LAB conventions

Before starting, it is important to review some lab conventions that
will ease your work...

« Lab steps are in black and numbered for easier reference
1. ...
2. ...

« Explanations, notes, warnings are written in blue

— Warnings are shown with 2\
— Information is marked with (i)
— Tips and answers are marked with .

— Questions are marked with Q
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GPIO LED Blink Example: Exercise Summary
« Key Objectives
— Create and build a simple program to blink USR2 LED (D4)

— Start a debug session and load/flash the program on the BeagleBone
— Run the program to blink USR2 LED

* Tools and Concepts Covered
— Workspaces
— Welcome screen / Resource Explorer
— Project concepts
— Basics of working with views
— Debug launch
— Debug control
— Profile Clock
— Local History
— Build Properties
— Changing compiler versions

13 TEXAS
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Import ‘gpioLEDBIink’ Project

1. Import the gpioLEDBIink
project into the CCS
Workspace by going to
menu Project - Import
Existing CCS Eclipse
Project

2. In the box Select search-
directory, type or browse to
the Starterware installation
directory:

C:\TNAM335X_StarterWare_02_00_0
0_06

3. Wait until the tool finishes
discovering the available
projects.

4. Select the project
gpioLEDBIink

5. Click Finish

Run  Scripts

=

-
o1

1

Window Help

s Import CCS Eclipse Projects

Select Existing CCS Eclipse Project
Select a directory to search for existing CCS Eclipse projects,

@ Select search-directo CATIAMSIESX StarterWare_02_00_00_06

() Select archive file:

Discovered projects:

O 67 yshedabylk [C:HTTWAMI35X_StarterWare_02_00_00_064\bu =

& A\TIAMB35X_StarterWare_02_00_00_06\bui |

[[] e cewbimmaseertfiter [C:\TIAM335X StarterWare_02_00_00_06"

[ 1257 adMabbdascrrs [CA T AMMIIRY Crarkerfifare (17 A0 A0 AR
4| 1 | 3

[7] Copy projects into workspace
[7] Automatically import referenced projects

Open the Resource Explorer and browse available example projects...

@

Finish

Browse...

| B

Browse...

Select All

Deselect All

Refresh

Cancel

[Zl Problems 2

13 TEXAS
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Build ‘gpioBlinkLED’ Project

In the Project Explorer view, select the
gpioLEDBIink project (it should appear
[Active — Debug]) to make it active

Click on the Build icon in the toolbar. The

project will start the building process.

When using a newly installed CCS, the tool will take
extra time to build the Runtime Support Library (RTS)
at this time. This is normal and will only happen once.

File Edit VYiew Mavigate Project Run  Scripts Window

‘{jv ﬂ%v ﬁ\v Q:'v {::I

Build 'Debug’ for project 'gpicLEDBlink' l

L™ Project Ex

s

4 [ gpiolLEDBlink [Active - Debuq]

*

¢ = Release

- [ gpioLEDBlink.c
[#]' gpioLEDBlink.cmd

s

3. The Console view will appear at the bottom
. . . \ c = H
with build messages (information, warnings, Dcomsae |
the roect bL“IdS COT Build Console [gpicLEDElink]
errors) as the proj 0 o[ BER B
. . "I ki : TMS47@ Linker' e
4. The Problems view will also appear at the cLinkings T
bottom to highlight any possible build errors. Finished bullding target: | |
A\ When building the RTS, some warning messages will ~|beag| 2t Problems &2 T =
appear in the problems view and can be ignored. 0 items .
Description Resource
5. If the build is successful, the Problems view will
contain no errors (warnings can still be seen)
4 I I
i3 TExas
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Create a Target Configuration File

@ \ Project Explorer i2 s~ =0
In order to connect to the board, a 415 apjglEDBIi :
) : . e o
Target Configuration File must be b [T | Project...
created. This file contains the 5 Copy CtrleC | [¥ File
information about the JTAG emulator ; Paste H é‘ File from Template
. Delete Delete Folder
and the device to be connected. o : e
1. Inthe Project Explorer, right-click on Target Configuration

the project and select New -2
Target Configuration File. A dialog
box will be shown - give

BeagleBone as a name and click |
FiniSh [ Use shared location

Create a new Target Configuration file,

File name: BeagleBone.ccxml

Location: /gpioLEDEBlink
@The target configuration editor will be Basic

ShOWh General Setup
This section describes the general configuration about the target,
2. For the Connection choose Texas Connection ([Texas Instruments XDS100v2 USB Emulator -
Instruments XDS100v2 USB Board or Device  type filter text
Emulator [] BeagleBoard =2
. - BeagleBoard <M J
3. For the Board or Device choose <| BeagleBone
BeagleBone aze 4430
[T Rlaze 44AN

INSTRUMENTS
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Debugger is ready for launch

() The Target Configuration File
will be added to the project

D) The [Active/Default] indicates
this is the target configuration
that will be used to debug this
project (Active) and is also
the Default for all other

File Edit Wiew Mavigate Project Run

rﬁ' - 'I'-:_, - :ﬁz\ - /Qn -

Scripts . Window  Help
B o

(5 Project Explorer &7 =i =S -

s

4 = gpioLEDBlink [Active - Debug]
[ :j;-? Binaries
[ @'].I Includes

[ = Debug
[ = Release

f gpiol EEEee
! —_—
BeagleBone.coxml [Active/Default]
e, =t —

7, BeagleBone.ccxml &2 L
Basic

General Setup
This section describes the ¢

Connection Jexasdns

> Board or Device  type filte

. [] Bea:
projects of the workspace :
(unless they have active
configurations of their own).

i3 Texas
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Debug ‘gpioBlinkLED’ Project

1. Click on the “green bug” button —

make sure the project is selected!

2. When the Debug Session is
launching, CCS asks which cores
to load. De-select
M3 _wakeupSS 0

@ This happens because BeagleBone
has two cores compatible with the
project (ARM cores)

@ When you hit the green bug button,
several actions are done automatically
— Prompt to save source files
— Build the project (incrementally)

—  Start the debugger (CCS will switch
to the CCS Debug perspective)

— Connect CCS to the target
— Load the program on the target
— Runto main()

Ria_Fdit  View Mavigate Project F‘.un Scripts  Window Help

—
(75 Project Explorer &7

¥ = O 4 BeagleBone.ccxml &2 L
4= gmeEDBImk [Actwe Dehug]

Basic
s f;_ Binaries
> [l Includes General Setup
> (= Debug This section describes the ¢
> [= Release

Connection

Texas Ins

Board or Device type filte

[[] Bear

> ¢ gpieLEDBlink.c
%] BeagleBone.ccxml [Active/Default]

-

[€ gpioLEDBlink.cmd
| ) -

v« Launching Debug Session

The project gpicLEDEBlink is compatible with multiple CPUs in the target configuration.

Please select the CPUs to load the program on:

[ Texas Instruments X05100v2 USE Emulator_0/M3_wakeupS55_0
Texas Instruments XD5100v2 USE Ernulator_ 0/ CorteAR

i3 TEXAS
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Debug ‘gpioBlinkLED’ Project

P
&% CCS Debug - gpiol EDBlink/gpiol EDBlink.c - Code Composer Studio

File Edit View Project Tools Run  Scripts  Window Help

M-DE [Eesg- DR~ O - £~

><® Texas Instruments XD5100v2 USE Emulator_0/M3_wakeup55_0 (DiscmH
o Texas Instruments XDS100w2 USB Emulator_0/Corbet8 (Suspended - 5
= main(} at gpioLEDBlink.c:66 080000090
= start_boot() at startup.c:135 0x80000F54 -
< | m | 3

%5 Debug E@] = O || 9= Variables &2 | &1 Expressions| 813 Registers| ] | ea 5 X % rﬁ\ﬂ‘ = =8
% O L] | oo 3 T -[r"Z| - Q!,;.l @3~ || Name Type Value
¥l gpioLEDBlink [Code Composer Studio - Device Debugging] -

Location

BeagleBone.coxml I@ gpicLEDBlink.c &2 l

6@ ** INTERNAL FUNCTION DEFINITIONS
Bl *****************************************************************************Jﬁ
B2 /¥
63 ** The main function. Application starts here.
64*/
l' 65 int main()

7@ /* Selecting GPIOL1[23] pin for use. */
71 GPIO1Pin23PinMuxSetup();

73 /* Enabling the GPIO module. */
74 GPIOModuleEnable(GPIO_INSTANCE ADDRESS);

CortxA8: Output: DDR PHY Configuration done
CortxA8: Qutput: **** JAM335x DDR2 EMIF and PHY configuration is done *%**
CortxAB: Output: **** AM335x 15x15 EVM Initialization is Done *****xsxsxsxszszss

75
76 /* Resetting the GPIO module. */
77 GPIOModuleReset (GPIO_INSTANCE_ADDRESS);
78 -
1 r
| Bl B-r5-=10
gpicLEDBlink
LortxAg: Output: DUR PHY UATAL Regilster CONTiguration 15 1M Progress ....... N
CortxAB8: Output: EMIF Timing register configuration is in progress .......
CortxA8: OQutput: EMIF Timing register configuration is done .......

7% [ Licensed ARM | LE | 5YS | MMU Off

L —
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Blink USR2 LED (D4)

1. Press the Run button @ to run the program
@ USR2 LED on the BeagleBone should now be blinking

LLbl oo

- Ui
llllll

BeagleBone Rev. A3
h"“' §011BB000958

~ _

- |
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Debugging: Using Watchpoints

@A Watchpoint is a type of breakpoint that

monitors activity on a memory address %0 Bicakpoints =2
Cd | F

In this step we will set a watchpoint to halt the CPU
anytime the LED will toggle

1. Press the halt/suspend button u to halt the
running program

— The code should stop either in the Delay() function

mditicn Breakpoint

Context Breakpoint
Count Event
Hardware Breakpoint
Hardware Watchpoint
Profile Control Point
T

or somewhere inside the while(1) loop ,

2. Open the Breakpoints view
— View - Breakpoints

N 7 .
«« Hardware W\akf{p oint ﬁ
Location: | Ox4804C194
Memuory: [Write vl
[ Ok ] [ Cancel ]

= =

3. Create a new Hardware Watchpoint

. . = = = 1010 E \/ .
_ LOCatIOH Set It to OX4804C194 9= Variables | &' Expressions | 118 Registers | ©g Breakpoints (2

(GPIO_SETDATAQUT register) ot -~
— Memory: Write 7] %5 0:4804C194 Watchpoint

¢ | %%

Condition Count

13 TEXAS
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Debugging: Using Watchpoints
1. Runi> the target again. Execution will automatically halt when USR2 LED is

toggled (the GPIO_SETDATAQOUTPUT register is written to)

@ Notice that CCS will show a warning about a missing source file... If the project
builds fine (with no errors), why does this happen?

%% Debug 1 l = O || t9= Variables |‘5§'F‘ﬂ Expressions | 148 Registers [00 Breakpoints &3 ‘ = b

%0 ] B| 22322 & -S|~ X T ERYE=N=E-

4 % gpioLEDElink [Code Composer Studio - Device Debugging]
x@ Texas Instruments XD5100w2 USE Emulator_0/M3_wakeup55_0 (Discoi
4 f# Texas Instruments XDS100w2 USB Emulator_0/CorbeAB (Suspended - F
|= GPIOPinWrite{unsigned int, unsigned int, unsigned int){} at gpio_

Identity Mame Condition Count Action
2 (x4804C194 Watchpoint

m [ »

= main() at gpioLEDBlink.c:90 0800000 C -
' m | b 'y 1 |
%/ BeagleBone.coxml | @ gpicLEDBlink.c [E GPIOPinWrite(unsigned int, unsigned int, unsigned int) at Z:/StarterWare_GITORIOUS_PSP/StarterWare_02_00_00_08/dr... &2 =8

Can't find a source file at "Z:/StarterWare_GITORIOUS_PSP/StarterWare 02_00_00_0&/drivers/gpio_vZ.c"
Locate the file or edit the source lookup path to include its location.

[ View Disassemnbly... ]

. CCS halted in the middle of code that is located inside a library, but it can’t find
its corresponding source file. You can click on the button Locate File and pomt
to your local copy of the Starterware library source file. :

i3 TEXAS
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More Debugging

@Investigate other debugging views (Open via View menu)
— Memory Browser

— Reg|sters [ View | Project Tools Run

Scripts

. . @ TI Resource Explorer
— Disassembly (see next slide) 1o o
o Project Explorer
. B QOutline ]
(i)Set breakpoints | & Probles
— Double click on a source line to set/clear f ; ;t' o i
cripting Console H
— See list of breakpoints with the Breakpoints view 4 Target Configurations F;
! . ;ﬁ Debug L
(i)Use the buttons in the Debug view to: | @ Memory Browser
— Restart the program | e :
— Source stepping 0= Variables n
. == Disassembly
- Assembly Stepplng B Breakpoints r
=i Modules :
Other... r\
i3 Texas
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View: Disassembly

1. Open the Disassembly view. Go to the main() symbol in this
view by typing “main” in the address field and hit <ENTER>

(i) Just as an example, the picture below shows the current location of the
PC (small blue arrow) and any breakpoints (small blue circles)

2. Toggle the Show Source button. Note the toggling of interleaved
source with the disassembly

== Disassembly &3 - O

main *|% Dj}.@|fﬁfv

handler start:|

500EBdSc:  ©EPEEERe ANDEQ RG, RB, RO Copy Ctrl+C
2. 68 i Select Al Ctrl+A
malin:
» eepadop: | EJ2D4B@8 STMFD R13!, {R3, R14} Gl e
E> 68 GPIO1ModuleClkConfig();
5ee@edI4:  EBFFFF4C BL GPID1ModuleClkConfig v Show Symbols
71 GPIOLPin23PinMuxSetup(); Preferences...
ZeeEedos:  EBFFFF47 BL GPIO1Pin23PinMuxSetup
E> 74 GPIOModuleEnable (GPIO INSTANCE ADDRESS); Patch Assemblv...
geeeedoc:  ES9F@es4 LDR R@, $CHCONL :
50000da@:  EBFFFE3S BL GPIOModuleEnable Disassembly Style...
E> 77 GPIOModuleReset (GPIO_INSTANCE ADDRESS); _
gpe@Bdad:  ESIF@BTC LDR RO, FCHCONL =] RuntoLine Ctrl+R
geepadas: EBFFFE2F BL GPIOModuleReset T MoveTo Line
an GPTOMN riMndeSet (GPTO TNSTANCFE ANDRESS.
4| ] . Resume At Line

13 TEXAS
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Debugging: Using Profile Clock

() The profile clock
— Available on most devices and can be used to count cycles

— On some targets it can be used to count other events like cache
hits/misses, bus stalls, etc.

1. Enable the Clock
— Menu Run - Clock - Enable
—  The clock will now be displayed on the status bar

=% & Licensed ARM | LE| _ws| MMU OFf (5 20

(i) Check that the watchpoint that is watching for writes to
GPIO_SETDATAOUT is enabled

2. Click the Run o button
— Clock should now show ~267M cycles

. Tip: Double-clicking on the clock icon will reset the count to ‘0’

13 TEXAS
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Increase USR2 LED Blink Rate

(i)The blink rate of USR2 LED can be increased by changing the
value of the delay

1. Modify lines 90 and 97 of gpioLEDBIink.c
— From: Delay (Ox3FFFF) ;

— To: Delay (OX1FFFF) ;

[E] EL\IEEone.ccxml [ @ *gpioLEDBlink.c 2 l E GPIOPinWrite{unsigned int, unsigned i

GPIO_DIR_OUTPUT);
while(1)

1
Driving & logic HIGH on the GPIO pin.
GPIOPinWrite (GPIO_INSTANCE ADDRESS,

GPTO_INSTANCE PIN_NUMBER,
GPIO_PIN_HIGH);

Delay(@x1FFFF);

Driving & logic LOW on the GPIO pin.
GPIOPinWrite (GPIO_INSTANCE_ADDRESS,

GPIO_INSTANCE_PIN_NUMBER,
GPTIO_PIN_LOW);

Delay(@x1FFFF);

I

e |

|
2. Remember to disable the watchpoint set before! Go to the Breakpoints
view and uncheck its checkbox

i3 TEXAS
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View: Local History

& [#; CCS Debug |07

“ | CCS Edit perspective

reakpoints i3 |

@CCS keeps a local history of source changes
& | W

e D& T

1. Switch to the CCS Edit perspective
2. Right-click on a file in the editor and select Team - Show Local History
@ You can compare your current source file against any previous version or replace it with any
previous version o | R ==
1. Df)uble-_cllck on a revision to open it in the e(_Jllt.or _ gpioL EDBlink.c FE A& ®| B
2. Right-click on a revision to compare that revision to the current version Revision Time
[ € Compare (Mo Structural Differences) B 20004712 14:52
B 20/04/1214: Open -
B 02/04/1201:
Open With r
|_—Compare Current with Local -
[£] C Compare Viewer L5l < UL W S Get Contents
Local: gpicLEDBlink.c Local history: gpioLEDBlink.c 20/04/2012 14:50:23 -
i /* -
* \file gpiolEDBlink.c * \file gpiolEDBlink.c ;
’ ‘\brief This application uses a GPIO pin to co ’ A\brief This applicati T a GPIO pin t‘D’
an LED present on the baseboard. “. an LED present ®n the baseboard.

I e
Copyright (C) 2818 Texas Instruments Incerporat * Copyright (C) 2818 Texas Instruments Incorp

,
i
Redistribution and use in source and binar

e
Redistribution and use in source and binary fo *
modification, are permitted provided that

modification, are permitted provided that the
* are met: * are met:
Redistributions of source code must retain f Redistributions of source code must reta
* | nntire  +hiz list nf ronditinne and +he Fal1 * | nntire  thiz lizst nf canditinns and the
< [0 3 < [ +

@ CCS also keeps project history
If files are deleted from the project, CCS can recover them

1. Right-click on the project and select Restore from Local History in the context menu
i3 TExas
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Rebuild Project

1. Switch to the CCS Edit perspective

2. Rebuild the project

— Menu Project = Build Project

(i)ccs will automatically detect that the
currently program being debugged has
changed/rebuilt and ask if it should

reload the file

3. Select Yes and CCS will

[Project] Run Scripts Window Help

=

g @

Mew CCS Project
CC5 Example Projects

Build All

Build Configurations
Build Project

Build Working Set
Clean...

Build Automatically
Show Build Settings...

Add Files...

Import Existing CCS |ect
Import Legacy CC5%03.3 PyGject

Dronertiec

Ctrl+B

reload/reflash the program and

run to main()

xv Reload the program automatically

R

Do you want to reload this file?

[ Remember my decision

\-.I A file that you are debugging (gpicLEDElink.cut) has been modified,

13 TEXAS

INSTRUMENTS




Blink USR2 LED

1. Switch to the CCS Debug perspective

2. Press the Run button " to run the program
@ The USR2 LED on the BeagleBone should now be blinking at a much quicker rate
If not, remember to disable (not delete) the watchpoint set in the previous session! ©

S|

BeagleBone Rev. A3
a0 01188000958

=5 8
i -
o

T
™M
s Wiy
A
>
w 5
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Debugging: Profile Clock — Part 2

Pause [ execution of the program
Double-click on the clock icon in the status bar to reset the value to ‘0’

Enable the watchpoint for GPIO_SETDATAQOUT

A

Click the Run = button
— Clock should now show ~133M cycles (1/2 of 267M)

13 TEXAS
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Terminate the Debug Session

1. Inthe Breakpoint view, delete (not disable) the watchpoint, as it
will not be used in the next lab — simply highlight it and press
the <Delete> key.

2. Go to the Debug View
3. Click on the terminate ® button

4. This will kill the debugger and return you to the Edit perspective

13 TEXAS
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Changing Project Properties

1. Make sure you are in the CCS Edit perspective

2. Right click on the gpioLEDBIink project and select Properties

[ Device and high level settings

«+ Properties for gpiolEDEBlink

type filter text

[» Resource

[ Compiler Options

]//

[ Linker Options

//Debug

P  General

4 Build

4 ARM Compiler
Processor Options
Optimization
Debug Options
Include Options
MISRA-C:2004

[» Advanced Options
> ARM Linker

2 i
C) Show advanced settings

General

Configuration: ’Debug [ Active ]

'] ’Manage Configurations...

E Main

Output type: | Executable

Device

Family: ARM

Variant: <select or type filter text> * | Generic CortexAS Device -
* Advanced settings

Device endianness: ’Iittle vl

Compiler version: ’TI v4.9.5 '] ’ More... ]

Output format: ’eabi (ELF) vl

Linker command file:

Runtime support library:  <automatic>

- Browse...
- Browse...

ok || cance |

13 TEXAS
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Changing the Compiler Version

Click on General
Click on the More... button beside the Compiler version Tl v4.9.5

Check the option Select new build-tool from file-system

A

Browse to the location of the new compiler tools and click OK
C:\ti\ccsv5\tools\compiler\tms470_4.9.6

w+ Select Compiler Versicn

E:g TS

Please select the compiler version, Alternatively, browse to a build-tool location in the file-system, That tool
will automatically be registered for future use.

ISA Family: ARM

Compiler

() Select compiler version: TIvd.8.5

@ Select new build-tool from file-system:  Ca\ti\ccsvS\tools\compiler\tms470_4.9.6

[ ok || cance |

(i)ccs will determine what compiler is located there and select it for your
active configuration. You will see that Tl v4.9.6 is now specified

13 TEXAS
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Changing Build Options

Build options are set per build configuration

1. Change your Configuration to Release

Configuration: ’RE|EESE "’l [ Manage Configurations...

2. Change the optimization settings
— Go to the Build = TMS470 Compiler = Optimization
— Change the optimization level to 4

Configuration: ’RElEESE *] ’Manage Conﬁgurations...]
Optimization level (--opt_level, -0} ’4 v]
Optimize for speed (--opt_for_speed, -rf) ’ v]
3. Click OK
i3 Texas
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Changing Build Options

1. Change the active configuration to Release
— Right click on the Project
— Select Build Configurations - Set Active = Release

2. Build the project by clicking the build button

— In the console view you will see that the Release configuration has been
built

()You can also change the cenfiguration and build it by clicking on
the arrow beside the build button and selecting the configuration
you want to build

— Select Release and it will build this configuration

— The active configuration is indicated by the Checkmark
£S5~ R v 5~
1 Debug
v 2 Release

“ Project Explorer

4 > gpiolEDBi
3 -JJ_D‘ Rimariar

13 TEXAS
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GPIO LED Blink Example: Exercise Summary

« Congratulations! You finished all the lab steps for the first half.

« At this point you experimented the following concepts:
— Workspaces
— Welcome screen / Resource Explorer
— Project concepts
— Basics of working with views
— Debug launch
— Debug control
— Profile Clock
— Local History
— Build Properties
— Changing compiler versions

 If you still have some time before the next half, please move to the
optional steps of the lab:

— Debug symbols
— Profile

13 TEXAS
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Optional: Load the optimized code

1. After building the code, hit the “green bug” button

@ Do you see any source code? Why not? (answer in the next slide)

i I
w% CCS Debug - Source not found. - Code Composer Studio E@g

File Edit View Project Teools Run  Scripts Window Help

rﬁv % [gv s b ib - @ ﬁ\v an ﬁ L= CCSDEbUg @t»
% Debug 52 I = O | t9= Variables | & Expressions | il Registersloo Breakpoints &2 I =0
“Ze I B 222 o @RS ” X EHE# I BEET
K% gpioLEDBIink [Code Composer Studie - Device Debugging] * || Identity Mame Condition Count Action

X® Texas Instruments XD5100v2 USE Emulater_0/M3_wakeup55_0 (Discol_
g Texas Instruments XD5100v2 USB Emulator_0/CortxA8 (Suspended - Sﬂ
= main() 0xB0000DCE (main has only skeletal debug infa)
X@ Texas Instruments XD5100v2 USB Emulator_0/PRU_D (Disconnected : | =
' 1 | b

[€] gpiolEDBlink.c [I‘EI main() at 0x80000dc8 2@] =8

Mo source available for "main() at 0xE0000dc8"

View Disassembly...

13 TEXAS
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Optional: Add the debug symbols

. A: The code loaded before does not have debug symbols...

1. Switch back to CCS Edit Perspective
— Right click on the Project; select Properties = Compiler - Debug Options
— Set Debugging Model to Full Symbolic Debug

type filter text Debug Options =14 - -
Resource
Genera |
Build Configuration: [RE|EESE [ Active ] '] ’Manage Configurations...]

TMS4T0 Compiler
Processor Options

Optimization . -
Debug Options Debugging medel [F ull symbelic debug (--symdebug:dwarf, -g) v]
Include Options [] Optimize fully in the presence of debug directives (
MISRA-C:2004 . . . sllE= dwart Q)
. Specify DWARF version (--symdebug:dwarf_version) Symbolic debug for pregram an I)r (def ult) (--symdebug:skeletal)
Advanced Options Full ymbolic debug (COFF, deprecated) - symdebugicof
TMS470 Linker Function profile dbg(COFde cated) [--symdebug:profile_coff)
Debug Suppress all symbolic debug generation (--symdebug:none)

2. Build the project by clicking the build button
— CCS will ask if you want to reload the code. Click Yes.

3. Switch to CCS Debug Perspective

() You should see the source code now. The option above allows the

debugger to properly correlate with the source codekpmexas




Optional: Profile the optimized code

1. Add the watchpoint for 0x4804C194 (GPIO_SETDATAQUT
register)
— Refer to slide 10

2. Enable the Profile clock
— Refer to slide 14

3. Run the code
— In the first time you should get around 70k cycles.
— In the second time you should get around 130M cycles.

()Why did the optimization not change the cycle count too much?

— The code spends most of its time in the Delay() function (slide 15), which is
mostly a do-nothing loop and thus not very optimizable.

— Therefore the optimizer can only optimize some conditional and control calls
across the entire code.
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GPIO LED Blink Example: Optional Exercise
Summary

« Congratulations! You finished all the optional lab steps.

« At this point you experimented the following concepts:
— Debug symbols
— Profile

A\ Stop at this time and wait for the next half of the presentation.
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UART Echo Example: Exercise Summary

« Key Objectives
— Create a new portable project based on the UART Echo example
— Create workspace level variables for the project
— Link files to the project using variables
— Configure build properties using variables
— Validate project by building, loading and running the program

 Tools and Concepts Covered
— Portable Projects
— Linked resources
— Linked resource path variables
— Build variables

13 TEXAS
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Create a New Project

1. Launch the New CCS Project

Wizard
— Go to menu File > New - CCS Project

2. Fillin the fields as shown in the
right
— Project name: uartEcho
— Device 2 Family: ARM
— Variant: BeagleBone [Cortex A]

— Connection: Texas Instruments XDS100v2
USB Emulator

3. Click Finish when done

(i) Generated project will appear in

) Mew CCS Project

CCS Project
Create a new CCS Project,

Praject r‘IaI‘I‘IE:q‘LI_EitEdl?)

Cutput type: IExev:utabIe

¥ Use default location

Location; I C:\ecsv52\techday_workspace\uartEcho

Etowse, .. |

Device
Eamily: ARM hd
Variant: I <select or type filter texts deeagleBone [Cortex A] S 'l

Connectiong{Texas Instruments XDS 100v2 USB Emulator >

=~

b Advanced settings

w Project templates and examples

I type filter text

the selected device,

El-[{=| Empty Praojects
._1_‘3[ Empty Project:
,_1_-:, Empty Assembly-only Project
. [ Empty RTSC Project
Elh;E, Basic Examples

: ,_1_:, Hello Waorld

IPC and IjO Examples

Creates an empty project fully initialized for ;I

the Project Explorer view S aramos -
.75 Syt e 17181 - =l
4. Remove the generated files
<main.c> and <AM3358.cmd> from
the project 2 cpack | weds || Emsh | cancel
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Create a Linked Resource Path Variable

Here we will create the Linked Resource Path Variable which will
be used when linking source files (resources) to the project

1. Open the workspace

preferences ol
— Menu Window - Preferences (D) e P Geow |
=- General
. 5 Editors [¥ Enable linked resources
2' GO to the LI n ked Resou rces EI Elédl-?':l'extEdib:nrs rDrag and drop items on a folder or project
p referen ces - Linked Mode % Prompt ¢ Copy ¢ Lnk ¢ Linkand create virtual folders
[=- Workspace
TR ) . . - Linl esources r~Drag and drop items on a virtual folder
- Type Llnked In the ﬂlter fleld to Hnkedt E:agrompt :'I'tljnk - Lin:uand create virtual folders

make it easier to find

Path variables spedfy locations in the file system, The locations of linked resources
may be specified relative to these path variables.

3. Use the New button to create & Defined path variables:
‘Linked Resource Variable’ Name ks | tew. |
@TER\"MRE_ROOT C:\t\AM335K_StarteriVare _0_2@ L
(AM335).(_STARTERWARE_RO(?T) —lRem
that points to the root location e |
of the AM335x StarterWare

directory @ ok | canl |

C:\ti\AM335X_Starterware_02_00 00 06
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Create a Build Variable

Here we will create the Build Variable which will be used when
setting the project’s compiler and linker options

1. Go to the Build Variables preferences
— Type ‘Variables’ in the filter field to make it easier to find

2. Build Variables allow you to use variables in the project properties
— Linked Resource variables are only used for linked files

3. Use the Add button to create a ‘Build Variable’ (AM335x_STARTERWARE_ROOT)

that points to the root location of the AM335x StarterWare directory

4. Hit OK when done (e 5 Build Varisbles
El-CfC++
. E-Buid = = = -
H : M; Define a New Build Variable x
: ‘- Build Variables —-ome e e ——— x| EE—
- Run/Debug ame: | AM335x_STARTERWARE_ROCT
i String Substitution lm
I C:\tYAM335%_StarterWare_02_00_00_05 Browse |
QK I Cancel
[~ show system variables
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Link Source Files to Project

Here we will link the source file relative to the Linked Resource Path
Variable previously created

1. Open Windows Explorer and browse to:
C:Ati\AM335X_StarterWare_02_ 00 00 06\examples\beaglebone\uart
2. Drag and drop the following file into the new project in the CCS Project Explorer
view
— <uarteEcho.c>

File Edit Wiew Mavigate Project Fun Scripts  Sindow  Help

g lE o

5%~ -0
S N G : :
[®] BeagreBone.coxml [Active/Default] qu| . = OSDisk (C:) ~ t ~ AM335X_StarterWare_02_00_00_05 - examples ~ beaglebone ~ uart - m]

Organize ~ {&Edit w  Burn  New folder

[ Favorites = _ MName - Date modified | Type

Bl Desktop 12/22/2011 10:53PM  C File

& Downloads
| Recent Places

- Libraries
@ Documents

J‘! Music
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Link Source Files to Project

A dialog will appear asking if you wish to Copy or Link the files:

1. Select Link to files

2. Select Create link locations relative to:

— Use the new Linked Resource variable we created
(AM335x_ STARTERWARE_ROOT)

3. Hit OK

@) Files will now appear in the Project Explorer with the ‘link’ icon

% File Operation |
Select how files should be imported into the project:
™ Copy files
& Link to files S
s
v create link locations relative to:  |PROJECT LOC j :
_ CG_TOOL_ROOT
Configure Drag and Drop Setfings. .. ECLIPSE HOME :
) CCS_BASE_ROOT i [F] BeagleBone.coxml [Active Defauli]
?) EXTERNAL_BUILD_ARTIFACT
WORKSPACE_LOC
PAREMT_LOC
CC5_INSTALL_ROGCT
PROJECT LOC

AM335x STARTERWARE ROOT
Edit Variables. ..
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Add Files to Project

Here we will add the linker command file to the project. Ideally this
file should also be “linked” but since we will be editing this file for
the lab, we will “copy” the file instead

1.

Open Windows Explorer and browse to:
C:\tNAM335X_StarterWare_02_00_00_06\build\armv7a\cgt_ccs\am335x\beaglebone\uart

Drag and drop the following file into the new project in the CCS Project Explorer

VI eW ™1 CCS Edit - Code Composer Studio
File Edit “iew HMavigate Project Run  Scripts  Window Help

— <uartEcho.cmd> | £5 - | & - [g5- |5~ |G-

S50

=C: § e Tt —
%] BeagleBone.coxml [Active Default] GOV| } - buld - ammva - ctims470_cs - amadsn - be

Organize « Dpen Print  Burn  Mew folder

. Mame =~
. Favorites

B Desktop . .settings
4. Downloads . Debug

UE;
15| Recent Places

Y
] (&) [0 [&

J? Music

[E5] Pictures

B8 videos

1M Computer
£, osDisk () -
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Add Files to Project

A dialog will appear asking if you wish to Copy or Link the files:

1. Select Copy files
2. Hit OK

% File Operation

Select how files should be imported into the project:
¥ Copy files
" Link to files

¥ | Create link locations relative ko IPROJECI’_LGC

Configure Drag and Drop Settings. ..

@ o]

—

[~ Project Explorer 532 =R

[

El+l= vartEcho
[+ Indudes

L,ﬁ uartEcho. cmd
[t| BeagleBone.cocxml [Active/Default]
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Link Files to Project

1. Right-click on the C source file and check the Properties
@ See how the Location parameter references the Linked Resource Variable

% Properties for uartEcho.c — Ol x|
It":-'l:lE filter text Resource {:j - -
= Path: tEchojuartEchi,
& Bui ath: fyar -ufuar iC
=n ARM Compiler Type: Linked File
- Processor Options Location: @Ex_ﬂmmw@xamples\beaglebnne‘uJart‘uJartEd"m.c Edit... |
- Optimization
Depbug Options Resolved location: C:\6WAM335%_StarterWare_02_00_00_05'\examplesibeagleboneuartiuartEcho.c
Indude Options ik 6,147 bytes
L. MISRA-C: 2004 Last modified: December 22, 2011 10:53:15 PM
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Modifying Project Properties

Here we are adding paths to include files using the Build Variable

1. Right-click on the project and select Properties

2. Inthe compiler Include Options, add the following entries to the list of include

search paths:

—  ${AM335x_STARTERWARE_ROOT}/include

—  ${AM335x_STARTERWARE_ROOT}/include/hw

— ${AM335x_STARTERWARE_ROOT}/include/armv7a

— ${AM335x_STARTERWARE ROOT}/lncIude/armv?a/am335x
. DEbUQ Dphons Specify a preindude file {—preindude) = % & &l &
3. Click OK |
P - Aduanced Cptions
. Y inker
(i)‘${<BUILD VARIABLE>} is the e
syntax to use a Build Variable in
the project properties
/A Linked Resource Path Variables —
. . Add dir to #indude search path (—indude_path, -I) &
are only used when linking Gt Wil - —
. . L—="STAM335x STARTEF‘.WARE _ROOT}finclude™ —
source files to a project. They < 3 {AM335<_STARTERWARE_ROOTS finclude a”
. . :S{AM33Sx_STARTER\:IARE_ROD’I’}ﬁndudefarmu?E' )
cannot .be use_d for build options. [~ {[S{AM335x STARTERWARE ROOT) fnclude/arm 7a/am335
Use Build Variables when - .
modifying build options
® Show advanced settings 0K I Cancel |
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Modifying Project Properties

1. Double-click on the file <uartEcho.cmd> to open it in the editor

2. Comment out lines 68 through 71 (that specify the libraries to link in)

3. Save the file

% CCs Edit - vartEcho/uartEcho.cmd - Code Composer Studio 1ol x|
File Edit View Mavigate Project Run  Scripts  Window Help
IS0 0 S| 2 & - 5 [ S ccs Eat |
Doproecteorer 23| 5 5 7 7 O warigchoond £ =5
El-= vartEcho [Active - Debug] el I *y ;I
: |@] Indudes 21 f****************************************************************************f
[ uartEcho.c 22 -stack @xeees /* SOFTWARE STACK SIZE =/
23 -heap Bx2ee8 /* HEAP AREA SIZE *
i 24 -e Entry
- %] BeagleBone.cocxml [Active /Default
& “ [active, ] 25 /* since we used "Entry’ as the entry-point symbol the compiler issues a */
26/ /* warning (#18@63-D: entry-point symbel other than "_c_intes” specified: */
27//* "Entry™). The CCS Version (5.1.8.88888) stops building from command *
28 /* line when there is a warning. 5o this warning is suppressed with the *y

29 /* below flag. */
Bl
31 --diag_ suppress=18863

e

w

=]

|

=t
T T e e
T T e e
T T T e
T e T e
T e e e

../binary/armv7a/cgttms47@_ccs/utils/utils.1lib

41 /* SPECIFY THE SYSTEM MEMORY MAP */
42

43 MEMORY

A4 [

|

.Sbinary/armv7a/cgttms478_ccs/am335x/drivers/drivers.1lib
.. fbinary/armv7a/cgttms478_ccs/am335x/system_config/system.1ib
../binary/armv7a/cgttms47@_ccs/am335x/beaglebone/platform/platform.lib
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Modifying Project Properties

Here we are adding paths to libraries using the Build Variable

1.
2.

Right-click on the project and select Properties

In the Linker File Search Path, add the following entries under --search_path
option:
${AM335x_STARTERWARE_ROOT}/binary/armv7a/cgt_ccs/am335x/drivers
${AM335x_STARTERWARE_ROOT}/binary/armv7alcgt_ccs/am335x/system_config
${AM335x_STARTERWARE_ROOT}/binary/armv7a/cgt_ccs/am335x/beaglebone/platform
${AM335x_STARTERWARE_ROOT}/binary/armv7alcgt_ccs/utils

In the Linker File Search Path add the foIIowmg entries under --library option:

drivers.lib
system.lib
platform.lib
utils.lib

- Debug

- Processor Oplions
- Optimization

- Debug Options

- Include Options

: - MISRA-C: 2004
[#- Advanced Options
(=1~ ARM Linker

- Basic Options

- File Search Path
[#- Advanced Options

| Indude library file ar command file as input (ibrary, ) @ iD @ 'ﬁ | G |

drivers.lib
system.lib
platform.lib
utils.lib

Add <dir> to library search path (—search_path, ) LR
"${CG_TOOL_ROCTHlib™
"${CG_TOOL_ROOT} indude™
"S{AM335x_STARTERWARE_ROOT, /binary/armv 7a/cgttms470_ccs/am335x /drivers”™
"&{AM335x_STARTERWARE_ROOT /binary/armv 7a/cottms470_ccsfam335x/system_config™
"§{AM335x STARTERWARE ROOT binary/army 7a/cgttms470_ccs/am335x/beaglebone platform™

"§{AM335x STARTERWARE ROOT binary/armv 7a/cgttms470 ccs/utils”

2?) -
C) Show advanced settings

QK I Cancel |
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Project Properties

1. Go to Resource = Linked Resources to see all the Linked Resource Path
Variables that are available to the project

@ This will show all variables created at the project level and workspace level

2. Check if the workspace level Linked Resource Path Variable that was created

appears in the list

@ Variables may be edited here but changes will only be recorded at the project level

(stored in the project files)

% Properties for uartEcho

I type filter text

- Resource
Linked Resources
.. Resource Filters
- General
(=1 Build
- ARM Compiler
i l-Processor Options
- Optimization
-Debug Options

- Indude Options
-MISRA-C: 2004

i - Advanced Options
- ARM Linker

- Debug

Linked Resources

=1ol]

- v

iy

Path Variables | Linked Resources I
Path variables spedfy locations in the file system, induding other path variables with the syntax "${vAR}".

The locations of linked resources may be spedified relative to these path variables.
Defined path variables for resource ‘uartEcha':

Name

| Value

| Ne

Fr AM335%_STARTERWARE_ROGT

C:\ti\AM335%_StarterWare_02_00_00_0

(== CCS_BASE_ROCOT
(Z=CCS_INSTALL_ROCT
(= CG_TOOL_ROOT
[Z=ECLIPSE_HOME
[E-PARENT_LOC
(Z=PROJECT_LOC
[EWORKSPACE_LOC

CCCstudio_vs, 2.0.00056 \oosv 5 \oos_base )|
C:\CCStudio_v5.2.0.00056 ccsy 5

C:A\CCStudio_v5. 2.0.00058\ccsv 5\ tools \compiler \tms470_4.9. 1}

C:\CCStudio_v5.2.0.00056 \ccsv 5\edipse,
Ctlcosv52\techday_workspace
C:\oosv52Vtechday_workspace \uartEcho
C:\cosv524techday_workspace

Edit...

I

Remove

@ Show advanced settings

OK I Cancel |
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Project Properties

(i) The Linked Resources tab will show all the files that have been linked to the project
— It will sort them by files linked with a variable and files linked with an absolute path

@Links can be modified here with the Edit... button

(i) Links can be converted to use an absolute path with the Convert... button

& Properties for uartEcho _|ol x|
[ type filter text Linked Resources S v w
=]+ Resource .
B Linked Resources Path Variables  Linked Resources | =
- Resource Filters Linked resources in project 'uartEcho':
- General
- Build Resource Mame | Location I Edit. .. |
G- ARM Compiler = [ variable Relative Location
E1- ARM Linker [€] artEcho.c AM335x_STARTERWARE_ROOT\examplesibeaglebone\uartiuartEcho.c ComEr. |
Basic Options Lelete, . |
- File Search Path |
- Advanced Options
- Debug
Ad

® Show advanced settings oK I Cancel |
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Project Properties

1. Go to Build = tab

-
Variables to see all the

I:-_:De filter text

urce

Build Variables that
are available to the
project

Only project level variables
will be listed by default

esource Filters

2. Enable the Show
system variables
checkbox to see
variables set at the
workspace and

Build

inked Resources

Configuration: IDebug [ Active ]

j Manage Configurations. .. |

=1 Builder | (@) Behaviour | = Steps e Variables | 21 Environmentl % Link Order | o[ Dependencies |

system level

Mame | Type | Value | - Add... |

=C: String C:\CCStudio_v5.2.0.00056ccsv 5 \edipse

ALLUSERSPROFILE _ Siring C:\ProgrambData | | Edit. . |
'@TERWARE_ROOT Directory c:%ﬁ\w@ Delete |

APPDATA | 5ting T \Users S0\AppData\Roaming

ArchType String 86

BIOS_INSTALL_DIR String C:jCCStudio_v3. 3/bios_5_31_02

BIOSDVSDK_INSTALL_DIR String Ci\dvsdk_1_11 00_00_DM&48

BIOSUTILS_INSTALL_DIR String Ci\dvsdk_1_11_00_00_DM&48\biosutis_1_00_02

build_artifact String <ECLIPSE DYMAMIC VARIABLE =

build_files String <ECLIPSE DYMAMIC VARIABLE =

build_project String <ECLIPSE DYMAMIC VARIABLE =

build_type String <ECLIPSE DYMAMIC VARIABLE =

BuildArtifactFileBaseMName String S{ProjMame}

BuildArtifactFileExt String out

BuildArtifactFileMame String S{ProjMame}.out

BuildArtifactFilePath File C:fcesv 52 ftechday_workspace juartEcho/Debug/uar. ..

BuildArtifactFilePrefix String LI

Dactara Nafailie I Arnly ILI
@j Show advanced settings OK I Cancel |

See how the workspace
level Build Variable that
was created appears in the
list

13 TEXAS
INSTRUMENTS




Build and Load the Program

1. Make sure the ‘uartEcho’ project is in focus. Then use the Debug
button to build and load the code

% CCS Edit - uartC-ho/uartEcho.cmd - Code C
File Edit View MNavigahey

| 5 - IR SN R
{5 Project Explorer 53 =| [pebug] T O

El::é‘; uartEcho
--ﬁ:f Binaries
-5l Indudes
[E;- Debug
@ uartEcho.c
_&—"{ uartEche.cmd
- [Z| BeagleBone.coxml [Active /Default]

Project Run  Script:

2. When the Debug Session is launching, CCS asks which cores to
load. De-select M3_wakeupSS 0
() This happens because BeagleBone has two cores compatible with
the project (ARM cores)
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Seeing the output on the terminal plug-in

1. Go to menu Window = Show View = Other

2. Type ‘Terminal’ in the text box, select the Terminal entry and click OK

El Console | & Terminal 23 i34 u;l - - =0
Mo Connection Selected '
x¢ Terminal Settings LJ&E-
View Settings:
View Title:  Terminal
Connec tion Type:
. : Serial -
3. Click on the Settings button, set the e
parameters on the side and click OK port :
Baud Rate:  |115200 - |
4. Click on the Run button. The terminal DotaBts: 3 7]
screen will show the string below: . IlN :I
StarterWare AM335X UART Interrupt application Flow Control: | None -]
Timeout (sec): 5
5. Type anything in the terminal screen and
[ OK ] | Cancel
you should see the characters echoed
pack. i3 TEXAS
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UART Echo Example: Exercise Summary

« Congratulations! You finished all the labs.

« At this point you experimented the following concepts:
— Portable Projects
— Linked resources
— Linked resource path variables
— Build variables

* Please don’t forget to answer the evaluation form before leaving; it
IS very important for us to improve this session.

* Also, make sure to save any files and projects you want to take
home.

 Thank you, enjoy the rest of your day and have a safe trip back.

13 TEXAS
INSTRUMENTS




