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/ Agenda

- Hands-on #1: Create a MULTI project using default MULTI
wizard that includes a minimal flash-based program

- Hands-on #2: Create a minimal ram-based program in the
same project

- Hands-on #3: Create a program that imports application
source code for each core which implements interrupts

- Hands-on #4: Download program to Freescale evaluation
board and perform basic debug

- Hands-on #5: Use advanced development tools on some
example programs

Qorivva MPC5746M microcontrollers are used for hand-on
exercises in this presentation.
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2> Session Introduction

This hands-on session walks through creating and
debugging software projects using Green Hills tools for
single core and multicore Qorivva microcontrollers.

These tools and microcontrollers are winning designs and
growing in popularity.

Getting started with new tools is always a challenge. This
session provides a controlled environment to streamline
the learning process.

The presenters have years experience helping customers
get started with these tools and microcontrollers.

The session focuses first on building projects from scratch
with existing code. The second part walks through
common debug steps and demonstrates advanced tool
capabilities.
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® Session Objectives

- After completing this session you will be able to use
Green Hills tools with Freescale microcontrollers to:

- Create from scratch a MULTI project with flash and
RAM based single & multicore programs

- ldentify required initializations in those programs

- Create a multi core program that imports external
application code

- Download and perform basic debug operations on
a created program

- Apply advanced development tools including trace,
stack analysis, run-time error checking
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_..2cord Breaking EEMBC Results - PO
AutoBench Green Hills

EM
BC

Green Hills 10% - 30% faster than other compilers

Processor Compiler Mark™ Energymark™ Type Certified Notes

566 - 144MHz  Green Hills: PPC Version 5.20 OTB 01/14/11

u Freescale MPC5607B - 684MHz  Green Hills: PPC Version 5.20 OTB 01/14/11

[ Freescale MPC5644A - 150MHz Green Hills: PPC Version 5.20 OTB 01/13/11

PC5674F - 264MHz Green Hills: PPC Version 5.20

F OTB 01/11/11
F Freescale MPC85841D 1.5G Green Hills Multi V4.2.3 1612.7 OTB 11/23/06 Single core used for benchmarking
] Freescale MC8548 - 1333MHz  Green Hills MULTI v4.2.3 1289.2 OTB 10/23/08
F Freescale LM¥21 - 266 MHz  ARM-Linux-gec-3.3.2-glibc-2.3.2 29.6 OTB 08/26/05
7 Freescale .MX31-532MHz armvafl-montavista-inuxeabi-gec 3.43  126.6 OTB 08/26/05

Optimizing compilers achieves record certified EEMBC scores for automotive

see http://www.eembc.org/benchmark/index.php?suite=ALL&type=PRO& member seq=206

® £
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Hands-on 1:

- Create a MULTI project that includes a minimal flash-based
program
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Hands-on 1.1: Create Project

- Start MULT/I’s Project Wizard: click on project manager icon

® £
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Start MULTI. The MULTI Launcher screen appears:

L: MULTI Launcher - MULTI v5.1.4
File Components Edit  Utilities Config Windows Help

environments.

install them first.

[T] Don't show thiz message again

-0 AEEERT, -4.:@

Information shout the MULTI Rauncher

The MULTI Launcher toolbar provides the ghility to easily
launch all mwajor IDE components and manage user-defined
workspaces that can be customized to youy cokinoh working

If vou have not yet installed wyour produdt licenses, you
zhould uze the License Manager Admwinistrgtion utility to

E=En )

m

-

Start with MULTI Launcher

(hammer) and select “Create Project..”
- Alternate action: File menu -> Create New Project...

freescale !




Hands-on 1.2: Top Level Project & Directory

- Name: leave as default (common use)

- Directory: Type in Directory box to create new path and
folder
C:\MULTIworkshop

- Click Next

Project Wizard
Froject Hame > Operating System > Processzor Family » Target Board
[ Stand-alone | [ Power Architecture ] [ Freescale MPCE746M Demo Board |
— e default Project Name
1> Directory: C:AMULT lwarkghop @l apecify a name and directaory far your praject.

< Back [ M et > ]| Finizh... | | Cancel

® £

Z “freescale" 8




\
4

4

A
Hands-on 1.3: Select Operating System

- If not already highlighted, click on Standalone to select

the operating system
- Click Next

Project Wizard

Project Hame » Operating Svstern > Processor Family
[ Stand-alone | [ Power Architecture ]

Operating Syztem:

wel0 Sy
Lirwi

Stand-alone
Threads=
Wohwfork s

05 Distribution Directone:

» Target Board
[ Freezcale MPCEY 46k Demo Board |

Operating System

select the operating system your project will run
on. For some operating systems, you will also
need to specify the directory containing your
operating system distribution.

« [m]

®)

[ < Back ][ Mext = ][ Finizh... ] [ Cancel

® £
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Hands-on 1.4: Select Target Board

- Select your target board: Freescale MPC5746M Demo Board
- Click Finish

- A warning message may appear concerning memory size for Standard
C++ executables. Click OK to exit the message.

- Top Project Created message appears. Click OK

Project Wizard
Project Hame > Operating System > Processzor Family »  Target Board
[ Stand-alone | [ Power Architecture ] [ Freezcale MPCEY46R Demo Board |
Target Board: Target Board
Freescale MPCBE4R Demo Board -
Freezcale MPCEEES Demo Board : :
Frenscale MPCSETs Dema Board =elect the target board your praject will run on.

Freeszcale MPCE7 44K, Demao Board
Freescale MPCR744P Demo Board
Freeszcale MPCEY4EM Demo Board

Freescale MPCE748G Dema Board
Freeszcale MPCRYYTM Demo Board
Freescale MPCE260 A0S -

[ et » Finizh... ] [ Cancel

® £
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Hands-on 1.5: Add Item(s) to Project

- Two windows appear: the empty project and an “add” window over it

- Add desired item(s) to the project. In this example, keep Hello World
(C) selected

- When the file is selected, click on Next

Project Manager: Select Item to Add

= [b' Create Mew ... -
e - [ Helobword [C)

(B Hello world [C++)

@ Helo world Librar [C)

@ Heloword Library [C++)

@ Library

(B Program

£ Project g
B 3 Add Mew ar Existing ...

B Source File

Hello World (C)

A simple example program written in C.

m

23 MULTI Praject File
il Other File
= [b' Create Mew Demo Project ...
[B] Basic Debugging
(B Code Coverage 7

[ Mext = J[ Finizh ] [ Cancel ]

® £
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Hands-on 1.6: Specify Directory and Name

- Source Code Directory: use default C:\MULTIworkshop\src_hello
- Project Name: change from hello to hello_flash as below

- This later appears as Program Name
- Click Next

Project Manager: Settings for Helle World (C)

— Source Code Directory:  CASMULT lworkshopharc_hello [E] Hello World (C)

ety ProjECE M aMmE: hello_flazh

A simple example program written in C.

¢ Back ][ M et > ][ Finizh ] [ Cancel

® £
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Hands-on 1.7: Configure Linker and Libraries

- Program Layout: Select “Link to and Execute out of
ROM”
- Libraries: Select “Board Initialization” to run from flash

« Click Next

Project Manager: Settings for Helle Werld (C)

=t Program Layout:  Link to and Execute out of ROM ¥ | Configuring a Standalone Program
Libraries The settings in this dialog contral how
E gtarttUF' your program is linked and allow you to
=lem ; . . .
SE— include aptional, customizable versions of
_9 - Board lritialization . . . !
e camelli Sleeller various libraries.

Link to and Execute out of RAM

Link to ROM and Execute out of

-

< Back ][ Mext = ][ Finizh ] [ Caticel ]

® £
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Hands-on 1.8: Generating VLE Instructions Note

Some earlier Qorriva MCUs support both full 32-bit (Book E) and
a variable instruction length (VLE) of 16- & 32-bit instructions.

MPC5746M only supports VLE instructions, which will be the
default option by the MULTI wizard so no action is required.

Note: If the MCU supports both Book E and VLE instructions, the default will be Book E instructions. If
VLE instructions are desired, then set the project global settings:

Select top project & right click on it

Select “Set Build Options...”

Select the All Options tab

Expand “Target”

Select “Instruction Set”

Right click on “VLE Code Generation and Libraries”
Select “On”

Click DONE

© N o 00k~ 0D PRE

® £
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Hands-on 1.9: Debugger Compatibility - 1

Various global project settings are often needed. One is made here for
Interoperability.

’ A C\MULTIwerkshop\default.gpj - MULTI Project Manager

Eile Edit View Build Ceonnect Debug Tools Windows Help
. . E5' o o N = o 1=

- First, select top project Fifm?’ BRneRBFE

& right click on it e Type et
e 4 = B MULT wark shophdefault. gpj Top Project -bep mpch746m -G -object_dir=objz :zoun
B B s helothels_fazhgp Program -object_dir=objzshello_flazh -LC:AMLLT e

@ Board Initialization Custarn Library

- Select B heloc C File
“Set B u | Id Optl ons... ”» [ tgthstandalone_romrundd  Linker Directives

Bl 3 tgtvresources. gpj Target Resources
default. con Target Connections
Ml racmirra rasdma bt Taut

L £
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Hands-on 1.9: Debugger Compatibility - 2

For compatibility with other debuggers, make all the project’s programs
generate DWARF output files & add .elf extension their names. Stay on

the All Options tab

- Expand “Advanced”

- Expand
“Debugging
Options”

- Select “Native

Debugging
Information”

- Right click on
“Generate MULTI

=

i

4= Build Opticns for default.gpj

Al Options | Modified Dptions

Ophion Categories:
C/C++ Compiler -
Azzambler —
Link.er
Compiler Diaghozstic:
DoubleCheck [CAC+H+]
B advanced
Target Ophions
Froject Options
Optirnization Options
B Debugging Optionz
Reducing Debug File Size

and Native
Information”

- Select “Dwarf (v2)”
- Click on “OK?”

- Click on “Done” button in bottom right corner

® £
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> M ative Debugging Information | =

Preproceszor Options

C/C++ Compiler Options
Agzembler Optionz
Linker Optionz

16

Build Dptiong in Categony:

M arme

lenerate MULTI and M ative Infarmation
Corvvert DWWARF Files to MULTI [ .dbo) Farmat
Corevert Stabs Files to MULTI [ dbao] Format

YWalle
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Hands-on 1.9: Debugger Compatibility - 3

Change object file name to have an .elf extension because
some it is required for some debuggers:

- In Project Manager window, right click on the Program we
created and select “Set Build Options...”

A C\MULTIworkshop\default.gpj - MULTI Project Manager
File Edit Yiew Build Connect Debug Teools Windows Help

CEZERL/BRDC R EGXE

Find: *

M arne Type Options

B & MULThworkshoptdefault.gpj Top Project -bzp mpcE746m -G -object_dir=objs -
— I E O zic_hellodhelo_flash.gpj -object_dir=objzthelo_flazh -LC: k4L

@ Board Initializat
B helo.c sre_hellothello_flash.gpj

rary

] tgtstandalone_romrundd  Linker Directives

B O tgtresources.gp Target Resources
default. con T arget Connections
O resource_readme. bt Text
M rmbe sfo Prabe 5 ettinns

L £
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Hands-on 1.9: Debugger Compatibility - 4

- Select “All Options” tab

- Select “Project”

- Right click on “Output Filename”

- Select “Set Output Filename”

- Enter new filename with desired extension: “hello_flash.elf” & click OK
- Click “Done” button

#= Build Options for hello_flash.gpj Ell
All Optiores | Madified Options
Option Categornies: Build Optiong in Categaony:
;arget MHarme Walue
roject Output Filename
Bpttllmlzqtlnn Object File Dutput Directary objs'HNa_flash
F"E Lgaing Ermnulate Behaviors of a Specific Compiler Yersion [Latest
reprocessar % aurce Foot
EJEHbeDmpller Include Directaries
L'Sskem Bl Library Directaries $lxenpand_path(./libb
I:Igmzriler Diagrinstic: Libraries ; ; iz Fi oardin
DoubleCheck [C/C++] Source Directones Relative to This File

fdvanced Intermediate Output Directary Relative to Top-Level Project

L £
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Hands-on 1.10: Modify a Source File

- Double click on “hello.c’

- Comment out printf
statement as shown

- Save and close editor

L £
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A& C\MULTIworkshop\default.gpj - MULTI Project Manager
Eile Edit View Build Ceonnect Debug Tools Windows Help

ks, BR[O R DEE

Find: *
M ame Type Options
B & MULThwarkshopsdetault g Top Project -bzp mpcE74Em -G -oby
B B src_hellathelo_fash.gpi Program -ohject_dir=objzhhello_|
[l EBoard Initialization Custom Library

¢ EES0ITE CRe

[ tgthstandalone romranld  Linker Directives

M 53 tabresmnreas ani Tarnet Resrnrmas

‘J CAMULTIworkshophsre_helloihello.c - MULTI Editor =
File Edit View Block Teools VYersion Ceonfig Windows |

ZHRHsBRUY 00 e B
C:AMULT lwwarkzhophare_hellabhelo. * main

#include <stdio.h>

int mwainiint argce, char Fargv[])
i

> S printf("Hello world.in'™):
return O;

E
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Hands-on 1.11: Build Project

- Select hello_flash program
- Click on Build icon (crossed tools)

- After program builds, Status tab shows Build successful
’ A C\MULTIworkshop'default.gpj - MULTI Project Manager =R <= ﬂ

File Edit Yiew Build Connect Debug Tools Windows Help

EEO ks BRO0 R GEEE

Fird: A A -
M ame Type L Ophions =1
B & MULThwarkshopsdetault. gp Top Priject -bizp mpchy46m -G -object_dir=objs ;zourcelir=. --ee
—— l Bl O zrc_helloshello_flazh.gpj -object_dir=objshhello_flash -LCAMULT lwork shophlibboardie
[l Board Intialization Custarn Library
B heloc C File
[ tgthstandalone rommnld - Linker Directives
[CJ tgtsrezources. gpj Target Resources
4| 1] 3

HASSEIENL LI IS 2 0li. PPpns e USE peEa 2 oi. b aueEs L 2x LS.
hrchiving libboardinit.a because mpeS5746m.o has changed
Linking hello flash hecause it does not exist i
Done |_|
— Build sucecessful (Fri bug 09 15:25:35 2013)

Status I Inf I I:u:ummar'u:ll |I::"-.MLILTIwnrkshu:up'xsru:_hellu:u'xhellu:u_flash.gpi |F'|:|wer Architecture

L £
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Hands-on 1: Project Directories and Files

The built project has folders and files as shown below

@Cvl ' <€ Primary ... » MULTIworkshop » v I +4 ‘ ' Search MU... 0 |

Organize ¥ Include in library ¥ Sharewith v » &= » [ @

~

; 4 | MULTIworkshop * Name
.. libboardinit . .
: . libboardinit
4 . objs .
., objs
. hello_flash
i — . src_hello
4 . libs g
. o = Lotgt
. libboardinit :
il | default.gpj
. src_hello
|| hello_flash
4 | tgt
) o |_| hello_flash.dep
.. libboardinit
: __| hello_flash.dla
L libsys
. |_| hello_flash.dnm
> 1, MULTIworkshop_ext_files .
) hello_flash.map
L My Music
L ntutils i |"—’l ’
’ 10 items

L £
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Hands-on 1: MULTI Tip - Editing Project File

- The project file, default.gpj, is text and can be viewed
edited with the MULTI editor or one like Wordpad

- Example reason to edit: change a path name

- Example:
- Select Top Project
- Right click on it
- Click on “Edit”

- Screen at right appears
that can be edited.

® £
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¥/ CAMULTIworkshop\default.gpj - MULTI Editor o[- 3]

File Edit View Block Tools WYersion Ceonfig Windows Help

= & By e &= @
C:AMULT lwwark zhophdefault. apj - 1

B lobuild o
primaryTarget=ppe standalone.tgt
Hoompohent top_lewel project
[PEOject]

-bzp mpcS7dem

-

—okbject_dir=objs

rsourcebir=.

——ee
src_hellnihellu_flash.gpj [Programm]
tgth resources.gpj [PEOject]

Ln1/11.Cal 1
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Hands-on 1: Summary — Create Project, 15t Program

hello_flash target

Create Project 1 Create project Create from MULTI Launcher
(Biciecevyizard) 2 * Top level project name * default
* Select project directory * C:\MULTIworkshop
3 Select operating system Stand-alone
4 Select target board MPC5674F
Create First 5 Add desired source to project hello.c
Pr_ograrlnﬂ- h 6 * Specify source directory * C:\MULTIworkshop\hello_src
Eglrr(])ljrenc? Wiiu d) » Specify program name * hello_flash
7 » Configure linker * Link & execute from ROM
* Select libraries * Board init
Modify 8 If needed, specify instruction set  VLE used (16 & 32 bit instr.)
FELETTEIENE & Debugger compatibility * Project: DWARF 2.0

Build Program

(Program
Manager) 10  Source file modification Commented a line

* Program: .elf output filename ext'n

11 Build program Build

L £
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Hands-on 1: Qorivva Startup

- Mandatory Startup

1. Boot Header or Reset Configuration Half Word (RCHW) in flash
= Determines reset configuration after reset, boot core is selected
= |dentifies start vector for boot core

2.  SRAM ECC initialization
3. Some devices: Memory Management Unit (MMU) initialization

4. Some devices: If using lockstep, write to core registers not initialized
on power on reset

- Other initialization items (not on all devices) such as:
- Mode Entry module
- PLL
- Watchdog servicing or disabling
- Cache

® £
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Hands-on 1: Startup — Boot Header

- Boot Header is read from the first of several specific addresses in flash
that contains a Boot Identifier = OX5A

0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15
- Example: 0 0 5 A |
MPC5746M ‘ ‘
boot header ) )
fl uration 17 18 19 20 21 22 23 24 25 26 27 28 29 30 | 31
con g 0 0 ‘ 0 CPU1 | CPUC | CPUO | CPU2
Figure 1236. Boot header configuration
MPC5746M J ’
bOOt header Table 1185. Boot Header Structure
structure
. Address Offset Contents
- CPU21s
the normal OO0h Boot Header Configuration (see Figure 1236)
boot core on 04h CPU2 Reset Vector
MPC5746M 08h Configuration Bits
- GHS puts 0Ch Configuration Bits
boot header in 10h CPUO Reset Vector
mpC5746mppC 14h CPU1 Reset Vector
18h CPUC Reset Vector

® £
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Hands-on 1: Startup - SRAM Initialization

- SRAM must be initialized before it can be used, otherwise an ECC
error is generated

- Initialization consists of writing any values to all SRAM locations,
writing the full bus width

- For example, if SRAM bus is 64 bits wide, do 64-bit writes

- This is done in assembly language after reset along with typical
compiler initialization such as stack initialization, ROM copy, etc.

- Example SRAM initialization code is usually in the SRAM chapter of
the device reference manual

- Examples:

- Flash target - MULT!’s resource file mpc5746m.pcc: Contains 6 lines of
assembly language to loop through writing all of SRAM

- RAM target — GHS Probe firmware initializes a configurable amount of
SRAM

® £
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Hands-on 2:

- Create a minimal ram-based program in the same project

L £
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Hands-on 2.1: Add Program to Top Project

- Right click on Top
Project, then select
“‘Add Item into
default.gpj...”

- Select Program in the
Create New options

« Click Next

L £
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28 C\MULTlworkshep\default.gpj - MULTI Project Manager
Eile Edit View Build Connect Debug Tools

B @G

Find: -

Windows Help

BB R HEE

M ame Type

B m MULTIwaorkshophdefault.gpj | Top Project
[E] =rc_hello\hella_flazh.gpj
£ tgthresources. gpj

Program
Target Resources

Project Manager: Select Itermn to Add

= E}‘ Create Mew ...
[ Helloworld [C) il
(B Helloworld [C++]
M Heloworld Library (C)]
M Helloworld Library [C++)
M@ Library
| O FPogam
£ Project
B ) Add Mew or Existing ...
B Source File
£3 MULTI Project File
il Other File
= E}‘ Create Mew Demo Project ..

(|l Rasic Nehonninn

»

Program

A framewark fi

m

28

e, 20 -
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Hands-on 2.2: Specify Directory and Name

- Source Code Directory: change to use same as before:
src_hello

-type itin so project will use a relative path
- Project Name: change to hello_ram
- Click Next

Project Manager: Settings for Program

= Source Code Directory:  src_hello Program b

— Project Name: hello_ram|

A framework for creating your own
program.

| <Back || Newt> || Finsh | [ Cancel |
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Hands-on 2.3: Specify Link and Libraries

- Program Layout:
Select “Link to and
execute out of RAM”

- Libraries: Select
“Board Initialization”
which has routines used
to bring up cores.

« Click Next

Project Manager: Settings for Program

Progqrerre=mrm=g»  Link to and Execute out of Rk ™ | Configuring a Stan
Libraries The settings in this ¢
E gtarttup your program is linke
ElEMm 1 1
S include optional, cus
— Board Initialization . . !
B Bocrd Initiaization various libraries.

[ < Back ][ Mest =

t

& CAMULTIwerkshophdefault.gpj - MULTI Project Manager
File Edit Yiew Build Connect Debug Tools Windows Help

EEE RS EBER =D R =EE

Now the new Program frd -
. M ame Type Options
S h OWS u p I n th e TO p B ® MULTIworkshopdefault.gpj [ Top Project -bep mpchyd6m -G -object_dir=obij:
. (B zre_helavhelo_lazhop)  Program -object_dir=objzthello_flazh -LC: W
P rOJeCt — [ [ sic hellothelo ramgpj Program -ohject_dir=objz\helo_ramm -LC: kL
[l Board Initialization Custarn Library
[ tgthstandalone_ramld - Linker Directives
3 tatvresources. aoi Taraet Resources
<&
30
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Hands-on 2.4: Add Source Files(s)

y RI g ht C I I C k On th e neW ’ A& CAMULTIworkshop\default.gpj - MULTI Project Manager
Pr‘o g r‘am File Edit View Build Connect Debug Tools Windows
G - - L2 E BRoo| R 5%E
& select “Add File into L g
h eI I O_r am . g pJ § Mame Type O ptianz
B 2 MULTlwarkshophdefault.app  Top Project -bzp mpchF4Em

[ #rc_helothela fashogp)  Program

—_— I B O zrc_hellabhela ram.gpi -ohject_dir=abjz"

@ Board Initialization Cuztom Library
4] tgtsstandalone_ram.ld  Linker Directives

£ tgtsresources. gpj Target Resources
- Select hello.c file Ao e o
. Look in: , src_hello al
- Click Add button e
% i hello.c

Recent Places

| hello_flash.gpj

Now the C file shows up in the ] hello_ramgp)

Desktop

hello_ram program

L £

Z “freescale"
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Hands-on 2.5: Add .elf to Output Filename

. g ht click on hello ram. gp J A C:\MULTlworkshop'default.gpj - MULTI Project Manager
and select “Set Build File Edit View Build Connect Debug Tools Windows Help
Options...” PR L BB 90 R GFEET
Find: -
M ame Type Options
B 23 MULTIwarkshophdefault.gpi  Top Project -bzp mpchY46m -G -obje
S I t P . t f th A” I (8] src_helohhello_flash. gpj ngﬁ Dl:lle-:t u:hr Dhls"-.hellc- fl
® eliecC rojecC rom e — E O src_helohhello_ram.gp; | Fragram -object
Op'“ons tan [ Board Initislization Custorn Library
B helloc C Fil=
° R' g ht CI | C k on Ou 't p ut @ tgt"-.standalu:unfa_ram.ld Linker Directives
Fl I ename 53 tatvresources.aoi Taraet Resources
- Click on Set Output Edit String Option
Fl I en am e Output Filerarne:

—t alue:  hello_ram.elt E

- Enter Output File name:
hello_ram.elf
-« Click OK ——> [0k ][ Canee

. Documentation for Quiput Filename
- Click Done

Setin;  hello_ram.gpj

Mames the generated output file. The output file type (for example, a
library or an assembly file) depends on the other options that have
been specified. The builder enforces specific suffixes for some types of
output files. This option has no effect when set an a Top Project. The
equivalent driver optian is:

Sq e Mo s il e T e G et hieapdooon st Lo b
- freesca,e ™ 32 ' ety Pt e B e 0. g ot AV v ek
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Hands-on 2.6: Build Project

- Click on the crossed tools to Build
- “Build successful” should appear in status window

28 C\MULTIworkshop'default.gpj - MULTI Project Manager = |- B |
File Edit View Build Connect Debug Tools Windows Help

EFE|hSBR9 (R G®E

Find: v A -
e Tyvpe Optiohs =1
B ) MULThwarkshophdefaultap  Top Projdct -bzp mpchE74Em -G -object_dir=objz :zourceli=. -ee
(B s hellothelo_fashapi Program -object_dir=objz'hello_flagh -LC: LT Ivork shophlibboardinit -
— l Bl O src_helathello_ram. gpj -object_dir=objshhello_ram -LC:AMULT lwork shophlibboardinit b
[l EBoard Initilization Custom Library
B helo: C File
[ tgtsstandalone_ramdd  Linker Directives
2] tgtsresources. gpj Target Resources
a4 | m b

DALy IJ.I:'J.J.LI_L Il 211
Compiling hello.c because hello.o does not exist
Linking hello ram.elf hecause it does not exist

Done [
Build succeszful (Fri hug 09 1le:34:42 2013) -
Status | |rfo I Comrmand I | C:AMULT lwork ghophare_hellohhello_ram.gp | Fower Architecture

L £
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Hands-on 2: Directory Structure

The built project has folders and files as shown below

' oo ==
@U" . <« MULTIworkshop » src_hello 'I" ' Search src... P |
Organize ¥ Include in library v » 3= « i @

4 MULTIworkshop * Name ’
. libboardinit
i || hello.c
4 | obhjs \
J” - %) hello_flash.gpj
B9 ictlo e : % hello_ram.gpj
. hello_ram 3
4 libs
. libboardinit
b src_hello
4 0 tgt
. libboardinit
W libsys I r—— }
’ 3 items

L £
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Hands-on 2: Summary — Add Program

L sep hello_ram target

1 Add item to top project Select Program
| Add 2 -« Specify source directory  « C:\MULTIworkshop\hello_src
Pr_ogfam - » Specify program name * hello_ram
minimal _ _ _
RAM 3 < Configure linker * Link & execute from ram
(Project - Select libraries * (none for ram target)

Manager) 4 Add desired source files hello.c
5 Debugger compatibility Add .elf to output file name
6 Build program Build

L £
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Hands-on 2: MULTI Tip — Binocular - 1

Use Binocular tool to locate
options in the Builder GUI

- In a program’s “Set Build
Options...” window, click on
the binoculars icon

Sometimes you want to use
your own startup file(s) which
requires altering default start
file build options. The
Binocular tool will be used to
find where they are located.

® £

Z “freescale"

4« Build Options for hello_ram.gpj

[ Bassic Dptions| 41l Options: | Modiisd Optiors

Option Categonies:

Build Ophiong in Categony:

Mame Walue
rojEet Regizter Description File
gpﬂm'zﬁtm” Endianness (Big Endial
ebugging 32/64-bit Mode [32-bit b oo

Freproceszor

C/C++ Compiler
Azzambler

Linker

Cormpiler Diagnostics
DoubleCheck [CAC++]

Advanced

TSR T A

Processing that will create: hello_ram. elf
This partial caommand line omits the contained objects.
The complete command can be abtained fram an Advanced Build with -in

4 L

Command Line | Documentation |

36




Hands-on 2: MULTI Tip — Binocular - 2

- Enter “start”’ or “start files”
& click on Search button

- The Search Build Options
window appears.

- Double click on desired
item as shown for search of
“Start”

® £

Z “freescale"

Search Build Options

Search for Buld Options Type your quermn, then click "Search'.

Option to zearch far;

= |tart files

[ Search ] I Cloze I

[ Match caze ] Find whale words onli
Search |

Option labels [e.q. 'Output Dir']

Command-line equivalents [e.g. “-outd|r']

Settings [e.g. '=./objz']

Search Build Options

Rezultz [double-click to wiew]:

Search for Build Dptions

Option ta zearch far;
shart filez

[ Search ] [ Cloge I

[ Match caze [] Find whole words onlh
Search In:

Option labels [e.g. 'Output Dir']

Command-line equivalents [e.g. -outdr'

Settings [e.g. '=./objs"]

37
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Hands-on 2: MULTI Tip — Binocular - 3

- The result location for Start Files is shown along with
Documentation at the bottom of the window

=)

# Build Options for hello_rarm.gpj

| Basic Options | A Options | Modiied Options

Option Categories: Build Options in Categony:
;-ﬂrget | Mame Walue
Tojeck 3 . . .
Olptimization ELal:TFﬁIIL? [C:hghshcomp_ 2013524 ibhppch? 44hortl o)
Debugaing A P ) :
Freprocessor = | Start File Directory [C:hghshoamp_ 201352 ibhppch7 44]
CAC++ Compiler
Agzembler
& Linker
Link.er Optimizations
Start and End Filez
Syrnbols 7

E | Tt &

Processing that will create: hello_ram.elf
This partial command line amits the contained objects.
The complete command can be obtained from an Advanced Build with -info -commands.

m

C:hgha' comp 2Z01352% coppe -MDI -hsp mpceS746m -G ——ee -object_dir=objsthello _ram b

-LC:YMULTIworkshop' libboardinit -lboardinit -top project b
C:WMULTIworkshoph default.gpj —-o hello ram.elf

Command Line | Documentation |

1

® £
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Hands-on 3:

- Create a program in the same project using external
source code. This program will then be used in Hands-on
4 using the debugger.

® £
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Hands-on 3: Import Existing Files to Project

- Files for a task scheduler program will be added to the existing
MULTI workshop project

- Interrupts are used to toggle LEDs on the Freescale evaluation
board per the table below.

ISR Controlling LED | Core Executing | Toggle Period

LEDO PIT O Timer O
LED1 PITOTimer1l
LED 2 PIT O Timer 2
LED 3 Software IRQ #4

L £

Z “freescale"

Core O
Core 1l
Core 2

IRQ: Core O
ISR: Core 1

40

0.5 sec (pit O timer O timeout)

1 sec (pit O timer 1 timeout)

2 sec (2000 x pit O timer 2 timeouts)
4 sec (8 Core 0 pit IRQs x 0.5 sec/IRQ)
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Hands-on 3. Task Scheduler Application Files

. main_core_[x].c - e[ ]
— General initialization @U" <« Primary (C:) » MULTIwerkshop_MPC5746M v I +4 | ' Search MU... 0O |
- Configures PIT IRQ Organize v Includeinlibrary v Sharewithw  Bun  » 3% v [0 @
- Has PIT ISR 4 1 MULTIworkshop “ & cores_0-2_interrupt_vectors.s
« mcu init.c libboardinit & cores_0-2_IVOR4_handlers.s
o libsys intc_SW_mode_isr_vectors_MPC5746M.c
- Configures PLL, clocks a B obis

|| main_core 0.c

- Activates PLL, clocks .. hello_flash — main. core..c
. COI’GS_O- % hello_ram = | main_core_2.c
2_interrupt_vectors.s 4 i libs | [ meuinite
- Configures core g mpcST46mh
interrupt table (“ivors”) W kbey (%] mpcS746m.ppc
. PeriodicInterrupt andard Fonkinh
- IVOR4 handlers.s o i
— . src_hello | projecth
- Saves registers on stack > tgt A tribdone-sommmkl
- Determines ISR vector : 0, MU Papdshop ME | 2y typedefe.h
- Branchesto ISR 13 items

Restore registers after ISR

- intc_SW _mode_isr_vectors_
MPC5746M.c:

- ISR vector table for MPC5746M
INTC in software vector mode

L £
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Hands-on 3.1: Add Program to Top Project

h CAMULTIwerkshophdefault.gpj - MULTI Project Manager

o RI g ht CI I C k On TO p Eile Edit VMiew Build Connect Debug Toels Window
- |:|}- u |_ ~ “"J' P =2 =
Project & select o N e b
Find: -
(11 -
Ad d Item I nto M ame Type Optionz
- 1] B ® MULTIwarkshophdefault.gpj | Top Project -bsp mpc5
d efau It. g pJ . n [E src_hellovhello_flashopi  Program -object_dir=c
(B #re_helo\hello_ramogp] Program -object_dir=c
£ tgtsresources. gp Target Resources

° Select Program In ' Project Manager: Select Ttern to Add
the Create New B s e . = [Program

(B Hellowiarld [C)
(B Hello wiorld [C++]

O ptl O n S @ Helo word Libran )]

@ Helo world Libran [C++]

CI k N .t M Library
« CIICK NeX 4 FDPogn
CJ Project &
Bl 3 Add Mew or Existing ...
B Source File
3 MULTI Project File
il Other File
= [B Create Mew Demo Project ...
[B] Basic Debugging
[B] Code Coverage 7

13

A framework for creating your own

m

——>| Mewt> || Finish |

L £
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Hands-on 3.2: Specify Source and Name

- Source Code Directory: change to use same as before:
C:\MULTIworkshop\src_hello

- type it in so project will use a relative path
- Project Name:

- rename to PeriodicInterrupts
- Click Next

Project Manager: Settings for Program

—3 Source Code Directany: I AMULT lwarkshophare_hello EJ

Program

m— Froject Marme:; Periodiclntermpts

A framework for creating your own
prograrm. -

I < Back I[ Mext = ]I Finizh J I Cancel

4
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Hands-on 3.3: Configure Linker and Libraries

- Program Layout: Select “Link to and Execute out of
ROM”
- Libraries: Select “Board Initialization” to run from flash

« Click Next

Project Manager: Settings for Helle Werld (C)
3 Program Layout:  Link to and Execute out of ROM ¥ | Configuring a Standalone Program il
Libraries The settings in this dialog contral how
E gtarttup your pragram is linked and allow you to
EIEMm ; . . .
SE— include aptional, customizable versions of
—_— Board Initialization . . L
g L Boaid Iniialization various libraries.
Link to and Execute out of RAM
Link to ROM and Execute out of  _
< Back ] [ Mext = ] [ Finizh ] [ Caticel ]

w, O Fromioste gn &0, 8, CodelE xear e, OFre. CaFres, O pn M B i e At ved e
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Hands-on 3.4: Add files 1: Copy Source Files

—> ;,v| . <« Primary .. » MULThworkshop_MPC5746M - | 44| Sea
- Navigate in Windows Explorer to |
nize = Iﬂpen Burn Mew folder == -
C\MULTIWOkahOp_MPC5746M , MULTIweorkshop_ = Mame i
. Select Only the fIIeS Shown. y “hlf:":'ardi”it || cores_0-2_interrupt_vectors.s
] - objs & cores_0-2_IVOR4_handlers.s
- Do not select .ppc, .mbs, or .ld files . helloflash ] intc_SW_mode_isr_vectors MPCS746M.c
. hello_ram .
. . - | main_core_0.c
- Copy files to the clipboard (Ctrl-C) libs [ e p—p——
| libboardinit B i core 2.
. src_hello E : mr_u__init.c_
/ tgt | mpcSTdbm.h
| libbeardinit i > %] mpcST46m.ppe
! libsys ——>| %| mpserv_standard_2only.mbs
. MULTIwerkshop_MF project.h
. MULTIwoarkshop_say % standalone_ram.Id
. . |yt > |* | standalone_remrun.ld
- Navigate to the project’s i 5 typedefsh
source directory W e e ol
] —_— ™ . € Primary (C:] » MULTIworkshop » src_hello v| f|f
c:\MULTIworkshop\src_hello
. nize - Include in library - Share with - Burn = g==
- Paste files -
 erc_hello - Marme
“ i tglt'l;:ll;:l i || cores 0-2_interrupt_vectors.s
) I oardinit |®| cores_0-2_IVOR4_handlers.s
| libsys hello.c
" ’ MULHWkaShDF'_MF :. |v1|=-||nl'F|=:|'1 fni
> e D s, fma, G S S, gty Ve ow e o st Rcomdtr . . UL . 08
Z“freescale- ®
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Hands-on 3.4: Add files 2: Copy Target Files

— ;,v| . < Primary ... » MULTIworkshop_MPC5746M v|¢,|
- Navigate in Windows Explorer to | ,
= inize * ¥ Open Burn Mew folder iz
c:\MULTIworkshop_MPC5746M .
) - , MULTIworkshop_ = Marme
- Select the files: ' libboardinit [®2] cores_U-Z_interrupt_vectors.s
- mpserve_standard_2only.mps | objs & cores 0-2 IVOR4_handlers.s
- — . hello_flash || intc_SW_mmode_isr_vectors_MPC574
- Standalone_ram.ld | helloram 3 main_core 0.c
- Standalone_romrun.ld L Tibs o || main_core_1.c
° Copy to Clipboard ) libboardinit ) L_| main_core_2.c
J src_hello 3 | meu_init.c
| tgt A || mpchT46m.h
! libboardinit |i] mpcSiAGm. ppc
. libsys ¥ | mpserd_standard_2only.mbs
. MULTIworkshop_MF __| project.h
- Navigate to the project’s tgt directory | MULThworkshop_sav | (%) stendalone ram.ld
| My Music |*| standalene_romrun.|d
c:\MULTIworkshop\tgt

i : —_— :J"| . v Computer » Primary (C) » MULTIworkshop » tgt »
- Paste the files (replace if asked)

- Adds mpserve_standard_2only.mps
- Replaces standalone _romrun.Id

nize * % Open Burn Mew folder

4 | MULTIworkshop - Marne

. libboardinit
: : : Rostant | libboardinit
= Newer version adds interrupt sections | libsys i
. libsys
> | objs i Y .
|=| || board_info.td
) src_hello 3
B || default.con
4 | gt
E—— |¥| mpsery_standard.mbs
. libboardini
> & ——> | mpserv_standard_2only.mbs

L 4
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Hands-on 3.4: Add files 3: Copy New Chip Init. File

- Navigate in Windows Explorer to

c:\MULTIworkshop_MPC5746M

- Select the file:
- mpc5746m.ppc
- Copy to clipboard

- Navigate to the project’s
tgt/libboardinit directory

- Paste the file (replace file)

%Jv| . v Computer » Primary (C:) » MULTIworkshop_MPC5746M
anize * ¥ Open - Burn Mew folder
. MULTIwarkshop .~ Mame i
. libboardinit )
] |®| cores 0-2_interrupt_vectors.s
J libsys
- |8 cores 0-2_IVOR4_handlers.s
| objs
! | intc_SW_mode_isr_vectors_MPC5746MN
J hello_flash ]
|| main_core_0.c
, hello_ram ]
|| main_core 1.c
| libs

|| main_core_2.c
, libboardinit  |= -

|| mcu_init.c

[ mpcSTdem.h

|*| mpcSTdEm.ppc

| libsys
. PeriodicInterrupt—
. src_hello

|*| mpserv_standard_2only.mbs
. tgt

nroirct h

—_ l"\...-"l'| ;% Primary (C:) » MULTIworkshop » tgt » libboardinit

c:\MULTIworkshop\tgt\libboardinit

- Updated file has initialization “tweaks”

® £
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‘ganize * % Open - Burn Mew folder
. MULTIwerkshop - Mame }
J libboardinit ) .
|*| libboardinit.gpj
) libsys
_ i % mpchTdEm.ppc
J objs El
. src_hello
. tgt
. libboardinit
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Hands-on 3.4:. Add Files 4: Import Files to Project

- Right click on the Program and
select “Add File into..”

- Navigate to the project source folder,

src_hello

- Select only the files shown. Do not

select the .gpj files or hello.c.

- If necessary to see all files, change
“Files of type” to “All files”.

- Click Add

L £
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' ;.1\! [ TI shop\def = ulit.gpj - ‘:}"7 )
File Edit View Build Connect Debug Tools |
P ksBR D R EE

Find: v

Name Type Options

B € MULTIworkshopdefault.apj Top Project -bsp mpt
(B src_hellohhello_flash.gpj Program -object_s
8] src_hellohello_ram.gpj Program -object_

—_— [ srehello\Periodicinterupts, apj

£ tat\resources.apj Target Resources

3 Choose ﬁlg(s) to aE&:;,
= lookin: | src_hello
o
I Name
-~ 'R cores_0-2_interrupt_vectors.s

Recent Places cores_0-2_IVOR4_handlers.s

ﬂ " hello
%*| hello_flash
Deskiop-=> % hello_ram

V; intc_ SW_mode_isr_vectors_ MPC5746M

=

\
w-n | | main_core 0
Libraries | | main_core_1 -
| | main_core_ 2 Type: Cfile
‘k ‘ —— Size: 2.86 KB
el Date modified
Computer | |mpc5746m e
> | * Periodicinterrupts
‘&‘ | project
Network \_ | typedefs




Hands-on 3.4. Add Files 5: Completed Project

- Added files are now

Shown in Subproject Eie Edit View Bui
C B &/ B8R0 R GEE

Find: v

Name Type Options
B £ MULTIworkshop\default.apj Top Project -bsp mpcS746m -G -
(8] src_hellohello_flash.gpj Program -object_dir=objshell
[ src_hellofhello_ram.gpj Program -object_dir=objskhell
| -8 O sic_hello\Pericdicinternupts api -obiect_dir=obis\Pe
[ Board Initialization Custom Library
B typedefsh Header
B projecth Header
B mpc5746m.h Header
B mecu_int.c C File
B main_core_2.c C File
B main_core_1.c C File
B main_core_0O.c CFile
B intc_SW_mode_isr_vectors_MPC5746M.c  CFile
B cores_0-2_IVOR4_handlers.s Assembly
B cores_0-2_interupt_vectors.s Assembly
Wl tgthstandalone_romrun.Id Linker Directives
(3 totvresources.gpj Target Resources

< | 1 | b

Building C:\GHSdata\Customers)Freescale\DuF2013\HULTIvorks: 4
Done

Build successful (Sun Aug 25 13:19:13 2013)

>
<« | I | 2 |—
MMJ | C:AGHS data\Customers\Freescale\DwF201: | Power Architecture

£
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Hands-on 3.5: Add .elf to Output Filename

o R| g h t C I Te k on P ro g ram & C:HM[IJLWorkshop‘deefault.gpj - MULTI Project Managn::r
File Edit View Build Connect Debug Tools Windows
7’ . ~ =i —
- Select “Set Build e ) A
Find: -
- ”
Optlons Mame Type
B [ MULTwarkzhophdefault gpj TopF
(B src_heloshello_flashgpj Progrs
[E] =rc_hellobhella_ram.gpj Progrz
1 e d -5 O CAMULTIwerkshop MPCS74EMPeriodiclntenupts. api
¢ In AII Optlons tab’ @ Board Initialization Cushar
: B typedefzhk Head:
select Project o —
B rereRTAG b Hasds

- Double Click on “Output Filename”

- Output Filename: change to Periodicinterrupts.elf

° CI I C k O K %= Build Options for IVOR4_handlers.s set within PeriodicInterrupts.gpj EE
| Basic Options | I Options | Madifid Optians|

o CI I C k DO n e O ption Categornies: Build Options in Categon:
Target = | Mame Walue
E”:;:le':_t i Bl Cutput Filename Periodiclntermuipts. lf 4
Dpl:llmlza Ion Object File Output Directary objshPenodiclnterupts  —
F'E Haging — | | Emulate Behaviors of a Specific [ [Latest] L
reprocessor £ | gounce Poot
E"JEJ'J'I_":I:':"-”D'IEI Include Directanes =
QQQQQQ - - . - . P

L £
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Hands-on 3.6: Build Program

=

- Select the Program

A C\MULTIwerkshop\default.gpj - MULTI Project Manager

R CIICk On bUIId tOOI File Edit Yiew Build Connect Debug Tools Windows Help
EERbhsBR9c R GFE
Find: v A
Hame Type Options
B 3 MULThwoarkshop'default.gpj Top Project -bizp mpchy46m -G
[ zrc_hela‘kelo_flazh.gp Pragram -ohject_dir=objzhhe
(B sre_helathelo ramogp Program -object_dir=objz'he
l B O CAMULTwerkshop tMPCS746MPeriodicl nbermipts. gpj -object_dir=objshP
[ Board Initialization Cuztom Library
B twpedefsh Header
B projecth Header
B mpch74Bm.h Header
B main_core_2c C File
B main_core 1.c  File
B main_core_O.c C File
B MWOR4_handlers.s Azzernbly

L £
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Hands-on 3: Summary — External File Program

Periodiclnterrupt target

1 Add item to top project Add Program

2 + Specify source directory * C:\MULTIworkshop\hello_src
'Ig‘dd » Specify program name » TaskScheduler

rogram

Withg 3 + Configure linker * Link & execute from ROM
External * Select libraries » Board init
Files 4  Add files to project Add from separate folder:
(Project  Source files
Manager) * Modified link file

» Modified debugger script file
* Modified chip initialization file

5 Debugger compatibility Add .elf to output filename
6 Build program Build

L £
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Hands-on 3: MPC5746M Boot Header

.boot 0x005A 0001 Boot header id + enable CPU2
2 ___ghs_rombootcodestart CPU2 reset vector
0x0 (reserved)
0x0 (reserved)
0x0 CPUO reset vector
0x0 CPUL1 reset vector
0x0 CPUC reset vector
0x0 (reserved)
Notes:

- CPUZ2 is the only active core when connecting with a debugger. By
default, the BAF will not run from the debugger other than on CPU2.

- Boot header for GHS project is in file mpc5746m.ppc

L 4
L 4 rovece, P Fromiete gn s, 53, CodeTER?, CadeMarics, OMFre. Confrns, C-Mmn. tvw Erargy Ebsiwst Sukont g ¥ iwii, rotivs? BEiS, PrwarGUICE
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Start Up Flow - 1 (MPC5746M project)

reset .boot_header at 0xF8 CO000 (16KB flash block 0)
* one CPU (CPU2) is enabled for initial boot
* boot core vector:
__ghs_rombootcodestart = start of .text

1 _start (1t line code section):
*bl _ghs _board _memory init
2 __ghs_board_memory_init:
* ECC init shared sram (fills with branch to self
instructions)
*bl _ghs_e200z4204 core_init
3 __ghs_e200z4204 core_init:

* MSR[ME] = 1

* [IVPR= 0x4000 0000 (will be changed in main)
* init local data memory

* init i & d caches if they exist

4 » ghs housekeeping: enable debugger
syscals (e.g. printf)
* init sp, sda, sda2 to shared memory
* ghs housekeeping if PIC
e jump __ghs_ind_crtO

L £
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Start Up Flow - 2 (MPC5746M project)

__ghs_ind_crtO:
« intializes static and global
data
« if PIC, PIR, PID it relocates
pointers
* assigns pointer and calls
__ghs_board cache_sync

6 __ghs _board cache_sync
* flushes data cache
* invalidates instruction cache

7 « optional decompression of
initialized data
* optional checksum
* assigns pointer and calls
__ghs_ind_crtl

8 __ghs_ind_crtl:
* init run time libraries
« exits to main (of boot core)

“freescale" >
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Start Up Flow - 3 (MPC5746M project)

mpc5746m.ppc main_core_2.c
(boot core)

main:
9 « initializations before starting other cores (clocks, etc.)

* boot_core_0: If CPUO is not running per ME_CS, then:

1. Init ME core O ctrl reg. (selected: core runs in all
RUN modes)

2. Init ME core O addr reg. =
__ghs_mpc5746m_cpuO_entry

3. Do mode transition to enable core0 to start running

10 _ ghs mpc5746m_cpuO_entry: * boot_core 1: same as above but for core_1
* init unique sp but common sda & sda2
« if main_core_1 exists,
bl to main_core 0
(If there is no main_core_0 then core
spins harmlessly)

L £
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Start Up Flow - 4 (MPC5746M project)

mpcS5746m.ppc main_core_0.c main_core_1.c | main_core_2.c
(boot core)

__ghs_mpc5746m_cpul_entry: main_core O
* init unique sp but common
sda & sda2
« if main_core_1 exists,
bl to main_core 1
(If there is no main_core_1
then core spins harmlessly)

12 main_core_1 « other functions

Frwvecw, O Framiese g &0w, 08, CodeTER?, Codemtemr, O
Srocessr Kiee, Jorl), Sarens, Satwhuns, Sa Sadara s ks, Sus
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Hands-on 3: Interrupt Program Flow (ref.

External Input interrupt taken

vector to:
|VPRO:15 + |VOR416:2?

Note: MPC5746M vectors to
IVPR,.,3 + 0x40 for IVOR4

ANZ28695)

ivor_branch_table_and_vector_init.s or
ivor_branch_table_and_vector_init_VLE.s

IVOR Trap Table (unused IVORS)
branch IVOROtrap
branch I'VOR1trap

init Irgq Vectors:
init VPR
init 'VOR4
init other IVORSs (if used)

main.c file

handlers.s or
handlers_\VLE.s

Intclsrectors.c file

ISR Vector Table: -—— —
SW IRQ 4 ISR addr

PIT 1 ISR addr

® £

Z “freescale"

» VOR4Handler:
prologue:
save SRRO:1,
—= fetch ISR vector,
re-enable interrupts
save registers

branch to fetched ISR vector
epilogue (return from ISR):

main {
init Modes and clock or init sysclk
init Irg Vectors
init INTC
init PIT1
init SW 4 interrupt
enable interrupts
wait forever

}

| PIit1ISR {
increment counter
if odd count, invoke SW 4 IRQ

restore most registers Clear flag

ensure prior stores completed \\\ }

disable interrupts

. . SwirgdlSR {

write to EOIR to restore priority :

restore SRRO:1 L:r}:;?nf]laent counter

return 9
}

B | oo o s o 2 s b e S e i e ey
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Hands-on 4.

- Basic Debugging
Hands-on 4 & 5 Requirements:
MULTI 6.1.4/Compiler 2013.5.2 and GH probe update 5.0.4.
Probe target = PPC5746M.
- To verify, type “target set target” in debugger command window.
- To change target to PPC5746M, type “target set target PPC5746M”
To configure GHS Probe automaticially for specific target:
MULTI Launcher -> Utilities -> Probe Administrator
Select your probe on Probe Administrator list (it may be the only one)
Probe -> Configure Probe..

Select the “Prompt” tab and enter “detect”. The device, such as “ppc5746M” will be
detected.

Enter “save” and exit
To Disable Watchdoq:
MULTI Debugger window (after connection) -> “Trg” tab at bottom
Enter “set” to see options and their syntax. From list, you see: disable swt
Enter “disable_swt on”

® £
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Hands-on 4: Debug Steps to be Exercised

4.1 — 4.3 Start Debugger, Select Target Connection, Connect to Target

4.4 Program Target Flash
4.5 — 4.6 Navigate to Main, Run to Hardware Breakpoint
4.7 Go to Definition

4.8 — 4.9 Step Over, Step In

4.10 - 4.11 Navigate & View Call Stack

4.12 -4.13 View & Change a Structured Element
4.14 — 4.15 Display Peripheral Register, Display Structure Definition
4.16 Mixed Mode

4.17 Run, Halt Execution

4.18 Display Memory

4.19 Display Variables while Running

4.20 Using a Complex Breakpoint

4.21 Using a Data Breakpoint

4.22 Multicore Debugging

® £
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Hands-on 4.1: Start the Debugger

- Select the
Periodicinterrupts

program in the Builder ]
File Edit View Build Connect Debug Tools Windows Help

window e
_ P RLBR DR LEET
- Left click on the “bug” Fnd v A
button to start the N — Opices ——
B € MULTIworkshop\default.gpj Top Project -bsp mpc5746m -G -object_dir=obijs
Debugger (B src_hello\hello_flash.gpj Program -object_dir=objs\hello_flash -LC:AG

8] src_hello\hello_ram.gpj Program -object_dir=objs\hello_ram -LC:AGH

. [ sre hello\Periodicinterupts, apj -object dir=objs\Periodicintenupts

£ tat\resources.gp Target Resources

<

Building PeriodicInterrupts.elf

Done =
Build successful (Sun Aug 25 13:29:41 2013) L=
Initializing Debugger... done. %

< | 1l ] ,I_

Status [lnfo ] Commandj | C:AGHS data\Customers\Freescale\DwF201: | Power Architecture

L £
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Hands-on 4.2: Select a Target Connection - 1

- Left click on the

|| Eile Debug View Browse Target TimeMachine Tools Config Windows Help

“Connect” button in dLeF |3 IPHCILBBERERQAQEAE % TS

Target St, @ T

the Debugger Unconnected Executables / PeriodicInterrupts.elf Mo : Loaded |
|
window "
63 5 mp a
64 6 ° ME.PCTL30.B.RUN_CFG = Ox1; ’* PIT _RTC _0: select peri. cfg. RUN_PC[1]
55 7 e}
66
6'? /1:tw«--xwtwr-xwtwrtwtwrthwrtﬁ*w#wﬁ*wtw« Hain e o o o o o o o o ol o o o o o o
68
69 1 void maini) {
70 2
71 B o uint3z_t k = 0; FI
72 4 ==
73 5 ° SUT _disable_21(): /* Disable watchdog for core 2 */
74 6
75 7 ° peri_clock gating(): /* Config gating/enabling peri. clocks for mc
76 B8 /* Configuraiton occurs after mode transiti
77 9 ° MC_MODE_INIT(): /* Setup the MCU clocks and «
< il v
Source v File: srd;héil&Qmaiﬁ_cote_é.c v Proc: perﬂcgloék_gatiﬁﬁ - ‘4‘1‘, =
MULTI> »
-

Cmd [ Py J Tfe | |ND PROCESS

R

gy D Sukitore o, S win, rotiwt MG PawwOLICT
wdrnnc o Freesca Swrecondats, we Feg US 2 87 OF
. Dors Oemvwrge, DO Evgrw, Pendy Py, SWAIVOS o, umsolon. Vyarad
Wb (O WD T I T At seTars © X1 T Asriacaicun ke
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Hands-on 4.2: Select a Target Connection - 2

- Left click on the . : .

Connect to a Target
pull down menu

- Left click on the GH
Probe entry “mpserv”

Connect to a Target:

- Note there is also a
“peserv” entry for PE
Micro hardware

- Left click on the “Edit”
Connect to a Target:

b Utto n reescS emo Bard with Ireen Hbug Prob[mpserv E{ ™ TE',E

| Connection Chooser

[ Custom... ] | Connect | [ Cancel ]

L £
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Hands-on 4.2: Select a Target Connection - 3

- Left click on USB Connection

- Modify the target setup script to
use mpserv_standard 2only.mbs

- Left click on “OK”

L £
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-

Green Hills Debug Probe (mpserv) Connection Editor

Mame: :MPCE7AEM Demo Board with Green Hillz: Debug Probe [mpseary)

Type: Green Hill: Debug Frobe [mpsery)

|:| Log Connection to file: [@]

Target zetup script == mpzery_standard_Zonly.mbs @’ [E-}'

':.é.:l MULTI ['::'] Legacy

Connection | INTEGRITY | Advanced | Debug|

-j':_:'jn Ethernet / 1P Connection

Probe Mame or 1P Address:
|

; .j':q:.'] USE Connection
Probe Serial Mumber or USE Index
1]

setup=mpserv_standard_EDnl_I:l:nbs mpsery -lgh 0

Connect [ k. ] [ Cancel ] [ Rewvert ] [ Apply ]
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Hands-on 4.3: Connect to the Target 1

- Make sure the GH Probe and target are powered on
- Left click on the “Connect” button

f : = =X
Connection Chooser

Connect to a Target:

V@D@E

Freescale MF‘SM Demo Board with Green Hills Debug Probe [mp

S

[ Custom... ] | Connect | [ Cancel ]

Frovecw, O Frmmiese g &0Nws, -8, CodeTER?, Codemtume, O e Cotrns, G 8mn e Erergy Efws Sokions s, S vt rotew(?, MG, FrweUCT
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Hands-on 4.3: Connect to the Target 2

FE periodidnterrupts.elf - MULTI Debugg =

O The four Cores appear Eile Debug View Browse Target TimeMachine Tools Config Windows Help
in the debugger diefINFPpECELBAERFRQAQARGE D

Target Status E L
Unconnected Executahles / PeriodicInterrupts.elf Not Loaded
E GHZ Prohe [(U3E)

window and a CPU |
PowerFC 5746M (eZ00z4zZ0 core), Id 0 [/ <Direct hardware acces: Funhing
| t' M d PowerPC 5746M (22002420 core), Id 1 / <Direct hardware acces: Running
Se eC |On Wln OW PowerPC 5746M (200425 core), Id 2 / <Direct hardware acces: Running

PowerFC 5746M (eZ00z0 core), Id 3 / <Direct hardware asccess» Runhing

. Left click on core ID AL

I I Flease select a connection/CPLU to use with
2 (thls COre receives "CAGHSdata\CustomersiFreescalet\DwF201MULTworkshopiPeriodicl
hardware reset by :i nterrupts. el or click "Cancel” to leave it unconnected. -
. &5
default in the s |
6a GHZ Prokbe (UZE) [(PowerPC 574cM [(2200=z420 core), Id 0)
MPC5746M) 69 GHS Proke (U3EB)] (PowerPC 5746M (e200z420 core), Id 1)
L—— Prohe [PowerPC S5746M (e200z425 core), Id 2) i
. 71 =
GHZ Proke (USE)] (PowerPC S574cM (2200=z0 core), Id 3) E‘
[ ] Ta
Left Click on OK to "
1 74
Contlnue = 4 mn | L T
TE pici
v Mew Connection... ] | ok | [Eancel] e -
« A I [
SougE ¥ T T RRTERL L For R Y e
NULTI> i
< | i b
Crnd [Py | Ther ]|

L £
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Hands-on 4.3: Connect to the Target 3

: Enter “neW” In the File Debug View Browse Target TimeMachine Tools Config Windows Help
command window |9t INFpEETLG/HLEE QRAQRAQ|%E |
Target Statuz EEI L

an d th e C P U Tnconnected Executabl / PeriodiclInterruptzs.elf Mot Loaded

B GH3 Proke (U3E)

SEIeCtion WindOW PowerPC 5746M (e200z4Z0 core)l, Id 0 / <Direct hardware acces; Running
PowerPC 5746M (e2Z00z4Z0 core)l, Id 1 / <Direct hardware acces; Running

B FPowerPZ 5746M (ez00z4z5 core), Id 2

opens again r _ : )
Use Which Connection/CPU?
Fg

- Left click on core _ _
Please select a connection/CPLU to use with

ID O for the TR "CAGHSdata\Customers\Freescale\DwF201 3WAULTlwork shoptPernodic!
nterrupts. elf” or click "Cancel" to leave it unconnected.

MPC5746M
« Left click on OK

69 1

GH3 Probe ([(U3E)] (PowerPC 5746M (e200z420 core), Id 0)

=]

. 71 3 GH3 Probe ([(U3E)] (PowerPC 5746M (e200z420 core), Id 1)
to Contlnue vzoo4 GHS Probe (U3E) (PowerPC S5746M (e200=z0 core), Id 3) =
73 =]
7 =]
w5 s for mc
76 8 4 I | 3 transiti
779 cks and T
4 [ Mew Connection. .. ] | ok | [Eancel] ¢ |—
Source
Initializing “C:hghsh\comp_201352Z ppcimpserv -ush 0'. -~
PPMILTI> new E’
MULTI> il
< I P
Crnd [ Py [ Thc]|

L £
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Hands-on 4.3 Connect to the Target 4

- Enter “new” in the
command window
and the CPU
selection window
opens again

- Left click on core
ID 1 for the
MPC5746M

« Click on OK to
continue

L £
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‘| Eile Debug View Browse Target TimeMachine Tools Config Windows Help

| B GHS Prohe (USB)

B PowerPC 5746M (e200z420 core), Id O
<Direct hardwvare access> Running
PeriodicInterrupts.elf Not Loaded

Powewwwdwm%

E Powe o .
< U;e Which Connection/CPU? —

Pe
Powe

Flease select a connection/CPL to use with
PTaconnec "CAGHSdatavCustomersi\Freescale\DwF201 WA ULTlworkshoptPeriodicl |
nterrupts.elf” or click "Cancel" to leave it unconnected.

GH3 Probe (U3E] (FPowerPC 5746M (e200=z4Z0 core), Id 1)
GH3 Proke ([(U3EB) (PowerPC 5746M (e200z0 core), Id 3)

< Il | »
Mew Conmectior... ] | oK | [ Eancel]
| & =
MULTI> -
MNULTI> new =
ULTI> new ‘5
MULTI> | Iy
< | 1 p
Crnd [_Py J The* ]| |[NO PROCESS
S w Frmioile gn 0N 8. CodelERE O -)Jh'v'..'. !_'.‘HA U res, U Ban w Eegy D Sulhtore wo, Shwia roden? MO FrewOliCC
68 ;“.‘.“.i’;.’,ii s "l“‘: e g UG i 2 0 .-A.JJ? ribugab .?.""J’.r.i‘ “'L. varpine

| |
4TI IPpEHCETS E|(BEEI |
Target Status g/ T

| @ Unconnected Executeples [ |

N
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Hands-on 4.4: Program Target Flash Memory - 1

Left click on the
application
Periodicinterrupts.el
f for core ID 2
(skipping this step is
a common mistake)

Enter
‘prepare_target —
flash —allcores” in
the command
window and the
flash programmer
window opens.

L £
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F Periodidnterrupts.elf - MULTI Debugg =7

File Debug View Browse Target TimeMachine Tools Config Windows Help
diefAIFpHESTLRHLHRERARAQ W F @
Target Status &M
E GH3 Probe (U3E)
EH PowerPZ 5746M (22002420 core), Id O
<Direct hardwvare access> Bunning
PeriocdicInterrupts.elf ot Loaded
H PowerPC 5746M (22002420 core), Id 1
<Direct hardware accessx Running
PericdicInterrupts.elf ot Loaded

H PowerPC 5746M (2200z4Z5 core), Id 2
<Direct hardware access> Running

ot Loaded

PeriodicInterrupts.eltf

Id 3 / <Direct hardware access: Running

PowerPC E746M (e200=z0 core),

65 7 L] i
] =]
6'? f1€1€1€ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘?{1€1€1€ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ Haln ol o ol ol ol ol el o ol e o
153
9 1 mp woid main(){
To 2
71 3 . uint3zZ_t k = 0;
7204
73 5 . 3WT dizable 2(): /% Disable watchdog for core 2 %/
74 o]
75 7 . peri_clock gatingi): f* Config gating/enabling peri. clocks for mc
4 T 3
Source v File:  src_hello'main_core_2.c w  Proc: main - |d=v
HULTI> new
MULTI> new

MULTI> prepare target -flash -alleores

4 | 1]

>

—
=

i

F

_omd [ T ] 0w ] Py J T

WO PROCESS
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Hands-on 4.4: Program Target Flash Memory - 2

- Make sure the base (K MULTE Fest Flas rograpme]
addl'eSS |S OX4000OO jifeibae V| Unlock blocks [/ Erase [/] Program [/ Verify

'@ 0x400000

(WI I | b e I'e m e m b e re d File; reescale\D wF201 Q\MULT'lworkshop\FA’eriﬁdicl ntermupts. elf @
once s Et) Filetype: ELF ¥  Programoffset: 0

Base address of bank:
0x400000 Use IZEl8d v oftarget RAM at | 0x40000100

&ddNew | | Apply | |- Remove Target setup script.  .shophtatimpserv_standard_2only.mbs

- Make sure Unlock
blocks is checked (will
be remembered once []Veibose cuput \Exogan s | Coon
set) T

- Verify that the “2only”
setup script is specified

- Left click on the
“Program Flash”
button
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Hands-on 4.4. Program Target Flash Memory - 3

- Ifthere is an error, | % MULTIFast Flash Prog 2
m ake sure th a’t th e ’ Flash banks: || Unlock blocks [/ Erase [ Program [ /| Verify |
i | | @ ox400000 —
targ et |S pOWE rEd File: reescale\DwF2013\MULT lworkshop'\Periodiclnterrupts. elf @]
1 File type: ELF v Program offset: 0 7
* Left CIICk On the Base address of bank:
“Close” button 0400000 Use 128KB v oftargetRAM at 0340000100
| Add New | | ’{%F‘P!fr'....l Target setup script:  .shoptatmpserv_standard_2only. mbs

| | Verbose output | Program Flash| | Close |

Detected Freescale MPC5746M Flash Module

Block 15 (0Ox00£fcO0000-0x00fc3fff) erase finished
Block 15 (0Ox00£cO0000-0x00fc3fff) prograrming...done
Block 15 (0Ox00£cO0000-0x00fc3fff) wverification...done
Flash programming complete

Running setup script...done T

L £
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Hands-on 4.5: Navigate to Main

® LEft C||Ck on the File Debug View Browse Target TimeMachine Tools Config Windows Help
“Proc” pu|| down diefINFpHeTsEfoRERAQE Q%[ E®

T anget Status g b

menu B GHZ Proke (U3E)

PowerPC 5746M (eiZ00z4zZ0 core), Id
FPowerPC S5746M [(ei00z4Z0 core), Id

+ Left click on the e
“main” entry

/ PeriodicInterrupts.elf Running
/ PeriodicInterrupts.elf Running

PeriodicInterrupts. Stopped
<Direct hardware access> Running

u]
1
;

s 4 04 100 1 70a0e040 e_lis rS, 0Ox40 -
- Ox404104: Thafc700 e oradi r5, Ox7L£o0
- Ox304105: YobhifObhat mtspr iwvpr, r5
- Ox40410c: Tooooooo e 1i rd, o
- Ox304110: Yo0e00000 e 1i r3i, o0
- Ox404114: Fi00o0o000 e 1i rg, o0
- Ox304115: 71200000 e 1i r9, o
- Ox40411c: 71400000 e 1i rio, 0O
- Oxd041-=0: 7100000 e 1i rlz, 0O
- Ox40d4124: Flcooooo e 1i rig4, 0O
- Oxd041:=25: Y1le00000 e 11 rl5, O
- Oxd40gd1ze: 72000000 e 1i ria, 0O
- Ox404130: Yaz200000 e 11 rl7, O -
Source w* File: *  Proc |i' | =
Core Z: —_— -
Core Z: . .
Browse procedures in current file ... —
RAM VLE = 1 Browse procedures in program ... =
MULTI> o
< | T 3
Emu:ll Trg | 1/0 | Py | Tfc* | I <unknown: section: Dx404100 STOPFED
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Hands-on 4.6: Run to a Hardware Breakpoint

L £
<&

Left click on the
green dot at
main:3 to set a
hardware
breakpoint

Left click on the
“Go” button

Press “Reset”
button and “Go”
button to run again

Left click on the
breakpoint at
main:3 to remove
it

L £

“freescale"

PeriodicInterrupts.elf:0x3 - MULTI Debuggel

Eile Debug View Browse Target TimeMachine Tools Config Windows Help

==

AL IHIPpHCETLBO0KERACRA KT &

Emdl Trg | |0 | Py | Tfc” ||In section; . wletext

Target Statuz

B GHS Probe (USE)
PowerPC 5746M (e200z420 core), Id 0 / PeriodiclInterrupts.elf Running
PowerPC 5746M (e200=z420 core), Id 1 / PeriodicInterrupts.elf Running

/ PeriodicInterrupts.elf| Stopped

PowerPC 5746M [(e200=z425 core), Id 2

P

PowerPC 5746M (e200=z0 core), Id 3 / <Direct hardware access» BRunning

62 4 L] ME.RUN _PC[1].R = Ox0O00000FE: /% enakble peri clock for all RUN modes * .

63 5

64 6 L ME.PCTL30.E.RUN _CFG = 0Oxl; /% PIT RTC 0O: select peri. ocfg. RUN PC[1]

65 7 L i

14

67 lfﬁwﬁwﬁwﬁwﬁwﬁwﬁ*ﬁﬁﬁﬁ#ﬁwﬁwﬁwﬁwﬁwﬁwﬁ*ﬁﬁﬁ Majrn FFFFfFFffvafiaidrdvayivsrsasiasiass

153

62 1 wvold maini(){

w02

= > wpiEp  uint3iz ¢t k = O; E

72 4 |:|

73 & - SUT _dissble 21(): /% Dizahle watchdog for core 2 */ B

74 B

75 7 - peri_clock gatingl(); A% Config gatingenabling peri. clocks for mc

76 B /% Configuraiton occurs after wode transiti

7Y 9 - HC_MODE TNITI() : /% Setup the MCU clocks and

78 10 -
< | m P |_
Source  * File:  zrc_helliohmain_core_2 ¢ w Poc main - ‘{E =
Stopped by hardware break on execute ("main_core_z.c"#main#S] -~
Bezset and halted s
Stopped by hardware break on execute ["main core 2.c"#maingl) |E|
MULTI> L

4| I |

STORFPED
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Hands-on 4.7: Go to Definition

- Right click on

SWT disable_2()

- Left click on “Go

To Definition” in
pop-up menu

- Briefly Left click on
the left arrow in the
lower right to return
to the prior view of
main

L £
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PeriodicInterrupts.elf0x3 - MULTI Debugge- I—[glﬂlg

File Debug View Browse Target TimeMachine Tools Config Windows Help

AL I PpPHEETSE HKREFEQRQAQRA %W E ®

@ T

Target Statuz

E GHS Probe (USE)
PowerPC E5746M (e200z420 core), Id 0 / PeriodicInterrupts.elf Running
PowerPC S5746M (e200z420 core), Id 1 / PeriodicInterrupts.elf Running
PowerFC

(22002425 core), Id 2 / PeriocdicInterrupts.
PowerPC 5746M (e200=z0 core), Id 3 / <Direct hardware access> Running

Stopped

Emdl Tig | |/0 | Py | Tic* ||In zection: . wvietext

15 extern void  ghs board devices init AFTER mainiwvoid): -~
16 extern wvoid MC MODE INIT (woid):

17 extern const vuintii_t intc sv wode isr wector _tseble []:

15 extern void IVPR_init_core_2 (void): T
19 extern uintii t  core Z IVPR; ‘:‘
z0 B
21 uint3iZ_t PIT 0 _timer 2 ctr = O /% Counter for # of PIT ISRs */

23 — ynid SUT disable 2 {void) {

Z4 2 *- SWT_2.3R.R = Oxci20;

25 3 L SWT_Z.3R.R = 0Oxd9:23;

z6 4 L SWT_Z.CE.R = OxFFOOO10A;

Z7 5 . H

28

29 1 void PIT O tiwer 2 init (uint3Z t LDWAL) {

30 2 L PIT O.TIMER[Z].LDVAL.R = LDVAL; f% Load PIT counter (counts down

31 3 . PIT O.TIMER[Z] .TCTEL.E.TIE = 1; J% Enable interrupt %7 -
< | n | l,r |7
Source  *  File:  src_hellohmain_core_2.c *  Proc; SWT_disable_2 - ‘{E =

Stopped by hardware break on execute ["main_care_z.c"ﬁmain#S] ~
Reset and halted

Stopped by hardware hreak on execute ["main_c:ore_z.c"#main#S]
MULTI> |

[u

-

4| 1] |

[5TOPPED

rosecen, B Framieste ge. AN, 0.8, Cod Codear
74 £ x whim, Ba Satedaran iy
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Hands-on 4.8: Step Over
P’en'cdi::Inmnu|:|ts.-:elf:ﬂxf-'>——MMQ;-:ﬂ_tglﬂlg1

® LEft CIle the “NeXt” File Debug View Browse Target TimeMachine Tools Config Windows Help
button twice to step dLeF NI PHETSEBEEERARQAHE ®

T arget Status & kv

1 B GHS Proke (USH)
Over SWT_dlsabIe_Z PowerPC 574 [e200z420 core), Id O / PeriodicInterrupt: Bunning

PowerPC 5746M (2200z42Z0 core), Id 1 / PeriodicInterrupt: Bunning
FowerFC 5746M | 7 5 pore), Id 2 / PeriodicInterrupt opped
PowerPC E5746M (e200=z0 core), Id 3 <Direct hardware ace Bunning

F
f'ﬂ‘wW'KTW'K'RW'K'RW'K'RW'K'RW'K'RW'K'KW'X'XW'X'XWH"KTW'KT Main FF&Friariayrrerssrsstrassray

wolid main(){
uint3iZ_t k = 0O;
SWT disable Z(): /* Disable watchdog for core 2 */F

peri_clock gatingi]: % Config gating/enabling peri. clocks fo
f% Configuraiton occurs after mode tranD

LV v INESS e VY Y R S o R

MC MODE INIT(): f% Zetup the MCU clocks

=
[ |

init INTC eore 2(): f* Initialize & enable INTC's IRQs to core
SIULZ.MSCR_IQ[Z].R = Oxl2380000; /% PA[Z]: med drive, pushpull, cr
SIULZ.M3CR_TIO[3].R Ox1Z2380000; /% PA[4]: med drive, pushpull, cm

e e
o L k2

PIT O0.MCR.E.MDIZ 0; /% Enable PIT wodule. WNOTE: PIT wodule must

I F l_

Source ¥ File:  =ic_hellobmain_core_2c * Proc  main - ‘4:1_ =

MULTI> e
Reset and halted

Stopped by hardware break on execute [""rnain_core_z.c:"#rnain#S]

MULTI>

4 | 1

Crod | Trg ] 10 ] Py [ Trcx )|Im section: vietest STOFPED
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Hands-on 4.9: Step In and Return
periodicinteruptslf0x3 - MULT Debuoger (U W o en (Ve

° Left C“Ck On the Eile Debug View Browse Target TimeMachine Tools Config Windows Help
“Step” button to ﬂ@l@-@‘li*fiIei&@m@a@aﬂ@m@\@@w@\@ ,
Targe Status e b
Step |nt0 = E-Hts Probe (USE) =
PowerPC 5746M (2200z420 core), Id 0 / PeriodicInterrupts.elf Running

1 1 FPowerPC 5746M (eZ00=z4Z0 core) Id 1 / PeriodicInterrupts.elf Running
peri_clock_gating e Y s

00 s care) PeriodicInterrupts.
PowerPC 5746M (eZ00z0 core), Id 3 <Direct hardware access> Runhing

{

- Left click on the

53 /% peri eclock gating -
“Return” button to 54 /% Deacription: Configures enabling clocks to peri modules or gating the
55 £ Default PCTL[RUN CFG]=0, 2o by default RUN PC[O] iz =ele
. 56 i RUM PC[0] i=s configured here to gate off all clocks.
run baCk to Maln 5'? f'#ﬁ#ﬁ*ﬁﬂ‘?fﬂ‘?fﬂ‘#ﬂ‘*ﬁ#ﬂ‘*;#ﬁ#ﬁ*ﬁ*ﬁﬂ‘?fﬂ‘#ﬂ‘*ﬂ‘*ﬂ‘*ﬁ#ﬁ#ﬁ*ﬁ*ﬁﬂ‘?fﬂ‘?fﬂ‘*ﬂ‘*ﬂ‘*ﬁ#ﬁ#ﬁ*ﬁ*ﬁﬂ‘?fﬂ‘?fﬂ‘ﬁ
55
59 1 void peri clock gating (wvoid) |
g0 2 /¢4 ME.RUN _PC[0O].R = Ox00000000; /% gate off peri clock for all RUN mod
6l 3 *Eu!:l:li& ME.RUN PC[O].R = Ox00000COFE; % enable peri clock for all EUN modes =
[ - ME.RUN PC[1].R = Ox0O000C0OFE; /% enable peri clock for all REUN modes *H
63 5
=5 ] - ME.PCTL30.B.RUN CFG = Ox1; i PIT RETC 0O: select peri. cfg. RON_PC[1]
65 7 - H
=31
6'? f"T'RT'RT'RH"RW#W#WTWTWTKT?T'XW'X?XW#W#WTWTW Haln i A e e e i e e e i e i
[=1=]
69 1 woid maini) { -
« i | vl
Source ¥ File:  src_hellobmain_core_2.c w* Proc;  peri_clock_gating - |4§ =

Stopped by hardware bhreak oh execute ("main_cc\re_z.c"#main#S] -
RFesert and halted

Stopped by hardware bhreak oh execute ("main_cc\re_z.c"#main#S]
HULTI=

-

< | Il | b

In zechon: .wletext STOPPED
R
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Hands-on 4.10: Navigate the Call Stack

. Set a breakpoint on Periodicinterrupts.elf.0x3 - MULTI Debugge_- 'ﬁﬂg

AL, U o 2 then [ e s exeana
i Ls 5 B% 05 o | =
remove the breakpoint v - —
. B GHZ Probhe (JISE)
o Left C||Ck on “Step” to Pomzsps 5746M (2002420 core), Id 0 / PericdicInterrupts.elf Running
- + [Rri=y =] = core) eriodicInterrupts.e unning
HEP PC 5746M (eZ00z420 1 Id 1/ P iodicT 1f R i
Step Into FowerPC 5746M (22002425 core), Id 2 / PeriodiclInterrupts. 3topped
. . . PowerPC S5746M (2200z0 core), Id 3 / <Direct hardware access: Running
PIT_O timer_2_ Init
. id 3IWT disskle 2 (wvoid) |
- Left click on the “Upstack”
3UT Z.3R.E Oxd92a;
button tO ShOW the Ca”er SUT 2.CR.R DiFFDDDlDA;
(Main) }
woid PIT 0O timer & init(uint32 t© LDVAL)
1 PIT O.TIMER[2].LDVAL.R = LDVAL: /% Load PIT ter | ts d
¢ E‘Eaft (:II(:L( ()rl,tflfé PIT:D.TIHER[Z].TCTRL.B.TIE 1; i Ei:ble inEZ::uEE *?Dun Co
INTC 0.P3R[228] .BE.PREC 3ELN oxz; /% IRQ r to z o
[)()\Alr]SStEi(:L( t)LJtt()r] t() INTCZU.FSR[zza].B.PRIﬁ =11; ’ /% IRQ ii?orizy Zr?n {63= highest
return to PIT O.TIMER[Z].TCTRL.E.TEN 1: /% Enable timer to sStarting count
}
PIT_O_tImer—Z—InIt woid PIT O timer 2 isr(woid)] |
. PIT O_timer Z ctr++; /% Increment ISR counter % _
- Left click on the “Call
" 1l [ P f__
StaCk button to Open the Source  w Filer  src_hellohmain_core_2.c v Proc; PIT_O timer_2_init v R =
call stack window R =0 i

Stopped by hardware bhreak on execute ["main_core_z.c"#main#lgj
MULTI> E

4 | i

Cmd | Trg | 140 | Py | Tc | In section: .vistest STOPPED
_Cmd |

L £
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pRd
Hands-on 4.11: View the Call Stack Window

- Note the stack entries
« Close the call stack window

- Ki
Mz Ead
PIT O timer 2 init (LDVAL=200000000) [sre hello)
1 main() [src_hello‘main core 2.c:87,19]

<« | 1
I—EIick to change stack, double click to edit a file

L £
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..ands-on 4.12: View Structured Element in Cmd

Pane ,
Periodicinterrupts.elf:0x3 - MULTI Debugge_- I—ﬁ@u

¢ Left CIICk on R In File Debug View Browse Target TimeMachine Tools Config Windows Help
PIT O,TIMER[Z]_ AL AIRIPHEESE HERE RQACAQ % E®

Target Status &k

I_ DVAL . R to E GHS Probe [USJ]

PowerPC S5746M (22002420 core), Id 0 7/ PeriodicInterrupts.elf Runhing
dISp|ay |tS Va|Ue PowerPC 5746M (2002420 core), Id 1 / PeriodicInterrupts.elf Running
PowerPC 5746M (22002425 core), Id 2 / PeriodicInterrupts.elf| Stopped
in the Cmd pane PowerPC 5746M (e200=0 core), Id 3 / <Direct hardware access> Running
Z2 s
. 23 1 wold 3WT disable 2 (woid) |
° DOUble C“Ck on 24 2 . SWT 2.SR.R = DxcS5z0;
“ yy n 25 3 - SWT _z.3R.R = Oxd3za; i
LDVAL N 26 4 . SWT_2.CR.R = DxFFOO0104; ‘:|
27 5 - H B
PIT_O.TIMER[2]. |z i
_" " 29 1 woid PIT O timer 2 i [UNt3Z2 £ LDVAL) |
30 2 *ﬂ]@ PIT O.TIMER[Z] .LDVAL . RECEENNEENA /% Load PIT counter (counts down
LDVAL.R to 31 3 L] PIT O.TIMER[Z].TCTEL.E.TIE = 1; f% Enable interrupt */
. 3z 4 - INTC O.FP3R[ZZ8] .B.PRC_3SELN = OxZ; f# IRQ sent to Core 2 %/
d|Sp|ay the 33 5 = INTC_0.PSR[228] .E.PRIN =11; /% IRQ priority = 10 (63= highest
. 34 A - PIT O.TIMER[Z].TCTREL.E.TEN = 1; /% Enable timer to starting count
element in the I
36

[y

37 void PIT 0 timer 2 isr (wvoid] {

data explorer 35 2 . PIT 0 timer 2 ctr++; /% Increment IZR counter * _
window ll l I
® %

Source  * File:  src_hellotmain_core_2.c *  Proc: PIT_O_timer_2_init - ‘ =
Ftopped by hardware break on execute i"main_cm:e_z.c"#main#lgj -~
PIT O.TINER[Z].LDVAL.R s
E=0 (=
MULTI> | L
4 | 1 P
Emdl Trig | 120 | Py | Tfc* ||In section; . vletext STOPFED
R 1

Z “freescale" 79
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Hands-on 4.13: Change a Structure Element

- Expand the element “B” in the
Data Explorer window

- Left click on the “R” in the
Data Explorer window

- Select “Edit Value” in the
action pull down menu

- Type a 1 and press the enter
key

| Edit View Format Evaluate Tools
Settings
9 o | B K| %0

-"v"ariable Value
= PIT O.TIMER[Z] .LDVAL
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Hands-on 4.14: Display a Peripheral Register - 1

- Left click on the
“Registers”
button in the
Debug window

L £

L 4
Z “freescale"

e —

File Debug View Browse Target TimeMachine Tools Config Windows Help

AL I pHESTSB KL 0Q0QQ % T ® |
Target Status gk T
E GHS Probe (USB)

PowerPC S5746M (e200z420 core), Id
PowerPC S5746M (e200z420 core), Id
PowerPC 5746M (e200z425 core), Id
PowerPC S5746M (e200z0 core), Id 3

/ PeriodicInterrupts.elf Running |
/ PeriodicInterrupts.elf Running

/ PeriodicInterrupts.elf| Stopped

<Direct hardware access> Running

22 P
23 1 void SWT disable 2 (void) {
29 ‘2 ° SWT_2.5R.R = Oxc520;
25 3 ° SWT_2.SR.R = 0Oxd9zs;
26 4 ° SWT_2.CR.R = OxFFOOO104; ?
27 54 & 3 |=|
25 1D
29 1 void PIT O timer 2 init(uint32_t LDVAL) {
30 2 wpaEmd S g . R = LDVAL; /* Load PIT counter (counts down
31 3 ° PIT O.TIMER[Z] .TCTRL.B.TIE = 1; /* Enable interrupt */
32 4 ° INTC_0.PSR[228] .B.PRC_SELN = 0x2; /* IRQ sent to Core 2 */
33 5 ° INTC_O.P3R[228] .B.PRIN =11; /* IRQ priority = 10 (63= highest
34 6 o PIT O.TIMER[Z] .TCTRL.B.TEN = 1; /% Enable timer to starting count
35 & ® 3}
36
37 1 wvoid PIT _O_timer 2 _isr (void) {
38 2 ° PIT 0O_timer 2 ctr++; /* Increment ISR counter * _
< i |

Source ¥ File: src_hellotmain_core_2.c v  Proc; PIT_O timer_2_init

R=1

PIT O.TIMER[Z].LDVAL.R

R =1

MULTI>

P
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Hands-on 4.14: Display a Peripheral Register - 2

- Left click on the “Board”
pane in the register window

- Scroll down to PIT_O and
expand It

Eile View Format
B @ %% W oEEé

M ame Walue

PLZZ .

PFLASH
—> = PIT O
FIT 0_MCE Ox00000004
FIT 0_LTHR&4H 0Ox00000000
FIT 0_LTHR&4L 0Ox00000000
FPIT 0_LDWALO Ox0ooooooo
PIT 0O _CWALO Ox0ooooooo
FIT 0_TCTRLO Ox0ooooooo
FIT 0_TFL&O Ox0ooooooo
FPIT 0_LDWAL1 Ox0ooooooo
PIT 0O _CWVAL1 Ox0ooooooo
FIT 0_TCTRL1 Ox0ooooooo
FPIT 0_TFLiz1 Ox0ooooooo
PIT 0_LDWALZ Ox0ooooo01
PIT 0O _CWVALZ Ox0ooooo01
PIT 0_TCTRLZ Ox0ooooooo
PIT 0O_TFLGZ Ox0ooooooo
PIT 0_LDWALZ Ox0ooooooo
PIT 0O _CWVAL3Z Ox0ooooooo *

[ |

3 Y Y = R 2 R 2 R S R 3

L £
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Hands-on 4.14: Display a Peripheral Register - 3

- Left click on the “step” button l

in the debug window 3 Register View s (=

. . File View Format
+ Note the update in the Register I
window and Data Explorer [p,—ocesso, [Board |
WlndOW erame Value
] [ PASS -
- Close the Register and Data (e
EXplorer WindOWS | PIT 0 MCR 0x00000004

PIT O _LTMR64H 0x00000000
1’ PIT O _LTHMR64L 0x00000000
PIT 0 _LDVALO 0x00000000

lw (S (. PIT 0 _CVALO  0x00000000
== ' PIT 0O_TCTRLO 0Ox00000000
PIT 0 _TFLGO  0x00000000
PIT 0 _LDVAL1 0x00000000

Edit View Format Evaluate Tools

Settings PIT 0 CVAL1  0x00000000 —
0 i PIT O _TCTRL1 0x00000000

9 o) B R o PIT O TFLGL _ 0x00000000

Variable Yalue

B PIT O.TIMER[Z] .LDVAL

PIT O TCTRLZ DxDDDDDDDD
PIT O TFLG2 0x00000000 NS

Edit Value: w 100000

P 4 Srocesssr Cipee, Jorll, Soras, Satvhas, S iz s ko, SanCas Sywpreny ad Voriis sy sk o Frsscad Seecondate, e Fey US fx 87 OF
' ™ 83 Mrvart, Saetr. BenStnck Cowiw. Fame. Lywaesen. MigvV, VBT Metors » ¢ Fartuge, Sorii Oomvwrgs OU0C Evprm Hendy Py, SVWDOVOS “owwr fumolo Yyors
1 TWIE e MRTIrn ot Fueca R mEonkate, e AR OMe SrTRET OF Bivii (G W T IGY I T Apactve svTars © X313 Fremeias Asreanascns e
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Hands-on 4.15: Display Structure Definition - 1

(I ——— ey
* nght CIICk on the Wse Target TimeMachine Tools Config Windows Help
PIT_Oin dier 3P Hesds L REQACED W E © |
_ Target Status & kT
PIT_O_TIMER[Z] -LDV El GH3 Prohe [(U3E)
AL.R in the Debugger :

[H PowerPC 5746M (2200420 core), Id 0 / PeriodicInterrupt: Runnhing
WIndOW 5746M (eZ00=z0 core), Id 3

- Left click on “Go To
Definition” in the
pop-up window

- The location where
the PIT macro is
defined is displayed

- Left click on
“PIT tag” to display
where the structure Is
defined

PowerPC <Direct hardware aco Funning

39554 #oefine MCAN 3 (*(wolatile struct MCAN tag *) OxFFEECOOOTL) s
395855 f#idefine ME (¥ (volatile struct ME tag *) OxFFFESO00TL)

39856 #define MENU (¥ (volatile struct MENU tag *) OxFFFSO00OUL)

39857 #define PASS (*(volatile struct PASS tag *) OxFFFF40000UL)

39853 #define PERIDGE A (% (volatile struct PERIDGE tag %) OxFCOO0OO0TL)
39859 #define PBRIDGE B (*(wvolatile struct PERIDGE tag *) OxFS000000UL)
39860 #define PCH (#*(volatile struect PCHM tqg *) OxFCOZS000TL)

39861 #define PCU (#(volatile struect PCU _tgg *) OxFFFLOO000TL)

IO862 #define PFLASH (*(volatile struct PFWASH tag *) 0OxFCO30000UL)
39863.» LRIl [+ (volatile struct PIT tag *) OxFFFS40000UL)

39564 #define PIT 1 (*(wvolatile struct PIT tag *) OxFFFS0000UL)

39865 #define PLLDIG (*(volatile struct PLLDIG tag *) OxFFFEOLO0UL)
39866 #define PMCDIG (*(volatile struct PMCDIG tag *) OxFFFAD400UL)
39867 #define PRAMC (*{volatile struct PRAMC tag *) OxFCOZ0000UL)

39565 #define PIISS (*(volatile struct PIISS tag *) OxFEF74000UL)

39869 #define P3IS 0 (*(volatile struct PSIS_tag *) OxFFE40000UL)

39870 #define P3I5S_1 (*(wvolatile struct P3I5_tag *) OxFEE40000UL)

39871 #define REG PROT (*(volatile struct REG PROT tag *) OUL)

m

4 | 1 | b

Souce v Filer sro_helodmpoS7dGm b * Fioc v | <

} RTI_TFLG;

struct $nameless__2_1_1358 TIMER[&] :
b} PIT tag
MULTI:>

4 | 1] | r

Cmd | Trg | 140 | Py | Tic" | |STEIF'F'ED

In zection: vietext

L £

Z “freescale" 84

MFres, U an e Erergy D Suktore s, Siwin, rotiw? MG FowwOUCT

ey and Vorios ane madernancs o Freesc

- v Fley US S 87 OF
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Hands-on 4.15: Display Structure Definition - 2

- Left click on the
‘program counter”
button to return to
current execution point

L £

L 4
Z “freescale"

Eile Debug View Browse Target TimeMachine Tools Config Windows Help

AL I PpHECTSE I 5RE QAR % E®
Target Status S/
E GHS Prohe (USB)

PowerPC 5746M (e200z420 core), Id 0 / PeriodicInterrupt: Running

PowerPC 5746M (e200z420 core), Id 1 / PeriodicInterrupt: Running

PowerPC S5746M (e200z425 core), Id 2 / PeriodicInter)

PowerPC 5746M (e200z0 core), Id 3 / <Direct hardwars

uint& t PFCRD_reservedO[4]:
} PFCRD[32]:

Module: PIT

= struct {
union { /% PIT Module Control Registe'El

vuint3Z_t R;

struct {
vuint3z_t :29;
vuint3Z_t MDIS RTI:1;
vuint32Z_t MDIS:1;
vuint3Z_t FRZ:1;

} B2

T |

¥ File: src_hello\mpc5746m.h

} RTI_TFLG;

struct $naweless_ 2 1 1358 TIMER([S]:
} PIT tag
MULTI>

< | 1] |

Cmd [ Tig J_I70 J_Py J_Tfc" J|In section: .vietext [STOPPED

Srosecnn, Bw Framiodte ign &0, G 8 CodeTER? Codumr, CnFre. Ui e, U Ban e Ervegy Duwe Subtore wgo. Shwin rotew? MG Fowwdlics
85 Sroceessr Cigee, 200l Soras, Sl S Sadasas ko, SuCas 3 Voriin s wadernncs of Frsescale Bereconduster, e Fley US S 67 OF

Artar, Sueb . BenSinch. Corwhw. Fumse, Lywaenn. Mignv/, VBT, s 3 Ocmvwrge. QUG Evgrw, Hendy Py, SUANVOS Soww, fumol ot Vysrs!

3 TG e MR ot Faecite R woncstar, I AR O rTLET OF avind (Gruid M T NI I T Aoactiv serars © X313 Fremeias Asreacascs e




Hands-on 4.16: Show in Mixed Mode

- Left click on the
“Assembly” button to
get mixed display

- Left click on the
“Assembly” button
again to return to
source display

L £

Z “freescale"

PeriodicInten C="080 X
File Debug View Browse Target TimeMachine Tools Config Windows Help

diwf A9FpbH e FoKE RQQQAQ % E®

Target Status & ko
EH GHS Proke (U3IE)
FowerPC S5746M (e200=z420 core), Id
FowerPC S5746M (e200=z420 core), Id

FPowerPC 5746HM

FeriodicInterrupt: Funning
/ PeriodicInterrupt: Running
PeriodicInterrupt:

<Direct hardware ace Running

2425 core), Id

PowerPC E746M (e200z0 core), Id 3

~ = O

- Oxfe0422  SWT disable Z2+40x14: 70dfe700 e lis r&6, O=x£ff00 s
- Oxfo0426  SWT _disable 24+0x15: 1ece010a e addléi  r6, r6, Oxl0a
- Oxfo042a  3WT _disable 24+0x1c: doa? se_sStw re, O(x?)
27 5 ¥ |§
- Oxfo042c  3WT _disasble 24+0xle: 7o00z000 e orzZi ro, O
- Oxfe0430  SUWT disable Z2+40x22: aooa se_blr
28
29 1 woid PIT O timer 2 init(uint3z_ t LDVAL) |
- Oxfe0432  PIT O _timer 2 _init: 0234 Se_mtar rlz <LD
- Oxfc0434 PIT O _timer 2 init+0xZ: 7054120 e 1i r5, O=xf
30 2 * PIT O.TIMER[Z] .LDVAL.R = LDVAL; /* Load PIT counter (counts d
EEEy Oxfe0435 PIT 0O _timer 2 init+0x6: 55850000 e stw rlz <LD
31 3 PIT O.TIMER[Z].TCTRL.B.TIE = 1; /% Enahle interrupt =/
- Oxfe043c PIT O _timer 2 init+0xa: o275 se_lwsz r?, 8i(r
- Oxfe043e  PIT O _timer 2 init+0xc: 6527 se_khseti r7, 30
- Oxfc0440 PIT 0 _timer 2 init+0xe: d275 se_sStw r?, 8i(r
32 4 INTC 0.PSR[2Z8].B.PRC_SELN = Oxz; /% IRQ sent to Core 2 %/
- Oxfc0442  PIT 0O timer 2 init+0x10: 70dfed403 e lis re6, O=xf

< | i | r|_

Mined w*  Filer sic_hellobmain_core_2.c * Proc; PIT_0 timer_2_init - |<}=‘_ =
} RTI_TFLG: -
struct $na:meless_2_1_1358 TIMER[S] s

} PIT tag |E
MULTI> | Al
< | I | r
Crod | Trg | 10 ] Py | Tic® ]| In section: vietest STOPFPED

o Ly e, Mgy

e Barweonkaty, e A2 o
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Hands-on 4.17: Run and Halt Execution

PeriodicInterrupts.elf:0x3 - MULTI Debugger

- Left click on the “Go”
button AL INIPHCLELE EERERQRAAA[%W T ®

Target Statuz & ks

B GHS Probe (USE)

° Note flashln LEDS PowerPC S5746M [e2CU0z420 core), Id / PeriodicInterrur Running
g PowerPC 5746M (eZ00z420 core), Id 4 PeriodiclInterrur Funnineg
PowerPC 5746M (eZ00z425 core)l, Id 2 / PeriodicInterrup Stopped

(Jumpers must be PowerPC 5746M (ez00z0 core), Id 3 <Direct hardware & Running
InStaHEd) 29 From Cores 0 and 1: runs  ghs mpe5748g cpuln] entry whi .

30 1. branches to  ghs 220024204 core init which:
. . 31 2. sets MIR[ME]=1
- Interrupts are occurring 32 3. sets IVER
33 4. initilizes local data memory 1f it exists
. 1 1] 34 5. initiliges data & instruction caches if they exist
L] Left CIICk On the Halt 35 &. 1lnitializes unigque sp but common sda & sdas
36 7. 1f wain ecore_x exists, branches to it else branches €
37 L
button 4
39 - while (1) {
. 4 ) e ETER k++;
- Left click on the R

42

“Memory” button #

I

Source  w File:  sre_hellobmain_core_2.c w  Proc: main

+ RTI_TFLG:

struct $nameless__2_1_1358 TIMER[Z] ;
+ PIT tag
halting process... done.
MULTI=>

4| Tl

Crod | Trg | 10 ] Py | Thex ||In zection; .vietext

L £

Z “freescale" 87
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Hands-on 4.18: Memory Display

L £
<&

Type “pc” in the
location box of the
memory window and
press enter

Right click on “Hex”
and Left click on 2
bytes in the pop-up
menu

Left click on the
“contract” button
twice

Left click on View-
>Add New Column-
> Disassembly
menu item

Close the memory
window

® £

“freescale

|

rl Memory\iew @ pc . “_- _-—e ees l‘=‘|‘§|'|gH1
Memory View

‘II”I[E e S

++4—>r.iu;|

$catiun: e

¢ * | | Go
Address Hex AS...  Spmbolz Dizazzembly
Ox00fc0568 70£f0 p. maing#dl e 1i r?, Oxl86al -
Ox00fc056a Oeal
Ox00fc056c 0A7E Fe_cmpl r3l <k», r7
Ox00fc056e e20e .. - Ze_hne main+lxbe [(Oxfc058a)
Ox00fc0s570 P0cZ2 p. main#4z e li re, Oxfffol303
Ox00f20572 6303 o.
Ox00fc0574 S076 v . se_ lhz rv, O(ra)
Ox00fc0576 74e7? L. . e clrlwi 7, 7, 31
Ox00£fz0578 0O7£f
Ox00fc057a 0027 ! - Fe_not r?
Ox00fc057e 74eld t. - e elrlui r5, 7, 24
Ox00fz057e O63E .72 =
Ox00fc0550 5076 v . se_lhz rv, O(ra) |i|
Ox00fc0552  74a? t. . e insrwi 7, r5, 1, 31
Ox00£fz05584 07fe ..
Ox00fc0586 9076 v . ge_=th r?, O(re)
Ox00£fe0528 4830£f H. mainfdi Fe 11 ril <k», 0O
Ox00fc058a efee .. maing#d5s 2e_h main+0xda [(OxfocO566)
Ox00fc0s8e YOLfE p. SUT _disable 1 e _lis rv, OxfcOb
Ox00fc055e =405 ..
Ox00£c0590 15e7? .. e addi r?, £, Ox4000
0x00fc0522 5140 W@ .
Ox00£fe20594 7048 p. SHT_disablE_l#z e 1li r&, Oxebz0
Ox00£f20596 0520 -
4 I I |—

88

R: Ay [block] - %W Any




Hands-on 4.19: Display Variables While Running - 1

Periodicinterrupts.elf:0x3 - MULTI Debugger =87 X

- Left click on the
Debugger’'s “Proc”
pull down menu

File Debug View Browse Target TimeMachine Tools Config Windows Help

AdLeFAIMNITFPHECTSE HLKEF 0A86Q % E®

Target Status g kT
B GES Probe (USE)

PowerPC S5746M (22002420 core), Id 0 / PeriodicInterrupt: Running
PowerPC S5746M (22002420 core), Id 1 / PeriodicInterrupt; Runnin
T FowerPC 5746M [(eZ00z4Z25 core), Id 2 FeriodicInterrupt;
® Left CIICk On the PowerPC S5746M (eZ00z0 core), Id 3 / <Direct hardware ac¢ Running
“PIT O tl mer 2 In It” 98 3o From Cores 1 and 2: runs _ ghs mpcS748y cpul[n] _entry which: s
— — — — 99 31 1. branches to _ ghs_e200z4204_ core_init which:
entry 1DD 32 Z. =sets M3IR[ME]=1
101 33 3. sets IVPR
102 34 4, initilizes data £ instruction caches if they exist
103 35 5. initializes unicgque sp but comnon =da £ sda
10‘1 3g 6. 1f main corel exists, branches to it else branches to self
105 37 w
106 38
1D'? 39mp e while (1) {
105 40 . k++:
(102 41 oy if (k == 100000) ¢
110 42 . S3IULZ.GFPDO[3] .B.PDO = ~3IULZ.GFDO[3] .B.PDO; /% Toggle PAL[3] ou
111 43 L} k= 0;
11z 44 i .
113 45 } B
114 46 3
115 47 H
<« | i | b
| Source * Filer  zrc_hellohmain_core 2. —'>P;:..;; W| a2
| {0..1) TEM : 1; miain

+ EB:
+ RTI_TCTRL:
RTI_TFLG = union {

MC_MODE_IMIT
peni_clock_gating

4 |m| » “{}_|1

| wrmlme i 1m amanmdmeenm] e Tia Browse procedures in current file ..
1 | I Browse procedures in progran ... 4 I
[ Crnd | Tig | 1/0 | Py | Tic* | In zection; . wletext STOFFED |

Srwsscrn, B Fromiedte kg AW, 08, CodeTER? Cadettars
89 Srocesssr Cigee, 200l Soras, Sl S Saedasas ko Fyvoreny and Vorion s madernnc o Frescal Barecondu wc Fey US S ST OF

< ™ Arvart, Savt s BenStnch Cowhw. Fanse Laywaesn, Mg/, VBT ek # P, Dori Oomvwrge DUOC B Pemy Py, SWOVOS “oww, Tumolok. Vysrsd
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Hands-on 4.19: Display Variables While Running - 2

PeriodicInterrupts.elf:0x3 - MULTI Debugger

° Scroll down and File Debug View Browse Target TimeMachine Tools Config Windows Help

. ditef A FpEEeTSIg Lt % E@ @
double click on Shlier | | | =

Bl GHS Probe (USE)

PIT O tlmer 2 Ctr PowerPC 5746M (e200z4Z0 core), Id 0 / PeriodicInterrupt: Running
- - PowerPC 5746M (e2Z00z420 core), Id 1 / PeriodicInterrupt: Running
. “ ” z
- Left click on “Go

owerPC 574EM (e = Core) d z / PeriodicInterrupty Eunning
PowerPC 5746M (e2Z00z0 core), Id 3 / <Direct hardware act Running

button 24z e SWT 2.SR.R = Oxc520; -
Z25 3 L SWT_2.3R.R = Oxd328;
26 4 L SWT 2.CR.R = OxFFOOO104;
11 =
- Enter “update 17 in S N
29 1 wold FIT 0 timer & initiuintiz t LDWVAL) 3
the debugger Cmd 50 2 . PIT O.TIMER[Z].LDVAL.R = LDVAL; /* Load PIT counter (counts dj
31 3 . PIT O.TIMER[Z].TCTRL.E.TIE = 1; /% Ensble interrupt 7/
pane 32004 . INTC 0.P3R[Z28].E.PRC_ZELN = OxzZ; /% IRQ sent to Core 2 %/
33 5 . INTC 0.PSR[228] .B.PRIN =11; /% IRQ pricrity = 10 (63= hig
34 & L] PIT O.TIMER[Z] .TCTEL.B.TEN = 1; /* Enable timer to starting c
s 7 o
36
37 1 woid PIT O timer 2 ise(wvoid) |
35 2 *M++; /* Increment ISE count
39 3 . SIULZ.GPEDO[2] .E.PDO = ~3IULZ.GPDO[2].E.PDO; /* Toggle PA[2] output
40 4 . PIT O.TIMER[Z].TFLG.R = 1; f* Clear interrupt fla
41 5 . +
-
< | i | v
| Source v File:  =zrc_hello‘main_core_2.c w Proc PIT_0 timer_2_isr - ‘ R =
MULTI=> -
=2 MULTI> update 1 i
Lutoupdate iz ON. |E
MULTI> | il

|

|

4 | I} b
| Cod | Trog [ 120 | Py ] Tic |

RUMNNING

L £

rosec, P Framiotie Kgn &N, 58, CodeTER?, Codelamice, OneFre. Coirns, O ¥pn s Erergy Efins Sokiore s, Shwin, e

P 4 90 Srocesser Cipee, orll, Sores, Satehasss, Ba Satvdara s kg ) S5 ® e 0

@ ™ ek S e p h Spst A ronpbes e
tar, Swvbn, BenStach. Corwh, Funie, Lywnenpn, Migrv/, VBT, # e, v Ocmvwrgn. DUAOC B, Hendy Py : > Vs
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Hands-on 4.19: Display Variables While Running - 3

Note that the variable is changing in the Data Explorer window
Enter “update 0" in the debugger Cmd pane

The variable stops changing

Close the Data Explorer window || &dit View Format Evaluate Iools
Settings

o o | B %[ 80

Variable

Cast Type: v  unsigned int

Srvecwn, O Fromtente ign 0w, 58, CodeTER wor, OeFrn CoFrns, O M e Erergy Dt Sukiors o, Shwin, rode
91 Sroceessr Kioee, Jorl), Gy, Sawhaes, Se 3ok ks St Syvenesy ad Voriie ay e o Pl Sarecond Py
e " )

L 4 Bkt i, N b, rotivit, P e

& Y 4 o Frmscae Sarecondute, we Py US S 87 OF
™ v, Seeb s, Bentnck. Corwiur. Funte, Laywaesgn, Mig/, VBT Petors = & Puctge, Sorii Ocmvargs DU0C Evgrw Py Py, SWROVOS Sowwr, Tumolok. Vysrsd
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Hands-on 4.20: Use a Complex Breakpoint - 1

- Set a breakpoint at
PIT_O timer_2 isr:2 by
left clicking on the
green dot

- Note that the program
stops there

- Left click on
PIT_O timer_2_ ctrand
copy it (cntl-c)

- Right click on the
breakpoint

- Left click on “Edit
Hardware
breakpoint...” in the
popup menu

L £

Z “freescale"

F PeriodicInterrupts.elf:0x3 - MULTI Debugger - E‘@g

File Debug View Browse Target TimeMachine Tools Config Windows Help

dLteE IFPpHETI0 i RFR QAAQEQ %0 E B

@k

‘ Target Statug
E GH3 Prohe (USE)
PowerPC 5746M (e200=z4Z0 core), Id
PowerPC 5746M (e200z420 core), Id
PowerPC 5746M [(=200z425 core), Id
PowerPC 5746M (eZ00z0 core), Id 3

/ PeriodicInterrur Funning
/ PeriodicInterrur Running
/ PeriodicInterrup S3topped
<Direct hardware = Running

u}
1
/

z9 1 void PIT 0 timer 2 init(uint3Z © LDVAL) { s
30 z2 . PIT O.TIMER[Z].LIVAL.E = LDWVAL; #% Load PIT counter (cou
31 3 L] PIT O.TIMER[Z] .TCTRL.E.TIE = 1; /% Enable interrupt +/
32 4 L] INTC_O.P3R[228] .B.PRC_SELN = 0OxZ; f£% IRQ sent to Core 2 */
33 5 . INTC_0O.P3R[2258] .B.PRIN =11; f% IRD pricrity = 10 (63
34 A . PIT O.TIMER[2] .TCTREL.E.TEN = 1; /% Enable timer to start|_
35 7 s} :‘
36 -
37 1 void PIT timer 2 isr(woid] {

z whipmp ++: /% Increment ISE
397 3 . SIULZ.GPDO[Z] .B.PDO = ~3IULZ.GPDO[Z] .B.PDO; /% Toggle PA[Z] o
40 4 . PIT O.TIMER[2].TFLG.R = 1; /% Clear interrup
41 5 PR
42
43 1 void init INTC eore_2 (wvoid) |
44 2 L} INTC 0O.BCE.EBE.HWVENZ = 0O: J% Zoftware vector mode used for
45 3 L] INTC_O.CPR[Z] .BE.FPRI = 0O; /% Lower core 2Z's INTC current

el

«| T | r[
Source  w  File:  src_hellodmain_core_Z2.c w  Proc: PIT_0 timer_2_isr - | &= =

Stopped by hardware break on execute [("mwain core 2.o"#PIT 0 timer 2 isr#2) .
PIT O_rtimer 2 ctr
PIT O_timer 2 ctr = 0
HNULTI>

[

< | 1 [ P

STOPFED

Crod | Trg | 140 | Py | Thc¥ ] In section: . wistent
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Hands-on 4.20: Use a Complex Breakpoint - 2

-+ Paste (cntl-v) | Hardware Breakpointedtor [ |

“PIT_O0_timer_2_ctr” into | | — |
<~ ... - Location: “main_core_2.c"#PIT_0_timer_2_isr#2

the Condltlon bOX Of the Break On: | |Read | |Wwrite [/| Execute

hardware breakpoint window Length: 4 €— Value:

and then type |n “== 200” Access Size:  Any v  Walue Mask:

Mask:

° Verlfy that a 4 IS In the Type: Global [ Wirtual Memory
Length box

Active @ Rolling [:] Count: 1

- Paste “PIT_0O timer_2_ctr’ Condiion:  PIT_0_timer_2_clr==3 €—
|n the Commands bOX Commands:

- Left click on the OK button

[ I:’iT_D_Tlme r 2 ctr €

L £
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Hands-on 4.20: Use a Complex Breakpoint - 3
PeriodicInterrupts.elf:0x3 - MULTI Debugger - =k

Eile Debug View Browse Target TimeMachine Tools Config Windows Help

ditef IFpHEeTd BLRFAAQLEGRQR [HE |

Target Status & ks
E GHS Proke (USE)

PowerPC 5746M (ez00z420 core),' Id / PeriodicInterrup Running
PowerPC 5746M (e200=z420 core), Id / PeriodicInterrup Running
PoyerPC 5746M (e200z425 core), Id 2 / Periodiclnterrup Stopped
PowerPZ S5746M (e200z0 core), Id 3 Funning

- Left click on the “Reset”
button and then the “Go”
button in the Debugger
window

<Direct hardware =

- Wait for a few seconds

29 1 void PIT 0 timer 2_init (uint3z_t LDWAL) { ~
30z . PIT O.TIMER[Z].LDVAL.R = LDVAL; /* Load PIT counter (cou
o The processor Stops 31 3 . PIT 0.TIMER[2].TCTRL.E.TIE = 1; /* Ensble interrupt */ I
. 3z 4 . INTC_0.PSR[228].B.PRC_SELN = OxZ; /* IRQ sent to Core 2 */
33 5 . INTC_D.PSR[228].E.PRIN =11; /* IRQ priority = 10 (63
When PIT_O_tImer_Z_Ctr 34 6 . PIT O.TIMER[Z].TCTREL.B.TEN = 1; /* Enable timer to start:|
35 7 ¥ 3
reaches 200 16 o
37 01 woid PIT 0O timer 2 isr(wvoid) {
38 2 FIT O_timer 2 crtr++; J% Increment I3
o The Value Of 39 3 e if (PIT 0 timer 2 ctr == 2000} { /% If 1000 time
. . 40 4 - PIT_D_timer_Z_ct.r = 0; /% Reset counte
PIT O 2 41 5 . SIULZ.GPDO[2] .E.PDO = ~3IULZ.GPDO[2].E.PDO; /% Toggle PA[Z]
. _tlmer_ _Ctl’ IS e B ,
. . 43 7 . PIT O.TIMER[Z].TFLG.R = 1: /% Clear interr
displayed in the Cmd a8 .
45
i
pane 4 | I | 3 ’_
L f I' k h b k H Souce ¥ File:  src_hellohmain_core 2. * Poc PIT_0 timer_2_isr * || =
¢ e t C IC t e rea pOInt PIT O timer 2 ctr = 214 -

Feset and halted

FPIT O _timer 2 ctr = 200 i
3topped by hardware break on execute ["main_core_z.c"#PIT_D_timer_z_isr#Z:|E|
MULTI=

«| T | M

Crod [ Trg | 140 | Py | The® J|In section: . vistest STOFFED

at PitlISR:2 to remove it

[

L £

Z “freescale"
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Hands-on 4.21: Use a Data Breakpoint - 1

. Left CliCk on the Periodicinterrupts.elf:0x3 - MULTI Debugger

Eile Debug View Browse Target TimeMachine Tools Config Windows Help

(13 : ”
Breakpoints” button | iwsavispmnesssssrkEtocea nE «
- Target Status @ ks
in the Debugger .
. PowerPC 5746M (e200z420 core), Id 0 / PeriodicIntertur Running
d PowerPC 5746M (eZ00z42Z0 core), Id 1 / PeriodicInterrur Running
Wln OW 57461 FeriodiclInterrnu X
PowerPC 5746M (eZ00z0 core), Id 3 / <Direct hardware & Running

woid PIT 0 timer 2 init{uint3Z t LDVAL) { -
FIT O.TIMER[:Z].LDVAL.R = LDWVAL; /% Load PIT counter [cou
PIT O.TIMER[Z] .TCTRL.E.TIE = 1: {/* Ensble interrupt */
INTC_0.P3R[225] .B.PRC_SELN = OxZ; /* IRQ sent to Core 2 %/
INTC O.PSR[225] .B.PRIN =11; /* IRQ priority = 10 (63
PIT O.TIMER[Z] .TCTRL.E.TEN = 1; /% Enghle timer to start|_

=1 om0 W

wvoid PIT 0 _timer 2 isr(void) {
wpmmEy PIT O timer 2 ctr++; /% Increment IS
if (PIT_O_timer 2 ctr == 2000) { J% If 1000 tirme
PIT O _timer 2 ctr = 0; /* Eeset counte
IIULZ.GPDO[2] .B.PDO = ~3IULZ .GPDO[Z2] .B.PDO; /* Toggle FPAL[Z]
i
PIT O.TIMER[Z] .TFLG.R = 1; /¥ Clear interr

[m RS B Y BT - F R S )

}

I 4 |_

Source ¥ Filer  grc_hellohmain_core_2.c w  Proc: PIT_0 timer_2_ist - |4§ =

PIT 0O_timer 2 ctr = 214 s
Reset and halted

PIT 0O_timer Z ctr = 200 |
Stopped by hardware hreak on execute ("main_u::cure_z.u::"#PIT_D_timer_z_isr#Z:|a
MULTI> | Al

4| Tl

Crnd | Trg [ 1] Py | Tic® ] In section: . vistext STOFFED

L £
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Hands-on 4.21: Use a Data Breakpoint - 2

- Left click on the
Hardware tab of [ sreakpoints

the Breakpoints Breakpoints
W|ndOW - Hardware | Tracepoints

Active Location Count  Access Command

- Left click on the
“New HW
breakpoint”
button

|

'@ [ Restore Deleted HWw Breakpoints... | | Delete | | Edi | [ NewHw Breakpoint... |

L £

Frovecws, O Framiote g AW, 08, CodeTER? Codetlursr, O e Uotrns, O ¥an i Evergy Bt Sukitors wgo, S iwin, redint, PG, FrwwOUiCs
e T

<& L Srocesssr Cipee, ool G, - v ks, SauCare Syveresy and Vorii & Freescal Tarecondats, UL e AT OF
™ Arvart, Bweb . BenStnch o Fans Laywaesn, Migrv/, VBT, Metors = ¢ Fuctge, Qori Ocevargs D00 Evgr, Py Py, SUROVOS Soww fumobon. Vyarsd
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Hands-on 4.21: Use a Data Breakpoint - 3

- Paste PIT_O timer_2 ctr
In the Location box

- Left click to select Break
on Write

- Left click to deselect
Break on Execute

- Verify that a 4 is in the
Length box

- Enter 200 in the Value box

- Paste PIT_O timer_2 ctr
in the Commands box

- Left click the “OK” button

L £

Z “freescale"

'.Hardware Breakpoirﬁt_ '

Location: PlT-_U;ti'mer_?_clr@

Break On: | | Read || Write | | Execute

Length; = 4 T Value: 200 €—
Access Size:  Any v Value Mask:

Mask:

Type: Global [ Virtual Memory

Active /| Roling [] Count: 1

Condition:

Commands:
| PIT O timer 2 ctr

97
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Hands-on 4.21: Use a Data Breakpoint - 4

- Left click on the “Reset”

Periodicinterrupts.elf:0x3 - MULTI m@-@@gﬂ

File Debug View Browse Target TimeMachine Tools Config Windows Help
button and then the “Go” dief I pHETSE[IBKE QQQEQ[EHE @
Target Status &

button in the Debugger
window

- A spurious break occurs

B GHS Prohe

[USE)
FowerPFC 5746M
FowerFC 5746H
PowerPC 5746M
FowerFC 5746H

(e2®0z4z20 core) ! Id
[ez00=z420 core), Id

(e200=z0 core), Id 3

(e200z425 core), Id 2

/ PeriodicInterrup RPunning
/ PeriodicInterrur Running
/ PeriodicInterru
<Direct hardware s Bunning

Stopped

[ Oxfel052  ghs decompress+0xie: EE 1 se_or re, rif .
. .. . L] Oxfcl1054  ghs decompress+0x40: 2020 se_addi ro, 3
When the |n|t|a||zed data * OxfolDS6 _ ghs decompress+0x42: 7£9f3214  add rzf, r3
L] Oxfel0%a  _ ghs decompress+0x46: Oca? Se_cwmp rv, ro
iS Copled and s 0Oxfoll0S5c ghs decompress+0x4&: 067c se_sub rz2a, r7
L] Oxfel0%e ghs decompress+0xia: e503 se_hgt _ ghs d
[ Oxfel0ed ghs decompress+0xdc: 1f£5cf000 e sublei r2&, ri
decompressed by the L] Oxfol06d4 ghs decompress+0x50: 43506 se_li re, 0O
mpEEEr Oxfe 1066 ghs decompress+0x5e: DOl se_cmpl r2aG, r2|§|
Startup Code L] Oxfol0ed ghs decompress+0x54: eq403 se_hlc _ ghs_d—
. . Oxfcl06a ghs decompress+0x56: Odfe se_cmpl rag, ri
L] Oxfollee ghs decompress+0x55: ed0e se_hlc _ ghs d
- 11 1] . Oxfcl06e ghs decompress+0x5a: Oc0a se_cmp ra, ro
L Left CIICk On the GO & Oxfel0?0  ghs decompress+0x5c: el0e se_hge _ ghs_d
. Oxfol072 ghs decompress+0x5e: 450k se_li ra27, 0
button s 0Oxfcl074 _ ghs decompress+0x60: Z00c se_addi  r2g, 1
. 0xfcl076 ghs decompress+0x6Z: 2006 se_addi re, 1 4
4 | 1 | P |_
Source ™ Filer *  Proc _ ghs_decompress - |<}g =
Ztopped by hardware break on write (PIT 0 timer 2 ctr) >

L £

Z “freescale"

Fezet and halted
PIT 0 _timer 2 ctr = 59352

Ztopped by hardware bhreak on write

(PIT 0 timer 2z ctr)

m

MULTI>
4 | 1 | P
Crod | Trg [ 1/0°] Py | T ] In section; . vistext |STEIF'F'ED

98
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Hands-on 4.21: Use a Data Breakpoint - 5

The processor stops
when PIT_O timer_2_ ctr
reaches 200

The value of

PIT_O timer_2 ctris
displayed in the Cmd
pane

Note that the count
reached 200 much faster
when using the data
breakpoint

Note the effect of the
CPU pipeline

® £

Z “freescale"

T

View Browse Target TimeMachine Tools Config Windows Help

IFpAdeEeTsdss G LBRR RAGQQ HED

@ kT

PeriodicInterrupts.elf:0x3 - MULTI Debugger

File Debug
ditkel

Target
E GHZ Proke (USE)

H PowerPC 57460
PowerPC 5746M
FowerPC
FowerPC

Status

[eZ00=z42Z0 core), Id
(e200=420 core), Id
[e200z425 core), Id 2

[eZ00z0 core), Id 3

/ PeriodicInterrur Running
/ PeriodicInterrur Running
/ PeriodicInterru
<Direct hardware s

Running

31 3 - PIT O.TIMER[Z].TCTRL.E.TIE = 1; /% Enable interrupt */ -

32 4 - INTC 0.P3R[228] .B.PRC_SELN = Ox2; /* IRQ sent to Core 2 %/

33 5 - INTC 0O.P3R[228] .B.PRIN =11; A% IRQ prioricy = 10 (63

34 6 - PIT O.TIMER[2] .TCTRL.E.TEN = 1; /% Enable timer to start

35 7 = 1}

36 il

37 1 woid PIT O_tiwer_ 2 isr(wvoid) | E‘

35 2 - PIT O_timer 2 ctr++; /% Increment I3

39 3 wpmmEm@y if (PIT 0 timer 2 _ctr == 2000} { /% If 1000 time

40 4 L] PIT 0 tiwer 2 ctr = 0O; /% Reset counte

41 5 - 3IULZ.GPDO[Z] .BE.PDD = ~3IULZ.GFDO[Z2] .B.PDO; /% Togygle PA[Z]

42 & i

43 7 L PIT O.TIMER[2].TFLG.R = 1; f#% Clear interr

44 5 =}

45

46 1 woid init INTC core 2 (woid) | ‘

a7 2 - INTC_0O.BECR.E.HVENZ = 0O; /% Software vector mode used for 4

4 | 1 P ’_
Source  w  File:  src_hellohmain_core_2.c * Proc: PIT_O timer_2_isr v | A= I
PIT 0O timer 2 ctr = 59392 -

Stopped by hardware break on write (PIT 0 timer 2 ctr)
FPIT O _timer 2 ctr = 200

3topped by hardware break on write (PIT 0O _timer Z ctr)
MULTI:x>

< | 1] [ r|7

Crod [ Trg | 120 | Py | The® J|In section: wietest STOPPED INSIDE

A
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Hands-on 4.21: Use a Data Breakpoint - 6

- Left click on the
hardware breakpoint
entry in the

Breakpoint window — I R i T S T

- Left click on the
“Delete” button

- Close the
Breakpoint window

L £

L 4
Z “freescale"

'3 Breakpoints

Breakpoints

1
- Hardware | Tracepoints

Active Location  Count  Access Command

!

’. [ Restore Deleted HW Breakpoints... ] [ Delete ] [ Edi... ] [ New HW Breakpoint... ]

Frosecwn, B Framioite ign. 0w, O3, CodeTER? Coouursr, O re. Ut rns, C8an M Erergy D Subitone wgo, S hwin rotew? MG, Fowedlics
100 Srocessr Cipee, Jorll, Soras, Satvhas, S Satvdaa s koo, SanCae Spvwgreny ad Voriis sy ek o Frsscad Seecondate, oe Fey US fx ST 00
-

Arvart, Sevt s Bealtack Cowir. fanse Laywnengn, Migv, VBT Petors = 4 Fantuge, Ol Ocovergs DU0C Evgrw any Py, SUWEVOS “owwr, Tumclot. Vysrsd
3 TS W MR o Faeecit R e onati . W AR O G DRET OF S0ivd (Nsid WD T NGy I T Nactve setars © X010 Freeiss Sareacosus e
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Hands-on 4.22: Multicore Debugging 1

- Left click on the
Probe entry for core ID
0 and you will see that
It is running

- Left Click on the
“Halt” button to stop
core ID O

- Right click on the
Probe entry for core ID
0 and left click on
“Open in New
Window” in the popup
window

L £

Z “freescale"

® Périodiclnterrupts.éif?ﬁxi - MULTI Deijg_ggr =k ; _'

File Debug View Browse Target TimeMachine Tools Config Windows Help

AL I pHETLE HLREPACAQ W E ®
éarg:{ts Probe (USB) Status

PowerPC 5746M (e200z420 core), Id 0 / PeriodicInterrupts.elf Stopped

PowerPC 5746M (e200z420 core), Id 1 / Periodiclnterip - g: ]
riodiclnterr el
PowerPC 5746M (e200z425 core), Id 2 / PeriodicInter eriodicInterrupts.elf

P

PowerPC 5746M (e200z0 core), Id 3 / <Direct hardware access> Running
49 -
50 1 void main core_0(){
51 2
52 3 ° uint3z t i = 0;
153 4
54 5 ° SUT disable 0f): /* Disable watchdog for core 0 */
55 6 . init_INTC_core_0():; /* Initialize & enable INTC's IRQs to core C
56 7 . SIULZ.MSCR_IO[0].R = 0x12380000; /* PA[O]: med drive, pushpull, cmos, IBE=
57 8 ° PIT 0_timer O_init (50000000} ; /* Initalize PIT1 timer 0 for desired counts
55 9 /* For 200MHz clk/2 =100MHz, timeout =50M clks x 1sec/100M = 0.E
59 10
60 11 o while (1) {
161 12 mpemmz) it++: P
62 13 e i
63 14 -
64 15 } H
65 (.8
|66 =
} < T V]
\ Source ¥ File: src_hello\main_core_O.c ¥ Proc: main_core_0 v ‘ K =
‘ 4. initilizes -
parse error |
halting process... done. [El
MULTI> |
< | 1l »r
Cmd | Trg J_1/0 ] Py ] Tfc* ]/In section: .vletext |STOPPED
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Hands-on 4.22: Multicore Debugging 2

- A colored,

d d d File Debug View Browse Target TimeMachine Tools Config Windows Help
edicate 4L f(I9IPECELBBERERAQRRI%E ® 7
debugg|ng W|ndOW 4z 4 e INTC_0.I4PRR[O].R = (uint32_t) €intc_sw mode_isr_vector_table[0]: -
43 5 /* Load address of first ISR vector in table
for Core ID O 44 6 IVPR_init_gore_D(j; /* Initialize core's spr IVPR register */
45 7 asmi{"wrteei 1"); /* Enable ext IRQ to core (after IVPR loaded)*/
appears B !
48 /1:1:1:1:1:1:1:1:1:1€‘k7€7€**ttt#???##tttttttttttt Maln o o o e o o o o o o o o o o o o o
- Enter “update 17 in a9
50 1 void main core 0(){
h d 51 2
t e comman 52 3 . uint3z t i = 0;
1 53 4
WIndOW 54 5 ° SUT disable 0(); /* Disable watchdog for core 0 */
. 55 6 ° init_ INTC core O(); /* Initialize & enable INTC's IRQs to core C
f CI k h 567 e SIULZ.MSCR_IO[0].R = Ox12380000; /* PA[0]: med drive, pushpull, cmos, IBE=
¢ Le t IC On t e 5'7 8 . PIT O timer O init(S0000000); /* Initalize PIT1 timer 0 for desired counts
“G ”» b tt 58 9 /* For 200MHz clk/2 =100MHz, timeout =50M clks x 1sec/100M = 0.E
. 60 11 e while (1) {
bl | k 61 12 o it+; u
- Double click on g N =

the variable i to put o
it in a Data ot L
Explorer window ¢ | T

=

- The variable
display will update Ritomsate 15 au

Process running, can't f£ind "i".

every second mLT> | E

Source ¥ File: src_hello\main_core_0.c ¥  Proc: main_core_0 v | &

Cond [ Tra J_170 J_Py J Tt ]| ~ |RUNNING

L £

Z “freescale"
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Hands-on 4.22: Multicore Debugging 3

- Left click on the
Probe entry for
core ID 1 and you
will see that it is
running

- Left Click on the
“Halt” button to
stopcore D 1

- Right click on the
Probe entry for
core Id 1 and left
click on “Open in
New Window” in
the popup window

L £

Z “freescale"

B periodicnterrupts.elf.0x2 - MULTI Debugger e | )

File Debug View Browse Target TimeMachine Tools Config Windows Help

AL IANITPpHCTLE H0KE 20060 % E®

Status & s

Target
E GHS Probe [(U3E)
PowerPC 5746M (e200=z420 core), Id O / PeriodicInterrupts.elf Running

—[# PowerPC 5746M (e200z42Z0 core), Id 1 / PeriodicInterrupts. Stopped
PowerPC 5746M (e200=z425 core), Id 2 / PeriodicInterrupts.elf Stopped
PowerPC 5746M (e200=z0 core), Id 3 / <Direct hardware access: Running
49 -
s001 wolid mwain core 10){
51 2 -
52 3 L uint3z t j = 0;
53 4 -
54 5 SUT disable 11i); f*% Dizable watchdog for core 1 %/
55 & SIULZ.MSCE_Io[1] .R = Ox12350000; F*% PA[1]: med drive, pushpull, cmos, IEE=
56 7 init_INTC core 1i): 4% Initialize & enable INTC's IRO= to core 1
57 B8 PIT 0 _timer_ 1 init{l00000000); f% Initalize PIT1 timer 1 for desired count
55 /% For Z0O0OMHz clk/Z =100MHz, timeout =100M clks x lsec/100M = 1
59
a0 while (1)4{
61 1 J++: |
62 2 i
63 3 - =
64 4 } I
65 5 - i
E6 & mpe -
< | 1 P |_
Source * Filer  gre_hellobvmain_core_1.c * Proc; main_core_1 - |<}g =
MILTI> $pc -

fpe = Oxfodeds

halting process... done. |§|
MULTI> jazy
4 | 1 r
Crd | T 120 P Tic® |/ In section: . vietext STOFPED
_Cmd [ Trg J 170 J Py J 76

103
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Hands-on 4.22: Multicore Debugging 4
A Colored, dedlcated rF Periodidntermpts.e[ww

File Debug View Browse Target TimeMachine Tools Config Windows Help

debugging window dLe I TRMCELaDEKERQRAA HE S
for core ID 1 appears | . P T e e ey i e

44 IVPR_init core 1(): /* Initialize core's spr IVPR register */

o Enter “update 1” in e asm|"wrteei 17); /% Enable ext IRQ to core (after IVPR loaded) #/
the command

* }

o
-]
W Do

- fﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬁ1?1?1?1?ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ‘ﬁﬁﬁ Modpn FFaF i r e aneaiararwrersss

. 50 1 void main core 1(){
window s 2 -
52 3 uintiz t j = 0;
. 53 4
° Left CI'Ck On the 54 5 SWT disable 1(); /% Disable watchdog for core 1 #/
55 & SIULZ.M3CE IoO[1] .R = Ox12350000; F*% PA[1]: med drive, pushpull, cmos, IEBE=
11 7 t) tt 585 7 init INTC core 1(): /* Initialize & enable INTC's IRQs to core 1
(:;() lJ C)r1 57 B PIT O timer 1 init {100000000) ; /% Initalize PIT1 timer 1 for desired count
55 /% For Z0O0OMHz clk/Z =100MHz, timeout =100M clks x lsec/100M = 1
= 59
- Double click onthe || onile (1)
61 =) J4+;

111

variable j to put it in
a Data Explorer
window

an

(0]
o
[ JO 5 B = A S Y

Q} __1 1|

&

Source * Filer  gre_hellovmain_core_1.c *  Proc; main_core_1 -

- The variable display
will update every
second

halting process... done.

MULTI> update 1

Adutoupdate i=s ON.

Process runhing, can't find "5,
MULTI>

[ |y

1

Cod [ Tra J 70 J_Fy ] Tfe" RUMNING

® £

Z “freescale"
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Left click on the
Probe entry for core ID
2

Enter “update 1" in the
command window

Left Click on the “Go”
button

Double click on the
variable k to putitin a
Data Explorer window

The variable display
will update every
second

You can either debug
in the white debug
window or open a
colored, dedicated
debug window.

L £

Z “freescale"

Hands-on 4.22: Multicore Debugging 5

B periodicinterrupts.elf.0x3 - MULTI Debugger B

File Debug View Browse Target TimeMachine Tools Config Windows Help

At (AT ECTSE BLERAAACA(EF B

|| Target Status g ks v
| B GH3 Probe (USE)]
PowerPC 5746M (e2002420 core), Id 0O / FeriodicInterrupts.elf Running
PowerPC 5746M (e2002420 core), Id 1 / FeriodicInterrupts.elf Stopped
PowerPC 5746M (e200z425 core), Id 2 / PeriodicInterrupts.elf Funning
PowerPC 5746M (e200z0 core), Id 3 / <Direct hardware access> Running
100 32 Z. sets MIR[ME]=1 -
101 33 3. sets IVFR
102 34 4. initilizes data & instruction caches if they exist
103 35 5. initializes unigque sp but common sSda & sdaZ
104 36 6. 1f main corel exists, branches to it else branches to self
105 37 wf
106 38
107 39 . while (1) {
108 40 . k++:
109 41 L if (k == 100000) |
110 42 L 3IULZ .GPDO[3] .B.PDD = ~3IULZ.GPDO[3] .BE.PDO; /% Toggle FA[3] outpur #/
111 43 . k= 0;
112 44 i
113 45mp e i
114 46 |
115 47 i ‘:‘
116 r
117 -
4 | 1 3 |7
Source ¥ File:  sc_hello‘main_core_2.c * Proc main e =
Autoupdate is ON. -

Process running, can't find "k".

halting process... done. |§|
MULTIx -
< | 1 b
Crod [ Trg J 140 J Py | Tic" ]| RUNNING

105
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Hands-on 4.22: Multicore Debugging 6

% Data Explorer =1

- All windows derived from a Edit View format Evaluate Tools

z 5 Settings
debugging window have the [- onfa, * | i 0

Varable  Value

same coloring as the e
debugging window

Cast Type: v  unsigned int

“ Data Explorer

Edit View Format Evaluate Tools

Settings
9 o | By K| 80

Varable  Value

T P

Cast Type: ¥ unsigned int

| Edit View Format Evaluate Tools

| Settings
9 o | By K| 80

Varable  Value

(bazgal

Cast Type: ¥  unsigned int
R
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Hands-on 4.22: Multicore Debugging 7

- Left click on the
“Disconnect” button
In the white
Debugger window to
close the debugging
connection

- Close the white
debugging window

- Note that all of the
other debugging
windows close as
well

L £

Z “freescale"

PeriodicInterrupts.elf - MULTI %buggerﬁ‘ﬂg

Eile Debug View Browse Target TimeMachine Tools Config Windows Help

dif (I PpHESTFLBHLKEEAQAAARLE S I

Targe E:aus &b

B g;connected Executsbles t
PeriodicInterrupts.elf

FPeriodicInterrupts.elf ot Loaded
FPeriodicInterrupts.elf ot Loaded

100 32 Z. Sets MIR[ME]=1 s

101 33 3. sSets IVFPER

10z 34 4, initilizes data & instruction caches if they exist

103 35 5. ilnitiaslizes unicque sp but comoon Sda & sdas

104 36 6. 1f main corel exists, branches to it else branches to self

105 37 =

106 38

107 39 L] while (1)1

105 40 L] k++:

108 41 L] if (k == 1000007

110 42 L] SIULZ.GPDO[3] .BE.PDO = ~3IULZ.GFDO[3].B.FDO; /% Toggle PA[3] output 7

111 43 L] k= 0:

112 44 H

113 45mp = }

114 44 =

115 47 } :|

116 o

117 -
4| 1 3 r
Source  *  File  2rc_helloimain_core_2.c * Proc; main - " =
Frocess running, can't find "k". -~
halting process... done. i
Dizconnected from "Freescale MPCST746M Dewo EBoard with Green Hills Debug Prokbe [mpserv|E|
HULTI> | m
4 | 1 »

Crnd [Py | Ticr ]| |HO PROCESS




Hands-on 5:

- Advanced Tools

1.

2
3.
4

L £

TimeMachine Debugger
Runtime error check
DoubleCheck

MISRA checking

L 4
Z “freescale"
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Hands-on 5.1.1: Load the TimeMachine Project

- Leftclick onFile-  [Asdedapoeiooer NN . =S

> Open PrOJeCt |n Lookin: | TimeMachine v @7 @A
the PrOJeCt = Name Date modified Type

_ =p . objs 8/27/2013 205 PM File folder

Manager win dow RecentPlaces | src trace 8/27/2013 2:03 PM File folder

' | tot 8/27/2013 2211 PM File folder
% default 8/27/2013 201 PM GPJ File

- Navigate to S
MULTIworkshop
_advanced\Time e
Machine\default.g A
pJ Com:Jter

- Left click on the “ ]

Network

“O p en ”? b UttO n File name: default

Files of type: [Project (*.gpj)

Srwsscn, B Fromiedte kg AW, 08, CodeTER? Codemtaricr, O re. Uorns, O San i Evergy Eins Sohiors o, Siwin, rotint MG, PowwOUCT
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Hands-on 5.1.2: Build the TimeMachine Project

O At [ TT D
j - MULTI Project Manage

- Left click the “Build” =
. . File Edit View Build Connect Debug Tools Windows Help
button in th_e Project YT LR ,'
Manager window e~ + 4

v
. Name Type Oiptions &
1 & ” -bsp mpc5746m -G -object_dir=objs ;sourceDir=. -
° g 2
L eft C I I C k the De b u g |8 src_trace\trace_dba.gp] Program -object_dir=objstrace_dbg

button In the PrOJeCt G tgtvesources.gpj Target Resources
Manager window

Building C:\MULTIworkshop advanced)TimeMachine)default.gpj
Done
Build successful (Tue Aug 27 15:56:25 2013)

Status [Info_| Command | | C:AMULTIworkshop_advanced\TimeMachinetdefault. apj | Power &rchitecture

L £
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Hands-on 5.1.3: Start the Debugger - 1
(E Tmevacinevrace o MU oo S T ===

O LEft CI | C k the File Debug View Browse Target TimeMachine Tools Config Windows Help :
“Connect” button |9t 391ipHessl BLERPACRQ K T 0
T arget Staf & kb

in the Debugger Theonhected Executahles f
window

10 Fs

11 #define MAXFRIMER 50

1z

13 static int primeproducts[MAXPRIMES] ;

14 static int primes[MAXPRIMES] :

15

14 static int primecnt = 0O;

17 static int primedelts = 0;

15

19 int maini{int argco, char *arogv(])

2III 1 {

21 2

za 3 - primeproducts[0] = 0; // first product iz zero by definition

23 4

24 5 mpe primefiller():

25 6 L] makeprodsi() ;

26 7 L] priwmeviewi() ;

27 8 L] prodsviewi() ;

28 9

29 10 L return 0O;

30 11 L i

31

32 wvold makeprodsi)
=

Source ¥ Filer  arc_trace'primes. o * Proc: main - i =

HULTI> | -

=

Crod | Py | Tic || MO PROCESS

Frosscwn, B Fromiosie Kgn &0, 08, CodeTER?, Codemaricr, O re. Uotrns, U %me e Erergy Efinst Sukion s, S vt rotiw, MG, FrwwlICs
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Hands-on 5.1.3: Start the Debugger - 2

- Ifyou have a i o S

Supertrace probe,
select Green Hills
Probe in the pull down —
menu

Connect to a Target;

- If you have a Green
Hills probe, select
Simulator in the pull

Freescale MPC5746M Demo Board with Green Hills Debug Probe [mpserv) T
d own menu LFnaesc:ale MPCS?dBI'r‘I Demo Board with P&E [peserv) for PowerPC Nlexus

Cancel

- Left click the
“Connect” button

L £

L 4
Z “freescale" 112

o UiFres, O e e Eregy Dfiws Sclions wgo, vt rotie?, MG, FowwUICT
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Hands-on 5.1.4: Run the Program

- Left click the “Go”
button in the Debugger
window

- Notice program
“terminated normally”
per status window
message

- Set a breakpoint on
Main:10
- Left click the “Go Back”

(top left) button to start
TimeMachine

- Double click on primes
In at primes.c:14 to view
primes in a data explorer
window

L £

Z “freescale"

f TimeMachine\trace_dbg - MULTI Debugger - ‘@‘@u

File Debug View Browse Target TimeMachine Tools Config Windows Help

dikefIFpH sl BRERARQRD %W T

get Statuz

@ o T

trace dbg Stopped (TimeMachine)

E GHS Probe (USE) /

PowerPC 5746M (22002425 core)] /

11 fdefine MAXPRIMES 50 -
12
13 static int priweproducts[MAXPRIMES] :

14 —éstatic int primes[MAEPRINESZ]:

16 static int priwmecnt = 07
17 static int primedelta = 0;

111

19 int main{int argc, char ¥Fargv[])
{

1
21 2
Zz2 3 - primeproducts[0] = 0; // first product iz zero by definition
23 4
24 5 L] primefilleri):
ZB B L] makeprods () ;
ze 7 primeview() ;
27 5 mpe prodsview() ;

=]
10 gk recurn 0;

11 =
31 S

¥ Proc main v | &5

running 'C:WMULTIvorkshop_advanced) TimeMachine'trace dbg' -
I/0: <<0>> <<1>> <€<23> <€<35> <<55> <<Tor <€<€11s> <<1355> <<175or <<19%> <<23>> <<293
IA0: 47053 00O 3 5 7 11 13 17 19 23 29 31 37 41 43 47 53 59 61 67 71 73 79 83 89
I/

I/0: D002 6 15 35 77 143 221 323 437 667 899 1147 1517 1763 2021 2491 3127 35%

L O m e
'C:\HULTIwDrksth_advanced\TimeHachine\trace_dbg' terminated normally, program le
Connected to TimeMachine. '_‘

Source ¥ File:  sro_tracehprimes.c

Stopped by breakpoint
MULTI>

1|

4 | 111 [ 3

Crmd | Trg | 1/O* | Py | Tk [|In section: wletext

STOFPPED
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- Note that the list of prime P ————

numbers is incorrect Settings
9 o | By W %0

- primes|[0] is wrong

Variable Value

L £

L 4
Z “freescale"
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Hands-on 5.1.6: Set a Data Breakpoint - 1

Left click the
“Breakpoints”
button in the
Debugger
window

Left click on the
“Hardware” tab

Left click on the
“New HW
Breakpoint”
button

L 4
“freescale-

i ...,s TmeMachme\trace d g

‘F:Ie Debug View Browse Target TimeMachine Tools Config Windows Help
I

.41“‘4’13“35lei&lﬂlﬁ‘j[—EE""‘EJ@QQ@@M!EI[‘I _

Target Status 3
[H GHS Probe (USBE) / PowerPC S5746M (2200z425 core) / trace dbg StoppedrTlmeHachlne

"J Breakpoints (=13 ‘

Breakpoints

| Software | Hardware | Tracepoints

Active Location  Count  Access

|

’i [ Restore Deleted HW Breakpoints... ] | Delete | | Edi. | [ New HW Breakpoint... ]

“Yorm -r-o-. e g AW, h‘ux-l""-»v OrFre. Uirne, U 8o e n s Suhtore wgo, Shwia rotew! ‘-l;,m-.u(l:
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L £
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Enter PS.primes|0] in
the Hardware
Breakpoint Editor
window

Left click to select
break on write

Left click to deselect
break on Execute

Left click the “OK”
button

Close the Breakpoints
window

L £

“freescale"

V= = —_— e

Hardware Breakpoint Editor

"

Hands-on 5.1.6: Set a Data Breakpoint - 2

Location: piimes{0] €——

Break On: || Read || Wwrite || Execute

Length: 2 T T Value:
Access Size: Any v  Value Mask:
Mask:

Type: Global | [Wirtual Memory

Active || Roling || Count:
Condition:

Commands:

Tosecwn, B Frmiese Lgn. A4 ol [
116 Srocessr Kiee, Jorl), Sarens, Satwhuns, Sa Sadara s ks, Sus
Artarl, St 2 BenBnch Corw -
TV Wy A
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Hands-on 5.1.7: Run Back to the Breakpoint
F TimeMachine\trace_dbg - MULTI Debugger "[g‘@g1

O Left C||Ck the “GO Eile Debug View Browse Target TimeMachine Tools Config Windows Help
Back” button in the AL AINFPpHSeTLE H0KEEDLLGE Q| % T (6

roet Statuz E

Debugger WindOW Bl GHS Prohe (USE) / FowerPC S5746M (e200z425 core) / Stopped | TimeMachine)
- Note that primes|[0] is

26 7 . primeview() ; i
being modified bya = =TTV
write to primeprods() | = - ¢U
- Left click the s A

1
. o - 34 2 wp int f; E‘
35 3
Varlable I 1N Ilne 2 Of 36 4w for(i=0; i <= MAXPRINES+1; i++ { s
5
6
-

function makeprods :; I }—é primeproducts[i+l] = primes[i] * primes[i-1]:
39 - i
—_— 1 40
° NOte I - 49 N Status 41 1 int isPrime(int wval) {
- 4z 2 int 1i:
window s 5
44 4 L for (i=2; primes[i]:; i++)
- - 45 5 L] if (!'{wal % primes[i])) -
- In Time Machine | _
Source ¥ Filer  =ic_bracehprimes.c * Proc; makeprods - " =

menu of the S S L )
. 'CiWMULTIworkshop advanced) TimeMachine'trace dbg' terminated normally, program le

debugger window, || s e T

left click on Path

Analyzer

Stopped by hardware hreak on write (primes[0])
i

i = 49

MULTI> |

4 | 1 |

Crod | Tig [ 120+ ] Py | Thc ||In zection: . wistext
. =

L £

Z “freescale"
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Hands-on 5.1.8: The Path Analyzer - 1

o A Ca”_level D PathTﬂmaIyze-r-— trace_dbg =h -

. File PathAnalyzer Search Tools Config Bookmarks Help
view of thg o [O%| ==V @B a | B EBTOADE & Furm
entire run IS _EREEEE

. __ghs _ind crtl
displayed

_ _ghs ind crtl

maln

| lprimefiller |primeview |prodsview

EWL i

l

—_—
—

. P— — —

R
R, s
———

0 kinst 50 kinst 100 kinst 150 kinst

\: J
0 kinst 25 kinst 50 kinst 75 kinst 100 kinst 125 kinst 150 kinst
|F'at}'|ﬂ3malysis Processing Complete

L £
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Hands-on 5.1.8: The Path Analyzer - 2

. Left click afew | Panayeervece dbo 1T, p e

. Eile PathAnalyzer Search Toold Config Bookmarks Help
times on the 0 [[@8] & = (oo O[O @15 Q0| #|& B & @ | Fosrns
“zoom-in” button _start

__ghs ind crti

in the Path Il _ghe_ina_crea

Analyzer WlndOW rpniirnnefiller prilmeview
’ More detall sziiiz}zrintf |fflu5||f|| fo|1|3ri;}?fvsprintf |fflu
becomes visible ‘Junsou}f tJJJ ]ijJ]fJ | ]J I Junso;t J ]fljl
. Search and |

breakpoints are
used to locate
Interesting
activity

73.0 kinst 73.5 kinst 74.0 kinst 74.5 kinst 75.0 kinst

0 kinst 25 kinst 50 kinst 75 kinst 100 kinst 125 kinst 150 kinst

Selected Function "..."" Start Time: 73,44 kinst, Duration: 578 inst

L £

*.* L L | et oo oo e epeen. N . P 5 P G G L B s P SO Fovw Mo o
Z " freescale" e e S
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Hands-on 5.1.9: Profiling

- In Time Machine menu of the debugger window, left click on
Profile.

- A bar graph of cumulative function execution time is displayed

i ™
minS—— - . . = - _______n Ik

File Config
Il R ([E[@e & F &

Standard Calls | Call Graph | Coverage | Su:uuru:el
]
% Time Bar Graph  Time [inst] # Callz Inetructions/Call Filenarne Furnction
19.219 33779 154 219,344 __gh wsprintf s
10.047 17568 224 78.4286 src_trace‘-.primes.c i=zPrime =i
2.715 15239 151 100,921 __gh strout =
5.549 o702 154 63 viprintct
5.089 s899 09 11 pute unlocked
4,956 BE66 619 14 __ghs flock ptr
4,304 7o 154 50 fflush
Z2.874 L0225 453 11.0927 __gh outchars
2.721 4758 151 31.5099 ___gh xHdecout
Z2.366 4312 154 28 printt
2.216 3875 _Zavesmall 16 -
1

|Time iz in inztructions,

L £

Z “freescale"




Hands-on 5.1.10: Trace Statistics - 1

« In Time Machine
menu of the
debugger window,

. Function Calls kin tean bl 2

Ieft CI|Ck On Trace 0x400009as  unsout 151 243 inst 308 inst 373 inst  a
0x400007£8 _ gh strout 151 209 inst 249 inst 294 inst
StatIStICS Ox400007£2 _ wh outspaces 302 23 inst 23 inst 23 inst
0x400007d0 gh outchars 453 21 instc 21 instc 39 inst
0x40000%ac  _ gh xxdecout 151 6 inst 31 inst 51 inst
1 Ox40000712 f£flush 154 130 inst 180 inst 180 inst
° Left CIICk On the 0x400006%a funlockfile 305 33 instc 33 instc 33 inst
. 0x400006%7e flockfile 305 33 inst 33 inst 33 inst
Fu nCtlonS tab O0x40000648 flockoreate 3 32 1inst 3Z inst JZ inst
0x40000582 putce_unlocked 09 11 instc 11 instc 11 inst

. 0x4000056a _ gh bufinit 305 12 inst 12 inst 12 inst |
. DOUble CIle on 0x40000528 __ gh bufsize 308 12 inst 12 inst 12 inst
. . O0x4000046 wiprintf 154 4534 instc 957 inst 1.41 kinst
IS Prl m e O0x40000425 exit 1 83 inst 53 inst 63 inst
O0x400003cda printt 154 452 inst 985 inst 1.44 kinst

0x4000037a prodsview 131.98 kinst 50.95 kinst 50.95 kinst =
0x4000031a primeview 13.78 kinst 49.75 kinst 49,75 kinst
O0x40000292 primefiller 1:2.33 kinst 72.33 kinst Y2.33 kinst
040001 isPrime 12 inst 7S inst . inst
0x40000Z26 makeprods 1 578 in=st 578 inst 578 inst

O0x400001ez main 173.7 kinst 173.7 kinst 173.7 kinst ||

0x40000100  start 174.9 kinst 174.9 kinst 174.9 kinst -

L £

- % Trace Statistics

=B

| Summary I tdemary | Eratiches | Functions

Srwsecrn, B Fromieste gn. &0, G8, CodeTES
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Hands-on 5.1.10: Trace Statistics - 2

- Every instance of
ISPrime execution is
displayed

- Left click on “duration”
to sort them by
execution time.

- Double click on the
longest instance of
ISPrime

- The Debugger and
Path Analyzer windows
display that instance

® £

Z “freescale"

]

-

¥ Trace Call Browser - Function: isPrime

& [ee]

Functian: izPrime

Call Site

0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0
0x400002c0

Analyziz Complete

Callz: 224 Min=12 Max=529 Mean=78 Tatal=175

primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4
primefiller+0xzZ4

g

Druratian

513
507
496
435
474
463
452
441
430
419
403
397
3igde
375
Jad
353
34z

Start Instruction

63,779
67,767
66,157
64, 493
62,905
61,024
59, 458
57,762
56,044
54,445
52,772
51,120
49,620
47,827
46,349
44,730
43,209

122
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Hands-on 5.1.11: Display the Trace List

- In Time Machine menu of the debugger window, left click on Trace
List
- Note the function-level and assembly-level trace

File Search Browse JTools Config Bookmarks Help
Q8 “sm NS EET LD
| Function cals Durston
B _stare 174,553
. dotsyscall
B _ ghs_ind crco 174,81
rATINT
menEet
nemset
nemset

Address Total Inshuchons
0x4000027e £7, 7, £1Z <vals 0x7ce?76051 71,799
Ox40000202 1sPrim=+0x246 (Ox40000z88) Oxe203 71,000
Ox40000284 & £7, 0 Ox4807 71,801
Ox90000286 ] 1aPrunn+0x36 (0x40000293) Oxe809 71,802
0x40000258 £3, 7 ox0173 71,803
Ox4000025a ¥ Ox0004 71,004
0x400002c4 £, O Ox2al? 71,808
Ox400002cE ® primefiller+0x62 (Dx400002fe) Oxeslc 71,808
| 0x4000021e E /| £29 <1>, 1 ox200d 71,807
B __gh= ind crtl 173,945 0x40000300 4 c7, 0(c30) OxcD7e 3 71,608
_.gh_lock_init 1 | Ox40000302 | c?, O0x32 Ox1B07a832 71,008
o) __qh_iob_!.nzt 130 Ox40000306 ] primeziller+0x22 (DOx400002be) Oxeddo 71,810
H main 173,691 | 0x400002be £3, T2% <i> Ox01d3 71,811
B primefiller Ox400002 6! LePrime (Dx3000024 | Or79rrrEnd 8
1sPrime 0x40000262 cé, 0x4000 Ox70c8e00C
prince Ox40000266 £lZ <val>, rd ox0224
1oPrlme 0x400002 63 5 £s, r5, DxibSc Oxiccs1bSe
® prince 0x40000Z 6c o £S5 <1>, 2 Ox4B625
18Prime 0x400002 fe 18Prime+0x28 (Ox40000284) Oxeble
@ printe 0x4000028a 5 £?, 8 <>, 2 Ox7ca?107¢

»
|

i

&
O R S =

nenmaet
memser

100 kinst 150 kinst

<
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Hands-on 5.1.12: End the Debugging Session

- Left click on the
“‘Disconnect” button to
close the debugging
connection

- Close the Debugger
window

- Note that all of the other
windows opened from the
Debugger close as well

L £

Z “freescale"

B TimeMachine\trace_dbg - MULTI Debugge_@ﬂl_g

File Debug View Browse Target TimeMachine Tools Config Windows Help

dLwF WIMNIFpHESTLE HLARKE QQQRQ % F (9 |

@

trace | 3topped (TimeMachin

Tarqget Status
GH3 Frobe (U3E) /

PowerPC 5746M (=Z0024Z5 core) [/

Cmdl Trg | Out | Py | Tfe? ||In zechion: wletext

46 6 4.,26% L] return O; -
a7 7

45 8 L029% L] return 1:

49 9 L256% . i

50

51 1 vold priwefiller () |

52 2 int 1i:

53 3 L006%

S4 4 001 mp o fm:[=D: primecnt < MAXPRIMES: i++){

55 5 L5122y oy if (isPrime(i)) { |
56 6 LO057% . if (1 !'= 0O)

5707 .196% L] primedelta = 1 - primes[primecnt-1];: =
&g B L143% . primes[primecnt++] = 1i:

59 9 L BZ29% . printf ("<<sds> ", i) ;

&0 10 i

61 11 i

62 12 .005% . i

63

64 1 wvoid primeview () b
4| 1] r |_
Source  * Filer  sro_bracehprimes.c w  Proc  primefiller - |<E =

'CiWMULTIworkshop advancedh TimeMachine'trace dbg' terminated normally, Dria

Connected to TimeMachine.

Ztoppred by breakpoint

Ztopped by end of trace data

Stopped by breakpoint

1 S

i = 223 |i|
-

MULTI=
4 I »
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Hands-on 5:

- Advanced Tools

1.

2
3.
4

L £

TimeMachine Debugger
Runtime error check
DoubleCheck

MISRA checking

L 4
Z “freescale"
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Hands-on 5.2.1: Load Runtime Error Check Project

BRGNP errr L -
O rOjeC | Lookin: | RunTimeCheck - @2 R
M an ag e r’ I eft l Name ‘ Date modified
click on O pen ~p | objs 8/27/2013 2:52 PM
Pro J ect RecentPlaces | grc rtec 8/27/2013 2:52 PM
| tgt 8/27/2013 2:59 PM
N avigate to ' —> % default 8/27/2013 2:52 PM
o Desktop
MULTIworksho =
p_advanced\Ru Libraries
nTimeCheck\de A
Computer

fault.gpj

- Left click on the
“Open” button

@« —

Network

Files of type: [Project(".gpj) v] [ Cancel ]

L £

<& Freecnn, O Frmiedte ign. OWwo, G5, CodeTES? Coduihursir CotFres, U ¥mn e Erergy D Sukiore wgs, S hwin, rotew? #EG, § A

' ' 126 Srocossr Caper, orll, Coras, Satvhanm, B Svdaia s ko, SauCae Syvgreny ad Voriis my sadwnnc o Frsscad Seeconduate, e ey US Fx 67 OF
freescale ™ Mrvar, Sweb s Benitnck. Corwhur. funte, Lywnenn. Migrv/, VBT, Pebors = & Pantge, Son Ocmvargs. DU00 Evgrm. Py Py, SUROVOS Sowwr, sl Vyarsd
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Hands-on 5.2.2: Build Runtime Error Check Project

- Left click the “Build” | :
File Edit View Build Connect erug Tools Windows Help

button in the Project ,, e
. E@Q\Ez\na’@@a\ﬂmw&’ux@
Manager window v A

’ Name Type Options

- Left click the “Debug” sp mpc57d6im - -obiectdr=obis souroeDi= -co

8] src_rtechitec.gp Program -check=memory -check=assignbound bounds switch,nilderef zero

button in the PrOJeCt | £ tatwesources.gpj Target Resources
Manager window

< I

LUMild DML LDU L ML LM Ady Al LU e as Loy

Initializing Debugger... done.

Building C:\MULTIworkshop advanced)\RunTimeCheck’default.gpj

Done
Build successful (Tue Aug 27 17:52:58 2013)

MMMJ [CAMULTIworkshop_advanced\RunTimeCheck\default api

L £

Z “freescale"




Hands-on 5.2.3: Start the Debugger - 1

O Left CIle the File Debug View Browse Target TimeMachine Tools Config Windows Help
“Connect” button in the dteFIAFTPHECTLBHEKEERQARAR | HEF S

Target Status @& oo
Debugger window

Tnoonhected Executahles / rtec

1 ffinclude "labels.h" "

2 #include <stdio.h>

3 finclude <stdlib.h>

4 #include <string.h> -

c =

) int anarray[10]:

7

=] int main(int arge, char *arogv[])

o 1 {

10 2 int arindex;

11 3 wmp s int #*ptrint = 0;

1z 4 int tmp;

13 5 - int do_null deref = 1;

14 6

15 7 ifjarge !'= 1) {

16 5 if( !streomp("noderef”, argv[l])]

17 9 do_null deref = 0:

15 10 H

19 11 il

‘4 i b r

Source ¥ Filer  sro_rtechitec.c w* Proc; main - |<E =
rs

This program contains several different programning errors that are
detected at run time by the run time error checking features of
the Green Hills compiler and the MNULTI debugger.

Click 'Go on Zelected Items (FS5)' to hegin.
MOLTI=>

Cmd | Py | The || MO PROCESS

L £

Frovecws, O Framioite ign 0w, C8, CodeTERT Codutlamss, e O Man e Ewgy D Suhtor o, Shwin ot MO FawwUics

Flog US P2 &7 OF
5 Soww, ol ok Vysrad

L R P T

& Y 4 128 Srocessr Kiper, Jorll, Sorans, Satwhuns, Sa Saedaca ki, S w Vorite s i o Frieical Srecondats, o
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Hands-on 5.2.3: Start the Debugger - 2

- Select Green Hills
Debug Probe in the pull
down menu of the

Connecuon Chooser ' onnection Chooser

1 Connect to a Target:
window | DR o
Freescale MPC5746M Demao Board with Green Hills Debug Probe [mpsery E_E{ ! 25
. ““ ”
° Lef‘t CI |Ck th e CO NN ect Freescale MPC5746M Demo Board with Simulator for Power Architecture (simppe
Freescale MPC5746M Demo Board with P&E [peserv] for PowerPC Nexus
b utton \ : 2 Cancel

L £

Z “freescale"
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(

- Left click on the “Go”

- If the Prepare Target E

Hands-on 5.2.4: Run Program and Note First Error

| RunTimeCheckyrtec - MULTI Debugger _blﬂlg

Eile Debug View Browse Target TimeMachine Tools Config Windows Help

button in the Debugger dTLF NI PHCETSE KK P90QQ %

B

Target
GHS Prohe (USE)

/ PowerPC 5746M (e200=z425 core) /

window

Status & ks

L] int do_null deref = 1;
14

window appears, select £ e

16 if | 'strewp("noderef™, arogv[1]) )

“Download to RAM” & i
CliCk OK ;3 1; /% array boundary error %/

21 13 . arindex = 10}
22 14mpr— twp = anarray[arindex]:

b The InltiaIiZIng Target 23 15 /% Thiz way have been really tragic if we did a write...

. . 24 16 We will hbe dealing with garbage any way you look at it
WIndOW WIII appear Z5 17 = printf("tmp = 3dvn", thp):
26 18
1 27 19 f% pasefswiteh with no match %/
brlefly' 258 Z0 = arindex = 5;

29 21 - switchiarindex) |

- Note that the program =1 I
stops at Main:14 and «|

Source  * Filer  src_rtechrtec.c w Proc,  main -

reports an error Finished executing setup sScript.

Downloading program text and data. Please Wait...

1 & ” Download complete.
¢ Left CIICk On the GO running 'C:\MULTIworkshop advanced) RunTimeChecklrtec!'

®

1

wf

N
=
b

Stopped by runtime error: Array index out of bounds on line 14 of procedu

button

1 (|

MULTI=
4 | 1 P
Emdl Tig | 1/0 | Py | Tic* ||In zaction: . vistext STOPPED IMSIDE

L £
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Error

- Note that the program
stops at Main:27 and
reports an error in the
command window

- Left click on the “Go”
button

L £

Z “freescale"

..ands-on 5.2.5: Run Program and Note Second

RunTimeCheck\rtec - MULTI Debugger i=h al

File Debug View Browse Target TimeMachine Toocls Config Windows Help

dTwF AIMNIFPpHECLLE HIRK QAR Q | HE®

T arget Statuz & B
H GHS Prokhe (USE) / PrcwerPC S5746M (e200=z425 core) / rrtec

Z6 18 -

27 19 /% pasze/switch with no match */

Z8 20 . arindex = 5

29 21 . switchiarindex) {

30 22 cazse 1:

31 23 . arindex++:

32 24 . hreak:;

33 25 case Z: il

31 26 . arindex-—-:

35 27mpr— break:

36 28 i =

37 29

38 30 /% free memory that wasn't allocated */

39 31 L] ptrint = &arindex;

40 32 L] free| (void*) *ptrint):;

41 33

42 34 /% These last two operations will be detected, but if we att

43 35 to continue running the process 1t mway be halted by the O

44 36 gee the second of these examples change the do_null deref _
4 I »
Source  *  File:  src_rtechtec.c w  Prac:  main - |Cg =
running 'C:\MULTIworkshop advanced)RunTimeCheckirtec' -
S3topped by runtime error: Array index out of bounds on line 14 of procedu

rtec.c

I/0: twp = 0
Stopped by runtime error: Case/switch index out of bounds on line 27 of p

file rtec.c =
HULTI> |
-
4 | n | r
Emdl ﬁgl HD*l Py |Th*||nsedbn.ﬂewm STOPPED IMSIDE
e, e, C-Mon Wve Enwrty B Sikiors . S i, rotivi?, PG, PrweddUICT
Fevpreny e Vorion v makernns of Frsscal Seecondste o Py US S E7 08
131 At Sevh 2. BenStnch Cowiwr. Suan Lywaosen, MgV, VBT Pators » l.:. e, Dovl Qoeverge. OLOC Evprw Fleainy Py, SUWAEVOS -‘ﬁ' fumolot. Yyore!
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Hands-on 5.2.6: Run Program and Note Third Error

° Note that the program Eile Debug View Browse Target TimeMachine Tools Config Windows Help

. Ka Iy 3 BB % | B
stops at Main:32 and dtierivirmetdnhbRERGAGQAR W S

reports another error i GHS Prohe (U3IE) / PcwerPC 5746M (e200z4Z5 core) / rtec
] 113 1) 31 Z3 . ar index++: Fy
- Left click on the “Go 32 24 o
33 25 case Zi
button 34 Zg e arindex--;
35 27 L hreak:
36 28 }
37 29
IS 30 /% free mewory that wasn't allocated *+/
39 31 L] ptrint = &arindex;
40 FZepr—> free( (void*) *ptrint): il
41 33
42 34 /* These last two operations will be detected, but if we att|=
43 35 Lo continue running the process it mway be halted by the O I
44 36 zee the second of these examples change the do_null deref
45 37 variable to 0. *f
45 38
47 39 L] if{do_null deref] |
45 40 L] printf ("TARNING: Thi=s may be an unrecoverable run time e
49 41 /% dereference a NULL pointer */ Ll
1 i vl
Source *  Filer  src_rtechitec.c * Pioc main - |<}g =

Ztopped by runtime error: Array index out of bounds on line 14 of procedul .
rcec.o
I/0: tmp = 0O
=itopped by runtime error: Case/switch index out of bounds on line 27 of
file rtec.o
Stopped by runtime error: Attempt to free something not allocated address@

HNULTI=
-
4| ] b
Crod | ﬁgl 1/0% | Py | The® ] In section: wistext STOFPED INSIDE
<&
Srosecwn, B Framiodde gn &0 e, C 8, CodeTERY Codeany Ban P Ewgy Dl Suktor wgo, Sewia rodiw? MG FawwUcs
Srocesssr Cpee, 2ol Soraa, Satvhasns, e Sadasa s kg v madwnn o Frsscal Serecondste oc Py US fx 7 OF

< ol ok, Yyarad

SN B T Y I T Apectve srars © X013 Fremaias Asreocascns e
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Hands-on 5.2.7: Run Program and Note Fourth Error
HE Runtimecheckytec - MULT Debusger e B S

O Note that the program File Debug View Browse Target TimeMachine Tools Config Windows Help
stops at Main:46 and dLeFAINFpH TS HLERK RAQEA % F ¥

Target Statuz E N
| GH3 Probe (U3B) / PcwerPC 5746M (eZ00z42Z5 core] / rtec | Stopped

reports an error

M 45 37 warishle to 0. %/ -
- Dereferencing the null e 88
. 47 39 L] if {do_null deref] |
pOInter WOUId Cause an 48 40 = printf ("WARNING: This may he an unrecoverable run time e
42 41 /% dereference a MNULL pointer #/
M M S0 42 = ptrint = 0}
exceptlon On thIS board 51 43 /¥ We cannot recover from this gracefully without handli
52 44 the segwentation violation */
= = = . 53 45 DereferencelNull:
- Right click on main:50 s cmem  arinier - erines
55 47 i

f% divide by =zero (yow!] %/

and left click on il -
“Change PC TO ThiS 22 ’ ?zlﬁzeza:ngé recover from this gracefully without handling

1

60 52 the exception *f

I ” 61 53 L] anarray[0] = 15 / arindex:
Line = |
63 55 L] return 0O; Ll
: 13 ”
- Left click on the “"Go <] S
Source ¥ File:  src_rtechtec.c * Proc:  main - | a =

button

=» The next statement causes a dereference of zero. Continuing to run
the program after the null dereference is detected mwight cause your
target to behawve unexpectedly. If you want to skip this statement
right-click on the next executable line and choose "Change PC
to this line' (=]

MULTI> |
< | 1] | r
Cmd| Trg [ 170 T Py J Tic® ] In section: wietest |sTOPPED

“freescale"
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Hands-on 5.2.8: Run Program and Note Fifth Error

- Note that the program
stops at Main:53 and
reports an error

- Left click on the
“‘Disconnect” button to
close the debugging
connection

- Close the Debugger
window

L £

Z “freescale"

¥ RunTimeCheck\rtec - MULTI Debugger E=aE X

File Debug View Browse Target TimeMachine Tools Config Windows Help

diweF AT PN TS LK QARG X E®

Target Statuz @ ks T
| @ GHZ Probe (U3B) / PowerPC S5746M (e200z425 core) / rtec

46 38 s

47 39 L] if(do_null deref) {

45 40 L] printf ("TARNING: This may he an unrecoverables run time e

42 41 f* dereference a NULL pointer +/

S0 42 . ptrint = 0O:

51 43 f% We cannot recover from this gracefully without handli

52 44 the segmentation violation */

53 45 DereferencelNull:

54 46 L] arindex = ¥ptrint:

55 47 i

56 48

o7 49 /* divide by zero (yow!) */

55 50 . arindex = 0O:

59 51 J* We cannot recover from this gracefully without handling [

60 52 the exception */

61 S3mpr—> anarray[0] = 15 / arindex; =

62 54

63 55 L] return 0O;

64 56 . il

4| I r |7

Source ¥ Filer  src_techrtec.c *  Proc; main - |<]§ =
The next statement causes a dereference of zero. Continuing to run -~

the program after the null dereference iz detected might cause your
target to bhehave unexpectedly. If you want to skip this statement
right-click on the next executable line and choose "Change PC
to this line"
Pitopped by runtime error: Divide by 0 on line 53 of procedure mwain in filt|§|

MULTI> | m
< | Tl b
Cmd | Tr 1/0% | P Tfe® | In section: wlstext STOPFED IMSIDE
| Crod | Trg J 10° ] Py | The* |
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Hands-on 5:

- Advanced Tools

1.

2
3.
4

L £

TimeMachine Debugger
Runtime error check
DoubleCheck

MISRA checking

L 4
Z “freescale"
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Hands-on 5.3.1: Load the DoubleCheck Project

+ In File menu of A st spretopen UL . ==

PrOjECt Manager’ Lookin: | DoubleCheck v @7 @
left click on Open . |vame Date moified

Proi t ~p | objs 8/27/2013 3:14 PM
rOJeC Recent Place

£ ces | src_double_check 8/27/2013 3:14 PM

| tgt 8/27/2013 3:18 PM

- Navi gate to . (T default 8/27/2013 314 PM
MULTIworkshop_a et

dvanced F=

Libraries

/DoubleCheck ‘
/default.gpj c;ffu;e,

- Left click on the «w
“Open” button

<|

File name: default

Files of type: [Project (*.gpj)

L £

Srwvecrn, O Fromiente ign. &0, G5, CodeTERE, Codetarsir, O, Coirns, 0 me Mo Evrgy Eiwst Sukiors s, Siwin, rotivil, PG, FowwUICT
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Hands-on 5.3.2: Build the DoubleCheck Project

. Left click the , DoubleCheck\default.gpj - MULTI Project Manager == X
7 . o . File Edit View Build Connect Debug Tools Windows Help
Project Manager ik v ' v
H l Name Type Options
window “bsp mpc5746m 5 -obiect_di=obis saurceDir= -2
[ sic_double_check\double_check.gp] Library -double_check.level=medium -double_check.report

° Close the “Bu"d (3 tgtwesources.gpj Target Resources
Details” and “MULTI
Editor” windows that

Pop up

< | ] »

DA LAY e ) AU L L WL ST P Y ML ) D M L ) e L e
Analyzing demo.cc because demo.inf does not exist
Compiling demo.cc hecause demo.o does not exist
Initializing Editor... done.

Archiving double check.a because demo.o has changed
Done
‘ Build successful (Tue Aug 27 20:59:53 2013)

_SEW_SLMMJ | C:AMULT Ilworkshop_advanced'DoubleCheckdefault. gpj |Power Architecture

=

L £

L 4
Z “freescale"
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Hands-on 5.3.3: Open the DoubleCheck Report

- Right click on
double_check.gpj
In the Builder
window

- Left click on “View
DoubleCheck
Report” in the
popup menu

L £

L 4
Z “freescale"

, DoubleCheck\default.gpj - MULTI Project Manager - [I=20E0
File Edit View Build Connect Debug Tools Windows Help

7

E@QI&:W@\OP\%\%%E

Find: v v

| Initializing Editor... done.

Name Type Options
B € DoubleCheck'default.gpj Top Project -bsp mpc5746m -G -object_dir=objs :sourceDir=. --e
i/ src double: check\double check.gp -double_check. level=medium -double_check.report
3 tat\resources.gpj Target Resources

< | 1 P

AL LAl Ly e Y AAVL L AWl J&HAAUH_\.AMV Al e ) VD W Ll i ) e L L v e )
Analyzing demo.cc because demo.inf does not exist
Compiling demo.cc because demo.o does not exist

Archiving double check.a because demo.o has changed |;|

Done
Build successful (Tue Aug 27 20:59:53 2013)

Status | Info__| Command | | C:AMULTIworkshop_advancedDoubleCheckbsrc_dauble_checkc | Power Architecture

138




Hands-on 5.3.4: Examine the DoubleCheck Report
A @ 492000 . =

[ Green Hills Software x %
- Scroll down to
S C' B gllxps 13066/429985592886 3”/md|meponﬂLll‘lllMll‘llllll ‘7‘,'\\?

the Errors e = :

| Lines per warning“73 l

SeCtion Of the .Errors: |
Browser window By Type:

> [}

. Type | Count ||HideIShow] Showingl
° Left C||Ck on access extends beyond end of |[1][11% |[ice [1][11% |
resource leak |ﬂ 1% "M |_| 1% l i
G E rror 2 » access into deallocated memory [[1][112% ||nige [[1][112%
memery area deallocated twice Il] 1% Hm ] 11[11%
inactive stack address potentially returned |l[ 1% "M l 11[11% l
memory deleted using "delete” instead of "delete[l'][1][11% ||Hize 1][11%
read of potentially uninitialized variable B”SZ%% "m 3|133% =
Total |[s[100%]| |[o][100% |
List:
Sorted by order found | Sert bv error tvpe

25094 resource leak throuah pointer “args™ in function example funci11 in file deme.cc

read of potentiallv uninitialized variable "ret” in function example func10 in file deme.cc

memory area deallocated twice in function example funcS in file dems.cc

read of potentially uninitialized variable "e” in function example func8 in file deme.cc

= memory deleted using "delete” instead of "deletell” in function example funcs in file demo.cc
inactive stack address potentially returned in function example funcS in file demo.cc

access inte deallccated memery in function example func3 in file deme.cc

read of potentially uninitialized variable "need sched” in function example func2 in file demo.cc
access extends bevond end of variable "formattable” in function example funci in file demo.cc

.Warnings: |

By Type:

v I Type || count |[Hide/show|[showing | -

L 4
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Hands-on 5.3.5: Examine First DoubleCheck Error

) CAMULTIworkshop_= x

- Scroll down to

.-th e h I g h |.I g ht.ed DOUb'&ChECk Error Viewer g:_’:::?z of 14) : irﬁr;\ffﬁe %I ’r‘"&:; back to Main Report  Exit & Stop Report Server
information in S

source analysis error #4: resource leak through pointer "args" renouroe leak through printer args

the B rowser Control Flow: resource lesk through pointer “srgs” «Prev Nexts e Tt 5 l
WI n d OW C:AMULTIworkshop_advanced\DoubleCheckisrc_double_checkidemo.cc

C' | [1 gilxps:13066/42998559288633/fn=0e=2b=0,0:326-327#296 i —

~S

-,

p o4 X7 * = P

322 1 HEE

323 2 arg type ~args;
- Note the 22

325 4

resource leak of

[Error: resource leak through pointer "args"

argS In the COde 326 5 3 args = (arg_type*)malloc(sizeof(*args)):
. 327 & if (Yargs)
° Left CIICk On the 328 7 - return MemoryAlliocationFailed;
329 &
£ k” b tt 330 89 - args->cmd = cmd;
BaC u On 331 1@ = args->argc = argc;
382 L i args->argv = argv,
< ot JURRE -8
¢ Left C“Ck On 334 13 e = CreateANSICTask(priority, (Address)cmd entry,
13 ” 335 24 s (Address)CMD STACK SIZE, name, task);
EI’I‘OI’ 3 336 15 if (e != Success) . i
337 16 : . return e; N
338 17 =
339: 18 CheckSuccess (SetTaskIdentification(*task, (Address)args)):; e |
340 19 : CheckSuccess (RunTask(*task)):
341 20 :
392 21" i free (args):;

< |

L £
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..Ands-on 5.3.6: Examine Second DoubleCheck
Error

- Scroll down to ) CAMULTIWOTKShop - X R 2

the hlghllghted € - C [ gilkps:13066/42998559288633/fn=0e=3b=1,0:307-3094277 R =

-~

inf orm at| on in th e DoubleCheck Error Viewer 2;:’;’::73 el Prev lext |Prev Next| ooy 15 pgin Report | Exit & Stop Repor Server

Ermor Call Stack

B rowser Wl n d OW . source analysis error #14: read of potentially uninitialized variable “ret” ..4 of potentially uninitialized variable “ret"
Control Flow: r=ad of potentislly uninitislized varisble “ret” «Prev Nexts
I‘:—xsmgle func1d (£10) l

° N Ote th e C:\MULTIworkshop_advanced\DoubleCheckisre_double_checkidemo.cc

. - . 291
. . 293 : //** Example %10
Varlable ret in the 204 : //#* Bt first glance cne might think ret was
285 HIRY 2" el always properly set but when len == 0 this
(j 296 Y & Aok unction returned garbage.
code . e R
298
o Close the : int example funcilO(int dest/*fd*/, unsigned int srcAddr, unsigned int len)
i |

. unsigned char *buf = (unsigned char ¥*)srcAddr;
Browser window
wnile (len > 0 && (ret = my write(dest, buf, len)) > 0) {
buf += ret;
len —= ret;

il
2
3
4
5
&
7
8
g

: read of potentially uninitialized variable "ret"
Jise {0/ ‘return ret; :

~

i1

AL R R R

I

L £
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Hands-on 5:

- Advanced Tools

1.

2
3.
4

L £

TimeMachine Debugger
Runtime error check
DoubleCheck

MISRA checking

L 4
Z “freescale"
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Hands-on 5.4.1: Load the MISRA Project

- InFilemenu of  EEETETT

PrOjECt I\/Ianager, Lookin: | (. DoubleCheck v @2 @

Ieft CI |C k on I Name - Date modified
. -~ | objs 8/27/2013 3:14 PM
Open Project Receniipiaces || (. srcidoubie chieck 8/27/2013 9:05 PM

I I tgt 8/27/2013 3:18 PM

- Navi gate to —> (% default 8/27/2013 3:14 PM
MULTIworkshop e

advanced —

\_M I S RA L:braries
\default.gpj C;,;kpu;e,

- Left click on the
“Open” button

File name: default

Files of type: [Project (*.gpj)

Frovecws, Ow Frmtede ign. 0w, G5, CodeTERT, Codlansir, O re. Ut res, U o e Erergy B Sukitore wgo, Shwin, rotee
Srocesssr Kicoee, Joall, Sorans, Satnhans, Sa Savdarar ks, SanCas Syvgreny ad Voriie s mademnc o Frsscas Seccondate, oe Fey US

Y 4 o
s 143 s
™ . o /. e Sk & - - Rt & At \ 4
Artar, Sevta BeaStnch. Cowier. S Lywaogn, Mgy, VBT Pt = ¢ Ftage, Oor Oomvergs. OUOC Evprw Fleniy Py, SWUEVOS “owwr fumsolos. Vyors
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Hands-on 5.4.2: View MISRA Rule Checking Options -1

. Right click on A -
d f I t 5 n th File Edit View Build Connect Debug Tools Windows Help
e?‘u -gpJ | € E@ ks BB R G%E
Project Manager frd -
. . Name Type (Options
WIndOW -V E m MISRA\default.gpj -bsp mpch746m -G -object_dir=objs :sourceDir=. --ee -misra_2004
(B src_dbg\basic_dbg.gpj Program -object_dir=objshbasic_dbg

° Left CIICk On & Set 3 totwresources.apj Target Resources
Build Options...” in
the popup menu

< | 1] »

Status [Info | Command | [ ML Tiworkshop,_advancedsMISRANdefaul gpi |Power Architecture
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Hands-on 5.4.3: View MISRA Rule Checking Options - 2

N e o

All Dptions | Madified Options

- Expand the
C/C++ Compiler

1 Option Categonies: Build Optiong in Categany:
options
p ;anEtt MHame " alue
. st tISRA C 2004 Rules - 1 Environment N
i L eft C I | C k O n gpttllmlze!tmn MISRA C 2004 RBules - 2 Language Extensions il
B N F'rlngapl:ggnlansg'lsnr MISFA C 2004 Rules - 3 Documentation
. MISRA C 2004 Rules - 4 Character Setz
MISRA C 2004 >':“’ ashLl . MISRA C 2004 Rules - 5 dentifiers
MISEA C 1990 MISRA C 2004 Rules - & Types

FMISHA C 2004 Rules - 7 Congtants

- Right click on
group 8

Diata Types AT MISFA C 2004 Rules - 8 Declarations and Defintions
%ﬂ%ﬁ?egt f'”gupa':t.'”g MISRA C 2004 Rules - 9 Intialization
A A0S0y sRA C 2004 Pules - 10 Arithmetic Tupe Corversions

EEECial Taokens FISAA C 2004 Rules - 11 Painter Type Conversions
1 MISRA C 2004 Rules - 12 Expressions
(DeCIaratI O nS .E._sskemhler MISAA C 2004 Rules - 13 Contral Statement Expressions
- ey E'” Ef.l Diagrost MISFA C 2004 Rules - 14 Control Flow N
an d Defl NItIo nS) Diﬂgl';éhézﬂgj&i] MISRA C 2004 Rules - 15 Switch Statements
MISRA C 2004 Rules - 16 Funchions
Left click Advanced MISRA C 2004 Pules - 17 Pointers and dmrays
° MISRA C 2004 Rules - 18 Structs and Uniohs il
e C I C O n MISEA T 2NN4 Bules - 19 Prenrnreszinn Direchves
13
»
2004 RU IeS N Documentation for AMFSRA C 2004 Ridas - § Declarations and Definitions
the popup menu =
* 8.1 [R] Functions must always have prototype declarations
(—-misra Z004=8.1) — Enforced -
Command Line | Documentation |
. .
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Hands-on 5.4.4: Set MISRA Rule Checking Options

. Left click on the “+” Edit Combination Switch Option

button MISR& C 2004 Rules - 8 Declarations and Definitions:
" alue Option
° Note that a” Of the + g.1 [R] Functions must always have prototype .
- .2 [R] Ewery function must have ah explicit [
group 8 CheCkS are + G.3 [AL] Function declaration and definition po
- .4 [R] HMultiple declarationsz of an object or
enabled + §.5 [R] No object or function definitions in o=
- .6 [R] Functionz alwgvz declared at file oo
: “ ” * 8.7 [R] Use function d 85 [R] Mo object or function defi
¢ Left CIICk On OK + 5.5 [R] External Dbjeimmémrv——'
. + .2 [R] ©Only one external definition for an e
° Left C||Ck on “Done” |n * .10 [R] STiatic linkage of file scope declara -

the Build Options ‘ ‘ "y | | o
]
:
|

: M = [ oK) [(Cancel] (i
window
Documentation for MISEA C 2004 Rules - § Declarations and -
Definitions |§| ‘
* §.1 |R] Functions must always have prototype declarations
(--misra 2004=5.1) — Enforced. |
Associated diagnostics include 223, 1547, 1791, 1800, and
1970
| —— 4
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Hands-on 5.4.5: Build with MISRA Rule Checking

- Note that the
MISRA checks
have been

'MISRA\def ault.gpj - MULTI Project Manag
File Edit View Build Connect Debug Tools Windows Help
B Q'E?:‘“a‘? BRI R GDEXE
1 A

Find: v
ad d ed to ‘ Name Type Options
L -bsp mpch746m -G -object_dir=objs ;sourcelir=. --ee ~misra_2004=8.1-8.12 -
(B src_dbg\basic_dbg.gp] Program -object_dir=objs\basic_dbg
defau It'g pJ In 3 tatsresources.gpj Target Resources T
the Project
Manager
window
- Left click on
11 . b}
the “Build
button
| Status [Info_J Command| | CAMULTIworkshop_advanced\MISRANdefault gpj |Pawer Architecture
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Hands-on 5.4.6: View MISRA Rule Violations

- Left click on
the first error
in the Build
Detalils
window to see
the
corresponding
source code in
the Editor
window

- Close the
Build Detalls
and Editor

windows.
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[ & Build Details i - I L EERER)

H& AE% 2214 &

"src_dbg\linked_list.c", line 56: error #1800-D: MIIRAL 2004 Rule &.1:
defined without & prototype
wold print global list()

A

function

"src_dhgilinked_list.c", line 75: error #1800-D: MISEL Z004 Rule §.1:
l defined without a prototype

woid add to list(char *name, int age, enum gender gender)
A

function

"src_dhg\linked_list.c", line 88: error #1800-D: MIIRAL Z004 Rule S.1:
defined without a prototype

wvoid inerement counter [(woid)
A

function

"src_dbgilinked_list.c", line 93: error #1800-D: MIZEL 2004 Eule 5.1:
defined without a prototype
long fact [(long n)

A

function

"src_dhgilinked_list.c", line 104: error #18500-D: MISEL Z004 Rule 5.1:
function defined without a prototype
woid do_loop (woid)

| a

"src_dbg\linked_list.c", line 112: error #1800-D: MIIRA 2004 Rule &£.1:
function defined without a prototype
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Additional Resources

- Freescale MCU Training and Events

- Summary: Live in-depth training, seminars, on-demand training,
webcasts and other resources.

- Website: www.freescale.com/training

- Green Hills MULTI Training Class

- Summary: This two-day course provides complete exposure to the
MULTI® Integrated Development Environment (IDE), teaching
students how to fully tap in to all of its powerful capabilities while
developing their applications.

- Website: http://www.ghs.com/training.html
- Contact: Mark Wagner (mwagner@qghs.com)
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http://www.freescale.com/training
http://www.ghs.com/training.html
mailto:mwagner@ghs.com

- Thank you
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