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About This Manual

Preface

Read This First

This user guide describes a special feature supported by C6000 and C5500
simulators in the Code Composer Studio (CCStudio) environment called
Rewind. Using this feature, you can view the past history of application being
executed on the simulator, reducing the time to debug the application.

Related Documentation From Texas Instruments

Trademarks

TMS320C55x Instruction Set Simulator Technical Reference (SPRU599)
describes the different C5500 simulator configurations that are available
with Code Composer Studio. It includes details on simulator types,
hardware modelled, supported features, and cycle accuracy.

TMS320C6000 Instruction Set Simulator Technical Reference
describes the different C6000 simulator configurations that
are available with Code Composer Studio. It includes details on
simulator types, hardware modelled, supported features, and cycle
accuracy.

To obtain a copy of any of these documents, call the Texas Instruments
Literature Response Center at (800) 477-8924. When ordering, please
identify the book by its title and literature number.

The Texas Instruments logo and Texas Instruments are registered trademarks
of Texas Instruments Incorporated. Trademarks of Texas Instruments include:
TI, XDS, Code Composer, and Code Composer Studio.

All other trademarks are the property of their respective owners.


http://www-s.ti.com/sc/techlit/spru599
http://www-s.ti.com/sc/techlit/spru600
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Chapter 1

Introduction

The C6000 and C5500 simulators under the CCStudio environment support
a new feature called Rewind. Using this feature you can view the past history
of an application being executed on the simulator. This reduces the time
required to debug an application.

Topic Page

11 TheRewindFeature ..............cciiiiiiiiiiiiiii i innennns -2
1.2 C5500 CPU Simulator Support for Rewind Feature
1.3 C6000 Simulator Support for Rewind Feature
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The Rewind Feature

1.1 The Rewind Feature

1-2

The process of debugging any software requires pinpointing the exact point
of execution where the software starts behaving in some unintended way. The
process of finding that exact point may take a few iterations to guess the
correct failure point. The searching process may run as follows:

[ Set a breakpoint at a possible point of error
(1 Run the application on the simulator up to this breakpoint
[ Check all your visible resources (register and memory contents)

[ [f the resources are as expected, then you must choose another possible
point of error ahead of the current point, or another possible point of error
between the last guess-point and this point

[0 Repeat these steps until you pinpoint the error location

If you find the resources are as expected, and you suspect another possible
point of error ahead, then you repeat the process. However, a problem arises
if the next guess-point is behind the current point. As there is no way to run the
application backwards, you would have to set a breakpoint at the new
guess-point and run the application from the start. This process can be
time-consuming and tiresome if you must test a sequence of guess-points that
fall behind the current point.

With the Rewind feature, you do not have to restart your application on a guess
point which falls behind. You can view the state of the resources at a point
behind the current point just as you would view the resources at a guess point
ahead.



C5500 CPU Simulator Support for Rewind Feature

1.2 C5500 CPU Simulator Support for Rewind Feature

The Rewind feature is currently available in the CCStudio environment with
the following simulator configurations.

[0 C55x Rev 2.x CPU Functional Simulator

[ C55x Rev 3.0 CPU Functional Simulator

[ C55x Rev 2.x CPU Cycle Accurate Simulator
EI

C55x Rev 3.0 CPU Cycle Accurate Simulator
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C6000 Simulator Support for Rewind Feature

1.3 C6000 Simulator Support for Rewind Feature
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The Rewind feature is currently available in the CCStudio environment with
the following simulator configurations.

4

I Iy Ny R

C62xx CPU Cycle Accurate Simulator
C64xx CPU Cycle Accurate Simulator
C67xx CPU Cycle Accurate Simulator
C6412 Device Functional Simulator
C6416 Device Functional Simulator
DM642 Device Functional Simulator

C6713 Device Functional Simulator



Chapter 2

Rewind Feature in Application
Software Debugging

This chapter discusses how the Rewind feature can be used to debug
embedded application software easily.

Topic Page
2.1 Using the Rewind Feature ................cccciiiiiiiiiinnnnnns 2-2
2.2 Simulator Modes While Using Rewind .......................... 2-3
2.3 Simulator Statein ReplayMode .............cccoiiiiiiiiiiinn, 24
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Using the Rewind Feature

2.1 Using the Rewind Feature

A simulator with the Rewind feature enables you to easily narrow down a
suspected problem area. Rewind keeps a history of executions made by
normal step and run commands. It also provides commands that allow you to
run back or step back to view the previous program state, using information
that has been stored during the normal run or step. The following example
clarifies how to use these commands.

For example, illustrates a linear program without branches that has
an address range between 0—100. You set breakpoints at addresses 25, 50,
and 75 to find a problem. You issue a run command at address 25 (point A).
The error is not visible at point A, however, it is visible at the next breakpoint
at address 50 (point B).

Using the Rewind tool, you can step back (or undo) what has occurred. Thus,
you can step back by one address until the problem occurs. Alternatively, you
can set a breakpoint at address 35 and run back to that breakpoint (point C).

In this example, you still do not see the bug, so you step forward. The code is
not re-executed from address 35-50 but is replayed based on the information
that was stored during the original run. This allows you to determine exactly
what has happened to the software system based on the input data that was
used during the original run. Therefore, once the execution is captured, you
can go back and forth in the history log as many times as needed and the inputs
and outputs remain the same.

Figure 2-1. Example Program

25 35 50 75 100
\ | \ \ \
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Simulator Modes While Using Rewind

2.2 Simulator Modes While Using Rewind
A simulator with the Rewind feature has two modes:

(1 Real mode. When you first execute forward a part of your
application on the simulator, it is in real mode. You can modify
resources in this mode. During real mode execution, the simulator
generates a trace of the simulator state, which can be played back
during replay mode.

(1 Replay mode. Any subsequent backwards or forwards execution
of that part of the application is in replay mode. You can only view
in this mode. You cannot modify the resources.

The mode change occurs as follows:
1) Initially, the simulator starts in real mode.

2) The simulator remains in real mode until you perform a backward
advance. For instance, the time is t55; when the first backward advance
from real mode is made. On backward advance, the simulator mode
changes to replay.

3) The simulator remains in replay mode for all forward and backward
advances within tj5; Any forward advance from t,5; changes the mode to
real.

4) This process repeats.
A backward step or run can be made until either of the following happens:

(1 Previous trace information is not available, as it has already reached the
beginning of execution history.

[d Previous trace information is not available, as it has been overwritten by
other execution history in the circular buffer (if the circular buffer is used
for storing the history information).

In replay mode, you can observe the simulator state (see section E.3). This
state at time point t in replay mode shall be identical to that at time point f in
real mode.

Rewind Feature in Application Software Debugging 2-3



Simulator State in Replay Mode

2.3 Simulator State in Replay Mode

2-4

The state of the simulator is affected by the replay mode as follows:

d Memory
B All program and data memory values are shown correctly.

W For all unmodeled peripherals, registers are modeled as flat 1/O
memory. Only this part of the simulator state is reproduced correctly in
replay mode.

W Other peripheral registers observed in replay mode may not show
correct values; that is, the same value the register had in real mode
execution.

(1 Register

B CPU register values as identified by the CPU register window are
correct.

[ Cycle count

B Clock value can be seen in replay mode when the profiling is set up for
the following events.

m  C6000 CPU Cycle Accurate simulators: cycle.CPU
m  (C5500 CPU Functional simulators: CPU.execute_packet
m  (C5500 CPU Cycle Accurate simulators: cycle.CPU

Note:

Other simulator events are not updated in replay mode.

Please refer to the main online help in Code Composer Studio for
information on profiling for different events.

The simulator internally manages the execution history. The simulator can be
configured to keep the execution history in a host file or in the host memory.
It is preferable to keep the execution history in a host file, providing there is
enough free disk space to store execution history. For big applications, disk file
size might be a constraint. To alleviate the problem, the simulator can be
configured to keep the history in host memory in a circular buffer fashion. In
that case, only the last few executed instructions can be replayed. Section 3.1]
describes the configuration of the simulator for these options.



Chapter 3

Using the Rewind Feature
with Simulators

This chapter provides details on working with the Rewind feature of the
simulator.

Topic Page
3.1 Configuring the Simulators for Rewind ......................... B-2
3.2 Debugging an Application With Rewind ......................... B-3
3.3 Customizing Rewind ............c.ccoiiiiiiiiiiiiiiiiiiiiiaaas B4

3-1



Configuring the Simulators for Rewind

3.1 Configuring the Simulators for Rewind

The Rewind feature is configurable from Code Composer Studio Setup for all
supported simulators. This feature is disabled (OFF) by default. To enable
Rewind, right-click on the processor for a simulator in the CCStudio Setup
program and choose Properties from the context menu. In the Processor
Properties dialog box, choose ON in the drop-down menu for the Rewind
option. Once you enable Rewind, CCStudio Setup provides an additional
option to use the host memory or host file for storing the Rewind traces. Use
the option On Disk to use the host file, or the option In Memory (default) to use
the host memory.
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Debugging an Application With Rewind

3.2 Debugging an Application With Rewind

When Rewind is enabled from Code Composer Studio Setup, the Code
Composer Studio IDE starts up with the following new buttons. These buttons

will not be visible if you disable the Rewind feature from Code Composer
Studio Setup.

Table 3-1. Rewind Related Buttons and Their Functions

Button Function

{Ei Source single-step backwards
{‘@T Assembly single step backwards
o Run backwards up to the cursor

:& Run backwards until break point or start point

The rewind functions are analogous to their forward counterparts. By using
these buttons you can view the past state of the program. Executing the
commands Reset, Reload, or Restart program will reset the trace generated.
Execution cannot go backwards beyond these commands.

The icon Ffﬂ on the Code Composer Studio status bar indicates the replay
mode of simulator.

Using the Rewind Feature with Simulators 3-3



Customizing Rewind

3.3 Customizing Rewind

3-4

The Rewind feature reproduces past values of the registers and memory in
replay mode by using the execution history (trace) generated during real
execution. On average, the simulator generates four bytes of trace data per
cycle. By default, the simulator keeps the trace in the host memory. The
simulator can also be customized to keep this trace data in some temporary
host file instead. Keeping the trace in host memory eliminates the problem of
disk space constraints for larger applications, but it can only replay the last few
instructions that were executed.

To enable Rewind, right-click on the processor for a simulator and choose
Properties from the context menu. In the Properties dialog box, choose ON in
the drop-down menu for the Rewind option. Once you enable Rewind, Code
Composer Studio Setup provides an additional option to use the host memory
or a host file for storing the Rewind traces. Use the option On Disk to use the
host file, and the option In Memory (default) to use the host memory. See



Customizing Rewind

Figure 3-1. Enabling Rewind
Processor Properties E'
Froperty Walue
Simulator Type Cycle Accurate A

Detect Res
Boot Mode
Rewind

Detect CPU Rezource Conflicts Yes

M
Revind Trace bemoy, [

erved Memomny Adoccesz  Yes
MOME

Endianness Little Endian

Base Confiquration File simBdus_simulator.cfg -
Change property value ag neceszamy in the night calumn.

Summary

Tips: s
- Uze inite4s=zim. gel -
- Turning off resource conflict detection improves simulation zpeed. =

- Rezerved Memary accessz detection can be turned off, if pou are sure
af memaony uzage, as, switching it off makes simulation zpeed faster
- Switch Rewind Trace logging to Memory Only Mode ta gain zome 4

] Cancel

There are some advanced options for Rewind which are not configurable via

Code Composer Studio Setup. provides the details and values for
these options.
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Customizing Rewind

Table 3-2. Advanced Rewind Configuration Options

Option Value Value in the Base

Configuration File

Description

MAX_BUF_SIZE 32 bit unsigned integer 0x800000 //8MB

>= 0x100000 (1MB)

MAX_FILE_SIZE 32 bit unsigned integer 0x40000000 //1GB

>= 0x800000 (8MB)

TMP_DIR Directory path c:

For memory trace, it specifies the size of
the memory used to keep the trace. For
file trace, it specifies the size of the
temporary buffer used for efficient file
operations.

For file trace, it specifies the maximum
size of the execution history in bytes. If
the size of the trace reaches this value,
the execution history is reset. This option
is not used for memory trace.

For file trace, it specifies the directory
where the simulator creates the file. This
option is not used for memory trace.

Note:

3-6

If the path specified as TMP_DIR in the configuration file is not writeable or there is not enough space in the disk (i.e.
available space on the disk is less than the size specified through MAX_FILE_SIZE), the simulator will disable the
Rewind feature immediately. In that case, the behavior will be as if ENABLE_REWIND is specified as OFF. In the current

version, the simulator will not generate a error message.

To customize the simulator, modify the Base Configuration File as follows:

1) Go to the Code Composer Studio installation directory. For example,

C:\CCStudio.

2) Go to the drivers directory inside it (e.g., C:\CCStudio\drivers).

3) Open the appropriate base configuration file (.cfg) in a text editor. (e.g.,

sim64xx_simulator.cfg)

4) Look for the module named REWIND.



Customizing Rewind

Figure 3-2. Rewind Configuration

B sim64xx_simulator.cfg - Note... |'._ E'E'
File Edit Farmat “Wiew Help

MODULE REWIND;
IMPORT PATCH,;
THP_DIR. C:;
Max_BLUF_SIZE Ox200000;  /f aMB
Max_FILE_SIZE Ox40000000; /f 1GB
EMD REWIND;

/i base config contents end.

Lrm 1, Caol

5) Edit this module to customize Rewind. It is advised to keep a copy
of this file before making any modifications.

6) Save the changes and quit the editor.
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Appendix A

Guidelines and Limitations

On reaching the end of the execution history, the simulator stops, but it
does not show any error messages. Error messages are also not shown
if the trace file cannot be written due to invalid path, disk is full, or any other
reason. The error messages will be shown in later versions.

In replay mode, doing a restart will cause the program counter to rewind
momentarily, but will continue from the last point on the next advance. The
workaround for this is to first reset the simulator and then restart.

B After resetting the simulator and the cycle event (see section E.3 for
picking the event usable in review mode), you will see that profile clock
counter runs correctly in the forward direction. When you switch to
replay mode, the counter shows an old count. The relative count
remains correct afterwards. This problem does not occur if you use the
Auto Reset option for the profile clock.

W [f the counter has to show negative values (for instance, during back
stepping with the profile clock set to the Auto Reset), it will show the
corresponding unsigned 64-bit integer. For example, -1 will show as
4294967295.

Some of the peripheral registers will not show correct values in the replay
mode.

C55x CPU Cycle Accurate simulators support the emulation mode of
execution which flushes pipeline on halt. The corresponding effects on
program counter value (e.g. PC skid) are described in SPRU59d. These
effects will be visible even in the replay mode of the simulator. Thus, you
may see PC skids in replay mode if the simulator is run in emulation mode.

For functions that do not have enough debug information (for example, rts
lib functions) in the normal forward execution, performing a Source
Single-Step at that function call actually results in Step Over. However, in
the rewind mode, Source Single Back-Step at that function call results in
assembly back step in and not a Source Step Over.

Boot loading: If you try to back-step through the code which is copied
during boot-loading, the disassembly window shows only NOPs.
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