. A simulator is installed automatically when you install a Green
Hills Compiler, and the procedure for connecting to it from the MULTI Debugger
is similar to the procedure for connecting to an external target. In this chapter, the
word target indicates either a hardware target or a simulated target. For more
information about the simulator(s) available for your target, see the MULTI:
Configuring Connections book for your specific processor.

Native Development Connections

If you are developing in a native environment, MULTI generally “connects”
transparently through a simple debug server. Because this happens automatically
and because configuration options cannot usually be set for such connections, native
connections are not discussed in this book. If useful connection options are available
for your particular native connection type, they are documented in the MULTI:
Building Applications book for your specific native environment.
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Tools Overview

The simplest way to create and edit Connection Methods is to use the Connection
Editor, which allows you to make selections and enter settings through a graphical
interface. The Connection Editor translates your selections and input into the
appropriate command line options to the debug server that MULTI uses to connect
to your specific target. Connection Methods created using the Connection Editor
are referred to as Standard Connection Methods. Standard Connection Methods
can be saved, invoked quickly using the Connection Chooser, and managed using
the Connection Organizer. For more information about creating, configuring, and
using Standard Connection Methods, see “Standard Connection Methods”

on page 42.

Tip

0 Users who prefer to enter command line options rather than use the GUI
interface can create Custom Connection Methods. Like Standard
Connection Methods, Custom Connection Methods can be saved, invoked
quickly using the Connection Chooser, and managed using the
Connection Organizer. For more information about using Custom
Connection Methods, see “Custom Connection Methods” on page 47.

After you have created one or more Connection Methods, you can connect to your
target from the Connection Chooser or Connection Organizer. You can use the
Connection Organizer to save Connection Methods and organize them into
Connection Files in your projects.

Standard Connection Methods

The following sections explain how to use MULTI to create, configure, save, edit,
and use Standard Connection Methods.

Creating a Standard Connection Using the Project Wizard

If you use the Project Wizard to create a project, one or more Standard Connection
Methods are created for you automatically. The new project contains a default.con
Connection File that contains these Methods. (The default.con file is located in the
Target Resources project in the Project Manager.) You may need to use the

Connection Editor to edit the settings of automatically created Connection Methods
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before you can use them to connect to your target. For instructions about how to
edit new or existing Standard Connection Methods, see “Configuring a Standard
Connection with the Connection Editor” on page 44.

Creating a Standard Connection Using the Connection Chooser

You can create a new Standard Connection Method using the Connection Chooser.
To do so, perform the following steps.

1. Open the Connection Chooser.

You can open the Connection Chooser from the MULTI Project Manager,
Debugger, or Launcher. Perform one of the following steps to open the
Connection Chooser:

* From the MULTI Launcher, click B, and select Connect, or select
Components — Connect.

* From the MULTI Project Manager, click g, or select Connect —
Connect.

* From the MULTI Debugger, click gy, or select Target — Connect.

Note

In a native environment, opening the Connection Chooser
from the Debugger automatically connects to a native debug
server. Instead, open the Connection Editor by selecting
Method — New in the Connection Organizer.

Create a new
Connectim:n Method

Connection Chooser

Connect to a Target;

Freescale P2020DS with Green Hills Debug Probe [mpser) kg E{ [ S

Cusztam... Connect ]| Cahicel |

2. Click [® to open the Create New Connection Method dialog box.
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Create Mew Connection Method

Mame: | Green Hill: Probe to my board

Type:  Green Hille Debug Probe [mpzery) -

[ Create... ] | Cancel

3. Enter aname for your Connection Method (for example, Green Hills Probe
to my board). If you do not enter a name, the Method you create is a
Temporary Connection Method (see “Temporary Connection Methods”
on page 49).

4. Select an appropriate connection type from the drop-down list. The types listed
depend on your particular Compiler installation. Select the type that best
describes your debug connectivity method.

5. Click Create. The Connection Method is stored in the [User Methods] file.
For more information, see “The Default Connection File [User Methods]”
on page 53.

When you click Create, a Connection Editor window opens for your new Standard
Connection Method. You may need to edit the new Method before you use it for
the first time. The next section describes how to do this.

Configuring a Standard Connection with the Connection Editor

Before you can use a Standard Connection Method for the first time, you may need
to configure it for your specific target system and debugging options. You can use
the Connection Editor to configure a Standard Connection Method.

Opening the Connection Editor

If you create a new Standard Connection Method from the Create New Connection
Method dialog box, the Connection Editor appears automatically when you click
Create.
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If you used the Project Wizard to create a project and you need to edit a default
Connection Method created by the wizard, or if you want to edit a Standard
Connection Method you have previously created and saved, perform the following
steps to open the Connection Editor.

1. Open the Connection Chooser (see “Creating a Standard Connection Using
the Connection Chooser” on page 43).

Select an existing Edit the selected
Connection Method Connection Method

Connection Chooser

Connect to a Target;

reezcale P202005 with Green Hill: Debug Probe [mpzer) i Ef [h 5o

Cugtom... Connect ]| Cancel |

2. From the drop-down list, select the Connection Method you want to edit.

3. Click [§ to open the Connection Editor for the selected Connection Method.

For information about the basic features of the Connection Editor, see the
documentation about the Connection Editor in the MULTI: Configuring Connections
book.

Connecting with a Standard Connection

After you have created and configured a Connection Method, you can use it to
connect to your target from the MULTI Launcher, the MULTI Project Manager,
the MULTI Debugger, the Connection Chooser, the Connection Editor, or the
Connection Organizer, as described in the following table.

From the Perform These Steps

MULTI Launcher Click the B button, and select the Connection Method you want to
use.

MULTI Project Select Connect — Connect, or click By to open the Connection

Manager Chooser. Use the Connection Chooser to connect to your target.

(See Connection Chooser below.)
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From the Perform These Steps

MULTI Debugger Select Target — Connect, or click §a to open the Connection
Chooser. Use the Connection Chooser to connect to your target.
(See Connection Chooser below.)

In a native environment, the Debugger automatically connects to a
native debug server without opening the Connection Chooser.

Connection Chooser Select the Connection Method from the drop-down list, and click
Connect.

Connection Editor Click the Connect button if it is available. If the Connect button
appears dimmed, click OK and use the Connection Chooser to
connect to your target. (See Connection Chooser above.)

Connection Organizer Select a Connection Method. Then select Method — Connect to

Target.

If your attempt to connect is unsuccessful, MULTI displays diagnostic information
to help you understand the problem. The amount of the diagnostic information that
MULTT can provide depends on the nature of your target. When you know what
changes you need to make to your Connection Method, you can use the Connection
Editor. For general information about using the Connection Editor, see
“Configuring a Standard Connection with the Connection Editor” on page 44. For
more information about diagnosing connection problems and for more information
about the Connection Editor settings available for:

* INTEGRITY run-mode target connections, see Chapter 4, “INDRT?2 (rtserv2)
Connections” on page 59 or Chapter 5, “INDRT (rtserv) Connections”
on page 77.

» Green Hills Probe or SuperTrace Probe target connections, see the Green Hills
Debug Probes User's Guide.

* Other target connections, see the MULTI: Configuring Connections book for
your target processor.
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Custom Connection Methods

To create a Custom Connection Method, do one of the following:

» Use the connect Debugger command. For information about this command,
see “General Target Connection Commands” in Chapter 18, “Target Connection
Command Reference” in the MULTI: Debugging Command Reference book.

* Choose Custom as the connection type in the Create New Connection Method
dialog box. For remaining steps about how to create a Custom Connection
Method from the Create New Connection Method dialog box, see the
instructions that follow the appearance of this dialog box in “Creating a Standard
Connection Using the Connection Chooser” on page 43.

* Manually enter commands and options into the Connection Chooser. For more
information, see below.

To create a Custom Connection Method from the Connection Chooser, perform
the following steps:

1. Open the Connection Chooser (see “Creating a Standard Connection Using
the Connection Chooser” on page 43).

Connection Chooser

Connect to a Target:

Freezcale P2020D5 with Green Hills Diebug Probe [mpsery) ik E{' [ S

Custom... Connect ]| Cancel |

Create a Custom
Connection Method

2. Click Custom.

Connection Chooser

Start a Custam Connection:

ketup=mpsery_standard. mbs mpsery

Esigting Method. .. Connect ] [ Cancel
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3. In the Start a Custom Connection text field, enter the connection command

for your particular target connection.

The general format of the command that starts a debug server and connects to
a target is:

[setup=setup script] xserv required arguments ... [options]...

where:

* setup script is the filename of the target setup script written in the
MULTT scripting language. setup=setup script may not be required
for your target.

* xserv is the name of the Green Hills debug server that supports your
debugging interface, monitor, or simulator. For example, the mpserv
debug server supports the Green Hills Probe. For the name of the correct
debug server, see the MULTI: Configuring Connections book for your
target processor.

* required arguments and available options for:

o INTEGRITY run-mode target connections are documented in
Chapter 4, “INDRT?2 (rtserv2) Connections” on page 59 and
Chapter 5, “INDRT (rtserv) Connections” on page 77.

o QGreen Hills Probe or SuperTrace Probe target connections are
documented in the Green Hills Debug Probes User's Guide.

o Other target connections are documented in the MULTI: Configuring
Connections book for your target processor.

4. Click Connect.

MULTT connects to your target and saves your Custom Connection Method.
In the future, the Method you entered in the text field will appear in the list of
Connection Methods available in the Connection Chooser and Connection
Organizer.

For more information about using and managing existing Connection Methods,
see “Using the Connection Organizer” on page 50. To troubleshoot a
connection problem, see the MULTI: Configuring Connections book for your
target processor or, for Green Hills Probe or SuperTrace Probe users, the Green
Hills Debug Probes User's Guide.

48

MULTI: Debugging



Temporary Connection Methods

Temporary Connection Methods

You can create a connection that only exists for your current MULTI session, even
if you save the file containing it, by creating a Temporary Connection Method.
Temporary Connection Methods can be either Standard or Custom Connection
Methods. To create a Temporary Connection Method, perform the following steps:

1. Open the Connection Chooser (see “Creating a Standard Connection Using
the Connection Chooser” on page 43).

Create a new
Connectim:n Method

Connection Chooser

Connect to a Target;

Freezcale P202005 with Green Hill: Debug Probe [mpzer] i Ef [h oo

Cugtom... Connect ]| Cancel |

2. Click [® to open the Create New Connection Method dialog box.

3. Leave the name field blank, and select the appropriate connection type from
the drop-down list. To create a Custom Connection Method, select Custom
from the drop-down list.

Create Mew Connection Method

Mame: |

Type:  Green Hille Debug Probe [mpgery] -

Create... l | Cancel |

4. Click Create.

5. The new Connection Method is named Temporary Connection (#).Use
the Connection Editor to configure the connection. For information about
the Connection Editor, see “Configuring a Standard Connection with the
Connection Editor” on page 44.
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To convert a Temporary Connection Method to a permanent Standard or Custom
Connection Method, open the Connection Organizer, right-click the Temporary
Connection Method you want to change, and select Make Permanent from the
shortcut menu. The method is saved and the name is changed to Connection (#).

Using the Connection Organizer

The Connection Organizer allows you to create, edit, copy, load, and save
Connection Methods and connect to your target using Connection Methods. The
following sections describe how to use the various features of the Connection
Organizer. For more information about Connection Methods, see “Working with
Connection Methods” on page 40.

Opening the Connection Organizer

You can open the Connection Organizer in any of the following ways:

From the Launcher, click By, and select Open Connection Organizer, or select
Components — Open Connection Organizer.

From the Project Manager, select Connect — Connection Organizer.
From the Debugger, select Target — Show Connection Organizer.

From the Debugger command pane, enter the connectionview command. For
information about the connectionview command, see “General Target
Connection Commands” in Chapter 18, “Target Connection Command
Reference” in the MULTI: Debugging Command Reference book.

From the Connection Chooser dialog box, click &;. If the Connection Chooser
dialog box automatically appeared as the result of an action you took (such as
trying to run your program without first connecting), clicking the g, button
aborts the action and opens the Connection Organizer.

A sample Connection Organizer follows.
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Default Connection File Connection Methods in
[User Methods] List of opened .con selected Connection File
(always open) Connection Files (default.con)

[E=N Bl (==

,%Conne ion Organizer
File Method Target

Opened Corpiection Files:  Mefods in C:hJ sershbobh\Diocuments by Projects\P2020005 kgt default. con:

[User Methods] ethod Marme Type Cormrmatid
default.con Freescale PZ0Z0D3 Simulator for FowerPC (Simppe) Zimppe —cpu=pz020
Freescale PZ0Z0D3 Green Hills Debug Probe (mpserv) setup=mpserv standard.mbs mpsery

rl m [ rl 1 F

Conkected Targets:

Target Description tethod Mame Frocesses Statug

Simulated PowerPC Freesscale FP2020D5 with Simulstor for PowerPC (Simppe) Connected

Fl 1 (3
A connection to a target List of currently

connected targets

The Connection Organizer has three sections:

* Opened Connection Files — Lists all the Connection Files currently open.
Each Connection File contains one or more Connection Methods. You can use
Connection Files to save, restore, and transport your connection configurations.
The Connection Organizer always has at least one Connection File open: the
[User Methods] file. The Opened Connection Files list may also contain
default.con files created by the Project Wizard, or it may contain other .con
files you have created. For more detailed information about Connection Files,
see “Creating and Managing Connection Files” on page 52.

* Methods in selected file — Lists all the Connection Methods present in the
Connection File that is selected in the Opened Connection Files list. You can
use the Connection Organizer's menu choices and shortcuts to start, copy,
edit, move, or delete Connection Methods from this list.

* Connected Targets — Lists all the currently established target hardware or
simulator connections. For more detailed information about connected targets,
see “Managing Your Connected Targets” on page 54.
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Creating a Connection Method

You can create a new Connection Method from the Connection Organizer. To do
this, select Method — New from the menu bar. The Create New Connection
Method dialog box appears. For remaining steps, see the instructions that follow
the appearance of this dialog box in “Creating a Standard Connection Using the
Connection Chooser” on page 43. The Connection Method is stored in the file
selected in the Connection Organizer's Opened Connection Files list.

Editing a Connection Method
To edit a previously saved Connection Method from the Connection Organizer:

1. From the Opened Connection Files list, select the Connection File that
contains your desired Connection Method.

2. From the Methods in selected file list, select a Connection Method.

3. From the Connection Organizer's menu, select Method — Edit or right-click
the selected method and select Edit from the shortcut menu.

4. Using the Connection Editor that appears, modify your Connection Method
settings. For general information about using the Connection Editor, see the
documentation about the Connection Editor in the MULTI: Configuring
Connections book. For detailed information about the settings available for:

* INTEGRITY run-mode target connections, see Chapter 4, “INDRT?2
(rtserv2) Connections” on page 59 or Chapter 5, “INDRT (rtserv)
Connections” on page 77.

* Green Hills Probe or SuperTrace Probe target connections, see the Green
Hills Debug Probes User's Guide.

 Other target connections, see the MULTI: Configuring Connections book
for your target processor.

5. Click OK to save your changes.

Creating and Managing Connection Files

You can save one or more Connection Methods in a Connection File, which is a
regular text file that usually ends with a .con extension. The Connection Methods
stored in a Connection File are self-contained and portable. As a result, you can
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open and use Connection Files created by other installations. You can even email
Connection Files to other users and computers.

You can open any number of Connection Files in the Connection Organizer. Some
are opened for you automatically. The default Connection File, [User Methods] is
always open. If the Connection Chooser appears, the Connection Organizer also
opens the Connection File that contains the Connection Method selected by default
in the Connection Chooser.

To view the Connection Methods stored in an open Connection File, select the
Connection File in the Opened Connection Files list.

By default, changes to open Connection Files are saved immediately. If you change
the default setting, you must manually save your Connection Files via the
Connection Organizer. For information about changing the default settings, see
the autoSaveConnectionsinFiles and autoSaveUserConnections options in the
“Session Configuration Options” in Chapter 8, “Configuration Options” in the
MULTI: Managing Projects and Configuring the IDE book.

The Default Connection File [User Methods]

The first file in the Opened Connection Files list is always the [User Methods]
file. It cannot be closed or renamed. This file serves as a default location for new
Connection Methods when you do not explicitly create a Connection File for them.
The contents of [User Methods] are stored in your Green Hills user directory as
multiconnections.con. By default, changes to [User Methods] are immediately
saved. This behavior is configured separately from automatically saving other
Connection Files. For more information, see the autoSaveUserConnections option
in “Session Configuration Options” in Chapter 8, “Configuration Options™ in the
MULTI: Managing Projects and Configuring the IDE book.

Connection Files in a Project

You can use the MULTI Project Manager to add Connection Files with the .con
extension to your .gpj projects. By default, the Connection Organizer automatically
opens any Connection Files in a project when the Project Manager opens that project.
You can select the Connection File from the Opened Connection Files list and
work with the Connection Methods that it contains.
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To add a Connection File to a project:

1. Open the Project Manager, select File — Open Project. Select the filename
of the project you want to work with.

2. Select Edit — Add File into project.gpj. Select the filename of the Connection
File you want associated with this project. You can specify a Connection File
that does not exist; the Connection Organizer simply creates it for you.

Connecting from the Connection Organizer

To connect to your target, you can use any appropriate Connection Method listed
in the Connection Organizer. To connect from the Connection Organizer:

1. From the Opened Connection Files list, select the Connection File that
contains your desired Connection Method.

2. From the Methods in selected file list, select a Connection Method.

3. From the Connection Organizer menu bar, select Method — Connect to
Target, or right-click the method and select Connect to Target from the
shortcut menu.

4. If the connection is successful, a new connection appears in the Connected
Targets list. For information about connected targets, see “Managing Your
Connected Targets” on page 54.

To troubleshoot a connection problem, see the MULTI: Configuring Connections
book for your target processor or, for Green Hills Probe or SuperTrace Probe users,
the Green Hills Debug Probes User's Guide.

Managing Your Connected Targets

After you have connected using a Connection Method, the connected target appears
in the Connected Targets list. The Connected Targets list is located at the bottom
of the Connection Organizer. From the Connected Targets list, you can find
information about the target and control the target.
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Connection Organizer Menu and Action Reference

The primary interface for working with Connection Files is the list of Opened
Connection Files located in the Connection Organizer.

List of open Connection Files

[E=N R

,?u Connection Organizer
File Method Target

M etheds in C:5U zershbobh\Document sy Projectz\P20200 5N\ gthdefault. con:

ethod Mame Type Cormmand
Freescale PZ0Z0D3 Simulator for PowerPC (sSimppe) Simppc -cpu=pZ02Z0
Freescale PZ0Z0OD3 Green Hills Debug Probe (mpserv) setup=mpserv standard.nmbs mpserv

Opened Connection Files:

[User Methods]
default.con

1

4 Tl b

Cormected Targets:

Statuz
Connected

Target Description tethod Mame Frocesses

Simulated PowerPC Freesscale FP2020D5 with Simulstor for PowerPC (simppe)

1l

You can select Connection Files from this list and perform the following actions
by using the File menu. Most of the File menu options are also available via the
right-click menu.

Menu Item Meaning

New Opens a dialog box that prompts you to name a new Connection File.
When you click the Create button, the Connection File is created and
added to the Opened Connection Files list.

Open Opens a dialog box that prompts you to open an existing .con file.
After you open it, the file appears in the Opened Connection Files
list, and you can work with the Connection Methods contained in it.

Close Closes the selected Connection File. Note that the [User Methods]
Connection File is always open and cannot be closed.

Save Saves any changes to the selected Connection File.

Save a copy Opens a dialog box that prompts you to choose a different filename
for the selected Connection File before saving it.

Save all Saves all changes to all open Connection Files.
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Menu ltem

Meaning

Close Window

Closes the window. This menu item does not affect the Connection
File.

The primary interface for working with Connection Methods is the list of Connection
Methods located under Methods in selected file in the Connection Organizer.

List of Connection Methods
|

,5'!_, Connection Qrganizer
Eile Method Target
Opened Connection Files:

[User Methods]
default.con

] Tl 3

Connected Targets:

Target Description

Zimulated FPowerPC Freescale FPE0Z0DS3 with Simulator for PowerPC (simppco)

Methods in C:5\Usershbobh\Document sty Projects\P20200 5 \gthdefault. con:

Method Mame Type Commatd
Freescale P2020D3 Simulator for PowerPC (simppec) simppc -cpu=p2020
Freescale PEZ0Z20D3 Green Hills Debug Probe (mpserv) setup=mpserv_standard.mbs mpserv

11 2

tethod Name Processes Status

Connected

11 2

You can select Connection Methods from this list and perform the following actions
by using the Method menu or the right-click menu.

Menu ltem

Meaning

New

Opens a dialog box that prompts you to define a new Connection
Method with a name, a type, and options that you specify.

Connect to Target

Uses the settings of the selected Connection Method to connect to
the target. If the connection is successful, the connected target appears
in the Connected Targets list. If the connection is unsuccessful, an
error message and diagnostic information appear.

Connect and Flash Opens the MULTI Fast Flash Programmer after connecting to the
target selected under Methods in selected file. This window allows
you to enter parameters for downloading a file to flash memory on
the target. See Chapter 22, “Programming Flash Memory” on page 539.

Edit Opens a Connection Editor that allows you to change the settings

of the selected Connection Method. See the documentation about the
Connection Editor in the MULTI: Configuring Connections book.
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Connection Organizer Menu and Action Reference

Menu Item Meaning

Copy Opens a dialog box that allows you to copy the selected Connection
Method into either the same or a different Connection File. If a
Connection Method with the same name already exists in the
Connection File you copy to, the copy you create is named
method name (2) or method name (3), etc.

Move Opens a dialog box that allows you to move the selected Connection
Method into another Connection File. If a Connection Method with
the same name already exists in the Connection File you move the
selected Connection Method into, the Method you move is renamed
method name (2) or method name (3), etc.

Delete Deletes the Connection Method selected in Methods in selected file
from the current Connection File.

The primary interface for working with connected targets is the list of Connected
Targets located in the Connection Organizer.

,'_?}.. Connection Organizer EI

File Method Target

Opened Connection Files:  Methods in C:3 sers‘bob\Documents\hy Projects\P20200 54 tgtdefault. cor:
[Uzer Methods] Fethod M amne Type Corrmatid
default.con Freescale PZ0Z0DS Simulator for PowerPC (Simppc) Simppc —cpu=p20zZ0
Freescale PZ0Z0OD3 Green Hills Debug Probe (mpserv) setup=mpserv standard.nmbs mpserv

4 (11} 3 4 1 3

Cormected Targets:

Target Description tethod Mame Frocesses Statug
Simulated PowerPC Freesscale P2020DE with Simulstor for PowerPC (simppe) Connected

|
Connected targets list

You can select connected targets from this list and perform the following actions
by using the Target menu. Most of the following Target menu options are also
available via the right-click menu.

Green Hills Software 57



Chapter 3. Connecting to Your Target

Menu ltem

Meaning

Flash

Opens the MULTI Fast Flash Programmer. This window allows

you to use the selected target connection to write a file located on the
host to flash memory on the target. See Chapter 22, “Programming
Flash Memory” on page 539.

Show Task Manager  Displays the Task Manager associated with the selected target. This

option is only available if the target supports multiple tasks. For more
information about the Task Manager, see “The Task Manager”

on page 580.

Set Logging Opens the Target Logging Settings dialog box, which allows you
to capture communications between MULTTI and the target's debug
agent.

Disconnect Disconnects the selected target from MULTI. Processes that are

running or being debugged on the target may be halted or may
continue running undisturbed. The exact behavior of Disconnect is
dependent on your target and connection. For example, when you
disconnect from a simulator, the simulator exits, ending all processes
it is running. However, an RTOS debug agent detaches and allows
the underlying RTOS to continue running.

Disconnecting from Your Target

To disconnect from your target, do one of the following:

In the Debugger command pane, enter the disconnect command. For
information about the disconnect command, see “General Target Connection
Commands” in Chapter 18, “Target Connection Command Reference” in the
MULTI: Debugging Command Reference book.

In the target list, select a connected executable. Click the Disconnect button
(Bg) or select Target — Disconnect from Target.

In the target list, right-click a connected executable and then select Disconnect
from Target from the shortcut menu that appears.

In the Connection Organizer, select a connection from the Connected Targets
list and then select Target — Disconnect.

In the Connection Organizer, right-click a connection in the Connected
Targets list and then select Disconnect from the shortcut menu that appears.
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Chapter 4. INDRT? (rtserv2) Connections

INDRT?2 is a software interface provided by Green Hills that facilitates run-mode
debugging of the INTEGRITY real-time operating system (version 10 or later).
INDRT?2 and rtserv2, the debug server that supports INDRT2 connections, are
installed automatically when you install a distribution of the MULTTI IDE that
supports INDRT2 connections.

This chapter supplements the general target connection information in Chapter 3,
“Connecting to Your Target” on page 39 with specific information for INDRT?2
connections.

For more information about run-mode connections, including a caveat to
simultaneously debugging multiple targets in run mode, see “Establishing Run-Mode
Connections” on page 578.

Introduction to rtserv2 and INDRT2

Debug servers such as rtserv2 enable communication between the host and the
target. During a debugging session, the MULTI Debugger sends rtserv2, a
host-resident debug server, requests to read registers, write to memory, etc. In turn,
rtserv2 sends the debugging requests to the target. You can use the rtserv2 debug
server to connect to a running INTEGRITY system (version 10 or later) to perform
run-mode debugging.

rtserv2 enables advanced features such as dynamic downloading of virtual
AddressSpaces, and use of tools such as the Profile window and the EventAnalyzer.
When you are connected to rtserv2, the target list displays all the tasks in the system.
Any user task in the target list can be selected and individually debugged.

Communication Media

An INDRT?2 (rtserv2) connection can be established over an IP network (typically
Ethernet) or a serial link. A BSP typically provides drivers to support an Ethernet
or serial device. For information about configuring INTEGRITY's network settings,
see the INTEGRITY Networking Guide.

The following are general recommendations for INDRT2 (rtserv2) connections:

» Use a fast and reliable IP network (such as Ethernet) whenever possible for
better performance.
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Building in Run-Mode Debugging Support

» For BSPs that support only one serial port, the port cannot be used for debugging
when it is being used for diagnostics. If the serial port is already in use, close
the terminal program used to view the serial port output before establishing
your run-mode connection.

» The baud rate at which a particular BSP communicates over a serial port varies.
For details, see the documentation that came with your BSP.

Building in Run-Mode Debugging Support

To enable run-mode debugging support, an INTEGRITY kernel program must be
linked with a debug library supplied by Green Hills. To include this library in an
existing kernel or monolith project:

1. In the Project Manager, locate the .gpj file for the kernel within the project
(by default, myproject_kernel.gpj).

2. Right-click the file, and select Configure.

3. In the Settings for Kernel window that appears, select the Debugging check

box.
Project Manager Settings for Kernel
Name: myproject_kemel INTEGRITY KernelSpace
Project
Program Layout;  Link to and execute ot of Rk - roje
Kemel Libraries E
¥ Debugging
¥l Dynamic Load
E Rezourcebdanager
GHnet IPv4 Stack [kemel]
[ GHret IPvd/vE Stack [Kemel) IKNTEGIRSITY
0  GHnet IPv4/vE Routing Stack [Kemel] ernelspace
[ File System Client Project
O Socket
E ggtc Program Layout
[ Resourcetnalyzer
[ Core File Collection Kernel Libraries
Kemel Madulzs Kernel Modules
[ File System [Kemel, User Configured)
[ POSIK System Server (Kemel] Debugging
[ Finizh ] | Cancel |
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Connecting Overview

You can establish a debug server connection in any of the following ways. Each is
discussed in more detail later in this chapter.

* Graphically configure a Connection Method. For a set of steps to follow, see
“Connecting to rtserv2 via the Connection Organizer and Connection Editor”
on page 65. For reference information that supplements the general information
in Chapter 3, “Connecting to Your Target” on page 39, see the next section.

» Use a custom connection command. See “Using Custom INDRT?2 (rtserv2)
Connection Methods” on page 66.

+ Set up a run-mode partner. See “Automatically Establishing Run-Mode
Connections” on page 69.

INDRT2 Connection Methods

To help you connect to your target quickly and easily, MULTI allows you to create
and save Connection Methods that correspond to your particular host and target
systems and your desired debugging options.

For general instructions that explain how to create and use Connection Methods,
see Chapter 3, “Connecting to Your Target” on page 39. The information in the
following sections supplements the instructions provided there with information
that is specific to INDRT2 connections.

Using the INDRT2 (rtserv2) Connection Editor

In addition to the generic fields that appear on all Connection Editors for Standard
Connection Methods (see the documentation about the Connection Editor in the
MULTI: Configuring Connections book), the INDRT?2 (rtserv2) Connection Editor
includes Connection and Debug tabs that provide settings and options specific to
your target and host operating systems.

When the Connection Editor is first displayed after you create a new Connection
Method, the settings and options are set to default values. Settings and options that
are not available on your host operating system may appear dimmed. Some of the
fields may require user input before the Connection Method can be used.
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Each field is described in the following sections.
INDRT2 (rtserv2) Connection Settings
Connection | Debug

@ Ethernet / IP Connection

Target Mame or Address:

Senal Cannectian

<default: <default:

Ethernet/IP Connection

Sets your desired connection type as Ethernet/IP. This radio button is mutually exclusive with
the Serial Connection button. If you select an Ethernet/IP connection (this is the default), the
following field will also be available:

» Target Name or Address — Specifies the host name or IP address of your target. You
must specify a host name or IP address to create a valid Ethernet/IP connection.

Note: If you need to connect to your target using a non-standard UDP port number (that is, not
2220), you must use a Custom Connection Method. See “Custom INDRT?2 (rtserv2) Connections
Over an IP Network”™ on page 67 for instructions.

Serial Connection

Specifies that a serial connection to the target should be used. This radio button is mutually
exclusive with the Ethernet/IP Connection button and is not supported on Solaris. If you select
a serial connection, the following option fields will also be available:

* Serial Port — Specifies which host serial port to use for your serial INDRT2 connection.
In the event that you do not specify a port, the default serial port for each supported host
operating system is listed below:

o Windows — COM1
o Linux — ttyS0

» Baud Rate — Specifies the serial port communication speed. The default baud rate is
9600.
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INDRT2 (rtserv2) Debug Settings

Connection | Debug

Log Host-Target Debug Output

StdErr ¢ ShdCut
File

rtzerv log Chonze. ..

Other Options:

Warning
Do not change the settings on the Debug tab unless you are instructed to
do so by Green Hills Technical Support.

Log Host-Target Debug Output

Enables logging of all communications between rtserv2 and your target. Logging is disabled
by default.

StdErr/StdOut
File

Allows you to specify the destination for host-target debug output. These fields will be dimmed
unless Log Host-Target Debug Output is selected.

If you choose StdErr/StdOut, host-target debug output will be directed to the console. This
setting is not supported on Windows hosts. To log debug output on Windows, select File.

If you select File, host-target debug output will be directed to the file you specify in the text
field. You may enter a filename directly into this text field, or click Choose to browse the file
system.

Other Options

Allows you to add other optional arguments directly to the command used for connecting. You
should only use this field if directed to do so by Green Hills Technical Support.
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Connecting to rtserv2 via the Connection Organizer and
Connection Editor

This section provides a practical set of steps that you can follow to connect to your
INTEGRITY target. This set of steps, which uses the Connection Organizer and

Connection Editor, outlines one of the many possible ways in which you can

connect. For information about other ways to connect to your target, see Chapter 3,

“Connecting to Your Target” on page 39.

1. In the MULTI Project Manager, open the Top Project that came with your
BSP, or, if you already have an existing project for your BSP, open its Top
Project.

Each BSP contains example connections that you can customize for your own
use. These same connections are used by the Project Wizard for every project

created for that BSP.
2. In the MULTI Project Manager, select Connect — Connection Organizer.

3. In the Opened Connection Files list, select default.con.

,"-*-4 Connection Organizer

E=N R (==

File Method Target

Opened Connection Files:
[User Methods]

default.con

Methads in C:hghshintl 002%simB00%default. con:
Method Mame

Type

Dynamic Downloads/ INDRTZ Connection (rt3ervZ] INDRTZ (rtaervi)

INTEGRITY Simulator for PowerPC (isimppe)

INTEGRITY Simulator

Commnatd

rtserva
isimppe

Connected Targets:

Target Description Methad Hame Frocesses

St
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4. Modify or create a connection:

» To modify an existing connection (recommended) — Double-click the
Dynamic Download/INDRT2 Connection to open the Connection
Editor.

» To create a new connection — Select Method — New. In the Create
New Connection Method dialog box, specify a Name, and select
INDRT?2 (rtserv2) as the Type. Click Create to open the Connection
Editor.

Create Mew Connection Method

Mame:  IMDRTZ_Connection

Type:  [LEIN SRR =]

Create... ] | Cancel |

5. The INDRT?2 (rtserv2) Connection Editor includes Connection and Debug
tabs to set options specific to your target and host operating systems. When
you first open the Connection Editor, the options are set to default values.
Some fields may require user input. For a description of each field, see
“INDRT2 (rtserv2) Connection Settings” on page 63 and “INDRT?2 (rtserv2)
Debug Settings” on page 64.

6. After customizing the connection, click OK to return to the Connection
Organizer.

7. Ensure that you are running a properly configured INTEGRITY kernel (see
“Building in Run-Mode Debugging Support” on page 61).

8. Right-click the Dynamic Download/INDRT?2 Connection, and select Connect
to Target.

Using Custom INDRT2 (rtserv2) Connection Methods

You can create a Custom INDRT2 (rtserv2) Connection Method by manually
entering a connection command into the Connection Chooser instead of using the
graphical Connection Editor.
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The appropriate commands for Custom INDRT2 Connection Methods are described
in the following sections.

Custom INDRT2 (rtserv2) Connections Over an IP Network

To use a Custom Connection Method to establish an INDRT?2 connection over an
IP network:

1. Open the Connection Chooser. One way to do so is to click the Connect
button (§y) in the MULTI Project Manager.

2. In the Connection Chooser, click Custom.

3. In the Start a Custom Connection ficld, enter a connection command with
appropriate options. The following graphic is only an example. The complete
syntax is provided below.

Connection Chooser

Start a Custam Connection:

ftzen? integrity]

Ewigting Method. .. Connect ] | Cancel

4. Click Connect.

The syntax of the command that should be entered into the Start a Custom
Connection field is:

rtserv2 [-log=filename] hostname[:portnumber]

where:

* -log=filename enables logging of communications between rtserv2 and
your target.

* hostname and : portnumber should not be separated by spaces.

| Note
| : .
{ You can also issue the above connection command from the Debugger's
’ command pane, where it must be preceded by the connect command.
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For more information, see “Custom Connection Methods™ on page 47.

Example 4.1. Establishing a Connection Over an IP Network

To establish an IP connection to an INTEGRITY board named integrityl, you
could enter the following text in the Start a Custom Connection field:

rtserv2 integrityl
Example 4.2. Logging Communications

To enable logging of communications between rtserv2 and your target, use the -log
option in your custom connection command. For example, to enable logging of the
example connection above, you would enter the following text in the Start a Custom
Connection field:

rtserv2 -log=myfile integrityl

Custom INDRT2 (rtserv2) Connections Over a Serial Link

| Note
\ . : : :
{ Serial connections using rtserv2 are not supported on Solaris.

To use a Custom Connection Method to establish an INDRT2 connection over a
serial link, follow the steps listed at the beginning of “Custom INDRT2 (rtserv2)
Connections Over an [P Network™ on page 67. However, when entering a connection
command, use the syntax provided next.

rtserv2 [-log=filename] -serial device [baud rate]
where:

* -log=rilename enables logging of communications between rtserv2 and
your target.

* -serial specifies a serial connection.

* device specifies the serial port device to use when connecting to the target.
device can be the name of a device or the path to a device. For example,
ttys0 and /dev/ttySO0 are equivalent.
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* baud rate sets the serial port communication speed. The default baud rate is
9600.

Note

You can also issue the above connection command from the Debugger's
command pane, where it must be preceded by the connect command.

For more information, see “Custom Connection Methods” on page 47.
Example 4.3. Establishing a Serial Connection

To establish a serial connection on Windows, you might enter the following text in
the Start a Custom Connection field:

rtserv?2 —-serial coml 9600
On Linux, you might enter:

rtserv2 -serial /dev/ttyS0 9600

Automatically Establishing Run-Mode Connections

The Debugger allows you to define an INDRT2 or INDRT connection, called a
run-mode partner that it will automatically establish when you download and run
an INTEGRITY kernel. The INTEGRITY kernel must be run via a freeze-mode
connection to a GHS simulator or GHS hardware debug solution (Green Hills Probe
or SuperTrace Probe). After INTEGRITY has booted, the run-mode partner is
established in the same Debugger window as the freeze-mode connection.

Run-mode partnering puts certain measures in place to prevent INDRT2/INDRT
connections from being closed prematurely. If you halt a freeze-mode connection
or step through source code while in freeze mode, the run-mode partner becomes
inaccessible: you cannot attach to or otherwise control tasks, nor can you read or
write registers or memory. In addition, host I/O calls issued over run mode will not
be serviced. (You may be able to continue browsing source code in tasks that you
are already attached to.) These measures reduce the chance that the Debugger will
erroneously attempt to communicate with rtserv2 or rtserv while the target is halted
via the freeze-mode connection.
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If you kill, restart, or disconnect from a freeze-mode connection, the Debugger
automatically disconnects from any run-mode partner set on the same target.

Note

Run-mode partnering is only supported if you are debugging an
INTEGRITY target and if you are connected to a GHS simulator or to
one of the GHS hardware debug solutions (Green Hills Probe or
SuperTrace Probe) via a freeze-mode connection. The run-mode partner
requires an Ethernet connection to the target, and is not triggered by
INTEGRITY until after the target has an IP address. (If your target is
using DHCP, the connection is not triggered if the target cannot
communicate with the DHCP server.)

The following limitations apply to run-mode partnering:

* Automatic establishment of the INDRT2/INDRT connection is aborted if you
are stepping through kernel startup code or if any breakpoints are set on the
freeze-mode connection when MULTT initializes the INDRT2/INDRT
connection.

 Ifyou are running a pre-INTEGRITY-10 kernel, the INDRT connection is only
automatically established if the Idle Task gets to run—that is, if your system
has at least some idle time and the processor is not being fully scheduled by
the kernel.

See also “Troubleshooting” on page 73.

Setting a Run-Mode Partner

The Set Run-Mode Partner dialog box appears automatically the first time you
download and run your INTEGRITY kernel using a freeze-mode Connection
Method. Select an existing INDRT2/INDRT Connection Method in the drop-down
list, or create a new INDRT2/INDRT Connection Method by clicking the Create
a new Connection Method ([* ) button. The INDRT2/INDRT connection is
automatically established when your INTEGRITY kernel boots.
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The Set Run-Mode Partner Dialog Box

To modify the run-mode partner setting for your freeze-mode Connection Method,
perform one of the following actions:

» Select a freeze-mode connection in the target list, and choose Target — Set
Run-Mode Partner, or enter set runmode_partner in the command pane.
(For information about the set runmode partner command, see “General
Target Connection Commands” in Chapter 18, “Target Connection Command
Reference” in the MULTI: Debugging Command Reference book.) Select or
create a run-mode Connection Method.

» Use the Connection Editor to edit the freeze-mode Connection Method. Select
the INTEGRITY or Connection tab, and enter the name of an existing
INDRT2/INDRT Connection Method in the text field labeled Run-Mode
Partner Connection. For information about the Connection Editor, see
“Configuring a Standard Connection with the Connection Editor” on page 44.

The INDRT2/INDRT connection you specify is automatically established when
your INTEGRITY kernel boots.

Tip

0 If you lose your INDRT2/INDRT connection, you can enter the command
connect -restart_ runmode in the Debugger command pane to try to
reconnect. For more information, see the connect command in “General
Target Connection Commands” in Chapter 18, “Target Connection
Command Reference” in the MULTI: Debugging Command Reference
book.

The Set Run-Mode Partner Dialog Box

The Set Run-Mode Partner dialog box allows you to configure the automatically
established INDRT2/INDRT connection for your current freeze-mode connection.
For information about accessing the Set Run-Mode Partner dialog box, see “Setting
a Run-Mode Partner” on page 70.
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Set Run-Maode Partner

This dialog allows you ta set the "run-mode partner” of
this connection. The run-mode partner will be
automatically started when an INTEGRITY kernel is
booted on this connection. Do you want to set a
tun-mode partner for this connection? Learn bare. ..

Mote: starting the run-mode partner requires
ternporarily halting and resuming the kernel during boot.

@ Yes, use: Automatically Constructed - E [D‘
Mo,

| Save thiz choice acrosz sezsions

| Cancel |

The Set Run-Mode Partner dialog box contains the following options:

* Yes, use — Specifies the INDRT2/INDRT Connection Method that the
Debugger automatically attempts to establish when you boot an INTEGRITY
kernel via the current freeze-mode connection. The drop-down list contains
known INDRT2/INDRT Connection Methods and, for versions 10 and later
of INTEGRITY, an additional entry labeled Automatically Constructed.
When you select Automatically Constructed, the operating system itself
attempts to tell the Debugger what address and Method to use to create an
INDRT?2 connection to the target.

No — Disables the automatic establishment of an INDRT2/INDRT connection
when you boot an INTEGRITY kernel via the current freeze-mode connection.

Save this choice across sessions — If selected, the settings in the dialog box
are associated with the current freeze-mode debug connection and used in
future debug sessions. If cleared, the dialog box settings are used only until
you exit MULTI, after which the freeze-mode connection reverts to whatever
run-mode partner it had last (if any).
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Disabling Automatically Established Run-Mode Connections

To disable run-mode partnering for a particular freeze-mode connection, perform
the following steps:

1. In the target list, select the freeze-mode connection.
2. Select Target — Set Run-Mode Partner.

3. In the Set Run-Mode Partner dialog box, select No.
4

5

. Optionally select Save this choice across sessions.
. Click OK.

Alternatively, you can select the freeze-mode connection in the target list and enter
set_runmode_partner -none in the Debugger command pane. For information
about the set runmode_partner command, see “General Target Connection
Commands” in Chapter 18, “Target Connection Command Reference” in the MULTI:
Debugging Command Reference book.

Troubleshooting

You may encounter the following problems while debugging via a simultaneous
freeze-mode connection and an INDRT2/INDRT (run-mode) connection to the
same target, regardless of whether or not the INDRT2/INDRT connection was
created automatically via the run-mode partner functionality, or whether or not the
freeze-mode and INDRT2/INDRT connections were created within the same
Debugger process.

» Host I/O calls made on a freeze-mode connection can cause an INDRT2/INDRT
connection to the same target to become unresponsive for the duration of the
host I/O call. Note that some host I/O calls (for example, large block reads
from, or writes to, host files) can take a long time for the Debugger to process.
Also note that some host I/O calls, such as reads from standard input, may
block indefinitely, waiting for you to type input in the I/O pane. To avoid this
problem, do not write code that makes freeze-mode host I/O calls.

* Host I/O calls made on an INDRT2/INDRT connection can cause your program
to hang. To remedy this, disconnect from the INDRT2/INDRT connection.

» Breakpoints that are set on a freeze-mode connection can cause the
INDRT2/INDRT connection to the same target to become unresponsive until
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the freeze-mode connection is resumed. This applies regardless of whether
hitting the breakpoint leaves the target halted, as in the case of a regular software
breakpoint, or whether it resumes the target, as in the case of a conditional
breakpoint whose condition is false. To avoid this problem, remove all
freeze-mode breakpoints before initiating the INDRT2/INDRT connection.

A single instance of the MULTI Debugger can deadlock between a freeze-mode
connection and an INDRT2/INDRT connection to the same target, even though
various safeguards have been introduced to prevent this problem in common
cases. If you encounter this problem, after a short delay (configurable via
MULTI's SERVERTIMEOUT system variable), you may see a dialog box saying
Server message timed out. Terminate Connection? with buttons labeled
Continue and Terminate. To regain control of the Debugger and freeze-mode
connection, click Terminate. You may also be able to re-initiate the
INDRT2/INDRT connection request after this. To avoid this problem, launch
a separate instance of the MULTI Debugger to connect to the target via the
INDRT2/INDRT Connection Method.

Using the run-mode partner functionality is preferable to manually establishing an
INDRT2/INDRT connection. However, if you must manually establish an
INDRT2/INDRT connection, do so several seconds after booting your kernel via
the freeze-mode connection. For example, wait for the INTEGRITY kernel banner
to appear on your target's serial port before connecting via a run-mode debug server
such as rtserv or rtserv2.

Connecting to Multiple ISIM Targets

By default, the INTEGRITY simulator (ISIM) accepts INDRT2 connections on the
default UDP socket port of 2220. Only one ISIM instance on a given host can listen
on a particular port. To connect to multiple ISIM instances on the same host, some
of the ISIM instances must listen on different ports.

For example, to create an ISIM connection that listens on port 3330 instead of port
2220, first configure a connection to the simulator:

1. In the Connection Chooser, click the Create a New Connection Method
([*) button.

2. For the connection type, select INTEGRITY Simulator (isim) and click
Create. The Connection Editor will open.
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3. Select the Debug tab. In the Other Options field enter:
-host indrt port 3330

Then configure an INDRT?2 (rtserv2) connection to work with the simulator
connection you just set up:

1. Create a custom INDRT?2 connection in the following format:

rtserv2 [-log=filename] localhost|[:portnumber]

2. Select your INDRT2 connection in the Connection Chooser, and click the
Edit the selected Connection Method button ([5).

3. In the Connection Editor, select the Connection tab and enter
localhost:3330 in the Target Name or Address field.

When using socket emulation for TCP/IP communications on an ISIM target, those
emulated socket ports may also conflict with other ISIM instances or with the host’s
reserved ports or running services. These ports can also be remapped. For more
information, see the documentation about ISIM socket port remapping in the
INTEGRITY Development Guide.
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Chapter 5. INDRT (rtserv) Connections

INDRT is a software interface provided by Green Hills that facilitates run-mode

debugging of the INTEGRITY real-time operating system (version 5). INDRT and
rtserv, the debug server that supports INDRT connections, are installed automatically
when you install a distribution of the MULTT IDE that supports INDRT connections.

This chapter supplements the general target connection information in Chapter 3,
“Connecting to Your Target” on page 39 with specific information for INDRT
connections.

For more information about run-mode connections, including a caveat to
simultaneously debugging multiple targets in run mode, see “Establishing Run-Mode
Connections” on page 578.

Introduction to rtserv and INDRT

Debug servers such as rtserv enable communication between the host and the target.
During a debugging session, the MULTI Debugger sends rtserv, a host-resident
debug server, requests to read registers, write to memory, etc. In turn, rtserv sends
the debugging requests to the target. You can use the rtserv debug server to connect
to a running INTEGRITY system (version 5) to perform run-mode debugging.

rtserv enables advanced features such as dynamic downloading of virtual
AddressSpaces, and use of tools such as the Profile window. When you are
connected to rtserv, the target list displays all the tasks in the system. Any user
task in the target list can be selected and individually debugged.

Communication Media

An INDRT (rtserv) connection can be established over an IP network (typically
Ethernet) or a serial link. A BSP typically provides drivers to support an Ethernet
or serial device.

The following are general recommendations for INDRT (rtserv) connections:

» Use a fast and reliable IP network (such as Ethernet) whenever possible for
better performance.

 For BSPs that support only one serial port, the port cannot be used for debugging
when it is being used for diagnostics. If the serial port is already in use, close

78 MULTI: Debugging



Building in Run-Mode Debugging Support

the terminal program used to view the serial port output before establishing
your run-mode connection.

» The baud rate at which a particular BSP communicates over a serial port varies.
For details, see the documentation that came with your BSP.

Building in Run-Mode Debugging Support

To enable run-mode debugging support, an INTEGRITY kernel program must be
linked with a debug library supplied by Green Hills. To include this library in an
existing kernel or monolith project:

1. In the Project Manager, locate the .gpj file for the kernel within the project
(by default, myproject_kernel.gpj).

2. Right-click the file, and select Configure.

3. In the Settings for Kernel window that appears, select the Debugging check

box.
Project Manager: Settings for Kernel
Mame: rppraject_kermel INTEGRITY KemelSpace
Project
Program Layout:  Link to and execute out of Rabk - roje
Kemel Libraries |
¥ Debugging 3
¥ Dynamic Load
E Rezourcebdanager
Eventinalyzer
[ GHret IPvd Stack Kemel] 'H"TE GIRS'TY Proiect
O GHnet IPv4/vE Stack [Kemel) ernelspace Froje
[ GHret IPvdivE Routing Stack [Kemel)
[0 Legacy GHnet Stack [Kemel) Program Layout
[ File System Client
O Socket . .
O Mat Kernel Libraries
E RPC
Rezourcednalyzer 5
[ Core File Collection & Kernel Modules
Kernel Modules Debugging
[ File System [Kemel, User Configured) .
[ POSIK System Server [Kemel] Dynamic Load
Resource Manager -
[ Finizh ] | Cancel |
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Connecting Overview

You can establish a debug server connection in any of the following ways. Each is
discussed in more detail in the section referenced.

* Graphically configure a Connection Method. For a set of steps to follow, see
“Connecting to rtserv via the Connection Organizer and Connection Editor”
on page 84. For reference information that supplements the general information
in Chapter 3, “Connecting to Your Target” on page 39, see the next section.

» Use a custom connection command. See “Using Custom INDRT (rtserv)
Connection Methods” on page 86.

+ Set up a run-mode partner. See “Automatically Establishing Run-Mode
Connections” on page 69.

INDRT Connection Methods

To help you connect to your target quickly and easily, MULTI allows you to create
and save Connection Methods that correspond to your particular host and target
systems and your desired debugging options.

For general instructions that explain how to create and use Connection Methods,
see Chapter 3, “Connecting to Your Target” on page 39. The information in the
following sections supplements the instructions provided there with information
that is specific to INDRT connections.

Using the INDRT (rtserv) Connection Editor

In addition to the generic fields that appear on all Connection Editors for Standard
Connection Methods (see the documentation about the Connection Editor in the
MULTI: Configuring Connections book), the INDRT (rtserv) Connection Editor
includes Connection, Advanced, and Debug tabs that provide settings and options
specific to your target and host operating systems.

When the Connection Editor is first displayed after you create a new Connection
Method, the settings and options are set to default values. Settings and options that
are not available on your host operating system may appear dimmed. Some of the
fields may require user input before the Connection Method can be used.
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Each field is described in the following sections.
INDRT (rtserv) Connection Settings
Connection | Advanced | Debug

@ Ethernet / IP Connection

Target Mame or Address:

TFTF Load Directon: | Choose... |

Serial Connection

<default: <default:

Ethernet/IP Connection

Sets your desired connection type as Ethernet/IP. This radio button is mutually exclusive with
the Serial Connection button. If you select an Ethernet/IP connection (this is the default), the
following fields will also be available:

* Target Name or Address — Specifies the host name or IP address of your target. You
must specify a host name or IP address to create a valid Ethernet/IP connection.

* TFTP Load Directory — Specifies a load directory for dynamic downloading via TFTP.
This is the directory to which rtserv will copy a file before requesting a download. Enter
the name of your desired TFTP load directory or click Choose to browse to it. The specified
directory must be accessible by the TFTP server.

Note: If you need to connect to your target using a non-standard UDP port number (that is, not
2220), you must use a Custom Connection Method. See “Using Custom INDRT (rtserv)
Connection Methods” on page 86 for instructions.
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Serial Connection

Specifies that a serial connection to the target should be used. This radio button is mutually
exclusive with the Ethernet/IP Connection button. If you select a serial connection, the
following option fields will also be available:

* Serial Port — Specifies which host serial port to use for your serial INDRT connection.
In the event that you do not specify a port, the default serial port for each supported host
operating system is listed below:

o Windows — COM1
o Linux — /dev/ttyS0
o Solaris — /dev/ttya

» Baud Rate — Specifies the serial port communication speed. The default baud rate is
9600.

INDRT (rtserv) Advanced Settings

Connection | Advanced | Debug

| BSD Exclugive Senal Port Access
Always Uze TFTP for Load

Warning

Use this tab carefully, since changing the advanced options from their
default settings can cause problems with your connection.

BSD Exclusive Serial Port Access
Solaris only
Enables exclusive serial port access.

By default, the serial port is opened in exclusive, or locked, mode. If you are connecting through
a terminal server, clear this box to disable exclusive serial port access.

Always Use TFTP for Load

Forces rtserv to use TFTP for downloads, even when the system defaults to a different download
method (for example, host 1/0).
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INDRT (rtserv) Debug Settings

| Connectian | .ﬁ.dvanced| Debug |

Log Host-Target Debug Output

2 StdErr 4 StdCut
File

rtzery.log Chonze...

Other Ophions:

Warning
Do not change the settings on the Debug tab unless you are instructed to
do so by Green Hills Technical Support.

Log Host-Target Debug Output

Enables logging of all communications between rtserv and your target. Logging is disabled by
default.

StdErr/StdOut
File

Allows you to specify the destination for host-target debug output. These fields will be dimmed
unless Log Host-Target Debug Output is selected.

If you choose StdErr/StdOut, host-target debug output will be directed to the console. This
setting is not supported on Windows hosts. To log debug output on Windows, select File.

If you select File, host-target debug output will be directed to the file you specify in the text
field. You may enter a filename directly into this text field, or click Choose to browse the file
system.

Other Options

Allows you to add other optional arguments directly to the command used for connecting. You
should only use this field if directed to do so by Green Hills Technical Support.
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Connecting to rtserv via the Connection Organizer and Connection

Editor

This section provides a practical set of steps that you can follow to connect to your
INTEGRITY target. This set of steps, which uses the Connection Organizer and
Connection Editor, outlines one of the many possible ways in which you can

connect. For information about other ways to connect to your target, see Chapter 3,

“Connecting to Your Target” on page 39.

1. In the MULTI Project Manager, open the Top Project that came with your
BSP, or, if you already have an existing project for your BSP, open its Top
Project.

Each BSP contains example connections that you can customize for your own
use. These same connections are used by the Project Wizard for every project
created for that BSP.

2. In the MULTI Project Manager, select Connect — Connection Organizer.

3. In the Opened Connection Files list, select default.con.

,"-*-4 Connection Organizer

E=N R (==

File Method Target

Opened Connection Files:
[User Methods]

default.con

Methads in C:hghshintB01 14eimB00%default. con:
Method Mame

Dynamic Download/ INDRT Connection (rtgerv) INDRT (rtserv)

INTEGRITY Simulator for PowerPC (isimppe)

Type Comnmand

INTEGRITY Simulator isimppe

Connected Targets:

Target Description Methad Hame Frocesses

FLIerv -p

St

4. Modify or create a connection:

* To modify an existing connection (recommended) — Double-click the
Dynamic Download/INDRT Connection to open the Connection Editor.
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* To create a new connection — Select Method — New. In the Create
New Connection Method dialog box, specify a Name, and select INDRT
(rtserv) as the Type. Click Create to open the Connection Editor.

Create Mew Connection Method

Mame;  INDRT_Connection

Type:  [ENIEANIEER

Create... l | Cancel |

5. The INDRT (rtserv) Connection Editor includes Connection, Advanced,
and Debug tabs to set options specific to your target and host operating systems.
When you first open the Connection Editor, the options are set to default
values. Some fields may require user input. For a description of each field, see
“INDRT (rtserv) Connection Settings” on page 81, “INDRT (rtserv) Advanced
Settings” on page 82, and “INDRT (rtserv) Debug Settings” on page 83.

6. After customizing the connection, click OK to return to the Connection
Organizer.

7. Ensure that you are running a properly configured INTEGRITY kernel (see
“Building in Run-Mode Debugging Support” on page 79).

8. Right-click the Dynamic Download/INDRT Connection, and select Connect
to Target.

Using TFTP

In releases of INTEGRITY prior to version 5, TFTP was used for fast dynamic
downloads. In INTEGRITY 35, fast downloads are accomplished via the built-in
INDRT protocol, and TFTP is no longer necessary. However, there may be situations
where you want to force the use of TFTP. To do so:

1. On the Connection tab of the Connection Editor, set the TFTP Load
Directory.

2. On the Advanced tab, select Always Use TFTP for Load.
3. Click OK or Apply.
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Using Custom INDRT (rtserv) Connection Methods

You can create a Custom INDRT (rtserv) Connection Method by manually entering
a connection command into the Connection Chooser instead of using the graphical
Connection Editor.

To establish an INDRT connection using a Custom Connection Method:
1. Open the Connection Chooser. One way to do so is to click the Connect
button (gy) in the MULTI Project Manager.

2. In the Connection Chooser, click Custom.

3. In the Start a Custom Connection field, enter a connection command with
appropriate options.

Connection Chooser

Start a Custom Connection:

ttzery -port udpdEintegrity

Ewizting Method... [ Connect ] | Cancel |

* To establish an IP connection to a board running INTEGRITY with a BSP
that supports Ethernet, enter a command similar to the following.

rtserv -port udp@integrityl

In this example, integrityl is the host name that the system
administrator has set up for the board.

» To establish a serial debugging connection, enter the following command
(port selection may vary):

rtserv coml 9600 (Windows)

rtserv /dev/ttya 9600 (Solaris)

* To establish a debugging connection over the ARM debug comm channel
using the Green Hills Probe or Slingshot as a communications channel,
simply connect as if over an IP network to the IP address of the host that
1s running mpserv, after configuring mpserv and the target system
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appropriately. For more details, see “Connecting with rtserv over the ARM
Debug Comm Channel” on page 88.

Always Connect Mode

rtserv accepts the -alwaysconnect option, which enables always connect mode. A
Custom Connection Method must be used to specify this option (it is not accessible
from the Connection Organizer GUI).

In always connect mode:

* Anrtserv session is always established, even if the user-specified target is not
up and running yet.

» The target list provides an indication that a target is not up yet with a task entry
named NOT CONNECTED.

* When the target does come up, rtserv automatically connects (the target is
polled periodically).

» While one or more targets are in the NOT CONNECTED state, debugging of
the connected targets is slower because of the background polling of the
unconnected targets.

This mode 1s useful when you want to establish an rtserv session without necessarily
knowing or caring whether the target is up yet (or if you tend to forget to boot a
target first).

Note

This is simply a method for delaying connection. Targets that go down
do not revert to the NOT CONNECTED status.
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Connecting with rtserv over the ARM Debug Comm Channel

To enable forwarding of rtserv communications over the ARM debug comm channel
using the Green Hills Probe, run the mpserv debug server with a special option as
follows:

-runmode port 2220

This instructs mpserv to forward rtserv packets between the ARM debug comm
channel and UDP port 2220 (the standard INDRT target connection port). To connect
with rtserv over this port, specify a connection using the host’s IP address.

Debugging performance over the ARM debug comm channel is adequate for most
debugging tasks, but dynamic downloading of applications can take a long time to
complete.

The ARM debug comm channel interface is further described in the INTEGRITY
Development Guide.
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Chapter 6. Configuring Your Target Hardware

This chapter describes how to set up your target hardware for use with MULTTI.
This chapter is not relevant if you are connecting to a simulated target.

Installing Your Target Hardware

Before you can configure your embedded target for use with MULTI, you must
install your hardware and any necessary software. Installation details depend on
your particular system. For detailed instructions, see your hardware documentation
and the chapter in the MULTI: Configuring Connections book that discusses your
debug server.

Configuring Your Target Hardware for Debugging

Before beginning your first debugging session, you should ensure that your target
board is configured properly. For many targets, you will need to run a board setup
script to initialize your target before downloading and running a program. This
script, along with required linker directives files that provide MULTI with
information about your target's memory map, are typically generated for you when
you create a new Top Project using the Project Wizard and Project Manager.

To create an example “Hello World” project for your target, follow the steps provided
in Chapter 1, “Creating a Project” in the MULTI: Managing Projects and
Configuring the IDE book. If you can build and download the example (see “Quick
Start: Building and Running Hello World” in Chapter 1, “Creating a Project” in the
MULTI: Managing Projects and Configuring the IDE book), the default board setup
script and linker directives file configured your target board properly and no
additional configuration is required. However, if you are using custom hardware,
or if you experience problems when downloading the program, you may need to
create or customize the setup script and/or customize the linker directives file in
use. The following sections provide customization guidelines and diagnostics that
you can use to make sure that these target resources are configured correctly.

Customizing MULTI Board Setup Scripts

A board setup script is a file that MULTI uses to initialize your target before
downloading and debugging a program. The default board setup script (if any) for
your target is copied in by the Project Manager when you create a new project.
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Setup scripts in MULTI 6 use the following conventions and commands:

* The MULTI scripting conventions described in Chapter 1, “Using MULTI
Scripts” in the MULTI: Scripting book.

* MULTI Debugger commands described in the MULTI: Debugging Command
Reference book. You can find an overview of useful board setup script
commands in “Useful Commands for MULTT Board Setup Scripts” on page 94.

» Debug server commands listed in the MULTI: Configuring Connections book
or, if you are using a Green Hills Debug Probe, in the documentation about
probe commands in the Green Hills Debug Probes User's Guide. You must
prefix debug server commands with the MULTI Debugger target command
(see “General Target Connection Commands” in Chapter 18, “Target
Connection Command Reference” in the MULTI: Debugging Command
Reference book).

Note

| | Green Hills Monitor targets usually do not require a setup script.

Note

The following sections assume that you are using a MULTI board setup
script (.mbs). If you want to use a legacy setup script (.dbs) generated
by MULTI 4 or older, see “Specifying Setup Scripts” on page 98 and
the documentation about Green Hills debug server scripts and commands
in the MULTI: Configuring Connections book.

To edit a MULTTI board setup script to make it suitable for your system:

1. Obtain your board and processor's documentation. You will need it to gather
information about memory resources, registers, interrupts, etc.

2. Double-click the default setup script in your target resources project to open
it in an editor. If there are multiple setup scripts, choose the one containing
the name of the debug server that supports your specific debugging interface.
For example, if you are using the mpserv debug server, which supports Green
Hills Debug Probe connections, the default setup script file is
mpserv_standard.mbs.
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3. Determine whether your board can initialize itself, and then proceed as follows:

 Ifyour target does not have a valid ROM image that initializes the target

upon reset, skip to the next step.

If your target has a valid ROM image that initializes the target upon reset,
comment out the contents of the MULTI board setup script you are editing
by adding two forward slashes (/ /) to the beginning of each line. Replace
the script with the command sequence shown in the following (or with
an equivalent command sequence).

// Reset and halt the board

reset

// Let the ROM image run the target

c

// Give the ROM image 3 seconds to set up the board
wait -time 3000

// Halt the board to get ready for debugging

halt

| Note

% You may need to alter the wait command, depending on how
long your board takes to set itself up (for information about this
command, see Chapter 2, “General Debugger Command
Reference” in the MULTI: Debugging Command Reference
book).

If you need to initialize your board further, continue to the next step.
Otherwise, save the setup script and skip to “Customizing Linker
Directives Files” on page 98.

4. Verify that your setup script begins with a command that resets the target, such
as the MULTI Debugger reset command or the debug server target tr
command. (For information about these commands, see “General Target
Connection Commands” in Chapter 18, “Target Connection Command
Reference” in the MULTI: Debugging Command Reference book and the
documentation about probe commands in the Green Hills Debug Probes User's
Guide.)

Ensure that your target is halted before continuing initialization, or the state
of the target might be unpredictable.
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5. Disable any interrupt sources that can disrupt the setup or destabilize the board's
memory. (For example, if you are using a PowerPC 860 processor, disable the
watchdog timer to prevent it from interrupting your target board setup.) The
following steps provide a general procedure for disabling interrupt sources:

a. Determine whether your processor has any interrupt sources that might

disturb your debugging session.

. Using your processor's documentation, determine which registers affect

interrupt sources. Then determine the values those registers must have
to disable the interrupt sources.

Enter the commands necessary to configure your memory resources into
your setup script. See “Useful Commands for MULTI Board Setup
Scripts” on page 94.

6. Configure your target's memory controller based on your board's memory
resources. If your memory controller and memory resources are already
properly configured, skip to the next step. The following are general steps for
configuring memory using a setup script:

a. Determine what memory resources your board has by answering the

following:

* How fast and how big is the board's memory, and where do you want
to map it?

* Does the board have SRAM? If so, where is it?

* Does the board have DRAM? If so, where is it, and where is the
DRAM controller for it?

* Does the DRAM controller need refresh timing information or
knowledge of any special modes the DRAM chips may have, such
as Synchronous DRAM?

* Does the board require a peripheral memory base register to access
memory controllers or other on-chip peripherals?

b. If your processor requires you to set up the base register before you can

access your memory controllers or other on-chip peripherals, set the base
register.

. Using your processor's documentation and memory resources, determine

which memory-related registers you must set. Additionally, determine
what values those registers must have to properly configure your memory
resources.
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d. Enter the commands necessary to configure your memory resources into
your setup script (for more information, see “Useful Commands for
MULTI Board Setup Scripts” on page 94).

7. Save your setup script. For information about specifying and running the script,
see “Specifying Setup Scripts” on page 98.

Testing Individual Commands

If you have connected MULTI to your target, you can use the MULTI Debugger's
command pane to confirm the success or failure of each command individually
instead of trying to debug an entire setup script.

Some commands cannot be tested individually because they must be executed within
a certain time period in relation to other commands. In this case, put the relevant
commands into a small script and run the script from the Debugger's command pane
using the < command, or type them in the same command line, separated by
semicolons (; ). (For information about the < command, see “Record and Playback
Commands” in Chapter 15, “Scripting Command Reference” in the MULTI:
Debugging Command Reference book.)

Useful Commands for MULTI Board Setup Scripts

You can find complete documentation for all MULTI Debugger commands in the
MULTI: Debugging Command Reference book. However, only a small subset of
these commands are needed for most setup scripts. The following table outlines
these commands.

addhook
Adds a hook to a Debugger action.

C

Continues a stopped target.

clearhooks

Removes hooks.

eval

Evaluates an expression without printing the result.
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halt
Halts the target.

memread

Performs a sized memory read from the target, and prints the result.

memwrite

Performs a sized memory write to the target.

reset

Resets the target.

target

Transmits commands directly to the debug server. Use this command before a debug server
command. For example, to pass the tr Green Hills Debug Probe command to mpserv using the
Debugger, type:

target tr
To pass the output of a MULTI command to a debug server command, use the following syntax:

target command SEVAL{multi command}

wait

Blocks command processing.

Sregister = value

Sets a register named register on your target board to value. For example:
> $ivor0 = 0x10

Sregister.field = value

Sets a field in register to value. For example:

> $CPSR.F =1

If the name you specify for register is not a named register, MULTI creates a new variable using
the name provided. For example, the following command creates a new variable called $F00
and sets its value to 6:

> SFOO = 6

You can also use C-style expressions for complex memory manipulation. For example:

> *((unsigned int *) 0x8000) |= 0x10
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Example MULTI Board Setup Script

This example script sets up the Motorola MBX for running programs. Even if you
are not using this board, this example contains techniques that may be useful when
you write a script for your hardware.

// delay slow

// Reset the processor

target rst

// set the internal register space to 0xff000000

$immr=0x£f£000000

// turn off the watchdog timer --- disable always

memwrite 4 O0xff000004 Oxffffffgs

// disable the cache

$Sdc_cst=0x04000000

// The board is configured to run at 40 MHz

// init set clock=1 cpu_ speed=40000000

// delay fast

// Setup memory
memwrite 4 OxFF00017C OxCFAFC004
memwrite 4 OxFF000168 0x00000000

memwrite 2 OxFFO00017A 0x0200

Testing Target Access

After you have created your new setup script, open your project in the MULTI
Debugger. At the bottom of the Debugger window is the command pane, which
you can use to send commands to MULTTI. To run your project's default setup script:

* Type setup in the command pane.
After running this command, test that your target is correctly initialized by

performing the diagnostics documented in the following sections.

Testing Register Access
To test your ability to access a register:

1. Select a general purpose register (for example, r1 on many targets).
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2. Read the register. For example:

> Srl

3. Write a different value to the same register. For example:

> $rl=0xdeadbeef
4. Read the register again and see if it has changed to the new value.
For information about testing the ability of a Green Hills Probe or SuperTrace Probe

to access your target's registers, see the documentation about configuring target
resources in the Green Hills Debug Probes User's Guide.

Testing Memory Access
To test your ability to access the target's memory:

1. If you have not run your setup script, enter setup in the Debugger's command
pane.

2. Select a location in memory where you plan to download a program (for
example, 0x8000).

3. Read the memory at this location by entering the following command:

> memread 4 0x8000

4. Write a different value to the same memory location:

> memwrite 4 0x8000 Oxdeadbeef

5. Read the memory location again and see if it has changed to the new value. If
it has, the debugging interface is successfully accessing your target's memory.

Note

You can also use the graphical Memory Tester to test your target
memory. For more information, see Chapter 21, “Testing Target Memory”
on page 511.
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For information about additional tests you can perform if you using a Green Hills
Probe or SuperTrace Probe, see the documentation about configuring target resources
in the Green Hills Debug Probes User's Guide.

Customizing Linker Directives Files

A linker directives (.1d) file controls how the linker links your executable and loads
it into memory. When you create a project for a target running stand-alone programs
using the Project Wizard, it creates several linker directives files and places them
in the target resources project (tgt/resources.gpj). The linker links any project you
add to your Top Project using one of these files, depending on that project's Program
Layout setting.

By default, the Project Wizard sets the Program Layout setting for new
stand-alone program projects to Link to and Execute out of RAM.

Note

You can change the Program Layout for your project by right-clicking
the program in the Project Manager and selecting Configure.

To edit your linker directives file:
1. Inthe Project Manager, double-click the linker directives file in your program's
project to open it in an editor.
2. Modify and save the edited linker directives file.
3. Select the project (.gpj) file in the Project Manager and click 3 to rebuild it.

For more information, see the documentation about linker directives files in the
MULTI: Building Applications book.

Specifying Setup Scripts

After you have a working setup script, you should run it prior to every download
to ensure that your target is properly configured. The following sections explain
how to specify and run board setup scripts depending on how you are connecting
to your target and whether you are using a MULTI (.mbs) or legacy (.dbs) board
setup script.
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Using MULTI (.mbs) Setup Scripts When Connecting to Your Target

The method for specifying an .mbs setup script at the time of connection varies
depending upon the procedure you use to connect MULTT to your target:

 To run an .mbs setup script every time you connect using a particular Standard
Connection Method, specify the filename of the script in the Target Setup
script field of the Connection Editor for the Connection Method and select
the MULTI radio button immediately below the field.

Target setup zcript: mpzery_standard. mbs E:f [;_:.?"'
@ MULTI Legacy

If you are using a default Connection Method created by the Project Wizard,
the necessary setup script file for your processor-board combination (if
applicable) is specified automatically and the MULTT button will be selected.

» To run an .mbs setup script and connect to your target using a Custom
Connection Method:

o Ifyou are editing the Custom Connection Method using the Connection
Editor, specify the filename of the target setup script in the Target Setup
script field.

o Ifyou are entering the connection command using the Start a Custom
Connection field of the Connection Chooser, precede the debug server
command with the option setup=filename (where filename is the .mbs
setup script filename). Click Connect to continue.

* To run an .mbs setup script when connecting from the Debugger command
pane, use the following syntax:

connect setup=filename.mbs dbserv [args]... [opts]...

where filename.mbs is the setup script filename, dbserv is the name of the
debug server to be used, and args and opts are appropriate arguments for your
debug server and target.

For more information about the connect command, see “General Target
Connection Commands” in Chapter 18, “Target Connection Command
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Reference” in the MULTI: Debugging Command Reference book and Chapter 3,
“Connecting to Your Target” on page 39.

Using Legacy (.dbs) Setup Scripts When Connecting to Your Target

Note

{ Support for legacy (.dbs) setup scripts is deprecated and may be removed
in a future release.

The method for specifying a legacy (.dbs) setup script at the time of connection
varies depending upon the procedure you use to connect MULTT to your target.
The various methods are:

 Torun a legacy setup script every time you connect using a particular Standard
Connection Method, specify the filename of the target setup script in the Target
Setup script field of the Connection Editor for the Connection Method. Select
the Legacy radio button immediately below the field.

Target setup zcript: mpzery_standard. dbz E:f [;_:.?"'
MULTI @ Legacy

» To run a.dbs setup script and connect to your target using a Custom Connection
Method:

o Ifyou are editing the Custom Connection Method using the Connection
Editor, include the -setup filename.dbs debug server option in the
Arguments field.

o Ifyou are entering the connection command using the Start a Custom
Connection field of the Connection Chooser, include the -setup
filename.dbs debug server option in the command you enter and click
Connect. For more information about connecting to your specific target
this way, see the appropriate debug server chapter in the MULTI:
Configuring Connections book.

* Torun a.dbs setup script from the Debugger command pane, use the following
syntax:

connect dbserv -setup filename.dbs [args]... [opts]...
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where filename.dbs is the setup script filename, dbserv is the name of the
debug server to be used, and args and opts are appropriate arguments for your
debug server and target.

Running Setup Scripts Manually

In addition to running setup scripts as part of the connecting process, you can also
run setup scripts manually at other times using any of the following methods:

* (MULTI .mbs scripts) Run your setup script file manually from the Debugger
command pane using the < command. (For information about the < command,
see “Record and Playback Commands” in Chapter 15, “Scripting Command
Reference” in the MULTI: Debugging Command Reference book.)

¢ (MULTI .mbs scripts) Use the MULTT setup filename.mbs command. If this
command is used with a connection command, the setup script runs prior to
downloading and debugging. The setup command can also be used without a
specific script name if you are connected and specified a setup script when you
connected. The script you specified for the connection is run if you issue the
setup command with no specified file. For more information about the setup
command, see “General Target Connection Commands” in Chapter 18, “Target
Connection Command Reference” in the MULTI: Debugging Command
Reference book.

* (Legacy .dbs scripts) Use the target script filename.dbs command from the
Debugger command pane. (For more information, see the documentation about
Green Hills debug server commands in the MULTI: Configuring Connections
book.)

Early MULTI Board Setup Scripts with Debugger Hooks

Ordinarily, MULTTI (.mbs) board setup scripts are run every time you download a
program to your target, just before the download begins. However, in certain
circumstances and for certain targets (such as multi-core boards), it is not appropriate
to re-initialize the entire board every time you download a program to a given CPU
on that board.

If you write a setup script with a comment on the first line containing the marker
MBS OPT="early", the entire board setup script will be run once immediately
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after you connect to your target instead of every time just before you download a
program. The comment should look similar to the following:

// MBS OPT="early"

When combined with the hook commands described in “Hook Commands” in
Chapter 15, “Scripting Command Reference” in the MULTI: Debugging Command
Reference book, the "early" MULTI board setup script mechanism gives you
fine-grained control over how and when MULTI will set up your target. For example,
you can install hooks in your setup script to reinitialize the entire board upon reset
by using reset hooks to cause certain initializations to take place before reset and
certain others to take place afterwards.

addhook -before reset { /* Before reset work */ }
addhook -after reset -core 0 { /* After reset, core 0 work */ }
addhook -after reset -core 1 { /* After reset, core 1 work */ }

You can also add a hook to reset the board upon connecting, which causes your
reset hooks to run whenever you connect to the target with MULTI.

addhook —-after connect { reset }

Lastly, you might decide to reinitialize a selected subset of the board circuitry every
time you download a program to one of the CPUs, while leaving the other CPUs
alone.

addhook -before download -core 0 { /* Core 0's initialization commands */ }
addhook -before download -core 1 { /* Core 1's initialization commands */ }
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Chapter 7. Preparing Your Target

Before you can run or debug a program on your target, you must download it to the
target's RAM, program it into the target's flash memory, or verify through the
Debugger that it is already present on the target. This chapter describes how you
can prepare your target to be debugged using one of these methods.

In addition, this chapter discusses how to open the Debugger on a core file that
represents the state of your target at the time of a fatal signal. When you open the
Debugger on a core file, MULTT automatically establishes a connection and prepares
the target for you.

Chapter Terminology

This chapter uses terms that have specific meanings in the following sections. These
terms are defined in the list below:

» Executable — Any executable; thread; or INTEGRITY application, module,
or kernel that you can select from the target list for debugging. This definition
only applies to this chapter.

* CPU — An entity that an executable runs on. When debugging in freeze mode,
this is an actual CPU. When debugging in run mode, it is the CPU abstraction
provided by the operating system, which in some cases corresponds to more
than one actual CPU.

* Downloading — Writing the executable into RAM on your target.
» Flashing — Writing the executable into flash memory on your target.

* Verifying — Reading memory (either RAM or flash) from your target and
comparing it to the contents of the executable, thus ensuring that the executable
loaded into the Debugger is the same as the executable loaded onto your target.

For information about phrases that are used in the target list, see “Target
Terminology” on page 18. For information about statuses that appear in the target
list, see “The Status Column” on page 19.
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Associating Your Executable with a Connection

When you open an executable in the Debugger, the Debugger automatically
associates it with a connection if one is available and applicable to the executable.
Otherwise, the executable is not associated with any connection and appears in the
target list under the heading Unconnected Executables. Before you are able to
download, flash, or verify the executable, you must establish a connection to your
target and associate the executable with the connection.

To do so, select the executable in the target list and then perform one of the following
actions.

* Click the Connect button (§y). Using the Connection Chooser that appears,
connect to a target that contains a CPU compatible with the executable.

» Select Debug — Use Connection. The submenu that appears lists compatible,
currently active connections. If a connection appears dimmed, the current
executable cannot be associated with that connection. Select an Available
connection (if any) from the top of the menu, or select Create New Connection.
(Available indicates that the connection can accept more executables. Current
indicates that the connection is associated with the current executable. Full
indicates that using the connection will cause another executable to stop using
it. See “The Use Connection Submenu’ on page 670.)

* In the Debugger command pane, enter the change binding bind command.
The Connection Chooser prompts you to establish a connection. For more
information, see the change binding command in “General Target Connection
Commands” in Chapter 18, “Target Connection Command Reference” in the
MULTI: Debugging Command Reference book.

After you perform one of the preceding operations, the executable is automatically
associated with the connection if only one compatible CPU exists on the target you
connected to. (This is usually the case.) If the selected executable is compatible
with more than one CPU on the target, the Use Which Connection/CPU? dialog
box appears. The following graphic is an example of the Use Which
Connection/CPU? dialog box for a multi-core QorIQ P4080 target connected via
a Green Hills Probe.
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Use Which Connection/CPU?
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Select the connection that contains the correct CPU.

To disassociate the executable from the connection, select the executable and then
perform one of the following actions:

* Click the Disconnect button (p) to disconnect from the target.

* Select Debug — Use Connection — Stop Using Current Connection.

* In the Debugger command pane, enter change binding unbind. For more
information, see the change_binding command in “General Target Connection
Commands” in Chapter 18, “Target Connection Command Reference” in the
MULTI: Debugging Command Reference book.

Note

All the menu items listed in this section are also accessible from the
shortcut menu that appears when you right-click an executable.

For more information about connecting, see Chapter 3, “Connecting to Your Target”
on page 39. For information about how items are arranged in the target list after
the executable is associated with the connection, see “The Target List Display”
on page 17. For information about loading the executable on the target, see
“Preparing Your Target” on page 108.
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Updating MULTI 4 Target Connections

If you were a previous user of MULTI 4, you may need to convert your connections.
Specifying a download, attach, or board setup connection mode for your target
connection, as was required in MULTTI 4, is not supported in MULTTI 6. This section
summarizes how to obtain results similar to those of:

» Selecting Download, Attach, or Board Setup in MULTI 4's Connection
Editor or Connection Chooser

* Specifying mode=download, mode=attach, or mode=boardsetup in a
MULTTI 4 Custom Connection Method, connect command, or -connect
command line option.

Tip
To remove the deprecated mode=setting argument from a MULTI 4
Connection Method, edit and save the connection in MULTT 6.

Download Mode (mode=download)

Downloading your program in MULTI 6 works in roughly the same way as in
previous versions. You can open a Debugger window on your executable, connect
to your target, and download your program to your target just as you could before.
In MULTT 6, you do not have to specify that your connection is a download mode
connection.

Attach Mode (mode=attach)

After connecting to your target, select <Direct hardware access> from the target
list to get run control of your target, to read and write registers and memory, and
to see the raw disassembly view of whatever your target is running (as on a newly
opened MULTT 4 attach mode connection with no executable). You no longer have
to specify that your connection is an attach mode connection.

If an executable that you would like to debug is already loaded onto your target,
open your executable in the Debugger and do one of the following:

* Select Debug — Prepare Target, and specify Program already present on
target. Verify: Not at all.
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* Run the Debugger command prepare_target -verify=none in the Debugger
command pane. For information about the prepare_target command, see
“General Target Connection Commands” in Chapter 18, “Target Connection
Command Reference” in the MULTI: Debugging Command Reference book.

Performing either of the preceding operations allows MULTTI to assume that the
program loaded on your target is the same as the executable you opened. In the
target list, the <Direct hardware access> entry and your executable will merge
together, allowing you to run, halt, and/or step your target with reference to your
executable's source code in the source pane.

Board Setup Mode (mode=boardsetup)

Because MULTI 4's board setup mode is an extension of attach mode, you can
connect to your target without an executable, and click <Direct hardware access>
as described in “Attach Mode (mode=attach)” on page 107. To get some of the other
effects of the deprecated board setup mode, try enabling no stack trace mode and
memory sensitive mode and disabling automatic coherency checking—settings for
all of which appear under Debug — Debug Settings.

If you are connected via a Green Hills Probe, you can also disallow access to memory
(or specific areas thereof) with the ma command. For information about the ma
command, see the documentation about probe commands in the Green Hills Debug
Probes User's Guide.

Preparing Your Target

Before you can run or debug a program on your target, you must download it to the
target's RAM, program it into the target's flash memory, or verify through the
Debugger that it is already present on the target. To do so, select an executable in
the target list and then perform one of the following operations:

» Perform a run-control operation such as stepping or running your program.

* Click the Prepare Target button (% ).

 Select the Prepare Target menu item from the Debug menu or the right-click
menu.
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* Inthe Debugger command pane, enter the prepare_target command. For more
information and options to this command, see “General Target Connection
Commands” in Chapter 18, “Target Connection Command Reference” in the
MULTI: Debugging Command Reference book.

Note

% If you have not connected to a target, the Connection Chooser prompts
you to connect. If the selected executable is not automatically associated
with the connection, the Use Which Connection/CPU? dialog box
prompts you to pick a connection. For more information, see “Associating
Your Executable with a Connection” on page 105.

After you perform one of the preceding operations, MULTI either opens the Prepare
Target dialog box, which allows you to choose whether to download, flash, or
verify the executable, or MULTI prepares your target for you by automatically
executing one of these actions. For information about how MULTI determines
which action to execute automatically, see “Program Types” on page 111.

If you want to specify which action is performed (that is, you do not want MULTI
to automatically download, flash, or verify the executable), select the Prepare
Target menu item from the Debug menu or the right-click menu, or pass the -ask
option to the prepare_target command. If you prepare the target by another means
and at least one of the following items is true, MULTI automatically executes an
action:

* Only one action is appropriate and MULTTI does not require input (such as the
text offset of a PIC program).

 The last time you prepared the target for the selected program, the option
Automatically use these settings for this program next time was selected
in the Prepare Target dialog box, and the program's memory layout has not
changed since then. (This option is selected by default.)

For more information about the Prepare Target dialog box, see the next section.
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The Prepare Target Dialog Box

The Prepare Target dialog box contains options for specifying that MULTI
downloads the executable, flashes the executable, or verifies the presence of the
executable on the target.

Prepare Target

Selected Action: "Download to RAM®. Learn More. ..

You are connected to a simulator or 3 run-mode connection. You may only select
"Download to RAM". Learn More...

@ Download to Bakd Text Offzet: D ata Offset:

Frogram Flazh ROk
Program already present on tanget.  Verfy: | Sparsely

| Autornatically uge these settings for this program nest time.,

| Cancel |

Each option in the Prepare Target dialog box is listed below:

* Download to RAM — Writes the executable into RAM on your target. For
more information, see “Downloading Your Executable” on page 114.

o Text Offset — Allows you to specify where the text section will be located
when the executable is downloaded. This option is only available for
programs using position-independent code. For more information, see
“Downloading Your Executable” on page 114.

o Data Offset — Allows you to specify where the data section will be located
when the executable is downloaded. This option is only available for
programs using position-independent data. For more information, see
“Downloading Your Executable” on page 114.

* Program Flash ROM — Writes the executable into flash memory on your
target. For more information, see “Flashing Your Executable” on page 114.

* Program already present on target. Verify — Specifies that the executable
is already present in your target's memory. Depending on the Verify option
that you choose from the drop-down menu, MULTI may check to ensure that
the executable is on your target. For more information, see “Verifying the
Presence of Your Executable” on page 114.
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* Automatically use these settings for this program next time — Remembers
the Prepare Target dialog box settings for this executable. If the settings
remain applicable, MULTI uses them automatically and does not open the
Prepare Target dialog box unless you request otherwise. For more information,
see “Preparing Your Target” on page 108.

The options that are available in the Prepare Target dialog box vary according to
the item you are debugging. For more information, see the next section.

When you are finished making your selections, click OK. MULTI prepares your
target.

Program Types

MULTT understands a number of general program types, and is able to determine
the action (download, flash, or verify) that should either be selected by default in
the Prepare Target dialog box or automatically executed (for more information,
see “Preparing Your Target” on page 108). The following sections provide specific
information about how MULTTI determines a program's type, what each type means,
and what action MULTI defaults to for each type.

\ Note

|\ Ifyou are using an instruction set simulator, MULTI may determine that
Download to RAM is the only action possible, regardless of what
program type is detected. In this situation, all other options in the Prepare
Target dialog box are disabled, and even programs built to load from
ROM (that is, ROM run and ROM copy programs) should be
“downloaded.”

RAM Download Programs

If MULTT is unable to locate certain special symbols that indicate the program is
ROM run or ROM copy (see the following sections), it determines that the program
is a RAM download program. In this case, MULTI expects that all sections marked
as allocated in the ELF file should be present on the target.

The Prepare Target dialog box defaults to Download to RAM for programs of
this type. No other option is generally applicable, though if the program has already
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been downloaded to the target, it may be possible to verify that this is the case
instead of re-downloading. If you are debugging a native target or a Dynamic
Download INTEGRITY application, downloading is the only action possible. For
information about downloading, see “Downloading Your Executable” on page 114.
For information about verifying, see “Verifying the Presence of Your Executable”
on page 114.

Only RAM download programs can have position-independent code or data, and
if MULTTI determines that either or both of those is present, the Text Offset and/or
Data Offset text fields are available for input and must be filled in. For more
information, see “Downloading Your Executable” on page 114.

ROM Run Programs

A ROM run program is stored to ROM and runs solely out of ROM (using RAM
only for stack and heap space).

MULTTI determines that a given program has this type if the special symbols
__ghs_rombootcodestartand ghs rombootcodeend exist, and the symbols
__ghs_rambootcodestart and ghs rambootcodeend do not exist. (Note
that MULTT also searches for and uses various other special symbols, such as
__ghs_romstart, ghs romend, ghs ramstart,and ghs ramend, to
improve the debugging experience.)

If a program is of type ROM run, MULTI expects that the sections marked as
allocated in the program's ELF file should be loaded into the target's ROM. This is
generally achieved by programming the flash ROM on the target.

The Prepare Target dialog box defaults to Program Flash ROM for programs
of this type. Any of the Verify options may also be appropriate if the program has
already been programmed into the target's flash ROM. Downloading is generally
not applicable, unless the program is being run on a simulator (see “Program Types”
on page 111). For information about flashing, see “Flashing Your Executable”

on page 114. For information about verifying, see “Verifying the Presence of Your
Executable” on page 114.
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ROM Copy Programs

ROM copy programs are initially located in ROM, but copy themselves to RAM
during startup, and then execute partially or completely from RAM.

MULTI determines that a given program has this type if the linker-inserted symbols
__ghs rombootcodestart, ghs rombootcodeend,
__ghs_rambootcodestart,and ghs rambootcodeend exist. (Note that
MULTT also searches for and uses various other special symbols, such as

__ghs romstart, ghs romend, ghs ramstart, and ___ghs ramend, to
improve the debugging experience.) If the special symbol  ghs after romcopy
exists, MULTI is able to restore software breakpoints in the RAM image of the
program after the ROM copy is completed.

If a program is of type ROM copy, MULTI expects that the sections marked as
allocated in the program's ELF file should be loaded into the target's ROM. This is
generally achieved by programming the flash ROM on the target.

The Prepare Target dialog box defaults to Program Flash ROM for programs
of this type. Any of the Verify options may also be appropriate if the program has
already been programmed into the target's flash ROM. Downloading is generally
not applicable, unless the program is being run on a simulator (see “Program Types”
on page 111). For information about flashing, see “Flashing Your Executable”

on page 114. For information about verifying, see “Verifying the Presence of Your
Executable” on page 114.

Unknown Programs

If MULTT is unable to determine anything about a program, the default action is
Download to RAM. For information about downloading, see “Downloading Your
Executable” on page 114.

When MULTT cannot detect any program information, it is generally the case that
something is wrong with the program or its debug information.
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Downloading Your Executable

To download your executable to your target's memory, select Download to RAM
in the Prepare Target dialog box. This is the most commonly selected option for
debugging embedded programs with MULTTI.

If a board setup script is associated with the target connection, it is executed
immediately before the executable is downloaded.

When the Download to RAM action is available and MULTI detects that your
program has been linked with position-independent code and/or data, the Text
Offset and/or Data Offset fields become available. These fields set the TEXT and
_ DATA system variables, which allow you to specify where the text and data sections
will be located when they are downloaded. If MULTT fails to detect that a program
contains position-independent code or data, you can manually set the offsets using
_TEXT and DATA. For more information, see “System Variables” on page 310.

Flashing Your Executable

To flash your executable to ROM, select Program Flash ROM in the Prepare
Target dialog box. The MULTI Fast Flash Programmer appears. This window
allows you to write a memory image from the host to flash memory on the target.
For more information, see Chapter 22, “Programming Flash Memory” on page 539.

After you have flashed your executable to ROM, reset your target and perform any
other operations that are required for booting code from flash, such as interacting
with the ROM monitor.

Note

If you flash your executable to ROM by selecting Program Flash ROM
and Automatically use these settings for this program next time,
clicking the Restart (@) or Prepare Target button (& ) or issuing an
equivalent command reflashes your target.

Verifying the Presence of Your Executable

To specify that your executable is already present in the target's memory, select
Program already present on target. Verify. Depending on the Verify option you
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choose from the drop-down menu, MULTI may check to ensure that the contents
of target memory match the contents of the executable program file.

The following list describes the Verify options:

» Sparsely — Verifies a few bytes at the beginning, middle, and end of all
downloaded non-data sections that cannot be written to. The . text section is
an example of one such section. Because certain sections of memory, such as
.bss, .data, and .heap, may be written to during program execution, you
can expect them to differ from the executable program file. When you specify
this option, MULTI does not check these sections.

This option halts your target if it is running.

» Completely — Verifies (in entirety) all downloaded non-data sections that
cannot be written to. This may take a long time.

This option halts your target if it is running.

For information about downloaded sections, see the preceding bullet point.

* Not at all — Assumes, but does not verify that the contents of target memory
match the contents of the executable program file. This option does not halt
your target.

Related Settings

Memory Sensitive Mode

To enable memory sensitive mode in the Debugger, select Debug — Debug Settings
— Memory Sensitive. You can also select this mode by setting the system variable
$ VOLATILE=1. For more information about system variables, see “System
Variables” on page 310.

Memory sensitive mode is used when debugging targets whose memory can change
in ways unexpected to the Debugger or while examining memory-mapped 1/O to
avoid unexpected memory references. Some ways that a target could cause such
unexpected changes are self-modifying code and references to dual-port memory
or memory-mapped I/O that can be changed in ways asynchronous to the program
execution.
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Memory sensitive mode has the following effects:

* Memory in areas where executable code resides is read from the target. When
not in memory sensitive mode, MULTT assumes that executable code does not
change and uses the contents of the executable file when displaying disassembly
at such addresses.

* MULTT avoids reading more memory than necessary by only reading the
memory locations requested and by using the specified access size. When not
in memory sensitive mode, MULTI may cache some of the target memory by
reading 64-byte blocks, even if only a small part of memory is actually needed.

* Only one target instruction in the Debugger pane is read and displayed at the
current program location. If you want to expand the allowed range in which
the Debugger can display target machine instructions, set the system variable
$ VOLATILEDISPMAX to the desired maximum number of instruction bytes
to display.

The MULTI commands memread and memwrite can also be used to perform
precise memory references, even when not in memory sensitive mode. For
information about these commands, see “General Memory Commands” in Chapter
10, “Memory Command Reference” in the MULTI: Debugging Command Reference
book.

No Stack Trace Mode

To enable no stack trace mode in the Debugger, select Debug — Debug Settings
— No Stack Trace.

No stack trace mode disables call stack viewing and related functionality. You can
also select this mode by setting the system variable $ NOSTACKTRACE=1.

Call stacks and local variables on a call stack are not displayed because generating
a call stack could cause unexpected memory references in the case where the stack
pointer is either uninitialized or points to a nonstandard stack frame. As a
consequence of this, certain debugging features are also disabled. You can perform
instruction single-stepping, set and hit breakpoints, and start the target executing.
Other debugging functionality, such as stepping over function calls, returning from
function calls, and source-level single-stepping, is not supported in this mode. Once
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the target's stack is correctly set up, you can enable stack traces and the related
Debugger features.

No stack trace mode is typically used in combination with memory sensitive mode
(“Memory Sensitive Mode” on page 115) although it can be selected independently.

Core File Debugging (Linux/Solaris only)

Core file debugging allows you to perform static analysis of your target. The target's
state is dumped into a core file when the program running on the target encounters
a fatal signal.

Note

The state of the target is not dumped into a core file if you have disabled
core dumps or if your program is being run under the control of a
debugger.

To perform core file debugging, you can run one of the following commands from
the command line, or you can enter the Debugger command debug or new in the
MULTI command pane. Both the command line and Debugger commands specify
the program to be debugged and its core image. When you open the Debugger on
a core file, MULTI automatically establishes a connection and prepares the target.

If you are debugging a native Linux program, use the following command to start
the MULTI Debugger from the command line:

multi program name -C core file

where:

* program name is the name of the crashed program you want to debug.

* -C is a MULTI command line option. See Appendix C, “Command Line
Reference” on page 721.

* core fileis the Linux/Solaris core image of the program to be debugged.

You can also use one of the following Debugger commands to open the MULTI
Debugger on a core file:

* debug program_name core_file
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* new program_name core_file

See the debug and new commands in Chapter 2, “General Debugger Command
Reference” in the MULTI: Debugging Command Reference book.

Once you are attached to the process, you can view the call stack and locate the
procedure that caused the dump to occur. All the operations for inspecting data
(reading process registers, the stack, local and global variables, and whatever portions
of memory were dumped into the core file) are available.
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Chapter 8. Executing and Controlling Your Program from the Debugger

This chapter explains how to use the MULTI Debugger to run programs and control
and monitor processes on embedded and simulated targets. You can examine program
details at different points during execution by halting the process manually,
single-stepping through the program, and setting breakpoints.

Note

This chapter focuses primarily on how to use MULTI Debugger features
through the GUI interface. However, you can also perform most of the
procedures described by issuing Debugger commands in the command
pane of the Debugger window. In some situations, using Debugger
commands provides more specific control or more options. For a full
description of the Debugger commands, which are grouped by function,
see the MULTI: Debugging Command Reference book.

Starting and Stopping a Program

Before you can run a program, you must be connected to an embedded target, a
simulator, or a native debug server; your executable must be associated with a
connection; and your target must be prepared. If you are not connected to a target
or simulator and you try to run a program, the Connection Chooser appears and
prompts you to connect. For more information, see Chapter 3, “Connecting to Your
Target” on page 39. In many cases, your executable is automatically associated
with a connection and your target automatically prepared after you connect. If these
things are not automatically done, MULTT prompts you to do them. For more
information, see Chapter 7, “Preparing Your Target” on page 103.

The simplest way to run a program is to click # on the MULTI Debugger toolbar.
The process executes and runs until it terminates successfully, encounters a serious
error, is halted manually, or hits a breakpoint.

To halt a process manually, click [JiJ. For instructions about using breakpoints to
stop a process, see “Using Breakpoints and Tracepoints” on page 124. Click [ to
restart a halted process from the location where it stopped.

For an overview of the information you can view about your program and target
during execution or while the process is halted, see “Viewing Program and Target
Information” on page 168.
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Note

You can also control execution of a program—sometimes more
precisely—using Debugger commands. For more information, see Chapter
13, “Program Execution Command Reference” in the MULTI: Debugging
Command Reference book.

Single-Stepping Through a Program

Before you can single-step through a program, you must meet the same prerequisites
that are listed in “Starting and Stopping a Program” on page 122.

The 2 and * buttons allow you to step through your program, executing one

statement at a time. Both buttons execute the next single statement. The 2 button
steps into function calls. It follows the execution of every individual instruction,

even when functions are called. Conversely, the = button steps over function calls.
It does not step into called functions. If the program halts within a called function,

click F to step out of the called function.

You can also single-step through your program using Debugger commands. For
more information, see “Single-Stepping Commands” in Chapter 13, “Program
Execution Command Reference” in the MULTI: Debugging Command Reference

book.

7

Note

When the Debugger stops on a conditionally not-executed instruction,
the Debugger dims both the instruction and the PC pointer. (The PC
pointer is the arrow marked with the word STOPPED.) In source display
mode, a source instruction i1s dimmed if the current machine instruction
that the Debugger is stopped on, as well as any remaining machine
instructions that make up the current source statement, are conditionally
not executed. In assembly display mode, the Debugger dims the
instruction it is currently stopped on if the instruction is conditionally
not executed. Conditionally not-executed instructions are only available
on certain architectures, such as ARM.

Green Hills Software
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Note

The Debugger generally completes a source-line single-step when it
reaches the first instruction of a source line. The code for certain kinds
of loops, suchas do {...} while loops and infinite loops, may be
generated with a backwards branch to the beginning of the loop. If debug
information indicates that such a loop appears by itself on a single source
line, the Debugger stops stepping after traversing the branch—even
though the program may not have finished executing the entire
loop—because the first instruction of the loop is also the first instruction
of the source line. This is true even if the loop appears by itself on a line
because of compiler or linker code transformations such as macro
expansion, inlining, or code factoring. To advance past such loops with
a single command, consider using the ¢ or cb commands with an address
expression. For information about these commands, see “Continue
Commands” in Chapter 13, “Program Execution Command Reference”
in the MULTI: Debugging Command Reference book.

Using Breakpoints and Tracepoints

Breakpoints halt a process and allow you to examine your code and the state of
your target at various points during program execution. You can specify conditions
that trigger the breakpoint, and you can specify one or more commands to run after
the breakpoint halts the process. There are two main types of breakpoints:

» Software breakpoints — Can be set on any executable line of code in RAM.
Your process halts when it hits the software breakpoint. For more information,
see “Working with Software Breakpoints” on page 128.

» Hardware breakpoints — Can be set on data memory locations or on executable
lines of code located in RAM or ROM. When set on data memory locations,
the hardware breakpoint halts your process if it reads or writes data to the
specified location. Hardware breakpoint support varies by target type. For more
information, see “Working with Hardware Breakpoints™ on page 133.

Breakpoints can be either temporary or permanent. MULTI deletes temporary
breakpoints after your process hits them. MULTI does not automatically delete
permanent breakpoints.
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Breakdots, Breakpoint Markers, and Tracepoint Markers

You can easily set both software and hardware breakpoints by clicking the breakdots
(") that appear in the Debugger source pane. For more information, see “Breakdots,
Breakpoint Markers, and Tracepoint Markers” on page 125.

On targets that use shared objects, MULTI supports breakpoints that are set in
shared object code. For more information, see “Working with Shared Object
Breakpoints” on page 136.

On some targets, you can also use tracepoints to collect debugging data without
halting your process. For more information, see Chapter 24, “Non-Intrusive
Debugging with Tracepoints” on page 559.

Note

% The MULTI Debugger also supports Debugger Notes, which allow you
to attach notes to any line of code. Unlike breakpoints, Debugger Notes
do not halt your process or execute commands. For more information,
see Chapter 10, “Using Debugger Notes” on page 173.

Breakdots, Breakpoint Markers, and Tracepoint Markers

A breakdot (*) is a small dot located directly to the left of any line of source code
that corresponds to an executable instruction. A breakdot indicates that you can set
one or more of a software breakpoint, hardware breakpoint, or tracepoint on the
line marked with the breakdot.

By default, most breakdots in the source pane are green. But you may also encounter
blue, red, or gray breakdots in the following situations:

* Blue breakdots (*) — Indicate source lines for which the compiler generated
reordered code. For example, if you step through a function with blue breakdots
at the top, you will see that the program counter starts at the first green breakdot
and then goes backwards to the blue breakdots before continuing on to the rest
of the green breakdots. This can happen when the compiler delays the
initialization of variables for a function.

* Red breakdots (* ) — Indicate source lines that the linker removed during
link-time optimization. For example, the linker may use subroutine calls and
tail merges to remove redundant segments of code from object files. Because
this code has been removed, you cannot set breakpoints on these source lines.
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Note

Link-time optimization is not available for all target processors. For
more information, see the MULTI: Building Applications book for
your target processor family.

* Gray breakdots (*) — Indicate source lines for which the compiler has merged
the code associated with the line into another source line. This can happen
when a particular source statement appears multiple times within a function.
Because the code has been merged to a different source line, you cannot set
breakpoints on a line with a gray breakdot. If a breakpoint is set at a source
line where the code has been merged, it will be hit anytime the merged code
1s executed.

To set a software breakpoint on any source or assembly line marked by a breakdot,
click the breakdot. To set a hardware breakpoint or a tracepoint on targets that
support them, right-click any breakdot and select the appropriate action from the
shortcut menu that appears.

When you set a breakpoint or tracepoint, you replace the breakdot with a breakpoint
or tracepoint marker. The following table describes these markers.

Breakpoint
Marker

Type of Breakpoint

g

Software breakpoint

Software breakpoint with conditions

Software breakpoint with a bell activated

Software breakpoint with a command list

Software breakpoint with a breakpoint count greater than 1

Jump breakpoint

00O ® 0

Any-task breakpoint (for information about any-task breakpoints in run
mode, see “Any-Task Breakpoints” on page 587; for information about
any-task breakpoints in freeze mode, see “Working with Freeze-Mode
Breakpoints” on page 618)

Task-specific breakpoint in freeze mode (for more information, see “Working
with Freeze-Mode Breakpoints™ on page 618)
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Breakpoint Type of Breakpoint

Marker

(7] Group breakpoint for synchronized halts (for more information, see “Group
Breakpoints” on page 588)

] Hardware breakpoint

A Tracepoint

If you set multiple software breakpoints on a source line, MULTI displays the
marker for the enabled breakpoint that was most recently set or modified. If none
of the breakpoints on the line are enabled, MULTI displays the marker for the
disabled breakpoint that was most recently set or modified.

Positioning your mouse pointer over a breakpoint or tracepoint marker displays the
properties of the breakpoint or tracepoint. Clicking an active breakpoint or tracepoint
marker clears the breakpoint or tracepoint and changes the marker back to a breakdot.
Clicking an inactive breakpoint or tracepoint marker enables the breakpoint or
tracepoint. For information about clearing and enabling multiple breakpoints and
tracepoints set on a single source line, see “Multiple Breakpoints and Tracepoints
on a Single Line” on page 138.

Inactive breakpoints and tracepoints have gray markers. To disable a breakpoint or
tracepoint, right-click the breakpoint or tracepoint marker and select Disable
Breakpoint, Disable Hardware Breakpoint, or Disable Tracepoint. To re-enable
a disabled breakpoint or tracepoint, click the gray marker. Middle-clicking a marker
toggles the breakpoint or tracepoint between active and inactive status.

For more information about software breakpoints, see “Working with Software
Breakpoints” on page 128. For more information about hardware breakpoints, see
“Working with Hardware Breakpoints” on page 133. For more information about
tracepoints, see Chapter 24, “Non-Intrusive Debugging with Tracepoints”

on page 559.
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Viewing Breakpoint and Tracepoint Information

The MULTI Debugger provides several ways for you to view information about
the breakpoints and tracepoints you have set:

* Tooltips — In the source pane, positioning your mouse pointer over a
breakpoint or tracepoint displays the properties of that breakpoint or tracepoint.

* Breakpoints window — The Breakpoints window displays and allows you
to configure software breakpoints and, for targets that support them, hardware
breakpoints, tracepoints, and shared object breakpoints. To open this window,
do one of the following:

o Click the Breakpoints button (& ).

o In the Debugger command pane, enter the bpview command. For
information about the bpview command, see Chapter 3, “Breakpoint
Command Reference” in the MULTI: Debugging Command Reference
book.

o Select View — Breakpoints.

Software breakpoints, hardware breakpoints, and tracepoints are displayed on
separate tabs of the Breakpoints window. For more information, see “Viewing
and Managing Software Breakpoints” on page 131, “Viewing and Managing
Hardware Breakpoints” on page 135, and “The Tracepoints Tab of the
Breakpoints Window” on page 571. For a comprehensive description of the
columns, buttons, and shortcut menus available in the Breakpoints window,
as well as the actions you can perform from this window, see “The Breakpoints
Window” on page 146.

* Breakpoint list commands — You can enter breakpoint commands such as
B to print information about specific breakpoints, or all breakpoints, to the
command pane. For more information about the B command, see Chapter 3,
“Breakpoint Command Reference” in the MULTI: Debugging Command
Reference book.

Working with Software Breakpoints

Software breakpoints halt your process when it reaches a specified line of code and
meets the conditions you have specified. When the process is stopped, you can
inspect the state of your program and track down problems. For an overview of the
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types of information you can view about your program and target, see “Viewing
Program and Target Information” on page 168. You can also specify that MULTI
runs a list of commands when your process hits a breakpoint.

Note

You cannot set software breakpoints in your target's ROM because
software breakpoint instructions cannot be inserted into read-only
memory. However, some targets support hardware breakpoints, which
can be used for debugging ROM. For more information, see ‘“Working
with Hardware Breakpoints” on page 133.

MULTTI denotes a software breakpoint in the source pane with a small red stop sign
(&). To set a software breakpoint, click a breakdot; the breakpoint marker replaces
the breakdot. To move a software breakpoint, right-click the breakpoint marker and
select Move Breakpoint (for more information, see “Moving Software Breakpoints”
on page 132). To remove a breakpoint, click it; the breakpoint marker reverts to a
breakdot.

\ Note

| You can also set and delete breakpoints using breakpoint commands. For
a full description of these commands, see Chapter 3, “Breakpoint
Command Reference” in the MULTI: Debugging Command Reference
book.

If you set a breakpoint by clicking a breakdot, the breakpoint halts your process
every time the process reaches the line of code marked with the breakpoint. After
you have created a breakpoint, you can use the command pane or the Software
Breakpoint Editor to set parameters that associate conditions and commands with
the breakpoint. If you set any of these additional features, the breakpoint's stop sign
icon contains a symbol within it. Even if a breakpoint has more than one property,
only one of these icons is displayed. To view these unique breakpoint icons, see
the table in “Breakdots, Breakpoint Markers, and Tracepoint Markers” on page 125.
For more information about the software breakpoint parameters you can set, see
“Creating and Editing Software Breakpoints” on page 130.
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Creating and Editing Software Breakpoints
You can set a basic software breakpoint quickly and easily:

* In the source pane, click a breakdot (*). For information about breakdots, see
“Breakdots, Breakpoint Markers, and Tracepoint Markers” on page 125.

* In the Debugger command pane, enter the b command. If you do not specify
a location, MULTI sets the breakpoint at the location of the current line pointer.
For more information about this command, see Chapter 3, “Breakpoint
Command Reference” in the MULTI: Debugging Command Reference book.

After you have created a software breakpoint, you can add conditions and command
lists to it by using the Software Breakpoint Editor. To open a Software
Breakpoint Editor, do one of the following.

* In the Debugger source pane, right-click the breakpoint's stop sign icon and
choose Edit Breakpoint from the shortcut menu.

* Click the Breakpoints button (@ ) to open the Breakpoints window, select
the Software tab, and double-click the breakpoint you want to edit. For
alternative ways to open the Breakpoints window, see “Viewing Breakpoint
and Tracepoint Information” on page 128.

* In the Debugger command pane, enter the editswbp command. For more
information about this command, see Chapter 3, “Breakpoint Command
Reference” in the MULTI: Debugging Command Reference book.
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Software Breakpoint Editor

| Active Bell  Count: 1
Label:
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You can set and modify all the basic properties of a software breakpoint by using
the fields in this window, which are described in “Software and Hardware Breakpoint
Editors” on page 139.

Note

You can also set software breakpoints by entering breakpoint commands
in the Debugger command pane. For detailed information about these
commands, see Chapter 3, “Breakpoint Command Reference” in the
MULTI: Debugging Command Reference book.

Viewing and Managing Software Breakpoints

To view all software breakpoints for a program and access them for editing, use the
Software tab of the Breakpoints window. To open the Breakpoints window, click
the Breakpoints button (& ) located on the toolbar. (For alternative ways to open
the Breakpoints window, see “Viewing Breakpoint and Tracepoint Information”
on page 128.)
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The Software tab contains a list of your program's software breakpoints and their
properties. The information displayed for each breakpoint corresponds to the
breakpoint properties displayed in the Software Breakpoint Editor. For a
description of the columns and buttons that appear in the Breakpoints window and
the actions and shortcuts available from the window, see “The Breakpoints Window”
on page 146.

Moving Software Breakpoints

You can move software breakpoints easily. To move a software breakpoint,
right-click the breakpoint marker and select Move Breakpoint. A dialog box
prompts you to either click the source line where you want to move the breakpoint
or cancel the operation. MULTT signifies the source line where your mouse is
currently positioned by enclosing that line's breakdot with a small square. Click
one of these locations (either on the source line or on the breakdot itself) to move
the breakpoint to that line. The following list provides caveats for moving
breakpoints.

* You cannot move a breakpoint out of the current function in which it resides.

* In source-only mode (View — Display Mode — Source Only), you cannot
move a breakpoint from its original location if multiple breakpoints occur on
the original source line. You must change the display mode to an assembly
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mode—either View — Display Mode — Interlaced Assembly or View —
Display Mode — Assembly Only. Then move the individual breakpoint using
the same method as outlined previously.

* You cannot move a breakpoint to a source line that already contains a
breakpoint.

Working with Hardware Breakpoints

On some targets, MULTI can set a small number of hardware breakpoints in your
program. MULTI denotes a hardware breakpoint in the source pane with a small
purple box (®). As with software breakpoints, you can set hardware breakpoints
on your program's source or assembly lines. However, unlike software breakpoints,
hardware breakpoints can be set in ROM because MULTI does not need to modify
target memory to set them. You can also set hardware breakpoints on data memory
locations, so that your process stops when it reads from or writes to those memory
locations.

The number of hardware breakpoints you may set varies from target to target, but
it is usually fewer than four. Additionally, even targets that support hardware
breakpoints may not support all hardware breakpoint capabilities. For information
about how your target handles hardware breakpoints if you are using a Green Hills
Probe or SuperTrace Probe, see the documentation about target-specific hardware
breakpoint support in the Green Hills Debug Probes User's Guide.

Creating and Editing Hardware Breakpoints

If you are connected to a target that supports hardware breakpoints, you can set a
hardware breakpoint in any of the following ways.

* In the Debugger source pane, right-click a green breakdot (*) and choose Set
Hardware Breakpoint.

 In the Debugger source pane, right-click a global or static variable and choose
Set Hardware Breakpoint.

* In the Debugger command pane, enter the hardbrk command. For more
information about this command, see Chapter 3, “Breakpoint Command
Reference” in the MULTI: Debugging Command Reference book.

Green Hills Software 133



Chapter 8. Executing and Controlling Your Program from the Debugger

* On the Hardware tab of the Breakpoints window, click the New HW
Breakpoint button.

After you have created a hardware breakpoint, you can add conditions and command
lists to it using the Hardware Breakpoint Editor. To open a Hardware Breakpoint
Editor, do one of the following:

* Inthe Debugger source pane, right-click the breakpoint's cube icon in the source
pane and choose Edit Hardware Breakpoint from the shortcut menu.

» In the Debugger source pane, right-click a global or static variable that has a
hardware breakpoint set on it, and choose Edit Hardware Breakpoint.

* Click the Breakpoints button (@ ), select the Hardware tab, and double-click
the breakpoint you want to edit.

* Inthe Debugger command pane, enter the edithwbp command. For information
about the edithwbp command, see Chapter 3, “Breakpoint Command
Reference” in the MULTI: Debugging Command Reference book.

Hardware Breakpoint Editor
Symbol: Phello.cc" #imaintts
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Walue: Walue Mask:
Break On: Read [ |wiite [V]Execute
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Condition:
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You can set and modify all the basic properties of a hardware breakpoint by using
the fields in this window, which are described in “Software and Hardware Breakpoint

Editors” on page 139.
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Note

You can also set hardware breakpoints by entering breakpoint commands
in the Debugger command pane. For detailed information about these
commands, see Chapter 3, “Breakpoint Command Reference” in the
MULTI: Debugging Command Reference book.

Viewing and Managing Hardware Breakpoints

To work with hardware breakpoints, you must be connected to a debugging target
that supports them. If you are using a Green Hills Probe or SuperTrace Probe, see
the documentation about target-specific hardware breakpoint support in the Green
Hills Debug Probes User's Guide.

To view all hardware breakpoints and access them for editing, use the Hardware
tab of the Breakpoints window. To open the Breakpoints window, click the
Breakpoints button (&1 ) located on the toolbar. (For other ways to open the
Breakpoints window, see “Viewing Breakpoint and Tracepoint Information”

on page 128.)
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The Hardware tab contains a list of all the hardware breakpoints in your program.
For a description of the columns and buttons that appear in the Breakpoints window
and the actions and shortcuts available from the window, see “The Breakpoints
Window” on page 146.
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Working with Shared Object Breakpoints

When a shared object is loaded, breakpoints work normally. However, after the
shared object is unloaded, you cannot set new software breakpoints in the object's
code. Instead, MULTTI only provides the ability to list and delete these breakpoints
and to toggle them on and off. When the shared object is next loaded, MULTI
restores the breakpoints, including any modifications you have made to them via
the Shared Object tab.

Viewing and Managing Shared Object Breakpoints

When a shared object containing breakpoints is removed from the target process at
run time, any breakpoints set in the shared object are shown in the Shared Object
tab of the Breakpoints window. To open the Breakpoints window, click the
Breakpoints button (& ) located on the toolbar. (For alternative ways to open the
Breakpoints window, see “Viewing Breakpoint and Tracepoint Information”

on page 128.)

The Shared Object tab is only visible when breakpoints from an unloaded shared
object are available for display.
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The Shared Object tab contains a list of all the shared object breakpoints in your
program. For a description of the columns and buttons that appear in the Breakpoints
window and the actions and shortcuts available from the window, see “The
Breakpoints Window” on page 146.

/
\
e

Note

To use the Debugger's command pane to list shared object breakpoints,
enter the B command. See the B command in Chapter 3, “Breakpoint
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Command Reference” in the MULTI: Debugging Command Reference
book.

Restoring Deleted Breakpoints

MULTT allows you to view and restore breakpoints that have been removed during
the current MULTI debugging session. This is especially useful if you accidentally
delete a breakpoint that took some time to set up (for example, if you created a
breakpoint that is associated with a series of commands).

To view deleted breakpoints that you can restore, perform one of the following
actions:

* In the Debugger command pane, enter the dz -list command.
* Open the Breakpoints Restore window by:
o Entering the dz -gui command in the Debugger command pane, or by

o Clicking the Restore Deleted Breakpoints, Restore Deleted HW
Breakpoints, or Restore Deleted SO Breakpoints button in the
bottom-left corner of the Breakpoints window.

From the Breakpoints Restore window, click the Software tab to view
restorable software breakpoints, the Hardware tab to view restorable hardware
breakpoints, and the Shared Object tab to view restorable shared object
breakpoints.

To restore deleted breakpoints, perform one of the following actions:

* In the Debugger command pane, enter the dz command with appropriate
arguments.

* Open the Breakpoints Restore window by using one of the methods detailed
earlier in this section. From the Breakpoints Restore window, click the Restore
button to restore selected breakpoints.

 In the Debugger source pane, navigate to the line where the breakpoint you
want to restore was set, and right-click the breakdot on that line. In the shortcut
menu that appears, select Restore Deleted Breakpoint to restore the software
breakpoint(s) last deleted from the line, or click Restore Deleted Hardware
Breakpoint to restore the hardware breakpoint(s) last deleted from the line.
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For complete usage information for the dz command, see Chapter 3, “Breakpoint
Command Reference” in the MULTI: Debugging Command Reference book. For
more information about the Breakpoints Restore window, see “The Breakpoints
Restore Window” on page 152.

Advanced Breakpoint Topics

Multiple Breakpoints and Tracepoints on a Single Line

If some combination of software breakpoints, hardware breakpoints, and tracepoints
are all set on the same source line and you click the marker to the left of the source
line, all software breakpoints are enabled or cleared independently of hardware
breakpoints and tracepoints. Similarly, a// hardware breakpoints are enabled or
cleared independently of software breakpoints and tracepoints. The same principle
applies to tracepoints. Breakpoints and tracepoints are enabled or cleared based on
the following criteria:

« If all software breakpoints, hardware breakpoints, or tracepoints are disabled,
MULTI enables all software breakpoints, hardware breakpoints, or tracepoints,
respectively.

« Ifatleast one software breakpoint, hardware breakpoint, or tracepoint is enabled,
MULTI clears all software breakpoints, hardware breakpoints, or tracepoints,
respectively.

For example, suppose a single source line contains multiple software breakpoints,
some of which are enabled and some disabled; one hardware breakpoint that is
enabled; and one tracepoint that is disabled. If you click the marker to the left of
the source line, MULTI clears all the software breakpoints, clears the hardware
breakpoint, and enables the tracepoint.

Breakpoint Limitations

 Full source-level debugging is not possible within procedure prologues and
epilogues, so MULTI does not display source-level breakpoints within these
regions. For more information, see “The Call Stack Window and Procedure
Prologues and Epilogues” on page 390.
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 Ifyou halt a process at an instruction where a software breakpoint is set, the
software breakpoint may not be hit. This means that any operation associated
with the breakpoint is not executed. For example, any commands set to run
when the breakpoint is hit will not run; if the breakpoint is a jump breakpoint,
it will not jump to the specified location; etc.

« Setting, removing, enabling, or disabling a breakpoint requires communication
between the Debugger and your target. While this communication is quick, it
is not instantaneous. As a result, setting or enabling a breakpoint on a running
target may result in the breakpoint not being hit. Similarly, removing or
disabling a breakpoint on a running target may result in the breakpoint being
hit. In the second scenario, the Debugger may report Stopped by unknown
trap/breakpoint.

This uncommon behavior is most likely to occur if you modify a breakpoint
located in a tight, currently executing loop.

Software and Hardware Breakpoint Editors

The following table describes the fields and options available in the Software
Breakpoint Editor and the Hardware Breakpoint Editor. The options are ordered
alphabetically in the table below. Unless otherwise stated, all descriptions of toggle
options explain the behavior of the option when enabled.

Editor Field Effect

Access Size Specifies a size for the Value and Value Mask fields (if available).

This option is available in the Hardware Breakpoint Editor.

Active Activates the breakpoint. To disable the breakpoint, clear this box. By
default, breakpoints are active.

When a breakpoint is active, the process stops when it hits the breakpoint
and it meets the conditions of the breakpoint. When a breakpoint is inactive,
it has no effect on the process. Disabling a breakpoint does not delete the

breakpoint or its parameters.

See also the tog command in Chapter 3, “Breakpoint Command Reference”
in the MULTI: Debugging Command Reference book.

This option is available in the Software Breakpoint Editor and the
Hardware Breakpoint Editor.
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Editor Field Effect

Bell Enables a bell that beeps each time the process hits the software breakpoint.
By default, the bell is disabled. To enable the bell, check this box.

If the breakpoint does not stop the process, MULTI does not beep when it
reaches the breakpoint, even if the breakpoint's bell is activated. Situations
when this could occur include the following:

* The breakpoint is disabled.
» The breakpoint is conditional, and its condition evaluated to false.
» The breakpoint is associated with a command that continues execution

of the program.

This option is available in the Software Breakpoint Editor.

Break On Specifies when your process stops. Click the memory access type that
represents when your process should stop. The access types are:

* Read — Your process stops whenever it reads from memory at the
hardware breakpoint location.

* Write — Your process stops whenever it writes to memory at the
hardware breakpoint location.

+ Execute — Your process stops whenever it fetches instructions from
memory at the hardware breakpoint location.

You should not set Read and/or Write in conjunction with Execute.

This option is available in the Hardware Breakpoint Editor.

Commands Specifies one or more commands to run every time your process hits the
breakpoint.

You can enter multiple commands by inserting a semicolon between
commands or by entering each command on a separate line in the
Commands text box.

This option is available in the Software Breakpoint Editor and the
Hardware Breakpoint Editor.
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Editor Field

Effect

Condition

Specifies the condition(s) under which the breakpoint halts your process.

To set conditions for a breakpoint, enter a language expression in this field.
While the condition remains false (or zero), the breakpoint does not stop
your process. If your process hits the breakpoint when the condition is true
(or not zero), the process stops.

For software breakpoints and hardware breakpoints set on executable lines
of code, the condition is evaluated in the context where the breakpoint
appears.

For hardware breakpoints set on data memory locations, MULTI evaluates
the condition in a global context, so you can only use global variables here.

Even when the condition is false, the breakpoint briefly interrupts the process
so that MULTT can evaluate the condition. Therefore, a code segment
containing a conditional breakpoint executes more slowly than one without
such a breakpoint, even when the condition is false.

This option is available in the Software Breakpoint Editor and the
Hardware Breakpoint Editor.

Count

Specifies the breakpoint's count, which is the number of times the process
must hit the breakpoint before MULTI halts the process. The default
breakpoint count is 1.

If the breakpoint's count is 1, the process stops when it hits the breakpoint.
If the count is greater than 1, the process does not stop until it has hit the
breakpoint the number of times specified in this field, after which the process
halts every subsequent time it hits the breakpoint.

Each time the process hits the breakpoint, the breakpoint count is
decremented until it reaches 1. For more information about breakpoint
counts, see Chapter 3, “Breakpoint Command Reference” in the MULTI:
Debugging Command Reference book.

This option is available in the Software Breakpoint Editor and the
Hardware Breakpoint Editor.

Group to Hit

Identifies what task group must hit the software breakpoint for the
breakpoint to halt the process.

This option is only available if your target supports task groups and you
set the field When Hit By to Any Task in Group.

This option is available in the Software Breakpoint Editor.
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Editor Field

Effect

Group to Stop

Specifies what task group halts when a process hits the software breakpoint.

The Group to Stop option is only available if you set the Stop field to
Task Group on a target that supports task groups.

The Group to Stop option is available in the Software Breakpoint Editor.

Label

Specifies a string you can use to refer to the software breakpoint later.
Breakpoint labels are optional, but can be useful when you enter breakpoint
commands in the command pane. For information about breakpoint
commands, see Chapter 3, “Breakpoint Command Reference” in the MULTI:
Debugging Command Reference book.

To assign a breakpoint label, type a word or name in the text field.
Breakpoint labels cannot contain spaces or special characters. For more
information about using breakpoint labels with commands, see Chapter 1,
“Using Debugger Commands” in the MULTI: Debugging Command
Reference book.

This option is available in the Software Breakpoint Editor.

Length

Specifies the size of memory your process accesses at the specified
breakpoint address. Your process hits a hardware breakpoint only if it
accesses Length number of bytes at the specified address. For example, if
Length is 2 bytes, then your process hits the breakpoint when a short
value is written to the breakpoint address, but does not hit the breakpoint
when a char or int value is written to the same address.

If Length is greater than the maximum hardware breakpoint access size
supported by your target and your target supports range hardware
breakpoints, Length specifies a range of addresses where any access will
hit the hardware breakpoint.

This option is available in the Hardware Breakpoint Editor.

Location

Specifies the location of a breakpoint in your program's code. This is a
required property of all breakpoints, so this field must contain a valid address
expression. For more information, see “Using Address Expressions in
Debugger Commands” in Chapter 1, “Using Debugger Commands” in the
MULTI: Debugging Command Reference book.

This option is available in the Software Breakpoint Editor and the
Hardware Breakpoint Editor.
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Editor Field

Effect

Mask

Specifies the address bits that MULTT uses when comparing the current
address to the hardware breakpoint address. To compare addresses, MULTI
does the following:

1. Performs a bitwise AND operation on the mask and the hardware
breakpoint address.

2. Performs a bitwise AND operation on the mask and the current
address.

3. Compares the results of these two operations. If the results are equal
and the Value and Value Mask fields are not set, MULTI triggers
the hardware breakpoint. If the Value and Value Mask fields are set,
MULTI verifies them before triggering the hardware breakpoint.

For example, suppose:

* You define mask as: 0xFF0 (1111 1111 0000)

* You define the hardware breakpoint address as: 0xCD6 (1100 1101
0110)

¢ You do not define the Value or Value Mask

Because the bitwise AND operations cause the last 4 bits of the current
address and the breakpoint address to be 0000, MULTT triggers the hardware
breakpoint when your process accesses memory between addresses 0xCDO
(1100 1101 0000)and 0xCDF (1100 1101 1111).

The default mask is 0xFFFFFFFF, which specifies that the current address
must be identical to the specified breakpoint address.

This option is available in the Hardware Breakpoint Editor.

Rolling

Allows MULTI to delete the breakpoint if MULTI needs the breakpoint's
resources. This option is not selected by default.

This option is available in the Hardware Breakpoint Editor.
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Editor Field

Effect

Stop

Specifies what stops when a process hits the software breakpoint. The
available settings for this option are:
* Task — The breakpoint stops the task that hits that breakpoint.
* System— The breakpoint stops the whole system.
* Task Group — The breakpoint stops all the tasks in the group
specified by the Group to Stop field.
If your target does not support these breakpoints, this setting is disabled

and cannot be modified.

This option is available in the Software Breakpoint Editor.

Type

Specifies a type for the hardware breakpoint. The available settings for this
option are:

* Global — Specifies that the hardware breakpoint can be hit by any
task in the address space in which it is set. This setting is only
applicable if you are using a run-mode connection to debug
INTEGRITY (version 10 or later) or VxWorks.

* Virtual Memory — Instructs INTEGRITY to use a virtual memory
breakpoint to simulate the hardware breakpoint. This setting is only

applicable if you are using a run-mode connection to debug
INTEGRITY (version 10 or later).

For more information, see the hardbrk command's global and vm options
in Chapter 3, “Breakpoint Command Reference” in the MULTI: Debugging
Command Reference book.

This option is available in the Hardware Breakpoint Editor.

Value

Compares the specified value with the value located at the hardware
breakpoint address, when the process has accessed memory at that address.
If the specified value, when masked with Value Mask is equal to the value
located at the hardware breakpoint address, the hardware breakpoint triggers.
(See the following Value Mask description.)

MULTI verifies Value and Value Mask after verifying the address and
Mask.

This setting is only applicable on certain targets and debug servers. If you
set this field and it is not applicable in your current environment, MULTI
either returns an error or the system ignores the setting. When used for
reads and writes less than 32 bits in size, the behavior of this field is target
dependent. The behavior may also vary between big and little endian targets.

This option is available in the Hardware Breakpoint Editor.
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Editor Field

Effect

Value Mask

Specifies the value bits that MULTI uses when comparing the current value
to the hardware breakpoint value. To compare values, MULTI does the
following:

1. Performs a bitwise AND operation on the value mask and the hardware
breakpoint value.

2. Performs a bitwise AND operation on the value mask and the current
value of memory at the hardware breakpoint location.

3. Compares the results of these two operations. If the results are equal,
MULTI triggers the hardware breakpoint.

The default value mask is 0xFFFFFFFF, which specifies that the current
value must be identical to the specified breakpoint value.

MULTI verifies Value and Value Mask after verifying the address and
Mask.

This setting is only applicable on certain targets and debug servers. If you
set this field and it is not applicable in your current environment, MULTI
either returns an error or the system ignores the setting. When used for
reads and writes less than 32 bits in size, the behavior of this field is target
dependent. The behavior may also vary between big and little endian targets.

This option is available in the Hardware Breakpoint Editor.

When Hit By

Identifies what must hit the software breakpoint for the breakpoint to halt
the process. You can specify that the process stops when one of the
following hits the breakpoint:

* This Task — A specific task

* Unattached Tasks — Any unattached task
* Attached Tasks — Any attached task

* Any Task — Any task

* Any Task in Group— Any task in the group specified in the Group
to Hit field

If your target does not support these breakpoint conditions, this setting is
disabled and cannot be modified.

This option is available in the Software Breakpoint Editor.
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The Breakpoints Window

The following sections describe the columns, buttons, and shortcut menus available
in the Breakpoints window, as well as the actions you can perform from this
window. Only the Software, Hardware, and Shared Object tabs are covered here.
For information about the Tracepoints tab, see “The Tracepoints Tab of the
Breakpoints Window” on page 571.

Most of the actions you can perform from the Breakpoints window, you
can also perform by entering commands in the Debugger command pane.
For more information, see Chapter 3, “Breakpoint Command Reference”
in the MULTI: Debugging Command Reference book.

Breakpoints Window Columns

The following table describes breakpoint properties and how they are displayed in
the Breakpoints window.

Columns vary according to the tab selected (Software, Hardware, or Shared
Object). The columns are ordered alphabetically in the following table.

Column

Description

Access

The memory access type, which causes your process to trigger the hardware
breakpoint. Access types are:

* r— (read) Your process stops whenever it reads from memory at the
hardware breakpoint location.

* w— (write) Your process stops whenever it writes to memory at the
hardware breakpoint location.

* rw — (read/write) Your process stops whenever it either reads from
or writes to memory at the hardware breakpoint location.

* x — (execute) Your process stops whenever it fetches instructions
from memory at the hardware breakpoint location.

This column is available on the Hardware tab.
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Breakpoints Window Columns

Column Description

Active A large blue dot (*) indicates the breakpoint is active. A small gray dot
(") indicates the breakpoint is inactive. To toggle between the two states,
click the dot.

This column is available on the Software, Hardware, and Shared Object
tabs.

Bell A large blue dot (®*) indicates the bell is active. A small gray dot (*)
indicates the bell is inactive. To toggle between the two states, click the
dot.

This column is available on the Software tab.

Command On the Software and Hardware tabs: the commands that run every time
your process hits the breakpoint.

On the Shared Object tab: the command that restores each shared object
breakpoint when the shared object is loaded again.

Count If MULTTI is counting the number of times the process hits the breakpoint
(this is the common case): the breakpoint's current count, which indicates
how many more times the process must hit the breakpoint before the
process halts. If the count is 1, the process halts every time the target hits
the breakpoint.

If the target is counting the number of times the process hits the breakpoint
(for example, if you are using INTEGRITY 10 with a run-mode
connection): the behavior of this column is undefined.

This column is available on the Software and Hardware tabs.

Label The label (if any) of the breakpoint. Breakpoint labels cannot contain
spaces or special characters.

This column is available on the Software and Shared Object tabs.

Location The location of the breakpoint in your program's code. For more
information, see “Using Address Expressions in Debugger Commands”
in Chapter 1, “Using Debugger Commands” in the MULTI: Debugging
Command Reference book.

This column is available on the Software and Hardware tabs.

Reached If MULTT is counting (this is the common case): the number of times your
process has hit the breakpoint.

If the target is counting (for example, if you are using INTEGRITY 10
with a run-mode connection): the behavior of this column is undefined.

This column is available on the Software tab.
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Column Description

Shared Object The shared object that each breakpoint is set in.
This column is available on the Shared Object tab.

Task Identifies what must hit the breakpoint for the breakpoint to halt your
process, and also what tasks halt when your process hits the breakpoint.
This column is available on the Software tab.

Breakpoints Window Buttons

In addition to displaying information about all breakpoints, the Breakpoints window
contains buttons that make it easy for you to do things such as create, modify, and
load breakpoints. Some operations can be performed on multiple breakpoints

simultaneously.

Buttons vary according to the tab selected (Software, Hardware, or Shared
Object). The buttons are ordered alphabetically in the following table.

Button

Action

Delete

Deletes the selected breakpoint(s).

This button is available on the Software, Hardware, and Shared
Object tabs.

Edit

Opens the Software Breakpoint Editor or the Hardware Breakpoint
Editor, which you can use to edit the selected software breakpoint or
hardware breakpoint, respectively. For more information about setting
software breakpoint parameters, see “Creating and Editing Software
Breakpoints” on page 130. For more information about setting hardware
breakpoint parameters, see “Creating and Editing Hardware
Breakpoints” on page 133.

This button is available on the Software and Hardware tabs.

Load Breakpoint
List

Opens a Load Breakpoints dialog box where you can choose to load
the file in which you previously saved breakpoints. (See Save
Breakpoint List below.)

Note: The Debugger may not be able to load group breakpoints.

This button is available on the Software tab.
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Breakpoints Window Mouse and Keyboard Actions

Button Action
New Breakpoint Creates a new breakpoint at the location of the current line pointer and
or opens a Software Breakpoint Editor or Hardware Breakpoint Editor
on the new breakpoint.
New HW Breakpoint
P This button is available on the Software and Hardware tabs.
Restore Deleted Opens the Breakpoints Restore window, which allows you to view
Breakpoints and restore breakpoints that have been removed during the current
or MULTI debugging session. For more information about this window,
see “The Breakpoints Restore Window” on page 152.
Restore Deleted HW
. This button is available on the Software, Hardware, and Shared
Breakpoints )
Object tabs.
or
Restore Deleted SO
Breakpoints
Save Breakpoint List Opens a Save Breakpoints dialog box where you can choose a file in

which to save your program's currently set breakpoints. You can reload
the file later. Note that the Debugger may not be able to reload group
breakpoints. (See Load Breakpoint List above.)

This button is available on the Software tab.

Breakpoints Window Mouse and Keyboard Actions

The following table describes the mouse and keyboard actions you can perform on
items located in the Breakpoints window. Possible actions vary according to the
tab selected (Software, Hardware, or Shared Object). The actions are ordered
alphabetically in the following table.

Action

Result

Click a breakpoint

Displays the breakpoint's location in the Debugger, if the breakpoint is
set in source code.

This action is possible on the Software and Hardware tabs.

Double-click a
breakpoint

or

Press Enter

Opens the Software Breakpoint Editor or the Hardware Breakpoint
Editor, which you can use to edit the selected software breakpoint or
hardware breakpoint, respectively.

This action is possible on the Software and Hardware tabs.
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Action

Result

Click the Active dot

Toggles the state of the selected breakpoint between active and inactive.
See also the tog command in Chapter 3, “Breakpoint Command
Reference” in the MULTI: Debugging Command Reference book.

This action is possible on the Software, Hardware, and Shared Object
tabs.

Click the Bell dot

Toggles the state of the bell between enabled and disabled. If enabled
on a specific breakpoint, the bell beeps every time the process stops at
that breakpoint.

This action is possible on the Software tab.

Right-click a
breakpoint

Opens a shortcut menu. Available menu options are described in the
following table.

This action is possible on the Software, Hardware, and Shared Object
tabs.

Press Delete

Deletes the selected breakpoint(s).

This action is possible on the Software, Hardware, and Shared Object
tabs.

Breakpoints Window Shortcut Menu

The following table describes the menu options that appear when you right-click a
breakpoint in the Breakpoints window. Menu options vary according to the type
of breakpoint clicked (software, hardware, or shared object). The menu options are
ordered alphabetically in the following table.

Menu Item

Action

Beep on Selected
Breakpoints

Enables the breakpoint bell for the selected breakpoints. A beep sounds
when the process stops at these specified breakpoints.

This menu item is available from the Software tab shortcut menu.

Delete Selected
Breakpoints

or

Delete Selected
Shared Object
Breakpoints

Deletes the selected breakpoint(s).

This menu item is available from the Software, Hardware, and Shared
Object tab shortcut menus.
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Breakpoints Window Shortcut Menu

Menu Item Action

Disable Selected Inactivates all the selected breakpoints so that the process does not stop

Breakpoints when it hits them. See also the tog command in Chapter 3, “Breakpoint

or Command Reference” in the MULTI: Debugging Command Reference

book.

Disable Selected

Shared Object This menu item is available from the Software, Hardware, and Shared
. Object tab shortcut menus.

Breakpoints

Do not Beep on

Selected Breakpoints

Disables the breakpoint bell for the selected breakpoints. No sound is
emitted when the process stops at these specified breakpoints.

This menu item is available from the Software tab shortcut menu.

Edit Selected
Breakpoint

Opens the Software Breakpoint Editor or the Hardware Breakpoint
Editor, which you can use to edit the selected software breakpoint or
hardware breakpoint, respectively.

This menu item is available from the Software and Hardware tab
shortcut menus.

Enable Selected
Breakpoints

or

Enable Selected
Shared Object
Breakpoints

Activates all the selected breakpoints so that the process stops when it
hits them. See also the tog command in Chapter 3, “Breakpoint
Command Reference” in the MULTI: Debugging Command Reference
book.

This menu item is available from the Software, Hardware, and Shared
Object tab shortcut menus.

New Software
Breakpoint

or

New Hardware
Breakpoint

Opens the Software Breakpoint Editor or the Hardware Breakpoint
Editor, which you can use to create a new software or hardware
breakpoint with the properties that you specify.

This menu item is available from the Software and Hardware tab
shortcut menus.

Show In Debugger

Displays the source code where the selected breakpoint is set.

This menu item is available from the Software and Hardware tab
shortcut menus.
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The Breakpoints Restore Window

The following sections describe the columns, buttons, and shortcut menus available
in the Breakpoints Restore window. For general information about restoring
breakpoints, see “Restoring Deleted Breakpoints” on page 137.

Note

| | Most of the actions you can perform from the Breakpoints Restore
window, you can also perform by using the dz Debugger command. For
information about this command, see Chapter 3, “Breakpoint Command
Reference” in the MULTI: Debugging Command Reference book.

Breakpoints Restore Window Columns

The following table describes how properties of deleted breakpoints are displayed
in the Breakpoints Restore window.

Columns vary according to the tab selected (Software, Hardware, or Shared
Object). The columns are ordered alphabetically in the following table.

Column

Description

Command

The command that was used to create the deleted breakpoint.

This column is available on the Software, Hardware, and Shared Object
tabs.

Label

An identifier for use with the dz command (see Chapter 3, “Breakpoint
Command Reference” in the MULTI: Debugging Command Reference
book).

This column is available on the Shared Object tab.

Location

The source location (if applicable) and address that the breakpoint existed
at.

This column is available on the Software, Hardware, and Shared Object
tabs.

Shared Object

The shared object that the deleted shared object breakpoint was set on.

This column is available on the Shared Object tab.
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Breakpoints Restore Window Buttons

In addition to displaying information about breakpoints that have been deleted, the
Breakpoints Restore window contains buttons that make it easy for you to restore
or permanently remove deleted breakpoints. The buttons available in the
Breakpoints Restore window are described in the following table.

Button

Action

All

Selects all breakpoints listed on the current tab.

None

Deselects all breakpoints listed on the current tab.

Clear

Clears all selected breakpoints from the current tab. (Once cleared, the
breakpoints can never be restored.)

This button corresponds to the dz -clear command. For information
about this command, see Chapter 3, “Breakpoint Command Reference”
in the MULTI: Debugging Command Reference book.

Restore

Restores all selected breakpoints listed on the current tab.

This button corresponds to the dz command. For information about this
command, see Chapter 3, “Breakpoint Command Reference” in the
MULTI: Debugging Command Reference book.

Breakpoints Restore Window Shortcut Menu

The following table describes the menu options that appear when you right-click a
deleted breakpoint entry in the Breakpoints Restore window. Menu options vary
according to the type of breakpoint clicked (software, hardware, or shared object).
The menu options are ordered alphabetically in the following table.

Menu Item Action

Clear Selected Clears all selected breakpoints from the current tab. (Once cleared, the

Breakpoints breakpoints can never be restored.)

or This menu item corresponds to the dz -clear command and is available
from the Software, Hardware, and Shared Object tab shortcut menus.

Clear Selected

Shared Object

Breakpoints
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Menu Item Action
Restore Selected Restores all selected breakpoints listed on the current tab.
Breakpoints

This menu item corresponds to the dz command and is available from
or the Software, Hardware, and Shared Object tab shortcut menus.

Restore Selected

Shared Object

Breakpoints

Show Location In Jumps to the location in the Debugger source pane where the deleted
Debugger breakpoint was set.

This menu item is available from the Software and Hardware tab
shortcut menus.

For complete information about the dz command, see Chapter 3, “Breakpoint
Command Reference” in the MULTI: Debugging Command Reference book.
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Chapter 9. Navigating Windows and Viewing Information

This chapter describes how to navigate and browse MULTI Debugger windows.

Navigating and Searching Basics

The following sections explain features and procedures common to most MULTI
Debugger windows.

Using the Scroll Bar

* You can either use the scroll bar or enter the scrollcommand command to
scroll through your program. For more information about this command, see
Chapter 11, “Navigation Command Reference” in the MULTI: Debugging
Command Reference book.

« For information about navigating the source pane, see “Navigating, Browsing,
and Searching the Source Pane” on page 162.

Infinite Scrolling

In two situations, normal scrolling behavior is replaced by infinite scrolling. In this
mode, the thumb in the vertical scroll bar stays fixed in the middle of the scroll bar,
does not reflect the relative position of the display, and cannot be dragged to new
locations. The scroll thumb's appearance is also different. On Windows, the
Debugger sets the thumb at its minimum size. On Linux/Solaris, the Debugger
replaces the thumb with a diamond. You can still click above or below the thumb
or use the arrow keys to scroll up or down. Infinite scrolling occurs in the following
situations:

* When the Debugger displays only assembly code in the source pane. See
“Source Pane Display Modes” on page 23.

* In a Memory View window. See Chapter 15, “Using the Memory View
Window” on page 323.
Incremental Searching

You can perform incremental text searches in most MULTI debug windows. (In
some windows, you must select something before you can search.) To start an
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Incremental Searching

incremental forward search, press Ctrl+F. To start an incremental backward search,
press Ctrl+B. When you start a search, Srch appears on the left side of the window's
status bar.

After you press Ctrl+F or Ctrl+B and start typing, MULTI begins searching the
active window for the string of characters and highlights the first match it finds. If
subsequent keystrokes do not match the first selection, MULTTI continues to search
the active window for an exact match. The search string appears to the right of Srch
in the status bar. In most windows, the search starts with the text that the window
currently displays. In the source pane, the search begins at the current line pointer.

To find the next or previous search match, press Ctrl+F or Ctrl+B again.
Incremental searches wrap around the entire text buffer of the window you are
searching. When the Debugger reaches the end or the beginning of the window
buffer, it beeps to indicate that it is about to wrap.

To end a search, press Esc or Enter.

You can switch the search mode for a single search from case-insensitive to
case-sensitive by typing uppercase characters in the search string. To change the
default case sensitivity for all incremental searches in the current session, enter the
chgcase command in the Debugger command pane. For more information about
this command, see Chapter 16, “Search Command Reference” in the MULTI:
Debugging Command Reference book.

The following table summarizes the shortcuts and keystrokes available for
incremental searching.

Keyboard Effect
Shortcut
Ctrl+F Starts an incremental forward search or, if you have already started a

search, advances to the next matching pattern. If you have not started
searching and you press Ctrl+F twice, you resume the last search.

Ctrl+B Starts an incremental backward search or, if you have already started a
search, jumps backward to the previous matching pattern. If you have
not started searching and you press Ctrl+B twice, you resume the last
search.

Ctrl+U (while in Resets the search pattern.
search mode)
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Keyboard Effect
Shortcut

Esc or Enter (while Ends the search. In source pane searches, the last match remains selected.
in search mode)

any_character Adds a character to the search pattern.
(while in search
mode)

Backspace (while  Deletes the last character in the search pattern.
in search mode)

Note

You can also enter search commands in the command pane or use the
Source Pane Search dialog box to perform incremental searches in the
source pane. For more information, see Chapter 16, “Search Command
Reference” in the MULTI: Debugging Command Reference book and
“Using the Source Pane Search Dialog Box” on page 167.

Example 9.1. Searching for a String

If the source pane of an active Debugger window contains the following text:

this is a search string.

and you start a search by pressing Ctrl+F and typing the letter i, the Debugger
highlights the character i in the word this.

If you then type s, the Debugger highlights the two characters i and s in the word
this.

To jump to the next occurrence of the pattern is, press Ctrl+F again. The Debugger
selects the word is.

To search next for the pattern in, press Backspace to reset the search string to i,
and then type n. The Debugger highlights the characters i and n in string.

To stop the search, press Enter. The in in string remains selected.
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Searching in Files

The MULTI Debugger supports full-text searching of open files and, if debugging
information is available, of all the files that make up a program. To search your
source files, select Tools — Search in Files. A Search in Files dialog box appears.

%« Search in all open files and in the source files of "C:\Users... EI@

Search in all open files and in the source...

Regular expreszion to search for:

print -

| Caze sensitive “Whiale word | Use Regular Espressions

[ Search ] | Cancel |

Enter your search string in the text box or use the drop-down list to select recent
search strings. You can also select any of the following optional search criteria.

» Case sensitive — The search only finds text that matches the case of the search
string exactly. If this box is cleared, the search ignores case when searching
for a match. By default, this box is checked.

* Whole word — The search only finds text that contains the search terms as
words. This means that the matching string must be preceded by a non-word
character and followed by a non-word character, where word characters are
letters, digits, and the underscore. For example, if you select this check box, a
search for ice does not match slice orice ,butitdoes match ice-9. This
box is cleared by default.

» Use Regular Expressions — The search treats the text you enter as a regular
expression. If this box is cleared, the search treats the text you enter as a fixed
string. By default, this box is checked.

After you have entered the search string and set the search criteria, click Search to
perform the search. A Search in Files Results window opens to show the search
progress. For a description of this window, see “Viewing Search in Files Results”
in Chapter 4, “Editing Files with the MULTI Editor” in the MULTI: Managing
Projects and Configuring the IDE book.
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Note

To access the same Search in Files capability without using a GUI
interface, use the grep command. For more information about this
command, see Chapter 16, “Search Command Reference” in the MULTI:
Debugging Command Reference book.

Note

The Search in Files capability runs the BSD grep utility. A copy of BSD
grep is installed along with the MULTI IDE. However, BSD grep is not
part of MULTT and is not distributed under the same license as MULTTI.
For more information about the license under which BSD grep is
distributed, refer to the file bsdgrep.txt, which is located in the copyright
subdirectory of the IDE installation directory. For information about the
search expression format that BSD grep uses, refer to the OpenBSD
re_format(7) man page.

Selecting, Cutting, and Pasting Text

In most MULTI windows, you can select and copy text using your mouse and
common keyboard shortcuts. Some windows, however, do not support text selection,
copying, and/or pasting. For more information about whether a specific window
supports text selection and modification, use the index to find the main discussion
of that window in this book. Conventions for selecting, copying, and pasting text
differ in the source and command panes of the main Debugger window. For more
information, see “Selecting, Copying, and Pasting Text in the Main Debugger

Window”

on page 161.

The following table describes general conventions for selecting, cutting, and pasting
text in MULTI Debugger windows.

To

Do this

Select text

Use your mouse pointer to highlight text.

Copy text Select text, and press Ctrl+C.

Paste text Copy text, click in the spot where you want to paste the text, and press
Ctrl+V.

Deselect text Click in an area of the window without any text.
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Note

On Windows, the copy and paste functions use the Windows clipboard,
so you can copy and paste text among any applications that use the
Windows clipboard.

On Linux/Solaris, you can copy and paste your selection to other X
Window System applications that support pasting, such as xterms.
However, different applications may behave differently, so consult the
reference manual for your specific system. Generally, when you select
text, MULTT automatically copies it. Middle-click to paste automatically
copied text. Text cannot be selected in two windows at the same time.

Selecting Items from Lists

In those windows containing lists of items that you can select, the following
conventions usually apply:

+ To select an item, single-click the row containing that item. This highlights the
TOW.

* To select multiple, non-adjacent items/rows, hold the Ctrl key while clicking
each item or row.

» To select a range of adjacent rows, click the first row, hold the Shift key, and
then click the last row in the range.

Selecting, Copying, and Pasting Text in the Main Debugger
Window

Conventions for selecting, copying, and pasting text in the source and command
panes differ from the conventions used in other Debugger windows. In the source
pane, your selection automatically expands to include a whole entity, such as a word
or expression. For example, to select a word in the source pane, simply click
anywhere within the word. To select all the text occurring between a pair of
parentheses, including the parentheses themselves, drag your mouse over one of
the parenthesis markers and release.

When selecting text in the source pane, you may find that the Debugger performs
a command as soon as you release the mouse button. To prevent the Debugger from
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issuing a command, hold down the Ctrl key while selecting text. This also prevents
the Debugger from attempting to auto-complete your selection. Alternatively, you
can configure Debugger key bindings to prevent the Debugger from issuing
commands. See “Customizing Keys and Mouse Behavior” in Chapter 7,
“Configuring and Customizing MULTT” in the MULTI: Managing Projects and
Configuring the IDE book.

When you select text in the source pane, the Debugger automatically copies your
selection. To paste the selection into the command pane, middle-click in the
command pane. To enable this behavior on Windows, select Config — Options
— MULTTI Editor tab, and check Allow middle click to paste. In general, this
behavior is similar to selecting and pasting procedures on Linux/Solaris.

Note

On Windows, the automatic copy that the Debugger makes at the time
of selection only allows you to paste to the command pane. To copy text
and paste it into another window, highlight the text and press Ctrl+C to
copy it. Then press Ctrl+V to paste it into another window.

Navigating, Browsing, and Searching the Source Pane

You can use the following shortcuts, buttons, commands, and menu items to navigate
through your program code in the source pane. For information about scrolling, see
“Using the Scroll Bar” on page 156.

To Do (one of) the following
Scroll up by one screen * Press PageUp.
Scroll down by one screen * Press PageDown.
Scroll up by one line * Press Shift+UpArrow.
Scroll down by one line * Press Shift+tDownArrow.
View the code one level higher on the call * Press Ctrl++ (plus sign).
stack - Click &.
» Select View — Navigation — UpStack.
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To

Do (one of) the following

View the code one level lower on the call
stack

Press Ctrl+- (minus sign).
Click f5.

Select View — Navigation — DownStack.

View the procedure where the process is
stopped

Click 4.

In the command pane, enter the E
command. For information about the E
command, see Chapter 8, “Display and Print
Command Reference” in the MULTI:
Debugging Command Reference book.

Select View — Navigation — Current PC.

View the first procedure higher on the call
stack that has source code (for example, if
you are stopped inside a library function with
no source code and you want to return to
viewing your program)

In the command pane, enter the uptosource
command. For information about the
uptosource command, see Chapter 11,
“Navigation Command Reference” in the
MULTI: Debugging Command Reference
book.

Select View — Navigation — UpStack To
Source.

Navigate to a specific file, procedure, line
number, breakpoint, or other location

In the command pane, enter the e command
followed by an address expression. For
information about the e command, see
Chapter 11, “Navigation Command
Reference” in the MULTI: Debugging
Command Reference book.

On the navigation bar, use the File Locator
to navigate to a file. See “Using the File
Locator” on page 164.

On the navigation bar, use the Procedure
Locator to navigate to a procedure. See
“Using the Procedure Locator” on page 165.

Select View — Navigation — Goto
Location and enter an appropriate location
in the dialog box.
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To Do (one of) the following
Return to a location you recently viewed in * In the command pane, enter the indexprev
the source pane and indexnext commands. For information

about these commands, see Chapter 11,
“Navigation Command Reference” in the
MULTI: Debugging Command Reference
book.

* On the navigation bar, use the Back (&)
and Forward (#) history buttons.

Using the File Locator

The File Locator (Fie:  sic_tracewace_democ ~ ) shows the name of the file currently displayed
in the Debugger and allows you to navigate quickly to other files in your program.
The following table summarizes what you can do with the File Locator.

To Do this

View the full name  Move the cursor over the File Locator. The file path appears in a tooltip.
and path of the

displayed file

Navigate to another  Type the name of the file in the File Locator and press Enter. If the name

source file in your  you type is of a valid source file that was compiled into your program,

program the Debugger navigates to the file and displays it in the source pane. If
the name you type does not match a filename exactly, the Debugger
displays a file whose name begins with the name that you typed, or if
there is more than one match, it displays a list of files.

If you do not remember the exact name of the file you are looking for,
use a wildcard (see “Wildcards” on page 303). For example, if you know
that a file's name contains the word sort, enter *sort* in the File Locator
to browse a list of all the files in your program that contain the word sort
in their names. If only one file in your program matches the pattern that
you type, the Debugger displays that file immediately. You can use any
number of wildcard characters in your search. Wildcard searching is not
case-sensitive.

View a file recently  Click the arrow on the right side of the File Locator to open a drop-down

displayed in the list of recently viewed files. The File Locator sorts the files according to

source pane when you last viewed them, with the currently displayed file at the top
of the list. To display a file in the source pane, select it in the list.
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To

Do this

Browse a list of all
the files in your
program

Do one of the following:

* In the command pane, enter the browse files command. For
information about the browse command, see “General View
Commands” in Chapter 22, “View Command Reference” in the
MULTI: Debugging Command Reference book.

* Click the arrow on the right side of the File Locator and select
Browse all source files in program from the list that appears.

» Select Browse — Files.

Performing any of the above actions opens a Source Files with
Procedures window. To display a file in the source pane, click the name
of the file in the list.

See also “Browsing Source Files” on page 230.

Using the Procedure Locator

The Procedure Locator (Pee: man =) shows the name of the procedure currently
displayed in the Debugger and allows you to navigate quickly to other procedures
in your program. The following table summarizes what you can do with the

Procedure Locator.

To

Do this

View the full name
and signature of the
displayed procedure

Move the mouse pointer over the Procedure Locator. The full name and
signature appears in a tooltip. Full signature display is only available for
C++ procedures. The return type of the procedure is not included in the
signature display.
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To Do this

Navigate to another  Type the name of the procedure in the Procedure Locator and press Enter.

procedure in your If the name you type is of a valid procedure that was compiled into your

program program, the Debugger navigates to the procedure and displays it in the
source pane. If the name you type does not match a procedure name
exactly, the Debugger displays a procedure whose name begins with the
name that you typed, or if there is more than one match, it displays a list
of procedures.

If you do not remember the exact name of the procedure you are looking
for, use a wildcard (see “Wildcards” on page 303). For example, if you
know that a procedure's name contains the word sort, enter *sort* in
the Procedure Locator to browse a list of all the procedures in your
program that contain the word sort in their names. If only one procedure
in your program matches the pattern that you type, the Debugger displays
that procedure immediately. You can use any number of wildcard
characters in your search. Wildcard searching is not case-sensitive.

View a procedure Click the arrow on the right side of the Procedure Locator to open a

recently displayed  drop-down list of recently viewed files. The Procedure Locator sorts the

in the source pane  procedures according to when you last viewed them, with the currently
displayed procedure at the top of the list. If more than one procedure is
visible in the source pane, the name of the procedure pointed to by the
blue current line pointer is displayed.

Browse a list of all ~ Click the arrow on the right side of the Procedure Locator and select

the procedures in Browse procedures in current file from the list that appears. The

the displayed file Procedures: current file window opens. To display a procedure in the
source pane, click the name of the procedure in the list.

Browse a list of all Do one of the following:

the procedures in
your program * In the command pane, enter the browse procs command. For

information about the browse command, see “General View
Commands” in Chapter 22, “View Command Reference” in the
MULTI: Debugging Command Reference book.

* Click the arrow on the right side of the Procedure Locator and select
Browse procedures in program from the list that appears.

» Select Browse — Procedures.

Performing any of the above actions opens a Procedures Browse window.
To display a procedure in the source pane, click the name of the procedure
in the list.

For more information about browsing procedures, see “Browsing Procedures”
on page 220.
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Using Navigation History Buttons

The Debugger keeps a history of the source locations you have viewed. You can
use the Back (%) and Forward (s ) buttons to display source code you have recently
viewed in the source pane. These buttons function similarly to the back and forward
buttons found in Web browsers. If you click and hold either of these buttons, you
can select from a short list of previously visited source locations.

See also the indexnext and indexprev commands in Chapter 11, “Navigation
Command Reference” in the MULTI: Debugging Command Reference book.

Using the Source Pane Search Dialog Box

The Source Pane Search dialog box provides a simple way for you to search your
code quickly and easily. To open the Source Pane Search dialog box, do one of
the following.

* Inthe command pane, enter the dialogsearch command. For information about
the dialogsearch command, see Chapter 16, “Search Command Reference” in
the MULTI: Debugging Command Reference book.

* From the main Debugger window, select Tools — Search.

» Use the Ctrl+Shift+F keyboard shortcut.
To search:

1. Enter the text you are searching for in the Find field.

% Source Pane Search El@

Jource Pane 3earch

Fird: tablefi]

@ Fonward Backward @ Ewxact Caze |gnore Casze

Search Tepe: @ Maormal Regular Expreszion

2. Use the radio buttons to specify the direction of the search (Forward or
Backward), the case sensitivity of the search (Exact Case or Ignore Case),
and the type of search (Normal or Regular Expression). The default settings
are Forward, Exact Case, and Normal.
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3. Click Find.

MULTT highlights the first match of the search string in the source pane. To find
the next match, click Find again. The search wraps at the end of the source file.

Note

You can also search the source pane incrementally by using simple
keyboard shortcuts (see “Incremental Searching” on page 156) or by
entering the fsearch or bsearch commands in the command pane. For
information about these and about other commands that allow you to
search from the command pane, see Chapter 16, “Search Command
Reference” in the MULTI: Debugging Command Reference book.

Viewing Program and Target Information

In addition to viewing information in the source pane, you can use stand-alone
windows to view more detailed information about your program and the state of
your target during program execution. The following sections provide a brief
introduction to the types of information you can view, and in some cases, edit.

Viewing Information in Stand-Alone Windows

The MULTI Debugger includes view windows you can use to examine aspects of
your source code, debugging information, and target memory information. The
following table briefly describes these windows and how to open them from the
main Debugger window. For information about the main Debugger window, see
Chapter 2, “The Main Debugger Window” on page 11. Each window listed in the
following table is described in more detail later in this book.

For general information about navigating MULTI Debugger windows, see
“Navigating and Searching Basics” on page 156.
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Slocals$ window

Displays information about variables local to the current function. If the current function is a
C++ instance method, the window also displays information about the this pointer.

The current function is the function where the program counter (PC) pointer is located. If the
PC pointer moves to a new function, either by running to a new function or by viewing a different
call stack frame, the content of the $locals$ window changes to display local variables for that
function. For information about the PC pointer, see “The Source Pane” on page 21.

To open this window, click the Locals button ().

The $locals$ window is a specialized Data Explorer window. For information about the Data
Explorer, see Chapter 11, “Viewing and Modifying Variables with the Data Explorer”
on page 183.

Breakpoints window
Displays and allows you to configure software breakpoints, hardware breakpoints, and tracepoints.
To open this window, click the Breakpoints button (& ).

For more information about the contents and features of this window, see “The Breakpoints
Window” on page 146.

Browse window

Allows you to browse information about procedures, global variables, source files, data types,
and cross references.

To open this window, select Procedures, Globals, Files, or All Types from the Browse menu.
For more information, see “The Browse Window” on page 214.

Call Stack window

Lists the functions currently on the call stack. In addition to naming each function, this window
provides the name and value of each argument.

To open the Call Stack window, click the Call Stack button ().

For more information, see “Viewing Call Stacks” on page 388.

Data Explorer window
Displays a variable, its type, and its current value.

To open a Data Explorer window, double-click a variable in the source pane. The variable may
be of any type, whether an integer, structure, array, or class. If the Data Explorer contains a

pointer, double-clicking the pointer opens a new Data Explorer window and displays the variable
pointed to. This feature makes it easy to follow linked lists and other complex data structures.

For more information about the Data Explorer window, see Chapter 11, “Viewing and Modifying
Variables with the Data Explorer” on page 183. For more information about viewing variables,
see “Viewing Variables” on page 297.
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Graph View window
Displays an include file dependency graph.
To open the Graph View window, select Browse — Includes.

For more information, see “The Graph View Window” on page 247.

Memory Test Wizard
Helps you perform memory test operations.
To open this window, select Target — Memory Test.

For more information, see Chapter 21, “Testing Target Memory” on page 511.

Memory View window

Displays memory content information in various formats.

To open this window, click the Memory button (&, ).

For more information, see Chapter 15, “Using the Memory View Window” on page 323.

MULTI Editor

Allows you to modify source files.

To use the Editor to view and edit source code for a function, double-click the function name
in the Debugger's source pane. The MULTI Editor opens on the function. (If you set another
editor as your default, that editor opens on the function.)

For more information about the MULTI Editor, see Chapter 4, “Editing Files with the MULTI
Editor” in the MULTI: Managing Projects and Configuring the IDE book.

Note Browser window

Allows you to associate Debugger Notes with any line of source or assembly code.
To open this window, select View — Debugger Notes.

For more information, see Chapter 10, “Using Debugger Notes” on page 173.

OSA Explorer

Displays information about a multitasking operating system.
To open this window, click the OSA Explorer button (&,).

For more information, see “The OSA Explorer” on page 609.

PathAnalyzer
Trace-enabled targets only
Displays called functions graphically.

To open this window, select TimeMachine — PathAnalyzer.

For more information, see “The PathAnalyzer” on page 424.
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Process Viewer
Linux/Solaris only
Lists processes on your target.

To open this window, enter the top command. For information about this command, see “General
View Commands” in Chapter 22, “View Command Reference” in the MULTI: Debugging
Command Reference book.

Profile window
Reports performance, function, graph, and coverage analysis profiling information.
To open this window, select View — Profile.

For more information, see “The Profile Window” on page 361.

Register Information window
Displays detailed information, including bitfields and documentation, about a specific register.

To open this window, enter the regview command followed by a register name. For information
about this command, see “General View Commands” in Chapter 22, “View Command Reference”
in the MULTI: Debugging Command Reference book.

For more information, see “The Register Information Window” on page 270.

Register View window
Displays current register values.
To open this window, click the Registers button (&,).

For more information, see Chapter 13, “Using the Register Explorer” on page 253.

Serial Connection Chooser window
Allows you to interact with a serial terminal.
To open this window, select Tools — Serial Terminal — Make Serial Connection.

For more information, see Chapter 27, “Establishing Serial Connections” on page 643.

Task Manager for target window

Debug servers that support multitasking debugging only
Displays the current status of tasks running on an operating system.
To open this window, select View — Task Manager.

For more information, see “The Task Manager” on page 580.

Tree Browser
Displays information about classes, static calls, and file calls in the target program.

To open this window, select Classes, Static Calls, or File Calls from the Browse menu.

For more information, see “The Tree Browser Window” on page 239.
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Viewing Information in the Command Pane

In addition to using the specialized, stand-alone windows described in the previous
section to view program information, you can also view some information in the
command pane of the main Debugger window, as described next.

» To view information about a variable, pointer, or structure, click its name in

the source pane. When you click an item in the source pane, the resulting
selection is evaluated as an expression by the MULTI examine command,
which may perform macro expansion in its evaluation. For information about
the examine command, see Chapter 8, “Display and Print Command Reference”
in the MULTI: Debugging Command Reference book. See also Chapter 14,
“Using Expressions, Variables, and Procedure Calls” on page 291.

For information about viewing variables, see “Viewing Variables” on page 297.
When you click a pointer, the command pane also displays the value of the
object pointed to. When you click a structure, the command pane displays the
whole structure, with every structure or class element labeled.

To evaluate an expression, type it into the command pane. For more information
about evaluating and working with expressions, see Chapter 14, “Using
Expressions, Variables, and Procedure Calls” on page 291.

Tip
0 You can also use Debugger commands to print a variety of program and

target information to the command pane. For detailed information, see
Chapter 8, “Display and Print Command Reference” in the MULTI:
Debugging Command Reference book.
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Chapter 10. Using Debugger Notes

This chapter describes how to create, edit, and access Debugger Notes.

Debugger Notes allow you to associate notes with any line of source or assembly
code. You can quickly jump to any part of your program where you have set a Note.
It is also possible to use breakpoints to mark parts of your program that are of
particular interest. Debugger Notes, however, have the following advantages over
breakpoints when marking locations:

* You can set Debugger Notes on source lines that do not have code associated
with them, such as comments.

* You can simultaneously edit multiple Debugger Notes.
* You can organize Debugger Notes into groups.

 Ifyourebuild your program, Debugger Notes are not deleted—even when they
are no longer in a valid location. In addition, if the line of source code where
you set the Debugger Note moves, the Debugger Note relocates automatically.

* You can quickly display and navigate to any Debugger Note by pressing the
F12 key.

Creating and Editing Debugger Notes

Debugger Notes can contain any kind of text and can be associated with any line
of code. The line numbers of lines that contain Debugger Notes are shaded gray.

To set a Debugger Note:

» Right-click a line in the source pane and select Create Note, or

* Enter the noteedit command in the Debugger command pane. For information
about this command, see Chapter 7, “Debugger Note Command Reference” in
the MULTI: Debugging Command Reference book.

Editing a Single Debugger Note

You can modify a single pre-existing Debugger Note with the Edit Note window.
To open this window, do one of the following:

* Double-click the shaded gray area in the line number column.

» Right-click the shaded gray area and select Edit Note.
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¢ Enter

the noteedit command in the Debugger command pane. For more

information about this command, see Chapter 7, “Debugger Note Command
Reference” in the MULTI: Debugging Command Reference book.

2 EdtNote =
Marne: itermMurnber value
Group:  Mp Motes -
Location: "sro_dbghlinked_list. c"'H7E
Text

During the last run,

the walue of

itemiuwber was 3 at this point.

S

-

| Delete | | GoTo | | Cloge |

The following table explains each property you can set from this window.

Name

Assigns a name to the Debugger Note. The Note Browser and Note listings
display this name. If you do not specify a name when you create a new Note,
MULTT uses a brief version of the Note location as the default name.

Group

Specifies the name of the group where the Debugger Note is located. A Debugger
Note must always exist in exactly one group. To put the Note in a group that
already exists, select a group from the drop-down list. To create a new group,
type the new group name in the Group field.

Location

Specifies the location of the Debugger Note. This may be either an address
expression or a source line. For information about using an address expression
to specify a location, see “Using Address Expressions in Debugger Commands”
in Chapter 1, “Using Debugger Commands” in the MULTI: Debugging Command
Reference book.

Text

Assigns text to the Note.

The buttons in this window allow you to perform the actions listed in the following

table.
Delete Deletes the Note displayed in the window. A dialog box asking you to confirm
the deletion appears.
Go To Navigates to the displayed Note.
Close Closes the window, saving any changes you made to the Note. If the Note location
is not valid, a warning message appears.
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Editing Multiple Debugger Notes

You can select and modify multiple Notes with the Edit Multiple Notes window.
This window provides a quick way to simultaneously edit the group or text of
multiple Notes. To open this window, perform the following steps:

1. Select View — Debugger Notes or enter the noteview command to open the
Note Browser. For information about the noteview command, see Chapter 7,
“Debugger Note Command Reference” in the MULTI: Debugging Command
Reference book.

2. Select List from the Style drop-down box.

3. Highlight more than one Debugger Note, right-click, and select Edit from the
menu that appears.

A Edit Multiple Notes o[- 3]
M ame: "linked_ligt. c"Bmain#1 8, itemMNumber value
Group: -

Status: Editing 2 notes

Text:  Prepend -

Debug session: 4 -

—

Delete | GoTo | Cloge |

In the Edit Multiple Notes window, use the Text drop-down list to set whether
text should be appended or prepended to the selected Notes. Enter the desired text
in the field underneath the Text drop-down. When you click the Close button, the
text you entered is added to the text of all the Notes listed in the Name field.

Removing Debugger Notes
To delete a Note, do one of the following:

* Enter the notedel command followed by an address expression or the number
of'the Debugger Note. For information about the notedel command, see Chapter
7, “Debugger Note Command Reference” in the MULTI: Debugging Command
Reference book.

» Right-click the shaded area and select Remove Note.
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Organizing Debugger Notes Into Groups

You can organize Debugger Notes into groups to make it easier to work with a large
number of them. A Debugger Note group is simply a named collection of Debugger
Notes. You can view Note groups in the Note Browser, and you can easily delete
all Notes in a group or move them to another group. For information about the Note
Browser, see “Viewing Debugger Notes” on page 177.

Each Debugger Note you create always exists in exactly one group. If no groups
exist when you create a Note, MULTT creates a new group called <default> to
hold the Note. This group becomes the active group, which indicates that any Note
you create is put into this group by default.

To add a Note to a group that is not the active group, you must either:

* Change the active group by clicking & in the Note Browser, or

* Enter the command noteedit -group group name. For information about the
noteedit command, see Chapter 7, “Debugger Note Command Reference” in
the MULTI: Debugging Command Reference book.

Viewing Debugger Notes

To display the text stored in a Note, hover over the shaded area; the text appears in
a tooltip. Alternatively, single-click the shaded line number area, and the text appears
in the command pane.

To list all your program's Debugger Notes in the command pane, enter the notelist
command. To list all your program's Debugger Notes in the Note Browser, select
View — Debugger Notes or enter the noteview command. For information about
these commands, see Chapter 7, “Debugger Note Command Reference” in the
MULTI: Debugging Command Reference book.

The next section contains details about the Note Browser.
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The Note Browser

The Note Browser displays your Notes in a list or in full report style.

The list style display presents all Debugger Notes in a list format in which you can
expand or collapse groups.

A Note Browser [E=5 =R =
spe: Lt~ P EHES LEXS
i M ame Location Text odified Created
= My Notes
Z M"linked list.c"#ima "linked list.c"#ma Debug session: 4 Tue ipr 12 Tues Apr 12
0 itenbuwnber value "linked list.c"#76 Debug session: 4 ... Tue Apr 12 Tue Apr 12
Debug session: 4 -
During the last run, the wvalue of
itemMunber was 3 at this point. -

To view the list style display, select List from the Style drop-down box. To edit
multiple Notes and to directly modify a group name, use the list style display. For
more information, see “Editing Multiple Debugger Notes” on page 176.

In this display, MULTT highlights the active group in green to indicate that it adds
Notes to this group by default. Clicking a Note navigates to that Note in the
Debugger window.

The full report style display presents all Debugger Notes in report format. Full style
display shows the Note's name, location, and text. This display allows you to search
easily through Note text by using the incremental search capability (Ctrl+F and
Ctrl+B). For more information, see “Incremental Searching” on page 156.
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Name :

Text:

A Mote Browser E'@
Style:  [FE - E‘;" Q % E, {__| . E!J Group: <Al groups: -
-
Nate "linked list.c"#main#ls (B2)
Lomation: "linked list.c"#main#ls
Text:

Debug session: 4
itemiumber wvalue ([B0)
Logation: "linked list.c"#76

Debug session: 4
During the last run, the wvalue of
itemMunber was 3 at this point.

To view the full style display, select Full from the Style drop-down box.

In this display, the Edit button ([5 ) is always disabled. The Group field, located
in the upper-right corner of the window, determines whether the Notes from all
groups are displayed or only those Notes from a particular group. The Group field
also determines whether the Set Active Group button (2 ) is enabled. Choose from
the Group drop-down list according to your preferences.

The following table describes the buttons available in the Note Browser window.

Button

Action

=

Opens a previously saved Debugger Note list from the file you choose. For more
information, see the notestate command in Chapter 7, “Debugger Note Command
Reference” in the MULTI: Debugging Command Reference book.

-

Saves the current list of Debugger Notes to the file you choose. For more
information, see the notestate command in Chapter 7, “Debugger Note Command
Reference” in the MULTI: Debugging Command Reference book.

Prints the current view.

Creates a new Debugger Note at the line selected in the Debugger window.

Allows you to edit the selected Note(s) or group. This button is disabled if you
select both a Note and a group. It is also disabled in full style display. For more
information, see the noteedit command in Chapter 7, “Debugger Note Command
Reference” in the MULTI: Debugging Command Reference book.

Deletes the selected Notes and/or groups. For more information, see the notedel
command in Chapter 7, “Debugger Note Command Reference” in the MULTI:
Debugging Command Reference book.
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Button

Action

%

Sets the active group, to which Notes are added by default if you do not specify
a group. This option is disabled if you select the active group.
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Chapter 11. Viewing and Modifying Variables with the Data Explorer

The Data Explorer is a graphical tool that displays variables of any type in a number
of different formats. You can modify the values of variables from a Data Explorer.

Opening a Data Explorer

To open a Data Explorer, do one of the following:

Double-click a variable in the Debugger source pane.

Double-click a variable in a preexisting Data Explorer. This opens a new Data
Explorer on the double-clicked variable and leaves the original Data Explorer
open and unchanged.

Enter the view command in the Debugger's command pane, where:

o view expr [, expr]... — Opens a Data Explorer that displays the specified

expression(s) expr.
view type — Opens a Data Explorer that displays the type type.

view *address — Opens a Data Explorer that displays the contents of the
given location in memory. You must enter an asterisk (*) before the address
name.

view $locals$ — Opens a Data Explorer that displays all local variables.
If the current procedure is a C++ instance method, the this pointer is
displayed as well. This command is equivalent to the localsview command
and the Locals button (@ ) located in the Debugger. For information about
the localsview command, see “General View Commands” in Chapter 22,
“View Command Reference” in the MULTI: Debugging Command
Reference book.

view number:$locals$ — Opens a Data Explorer that displays local
variables for the procedure located number levels up the stack. If the
procedure is a C++ instance method, the this pointer is displayed as well.

For more information about the view command, see “General View Commands”
in Chapter 22, “View Command Reference” in the MULTI: Debugging
Command Reference book.

If a Data Explorer is already open when you perform any of the preceding actions,
the variables you specified appear in the existing Data Explorer.
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To close a Data Explorer, press Ctrl+Q or select Edit — Close. Enter the viewdel
command to close all Data Explorers associated with the active Debugger window.
This command also closes Browse, Register View, Memory View, Call Stack,
and Breakpoints windows. For more information about the viewdel command, see
“General View Commands” in Chapter 22, “View Command Reference” in the
MULTI: Debugging Command Reference book.

The Data Explorer Window

The Data Explorer window displays information about your program variables. The
format of this information depends on what type of variables you are viewing and
on a number of configuration and formatting options you can modify. For
information about modifying configuration options, see “Changing How Variables
are Displayed in a Data Explorer” on page 195 and “Data Explorer Menus”

on page 201.

A sample Data Explorer follows:

#= Data Explorer El@
Edit View Format Evaluate Tools Settings
o o | By 2| 3 =0

Yariable  Walue

Cast Type: * int

By default, the Data Explorer displays two columns. The Variable column displays
the names of variables, types, members, or expressions in an expandable tree format.
Numbers preceding variable names indicate call stack depth. For example, 2: myval
indicates that the variable myval is two stack levels up from the current program
counter. The Value column displays values when applicable.

Note
% For a description of all menu items available from the Data Explorer, see
“Data Explorer Menus” on page 201.
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The Data Explorer Toolbar

The Data Explorer toolbar contains the following buttons, from left to right:

* Undo (=) — Undoes your last action. Click Undo once for each action you

want to undo. The Undo button appears dimmed when you reach the point at
which no more actions can be undone.

This button is only available for certain operations. The most common
operations you can undo are deleting variables from a Data Explorer, making
arrays, casting variables to a different type, rerooting members, and
dereferencing pointers.

Redo (> ) — Restores the last action you undid. Click Redo once for each
action you want to restore. The Redo button appears dimmed when you reach
the point at which no more actions can be restored.

This button is only available after you have undone certain operations. The
most common operations you can redo are deleting variables from a Data
Explorer, making arrays, casting variables to a different type, rerooting
members, and dereferencing pointers.

Add Variable (Eﬂ) — Adds a specified variable to the Data Explorer. Specify
the new variable in the dialog box that appears.

Delete (3<) — Removes the selected variable from the Data Explorer.

Freeze (i) — Toggles the selected variable between frozen and unfrozen
mode. When the variable is frozen, the Data Explorer does not automatically
update it, and you cannot change its value.

Click the Freeze button again to reactivate the variable. When the variable is
unfrozen, the Data Explorer updates it every time your process stops. For more
information, see “Freezing Data Explorer Variables” on page 189.

Dereference Pointer (*()) — Displays the actual value, rather than the address,
of the variable a pointer points to. This button is only available if the selected
variable is a pointer.

By default, MULTTI automatically dereferences pointers if the memory they
point to seems safe to read (see the description of Automatically Dereference
Pointers in “The Settings Menu” on page 208). However, even when automatic
pointer dereferencing is enabled, MULTT automatically dereferences only a
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single level of pointers. To manually dereference additional levels, or to
dereference a pointer that MULTI does not automatically dereference, click
this button. (You can also manually dereference pointers to structures by
clicking the + button that appears to the left of their name.)

The Edit Bar

The edit bar allows you to change the type and value of a selected variable or define
the bounds of a selected array. The edit bar is located at the bottom of the Data
Explorer. The left side of the edit bar contains a drop-down menu where you can
specify the action you want to perform. Descriptions of each action follow. The
right side of the edit bar contains a text box (or two, depending on the action you
select) where you can input new values.

» Cast Type — Casts the selected variable to the newly specified type. Specify
a new type by entering a valid type in the text field. Press Enter to see your
change take effect. If you enter an invalid type, your text appears red and no
change occurs.

The Undo button (=) ) becomes available after you change a variable's type.
Click the Undo button to return to the previous type.

The Cast Type entry is automatically selected when you click a variable in the
Variable column.

» Edit Value — Edits the value of the selected variable. Define a new value by
entering a valid number, string, or enumeration in the text field. Press Enter
to see your change take effect. If you enter an invalid value, your text appears
red and no change occurs.

The Edit Value entry is automatically selected when you click in the Value
column.

» Array Bounds — Specifies the range of elements to display. In the text boxes,
enter the indexes with which you want to begin and end the array. Press Enter
to see your changes take effect.

The Undo button (*) ) becomes available after you change array bounds. Click
the Undo button to return to the previous view.
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The Array Bounds entry is automatically selected when you click an array in
the Variable column.

Viewing Multiple Items in a Data Explorer

You can use the Data Explorer to view multiple variables or to view the same
variables at different points during a process.

When you double-click a variable in the source pane or enter the view command
followed by a variable, MULTT opens a Data Explorer displaying information about
that variable. Information about each additional variable you specify—either by
double-clicking in the source pane or by entering the view command—is added to
the existing Data Explorer. For more information about the view command, see
“General View Commands” in Chapter 22, “View Command Reference” in the
MULTI: Debugging Command Reference book.

If you double-click a variable in the source pane more than once or if you enter the
view command to specify the same variable more than once, the variable appears
in the same Data Explorer multiple times. You can freeze one instance of the variable
and leave the other unfrozen to display the same variable at different points in the
process. For information about freezing variables, see “Freezing Data Explorer
Variables” on page 189.

To open a new Data Explorer on a variable listed in an existing Data Explorer,
double-click the item in the Data Explorer. The original Data Explorer remains
open and unchanged, and a new Data Explorer opens on the double-clicked item.
The undo/redo history for the original Data Explorer is not transferred; the new
Data Explorer starts with a new history.

You can drag variables from the Debugger's source pane or from another Data
Explorer into an open Data Explorer. If you drag a variable from the source pane,
MULTI copies it into the Data Explorer. If you drag a variable from another Data
Explorer, MULTI moves the variable into the specified Data Explorer and removes
it from its original location.
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Updating Data Explorer Variables

The Data Explorer updates the values of its non-frozen variables each time your
process stops. You can also force an update of non-frozen variables. In the Debugger
command pane, enter the update command with no arguments. If necessary, the
Data Explorer halts the process to update the data and then resumes the process.

You can also enter the update interval command to schedule periodic updates. By
updating Data Explorer variables every interval seconds while your process is
running, this command allows you to monitor the value of variables continually.
To deactivate this update, re-enter the update interval command with the interval
set to zero (0).

Note

The update command also attempts to refresh other view windows
including the Register View, Memory View, and Call Stack windows.
For more information about the update command, see “General View
Commands” in Chapter 22, “View Command Reference” in the MULTI:
Debugging Command Reference book.

Freezing Data Explorer Variables

You can freeze Data Explorer variables to compare the values of variables at different
times. If you double-click a variable in the source pane more than once or if you
enter the view command to specify the same variable more than once, the variable
appears in the same Data Explorer multiple times (see “Viewing Multiple Items in
a Data Explorer” on page 188). You can freeze one instance of the variable and leave
the other unfrozen. If you freeze a child element (such as a member of a structure)
in a Data Explorer, all children under the same parent will also be frozen.

To freeze a variable, do one of the following:

* Sclect the variable and click the Freeze button ().
» Select the variable and then select View — Freeze “variable”.
While the frozen variable is selected, the Freeze button (i) appears to be pushed

down and a tick mark appears beside the Freeze “variable” menu item. The text
for frozen variables is blue. You cannot update or edit frozen variables.
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To reactivate a frozen variable, click the Freeze button again or select View —
Freeze “variable” again. The Data Explorer updates the value of the variable to
reflect the current state of the process and continues to automatically update it each
time the process stops.

Tip

0 To freeze an original variable in an existing Data Explorer and open the
same variable in another Data Explorer, select the variable and press
Ctrl+D.

Types of Variable Displays in a Data Explorer

The following sections describe example Data Explorers for structures, linked lists,
arrays, and C++ classes.

Displaying Structures

The following graphic displays a Data Explorer showing a structure named my tree.
It was generated with the view my tree command.

%< Data Explorer =N ==

Edit View Format Evaluate Tools Settings

o | [ 94| sk

W arniable Walue

Bl my tree
language 0O0x6b3S -> "English™

word Ox6kh4d -> "green™
id 1
left Ox71f5
right Ox7z10
Caszt Type: »  struct ree_node

In this example, the name of the displayed variable is my tree, and its type is
struct tree node. This structure contains five fields, which each appear on
separate lines: 1anguage, word, id, left, and right. These fields are in Natural
format. The Data Explorer dereferences pointers to simple items and shows the
value of the item pointed to.
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Note
% In C++, the Data Explorer marks member variables stored by reference
with an “@” preceding the address.

Displaying Linked Lists

The Data Explorer displays linked lists in two different formats. The graphic below
represents a typical Data Explorer view for the following structure definition:

struct ListType {
int value;
struct ListType *next;

}

P =)

% Data Explore oo e
Edit View Format Evaluate Tools Settings
- IR D

Yarahble Walue

Bhead | | |
valus 0O
next Ox7288 —-> {1,0x7298}

Cast Type: = struct ListTepe

The second format—formatting a linked list as a container of elements—displays
the list as if it were an array. As the following graphic demonstrates, this format
greatly simplifies the display of these common structures.

% Data Explorer fo-E-)wES)

Edit VWiew Format Evaluate Tools Settings

a9 | [ W #*0

Wariable Walue
Bresa | |

[0] {0,0x7Z88}
[1] ¢1,0x7298}
[2] {Z,0x7Zad}
[3] £3,0x72ba}
[4] {4,0x0}

Cast Type: »  struct ListType
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To format a linked list as a container of elements, select a member or variable of
the type you want to display, and select View — View “variable” as Container.
This menu item is only available if you select a pointer to an aggregate type.

The Expand As Container dialog box opens. This dialog box gives you the
following choices for how to display your data type:

* Null-terminated list — Displays the type as a C-style null-terminated list. A
null-terminated list is a linked list that consists of a series of structures connected
via next pointers and terminated with a NULL pointer. Choose the member
that is the next pointer in the “Next” Pointer drop-down list, and click OK.

* Circular list — Displays the type as a C-style circular list. A C-style circular
list is a linked list that consists of a series of structures connected via next
pointers that form a loop. For the purpose of display, MULTI terminates the
list when iteration returns to the initial node. Choose the member that is the
next pointer in the “Next” Pointer drop-down list, and click OK.

* Binary tree — Displays the type as a tree of objects with two children, /eft
and right. Chose the left and right pointers from the appropriate drop-down
lists, and click OK. MULTI traverses the tree in order.

After you specify a visualization for the data type, MULTI displays all variables of
that type as a container of elements. To display more element rows, select View —
Show More Elements. To display fewer rows, select View — Show Fewer
Elements. To display all element rows, select View — Show All Elements.

To stop viewing the type as a container, select a variable of that type in a Data
Explorer, and then select View — Stop Viewing as Container. You may also
temporarily disable the capability of viewing the type as a container. To do so, select
a variable of that type in the Data Explorer and then select Format — Format
Container, clearing the Format Container option.

i Note

|\ In addition to lists, you can also format other containers or structures as
containers of elements. For more information, see Appendix E, “Creating
Custom Data Visualizations” on page 741.

You can also use the viewlist command to display the elements in a linked list
structure. Entering this command is helpful if you are trying to view a few elements
in the middle of the linked list. However, the display this command creates often
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takes up more space than the container display and can be redundant unless you
select View — Stop Viewing as Container first. In addition, you must specify
exactly how many elements you want to view, whereas you can simply select the
Show More Elements, Show Fewer Elements, and Show All Elements menu
items in the container display. For more information about the viewlist command,
see “General View Commands” in Chapter 22, “View Command Reference” in the
MULTI: Debugging Command Reference book.

Displaying Arrays

The following graphic displays an array in a Data Explorer. It was generated with
the view bat command, where bat is an array of 4 integers.

%< Data Explorer El@

Edit Wiew Format Evaluate Tools Settings

o o | By 9| 3 =
W ariable " alue
Brpac |
[ O] 10
[ 1] =20
[ 2] 30
[ 3] 40

ol
el

Cast Type: - int[4]

The Data Explorer shows each element of an array on a separate line. The indices
appear in the Variable column and the values of each element appear in the Value
column.

To display a pointer or address type as an array, do one of the following:

* Select a variable in the Data Explorer and then select Format — Make Array.
Each subsequent time you select Format — Make Array, the size of the array
increases by ten (10).

 Select a variable in the Data Explorer and then select Cast Type from the edit
bar. (If you select the variable from the Variable column, Cast Type is
automatically selected.) Enter any valid type followed immediately by a number
enclosed in square brackets.
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For example, you might enter:
type [ number]
where type is a valid type and number is any integer.

Press Enter to see your change take effect.

To view a C or C++ character pointer as an array, select the pointer, ensure that
Settings — Automatically Dereference Pointers is enabled (the default), and then
select Format — View Alternate. You may have to click the plus icon to see
individual elements.

To change the size of a selected array, select one of the following:

* View — Show More Elements
* View — Show Fewer Elements
¢ View — Show All Elements

You can also change the size of a selected array by editing the number that appears
in square brackets when Cast Type is selected in the edit bar.

To change the bounds of a selected array, choose Array Bounds from the edit bar.
(If you selected the array from the Variable column, Array Bounds is automatically
selected.) Then enter the indices with which you want to begin and end the array.
Press Enter to see your change take effect.
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Displaying C++ Classes

The following graphic displays a Data Explorer showing C++ classes.

¥ Data Explorer EI@

Edit View Format Evaluate Tools Settings

o 0| B % =0
W ariable Yalue

Buwy creecppl ||

language Oxchkbd —> "English™

word Oxehkbo —-> "green®
id 1
left Ox7288
right Ox7za0
Cazt Tope: *  struct breenode

MULTT can display C++ class types, base class types, and virtual base class types
in a Data Explorer. The Data Explorer displays static members of a class inside
square brackets. It displays members of an anonymous union in an unnamed tree.

Changing How Variables are Displayed in a Data Explorer

You can modify how Data Explorers display variables by doing one of the following:

» Change the type used to display a variable. See “Changing the Type Used to
Display a Variable” on page 195.

» View pointers to C++ base classes. See “Viewing Pointers to C++ Base Classes”
on page 196.

» Change the base used to display a number. See the descriptions of the Hex,
Natural, Decimal, Binary, and Octal menu items in “The Format Menu”
on page 204.

Changing the Type Used to Display a Variable

To change the type used to display a variable in the Data Explorer, select the variable
and then select Cast Type from the edit bar. (If you select the variable from the
Variable column, Cast Type is automatically selected.) Specify the new type by
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entering a valid type in the text field. Press Enter to see your variable cast to the
newly specified type. Each change you make to the type in this way is independent
of previous changes. If you enter an invalid type, your text appears red and no
change occurs. You cannot change the type of a frozen variable.

bl

To change a variable's type to an array of the current type, see “Displaying Arrays’
on page 193.

Viewing Pointers to C++ Base Classes

In C++, a Data Explorer can cast a base class pointer to its derived class type. To
enable this behavior, select the pointer and then select Format — Cast To Derived.
With this option enabled, MULTT attempts to find the actual type of an object by
matching the name of its virtual table to a known type.

An example follows.

#include <iostream>
using namespace std;
class A {
public:
int a;
virtual int af() {return a;}

i

class B : public A {
public:
int b;
i

int main(int argc, char *argv([])

{

A *ap;

B b;

ap = (A*)é&b;

ap->a = 10;

cout << "ap->a: " << ap->a << endl;
return 0;

}

If, in the preceding example, you open a Data Explorer on the variable ap after the
statement ap = (A*) &b;, MULTI resolves the variable to a pointer to the B class.
It does so by matching the virtual function table for B with the one from ap. To
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recast the variable as a pointer to the base class (A), disable Format — Cast To
Derived.

There are limitations to this capability. The base class must have a virtual function
table or no comparison can be made. For example, if class A were defined as follows:

class A {
public:
int a;

and then you enable Format — Cast To Derived, the Data Explorer view does not
change because MULTI cannot resolve the derived class. This limitation also applies
to multiple inheritance. An example follows.

#include <iostream>
using namespace std;
class A {
public:
int a;
virtual int af() {return a;}

}i

class 7Z {
public:
int z;

i
class M : public A, public Z {

public:
int m;

int main (int argc, char *argv([])

A *ap;

Z *zp;

M m;

m.a = 10;

ap = (A*)é&m;

zp = (Z*)é&m;

cout << "ap->a: " << ap->a << endl;
cout << "zp->z: " << zp->z << endl;
return 0;
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In the preceding example, MULTI can determine that the variable ap points to an
instance of class M. However, it cannot determine the actual type that the variable
zp points to because class z has no virtual function table.

Modifying Variables from a Data Explorer

To modify a variable's value, select the variable and then select Edit Value from
the edit bar. (If you select the variable's value in the Value column, Edit Value is
automatically selected.) Define the new value by entering a valid number, string,
or enumeration in the text field. Press Enter to see your change take effect. If you
enter an invalid value, your text appears red and no change occurs.

Configuring Data Explorers

You can configure settings for both individual Data Explorers and for all Data
Explorers. The following sections describe how to do so.

Configuring Individual Data Explorer Dimensions

When you first open a Data Explorer, MULTI auto-sizes the window to a size
appropriate for the displayed data, but within the minimum and maximum height
and width values specified in your current configuration file. MULTT also
automatically positions the column divider in the Data Explorer so that the Variable
column fully displays the longest variable name, type name, member name, or
expression.

You can manually resize a Data Explorer and/or column by dragging the window
edges or the column divider. However, if you manually resize the window, the Data
Explorer no longer auto-sizes to adjust for new data. If you want to use a Data
Explorer that automatically resizes, you must close the current Data Explorer and
open a new one.

You can also specify global Data Explorer dimensions in the Options window. For
more information, see “Configuring Global Data Explorer Dimensions” on page 200.
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Setting Global Options for Data Explorers

In addition to formatting individual Data Explorers, you can also set a number of
MULTT IDE configuration options that affect the format and behavior of all variables
in all Data Explorers.

Limiting the Complexity of Data Displayed

Depending on your target, you may want to minimize the amount of data MULTI
reads from the target. MULTI provides configuration options to limit the complexity
of information displayed in Data Explorers and to control how much data is read.
After making configuration changes, issue the update command to see the effects
of your changes. For information about this command, see “General View
Commands” in Chapter 22, “View Command Reference” in the MULTI: Debugging
Command Reference book.

The following list provides the configuration options.

+ To specify a maximum length for the string representation of data in Data
Explorers, enter the configure formatStringMaxLength num command in
the Debugger command pane, where numis the maximum number of characters.
When the accumulated data reaches this length, MULTTI does not read any
further data from the target unless you select a more detailed view of that data.
The minimum value is 1024 bytes.

 To specify the maximum number of nested structure levels that Data Explorers
display on one line, enter the configure formatStringMaxDepth num
command in the Debugger command pane, where num is the maximum depth
of the display. Past this maximum depth, the Data Explorer displays values of
nested structures as . . .. The minimum value is one level.

* To set the maximum initial number of elements in a container, enter the
configure maxContainerDisplaySize num command in the Debugger
command pane, where num is the maximum number of elements. The default
setting is 20.

 To set the number of elements added to a display when you expand a container,
enter the configure containerSizeincrement num command in the Debugger
command pane, where num is the number of elements to be added. The default
setting is 10.
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For more information about formatStringMaxLength and formatStringMaxDepth,
see “Other Debugger Configuration Options” in Chapter 8, “Configuration Options”
in the MULTI: Managing Projects and Configuring the IDE book. For more
information about maxContainerDisplaySize and containerSizeincrement, see
“The More Debugger Options Dialog” in Chapter 8, “Configuration Options” in
the MULTI: Managing Projects and Configuring the IDE book.

Configuring Global Data Explorer Dimensions

The global configuration options Minimum initial size (WxH) and Maximum
initial size (WxH) affect the default dimensions of Data Explorers, while Initial
position (XxY) affects the default positioning. To access these configuration options,
select Config — Options — Debugger tab.

For more information, see “The Debugger Options Tab” in Chapter 8, “Configuration
Options” in the MULTI: Managing Projects and Configuring the IDE book.

Data Explorer Messages

The Data Explorer may display any of the following messages.

Message Meaning

There is too much data to show on this line. To expand the
data in the current window, click the plus sign (+) that appears
to the left of the variable. To show the data in a new Data
Explorer, double-click the line.

Dead The variable no longer exists in the current lexical scope. This
usually happens when you have stepped past the last use of
the variable. If the variable is assigned to a register, the Data
Explorer shows the current value of the register along with
this message, but the value is most likely meaningless.

Empty The container has no elements to display.

NaN Short for “not a number.” The value is not a legal representation
of any number. This message applies to floating-point variable
types.

No process No process is currently being debugged, so the Data Explorer

cannot display a value.
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Message Meaning

No symbols for this Debug symbol information does not exist for the current

procedure procedure. This message applies to local variables.

Optimized away The variable does not exist because a compiler optimization
removed it.

Original procedure not The original procedure, in which the variable was in scope, is

on stack no longer on the call stack. The Data Explorer only displays
this message when Evaluate — In Context is enabled. For
information about Evaluate — In Context, see “The Evaluate
Menu” on page 206.

Process running The process you are debugging is running, so the current value
of the variable is unknown.

Not Initialized The variable has not been assigned an initial value and could
have a random value in memory. The Data Explorer shows the
current value of the variable, but this value is most likely
meaningless.

Unreadable memory MULTI does not have read access to the memory location that
a pointer or address type points to, or the memory location
does not exist.

Unreadable/Unknown TimeMachine was unable to reconstruct the value of the
variable. For more information, see “Dealing with Incomplete
Trace Data” on page 411.

Data Explorer Menus

The following sections describe all menu items available from the Data Explorer.
Some menu items are context sensitive and are therefore unavailable in certain
situations. Some of these menu items are also available via the Data Explorer's
right-click menu.

If a toggle menu item is enabled, a check mark (Windows) or a dot (Linux/Solaris)
appears to the left of the menu item. Unless otherwise stated, all descriptions of
toggle menu items explain the behavior of the item when enabled.
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The Edit Menu

The following table describes the menu items available from the Data Explorer's

Edit menu.
Menu Item Meaning
Add Variable Adds a variable to the Data Explorer.

Remove “variable” Removes the selected variable from the Data Explorer.
from Window

Move “variable” to Moves the selected variable from its original location in an existing Data
New Window Explorer to a new Data Explorer.

Copy “variable” to  Copies the selected variable to a new Data Explorer.
New Window

Close Closes the Data Explorer.
Equivalent to Ctrl+Q.

The View Menu

The following table describes the menu items available from the Data Explorer's
View menu.

Menu Item Meaning

Show Opens a submenu that lists the following menu items:

* Address (Hotkey: S) — Displays the Address column, which shows
the addresses of the variables you are viewing. If you are viewing
a structure, the field offsets also appear. By default, this item is
disabled.

* Type (Hotkey: T) — Displays the Type column, which shows the
types of the variables you are viewing. By default, this item is
disabled.

* Variable — Displays the Variable column, which shows the names
of the variables you are viewing. By default, this item is enabled.

* Value — Displays the Value column, which shows the values of
the variables you are viewing. By default, this item is enabled.

Toolbar Shows the toolbar. By default, this item is enabled.
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Menu ltem

Meaning

Freeze “variable”

Freezes the selected variable. When the variable is frozen, the Data
Explorer does not automatically update it, and you cannot change its
display format or value. When the variable is unfrozen, the Data Explorer
updates it every time your process stops. By default, this item is disabled.
For more information, see “Freezing Data Explorer Variables”

on page 189.

Dereference Pointer

Displays the actual value, rather than the address, of the variable a pointer
points to. This option is only available if the selected variable is a pointer.

By default, MULTI automatically dereferences pointers if the memory
they point to seems safe to read (see the description of Automatically
Dereference Pointers in “The Settings Menu” on page 208). However,
even when automatic pointer dereferencing is enabled, MULTI
automatically dereferences only a single level of pointers. To manually
dereference additional levels, or to dereference a pointer that MULTI
does not automatically dereference, select this option. (You can also
manually dereference pointers to structures by clicking the + button that
appears to the left of their name.)

Equivalent to the hotkey P.

Show Register Info
for “variable”

Opens the Register Information window. For more information, see
“The Register Information Window” on page 270. This option is only
available for local variables stored in a register.

View “variable” as
Register

Displays variable as a register, or opens the Register Setup dialog box
if variable does not match an existing register definition.

View “variable” as

Opens the Expand As Container dialog, which allows you to specify

Container how to display variables of variable's type as containers. This option is
only available for aggregate types or pointers to aggregate types.

Stop Viewing as Stops viewing variables of variable's type as containers. This option

Container only applies to containers previously displayed with View “variable”
as Container (preceding).

Show More Displays 10 more rows of information in the Data Explorer. This menu

Elements item is only available if you select the name or address of an array, list,

or container.

Note: This option can be used to extend an array past its end. This causes
target memory to be read past the end of the array and changes the size
of the array for the purposes of the Data Explorer.

Show Fewer
Elements

Displays 10 fewer rows of information in the Data Explorer. This menu
item is only available if you select the name or address of an array, list,
or container.
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Menu ltem

Meaning

Show All Elements

Displays rows of information for all elements in the Data Explorer. This
menu item is only available if you select the name or address of a
statically sized array, list, or container (but not a C pointer).

The Format Menu

The following table describes the menu items available from the Data Explorer's

Format menu.

Note

__

| The first five menu items, which control how numbers are displayed in

a Data Explorer, pertain to all types except character pointer types. These
string types are always displayed as quoted strings unless the menu items
View Alternate and Settings — Automatically Dereference Pointers
are enabled, in which case they are displayed as an array of characters.

Menu Item

Meaning

Hex

Displays the numbers and characters of the selected variable, the selected
variable's children, etc. in base 16. By default, this item is disabled.
However, you can make it the default format for numbers and characters
by selecting Config — Options — Debugger tab and checking Display
all numbers/characters as hex.

See also the note that precedes this table.

Equivalent to the hotkey H.

Natural

Displays addresses of the selected variable, the selected variable's
children, etc. in hexadecimal notation, characters in ASCII notation, and
all other numbers in decimal notation. By default, this item is enabled.

See also the note that precedes this table.

Equivalent to the hotkey N.

Decimal

Displays the numbers and characters of the selected variable, the selected
variable's children, etc. in base 10. By default, this item is disabled.

See also the note that precedes this table.

Equivalent to the hotkey D.
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Menu Item Meaning

Binary Displays the numbers and characters of the selected variable, the selected
variable's children, etc. in base 2. By default, this item is disabled.
See also the note that precedes this table.
Equivalent to the hotkey B.

Octal Displays the numbers and characters of the selected variable, the selected
variable's children, etc. in base 8. By default, this item is disabled.
See also the note that precedes this table.
Equivalent to the hotkey O.

Pad Hex Values Inserts zeros to the left of hexadecimal values. When you enable this
item, the hexadecimal value has the same bit width as the displayed data.
By default, this item is disabled.
Equivalent to the hotkey X.

Make Array Displays variables as arrays. For pointer and address types, this treats

the pointer as an array such that the first element of the array is located
at the address pointed to. For non-pointer types, the Data Explorer
displays an array of the appropriate type starting at the variable's location.

Each subsequent time you select Make Array, the size of the array
increases by ten (10).

C and C++ character pointer types must be in View Alternate mode to
be viewed as arrays. Additionally, Settings — Automatically
Dereference Pointers must be enabled (the default). See View Alternate
(following).

Equivalent to the hotkey A.

View Alternate

Displays data in an alternate way. For most types, the value is displayed
in the currently selected format as well as in the alternate format. For
example, an integer in natural format is displayed as decimal
(hexadecimal).

If Settings — Automatically Dereference Pointers is enabled (the
default), a character pointer, which is normally displayed as a string, is
displayed as an array. All other pointers are treated as integers, which
default to displaying in hexadecimal.

By default, this item is disabled.
Equivalent to the hotkey V.
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Menu ltem

Meaning

Cast to Derived

Determines the derived C++ class type of the current object and displays
the object cast to that type. This item only applies to the display of C++
classes. For more information, see “Viewing Pointers to C++ Base
Classes” on page 196.

By default, this item is enabled.
Equivalent to the hotkey 1.

Show Member Displays class member functions in type view. By default, this item is
Functions enabled.

Equivalent to the hotkey F.
Show Template Displays the typedefs for template parameters. This option is only valid
Parameters when you are viewing an instance of a type with template parameters in

C++.
By default, this item is disabled.
Equivalent to the hotkey W.

Format Container

Displays Standard Template Library (STL) containers as if they were
an array of elements. See “Displaying Linked Lists” on page 191. You
can also define data descriptions for custom data types. See Appendix E,
“Creating Custom Data Visualizations” on page 741.

By default, this item is enabled.
Equivalent to the hotkey E.

The Evaluate Menu

The Evaluate menu contains four menu items that control the context that is searched
to locate the variables being displayed. These options are mutually exclusive; only
one of them can be selected at a time. By default, As Global is used for all
expressions involving only global variables, By Address is used if the expression
is a static variable, and In Context is used for most others. MULTI detects which
category the viewed variable falls under, and sets these options accordingly. You
can change these options at any time, causing MULTTI to re-evaluate the variable
with the new setting.
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The following table describes the menu items available from the Data Explorer's

Evaluate menu.

Menu Item

Meaning

In Context

Specifies that when the Data Explorer is updated, MULTI will re-evaluate
the selected variable's expression in the same context in which it first
evaluated it. For example, if other procedures have been called since the
Data Explorer was created, MULTI walks up the stack until it finds a
stack frame with the procedure that was executing when the Data
Explorer was created. It then evaluates the expression there. I[f MULTI
cannot find such a stack frame, the Data Explorer displays an error. See
also As Local (following).

Equivalent to the hotkey C.

As Local

Specifies that when the Data Explorer is updated, MULTI will re-evaluate
the selected variable's expression within the current procedure at the top
of the call stack. See also In Context (preceding).

Equivalent to the hotkey L.

As Global

Specifies that when the Data Explorer is updated, MULTI will re-evaluate
the selected variable's expression, looking for variables in the global
scope and ignoring all procedure scopes. This option is useful when an
expression involves only global variables.

Equivalent to the hotkey G.

By Address

Specifies that when the Data Explorer is updated, MULTI will use the
last valid variable address to display data. MULTI does not re-evaluate
the selected variable's expression in any context. This option is useful
for examining the contents of local variables in memory before and after
they are in scope.

Equivalent to the hotkey R.

The Tools Menu

The following table describes the menu items available from the Data Explorer's

Tools menu.

Menu Iltem

Meaning

Go to Definition of
“variable”

Displays the source code, if available, for variable's definition in the
source pane.

Go to Declaration
of “variable”

Displays the source code, if available, for variable's declaration in the
source pane. This is available only for global and static variables.
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Menu ltem

Meaning

Browse References

Displays variable's cross references, if any, in a Browse window. For

of “variable” more information, see “Browsing Cross References” on page 236.
Set Watchpoint on  Sets a watchpoint on variable. For more information, see the watchpoint
“variable” command in Chapter 3, “Breakpoint Command Reference” in the MULTI:

Debugging Command Reference book.

Explore “variable”

Opens a Graph View window on variable. If data descriptions are
available for variable's type, MULTI traverses the data and displays a
graph according to the data description. See Appendix E, “Creating
Custom Data Visualizations” on page 741.

Memory View on
“variable”

Opens a Memory View window in which you can view and modify
memory contents. Initially, this window displays memory at the address
of the selected variable. See also the memyview command in “General
View Commands” in Chapter 22, “View Command Reference” in the
MULTI: Debugging Command Reference book.

Equivalent to the hotkey M.

Print

Opens a dialog box that allows you to print the contents of the Data
Explorer.

The Settings Menu

The following table describes the menu items available from the Data Explorer's

Settings menu.

Menu Iltem Meaning
Automatically Dereferences pointers viewed in the Data Explorer if the memory they
Dereference point to seems safe to read. For character pointers, this option reads the
Pointers string pointed to and displays it in the Data Explorer.
Except for character pointer variables, the names of dereferenced
variables begin with an asterisk (*).
By default, this item is enabled.
Equivalent to the configuration option derefPointer. For information
about derefPointer, see “The More Debugger Options Dialog” in Chapter
8, “Configuration Options” in the MULTI: Managing Projects and
Configuring the IDE book.
Color Text Based Applies different colors to local variables, global variables, variables
on Evaluate evaluated in context, and variables evaluated by address. By default, this
Context item is enabled.
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Menu Item Meaning

Default Large Opens a new Data Explorer for variables that have more than five rows
Variables to New of information. By default, this item is disabled.

Window
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Chapter 12. Browsing Program Elements

The MULTI Debugger provides several kinds of display windows that allow you
to view program elements in different graphical formats. This chapter describes
each of the following windows:

» The Browse window — Lists information about the selected object type in a
single collapsible and expandable list. For general information about this
window, see “The Browse Window” on page 214.

* The Tree Browser window — Displays information about the selected object
type in collapsible and expandable lists. This window displays expanded
information in new columns, thus offering a hierarchical view of the relationship
among the items it displays. For general information about this window, see
“The Tree Browser Window” on page 239.

* The Graph View window — Displays an object graph that shows the
relationships between items. For general information about this window, see
“The Graph View Window” on page 247.

Browsing Program Elements Overview

You can browse the following program elements in one or more of these windows:

* Procedures — Select Browse — Procedures. See “Browsing Procedures”
on page 220.

* Global variables — Select Browse — Globals. See “Browsing Global
Variables” on page 228.

* Source files — See “Browsing Source Files” on page 230.

o All (all source files that contain procedures used in the program you are
debugging) — Select Browse — Files.

o Includers (all source files that directly include the current file) —
Right-click an empty spot in the source pane and select Browse Includers
Of This File from the menu that appears.

o Included files (all files that the current file directly includes) — Right-click
an empty spot in the source pane and select Browse Files Included By
This File from the menu that appears.

o Include graph (a graph of included files) — Select Browse — Includes.
See “Browsing Includes” on page 247.
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* Data types — Select Browse — All Types. See “Browsing Data Types”
on page 233.

* Cross references (for a particular symbol in the program you are debugging)
— In the source pane, right-click the symbol and select Browse References
from the menu that appears. See “Browsing Cross References” on page 236.

Note that this menu option is only available if the program you are debugging
was compiled with cross reference information. For information about how to
do this, see the MULTI: Building Applications book for your target.

* Class hierarchies — Select Browse — Classes. See “Browsing Classes”
on page 243.

e Calls:

o Static calls by function (functions that call other functions, and functions
that the procedure at the current line pointer calls) — Select Browse —
Static Calls. See “Browsing Static Calls By Function” on page 244.

o Dynamic calls by function (functions that were actually called during run
time) — Select Browse — Dynamic Calls. See “Browsing Dynamic Calls
by Function” on page 246.

Note that this menu option is only available if you collected profiling data
about function calls (that is, call count data with call graph support
enabled). See “Overview of Profiling Methods” on page 355.

o Static calls by file (source files whose functions are called from a particular
source file) — Select Browse — File Calls. See “Browsing Static Calls
By File” on page 245.

Note

For most of these program elements and views, there are alternative ways
to open the browsing tools. The following sections document each
browsing tool, its views, and the ways you can access it.
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The Browse Window

The Browse window is a graphical tool that you can use to view information about
procedures, global variables, source files, data types, and cross references. The
columns in the main portion of the window vary depending on what type of object
you are viewing, but the four menus and the basic behavior of the window are
always the same. The following section describes the aspects of the Browse window
that remain constant. Later sections document how you can use the Browse window
to view specific types of information.

Browse Window Basics

You can open a Browse window in multiple ways—each of which is described in
more detail in the following sections. For most of the elements that you can view
in a Browse window, you can simply select Browse — program element from the
Debugger. For example, to open a Browse window similar to the one shown below,
select Browse — Procedures.

M Procedures E=N E=B 5
Object  Filter Show  Tools

BF Procedure Mame Object File Type

* CreateNewlode ddv _tree.o e

* Destroy ddv_tree.o e

L Insert ddv_tree.o e

*  main ddv_tree.o e
Showr: 4746

Note

| | To browse cross references, files that include the current file, or files that
the current file includes, right-click in the source pane and select the
appropriate menu option from the menu that appears. For more
information, see “Browsing Source Files” on page 230 and “Browsing
Cross References” on page 236.

As with most MULTI windows, you can:

* Reorder the columns of a Browse window by dragging and dropping column
headers.
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» Sort the displayed data by clicking the relevant column header.

* Open a context-sensitive shortcut menu by right-clicking in the window.

Every Browse window includes one column known as the primary column. Unlike
other columns, you can never hide the primary column, but you can change the
content formatting via the Show menu. The primary column and available formatting
options differ based on what type of object you view.

Every Browse window includes the following four menus. Menu options vary
according to the type of information you browse.

* Object menu — Allows you to switch among viewing procedures, global
variables, source files, or data types. The type of program element you are
currently viewing has a bullet or check mark next to it. Simply select one of
the other choices listed at the top of the Object menu to change the type of
object being displayed. In a single Browse window, you can only view one
type of information at a time, but you can have multiple Browse windows open
simultaneously.

This menu also allows you to print the contents of the current Browse window,
access MULTT's online help information, or close the Browse window. This
menu is exactly the same in all Browse windows.

* Filter menu — Allows you to specify filters that limit which objects the Browse
window displays. You can set a user-defined filter and/or a selection of
predefined filters. The availability of predefined filters varies depending on
what type of object you are viewing. For more information about filtering, see
“Filtering Content in the Browse Window” on page 216.

* Show menu — Allows you to specify the columns displayed in the Browse
window and the style of the primary column. The availability of columns and
styles varies depending on the type of object you are viewing. Menu options
are described in the sections that cover each type of Browse window.

* Tools menu — Allows you to perform actions on the information in the Browse
window or open other tools that allow you to do so. Most of the options in this
menu also appear in the shortcut menu. The availability of menu items in this
menu and in the shortcut menu vary depending on what type of object you are
viewing. Menu options are described in the sections that cover each type of
Browse window.
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Each Browse window contains a status bar, which lists the number of items displayed
in the format:

Shown: visible/total

where:

» visible is the number of items that are not filtered. See “Filtering Content
in the Browse Window” on page 216.

* total (also known as the base set) is the number of total objects encapsulated
by the Browse window. See “Using Filters” on page 219.

If the Browse window contains contracted headings (see “Browse Window
Headings” on page 220), the status bar displays the following alternative format:

Shown: visible/total (expanded/visible Expanded)

where:

» visible and total are the same as above.

* expanded is the number of entries that are both visible (i.e., not filtered) and
not contracted.

Filtering Content in the Browse Window

In all Browse windows, you can select what data to display by using pre-existing
and/or user-defined filters. You can enable and disable filters using the Filter menu.
Some filters are enabled by default when procedures or global variables are first
displayed in a Browse window.

The Filter menu displays only those filters that apply to the current type of object.
User-defined filters are applied to the names of the objects being shown in the
Browse window (see “User-Defined Filters” on page 218). The status box at the
bottom of the Browse window lists the number of displayed objects as well as the
total number of objects, which includes those that have been filtered out.
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Predefined Filters

The predefined filters you can enable and disable from the Filter menu are described
in the following table. Only those filters appropriate to the object type you are
viewing are available in the menu. You can apply multiple filters.

Menu option

Effect

Hide C++ VTBLs Toggles the display of virtual tables in C++ programs. This filter
can only be applied to global variables.

Hide C++ Type Toggles the display of type identifiers in C++ programs. This filter

Identifiers can only be applied to global variables.

Hide C++ Type Info Toggles the display of type information in C++ programs. This filter

can only be applied to global variables.

Hide C++ Initialization
Names

Toggles the display of initialization names in C++ programs. This
filter can only be applied to global variables.

Hide C++ std::*

Toggles the display of objects in the std namespace in C++
programs. This filter can be applied to global variables, procedures,
or data types.

Hide .* Toggles the display of objects whose names begin with a period (.).
This filter can be applied to global variables, procedures, or data
types.

Hide _* Toggles the display of objects whose names begin with an underscore

(). This filter can be applied to global variables, procedures, data
types, or source files.

Hide Globals from

Toggles the display of global variables from shared libraries that

Shared Library were loaded into your program. This filter can only be applied to
global variables.

Hide Files without Toggles the display of source files that do not contain any procedures.

Procedures This filter can only be applied to files.

Hide Procedures
without Source

Toggles the display of procedures that do not have source code. This
filter can only be applied to procedures.

Hide Inlined
Procedures

Toggles the display of procedures that are inlined. This filter can
only be applied to procedures.

Hide Static Names

Toggles the display of objects that are defined as static. This filter
can be applied to either global variables or procedures.

Hide Non-Static Names

Toggles the display of objects that are not defined as static. This
filter can be applied to either global variables or procedures.
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Menu option Effect

Hide Writes Toggles the display of writes. This filter can only be applied to cross
references.

Hide Reads Toggles the display of reads. This filter can only be applied to cross
references.

Hide Addresses Toggles the display of address references. This filter can only be
applied to cross references.

Hide Declarations Toggles the display of declarations. This filter can only be applied
to cross references.

User-Defined Filters

To define your own filter to apply to the objects listed in the Browse window, select
Filter — User-defined Filter from the menu bar of any Browse window. The
following Define Filters dialog box opens:

Define Filters

Fill in pattern sets:

Show
Hide

[Use zpace or semicolon to separate patternz)

Cancel |

To specify what objects to display in the Browse window, enter text and wildcard
patterns in this dialog box (see “Wildcards” on page 303). To specify multiple
patterns in the Show and Hide text fields, use semicolons or whitespace to separate
the patterns.

The next section explains how the Browse window processes user-defined filters
with selected predefined filters.
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Using Filters

If you specify a user-defined filter and/or one or more predefined filters, the Browse
window uses the following algorithm to determine what objects to display.

1. The Browse window determines the base set of objects in the Browse window.
When you first open a Browse window, the base set of objects is the set of
objects that were initially specified. For example, if you open the Browse
window with the e f* command (see “Browsing Procedures” on page 220), the
base objects are all the procedures whose names begin with the letter £. Another
example: if you open the Browse window by selecting Browse — Procedures,
the base objects are all the procedures in your program. Each time you change
the object type you want to browse by using the Object menu, the newly loaded
objects become the new base set.

2. The Browse window hides any remaining objects whose names do not match
the patterns listed in the Show field of the Define Filters dialog box.

3. The Browse window hides any remaining objects whose names match the
patterns listed in the Hide field of the Define Filters dialog box.

4. The Browse window hides any remaining objects that match the other filters
enabled in the Filter menu.

For example, if the user-defined filters are:

¢ Show fa*
* Hide fab*

only those objects from the base object set whose names start with fa but not fab
are displayed.

\ Note

| The base set (described above) does not change based on user-defined
filters or the selections you make in the Filter menu, which only affect
what is displayed in the Browse window. However, the base set does
change based on your selections in the Object menu.
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Browse Window Headings

In procedure, user type, and source file Browse windows, displayed data has
additional formatting. In each of these cases, items known as headings appear with
either a plus sign (+) or a minus sign (-) next to their entry in the primary column.

Clicking a plus sign expands the children of that heading; clicking a minus sign
contracts the children. The meaning of each of the headings depends on what type
of objects are displayed. When you first open a Browse window, all headings appear
fully expanded (a minus sign is displayed next to each heading, and all children are
visible).

In filtering and sorting, the Browse window treats headings in the same fashion as
regular objects. Those headings colored the same as keywords, however, are of a
different type than the displayed base object type. If the selected heading is colored
like a keyword, certain Tools options appear dimmed and certain right-click menu
options do not appear.

For example, in the procedure Browse window all headings appear colored like
keywords, indicating that they are types and not procedures. As a result, Tools —
Browse References (among others) is unavailable when such an entry is selected.
For more specific information about headings in procedure Browse windows, see
“Headings in the Procedures Browse Window” on page 227.

Browsing Procedures

You can open a Browse window that displays procedures by selecting a menu
option, using a shortcut, or issuing a command. Depending on how you open the
Browse window, it displays either all the procedures in a program or some subset
of procedures.

» To open a Browse window displaying all procedures in your program, do one
of the following:

o From the Debugger, select Browse — Procedures.

° From an existing Browse window that is not currently displaying
procedures, select Object — Procedures.

o From the Procedure Locator located on the Debugger navigation bar, select
Browse procedures in program.

220

MULTI: Debugging



Browsing Procedures

o

From the command pane, issue the browse procedures or browse procs
command. For information about this command, see “General View
Commands” in Chapter 22, “View Command Reference” in the MULTI:
Debugging Command Reference book.

* To open a Browse window displaying only the procedures in a specific file,
do one of the following:

[e]

[e]

o

While viewing the file in the Debugger, select Browse procedures in
current file from the Procedure Locator on the Debugger navigation bar.

Double-click the file in a Browse window displaying source files.

From the command pane, issue the e command with the arguments
"file"#* (for example, e "test.c"#*). For information about the e
command, see Chapter 11, “Navigation Command Reference” in the
MULTI: Debugging Command Reference book.

» To open a Browse window displaying procedures that match a specific pattern,
issue the e command with a pattern that matches more than one procedure in
your program. For example, issuing the e f* command opens a Browse window
on all the procedures in your program that begin with the letter £. For
information about the e command, see Chapter 11, “Navigation Command
Reference” in the MULTI: Debugging Command Reference book.

» To open a Browse window displaying the procedures called from a specific
procedure or the procedures that call a specific procedure, right-click a
procedure in the source pane and select Browse Other — Browse Callees or
Browse Other — Browse Callers, respectively, from the shortcut menu.

Note

Sometimes MULTI opens a modal dialog box version of the Browse
window when you have not performed any of 