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ABSTRACT

Being able to look into the state of the device when an application fails to run as expected is a key enabler
while debugging the application. This application report walks through the different steps required to setup
the Tl Code Composer Studio™ (CCS), as well as how to debug applications on the DRA7x, TDA2x and
TDA3x family of devices. The document starts with describing basic CCS debugging techniques and goes
on to highlight advanced non-intrusive ways to debug software.
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Different Stages of Debug

1 Different Stages of Debug

Based on the stage of software development, different techniques may be employed to perform debug on
Tl platforms. Figure 1 shows the debugging techniques at different stages of software development.
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Figure 1. Debugging Techniques at Different Stages of Software Development

Debugging techniques may be intrusive or non-intrusive. When intrusive, the debug techniques may
change the timing of execution of software and may or may not require software changes. Non-intrusive
debugging techniques allow debugging software without changing the run time characteristics, or having

to make any software modifications for debugging.

CCS allows multiple levels of intrusive and non-intrusive debugging techniques. Major debugging
techniques available in the DRA7x, TDA2x and TDA3x family of devices are:

Stop Mode Debug:

» JTAG (IEEE 1149.1) support

C66x, Cortex®-A15, Cortex-M4, EVE (ARP32), IVA (ARM9), and PRU debug
Support for HW breakpoints, watch points, and performance counters
Debug code from reset vector

CPU and system reset debug

Symmetrical multi-processing (SMP) debug

Global run and halt across processors

Debug across low-power transitions

Processor Trace and Profiling:

DSP Trace — PC, cycles, data, and events
Cortex-Al5 — PC and cycles

Embedded trace buffer (ETB)

DSP cache and pipeline stalls profiling

PC based function level profiling
CToolsLib embedded trace instrumentation
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SoC Instrumentation and Analysis:

HW assisted print

Embedded Trace Buffer (ETB) and off-chip collection of system instrumentation
Cache performance measurement for IPU, and EVE (SCTM)

Bus bandwidth and latency profiling (Stats Collector)

Bus interconnect traffic profiling (OCPWP)

Power and clock management profiling

IVAHD accelerators execution profiling

CToolsLib for embedded debug and trace

Run Mode Debug:

Linux®, Android™, and RTOS support
Process level execution control
Process level breakpoints

For the exact list of debugging capabilities of the device, see the device-specific TRM.
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Getting Started With CCS

Tl Code Composer Studio can be downloaded from
http://processors.wiki.ti.com/index.php/Download_CCS. The latest version of CCS (per this release) is
CCS v6.1.1. The instructions to install CCSv6 from the installer can be downloaded from the
Download_CCS link. Once CCS is installed on your system, the next step is to install the Chip Support
Package (CSP) for the device you will be working with.

There are two ways to install the CSP package:
Option 1
1. In CCS window, Click on Help — Install New Software

2. In the pop up window select “Code Composer Studio v6 Updates” in the Work with: field as shown in
Figure 2 and Figure 3.

3. Click on Next and follow the instructions in the pop up windows to install the CSP package.
Option 2

1. Download the package corresponding to the Automotive CSP from
http://processors.wiki.ti.com/index.php/Device_support_files#Automotive.

2. Unzip the package and copy the folders “common” and “emulation” in the <CCS INSTALL
DIR>\ccs_base folder.

3. Select merge folders while copying the folders.
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»+ Install

Available Software

Select a site or enter the location of a site.

L] o
Work with: ]|  Ada. |
type or select a site “ |sites” preferences.
--All Available Sites--
type filter te Blackhawk CCSv5 Emulation Update - http://www.blackhawk-dsp.com/upda
—— Code Composer Studio vb Updates - http://software-dl.ti.com/ccs/esd/CCS ke

Code Generation Tools Updates - http://software-dl.ti.com/dsps/dsps_public
D@' Th DVT Updates - http://software-dl.ti.com/ccs/non-esd/dvt/ccs6.0

GCC ARM Comipiler Tools Updates - http//software-dl.ti.com/dsps/dsps_put
http//downloads ti.com/ccsfesd/CCSvE/Updates/update_ccs61_104 -
http//downloads ti.com/ccs/esd/CCSvE/Updates/update_ccs611_28_osx Tl
http//downloads ti.com/ccs/esd/msp430/p2macosx
http://downloads.ti.com/msp430/esd/updates-432/p2macosx
http://downloads.ti.com/targetcontent/esd/grace/update/
httpy//software-dl.ti.com/ccs/esd/device_support_auto
- http://software-dl.ti.com/dsps/dsps_public_sw/sdo_ccstudio/CCSv5/Updates
http://software-dl.ti.com/dsps/dsps_public_sw/sdo_cestudio/codegen/Upda’

SelactA http://software-dl.ti.com/targetcontent/esd/xdctools/update/ccsb.0x
http:/ fwww.blackhawk-dsp.com/updates/win32/com.bh.ccstudio.emulationy

Details http:/fwww.blackhawk-dsp.com/updates/win32/com.bh.ccstudio.emulationa
Spectrum Digital Emulation Updates - hitp://supportspectrumdigital.com/fc ™
i m 3

: .

[¥] Show only the latest versions of available software  [¥] Hide items that are already installed

[¥| Group items by category What is already installed?
[ "] Show only software applicable to target environment

[¥] Contact all update sites during install to find required software

® < Back MNext > Finish

s

Figure 2. Selecting Code Composer Studio v6 Updates in the CCS Install Pop Up Window
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Work with: Code Composer Studio vb Updates - hitp://software-dl.ti.com/ccs/esd/CCS « I Add...

Find more software by working with the “Available Software Sites” preferences.

type filter text

Name Version w
- [W] 10 Automotive Device Support
j-.-ul 5500 Device Support
1000 C6000 Device Support
|10 C6000 Multicore Device Support
:--u-J CCSvE Service Releases
|00 Code Composer Studio Updates

|un DaVinci Device Support

000 Pimbum ©amasme Clark

Fl 1 L4
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SelectAll | [ DeselectAll |  2items selected

Details

/| Show only the latest versions of available software [V Hide items that are already installed
/| Group items by category What is alr installed?
.| Show only software applicable to target environment

| Contact all update sites during install to find required software I

3 - r

Figure 3. Choosing Automotive Device Support for CSP Package Installation
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2.1 Emulator Setup
The basic emulator setup to get started with debugging using CCS is shown in Figure 4.
XDS 100
xnssw e : [intei
Debug System ‘ - i ——_ =
(Code Composer Studio) ey e o
\ u,m Target System (Board/Device)
XDS 560 V2 ST
u e 81495
use 2.0 -- = . IJSI:.O
XDS Pro Trace
(. JTAG Debug Probe
~ (“Connection”)
Hﬁﬂ
Figure 4. Hardware Setup to Get Started With Debugging With CCS
Different emulators are supported with the DRA7x, TDA2x and TDA3x devices. Each emulator has a set
of features that it supports. Based on the debugging requirements, you can choose which emulator to
connect with the device. High-level features of each supported emulator are summarized in the following
list.
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XDS100 v2:

* Entry-level JTAG for hobbyists and universities

* CCS Cortex-A download speed is approximately 30 KB per second
e USB20

e Tl 14 and CTI 20 native

e Open HW reference design

XDS200:

» Performance JTAG at low-cost for users

e CCS Cortex-A download speed is approximately 300 KB per second

» ARM® Serial Wire Debug (SWD) and Serial Wire Output (SWO) support
* USB 2.0 and optional ENET

e TI, MIPI, and ARM connector option

XDS510:
* Performance JTAG
e USB2.0

 TI 14 and CTI 20 native
3P EPK licensed

XDS560 V2 STM:

* High-performance JTAG and cJTAG for professional users

» CCS Cortex-A download speed is approximately 600 KB per second
* Low bandwidth trace receiver (STM and Cortex-M)

+ USB 2.0 and ENET

e 4-pin at 100 MHz with auto-skew and jitter calibration

» 128 MB of storage

XDS Pro Trace Receiver:

» High-performance JTAG and cJTAG for professional users

» CCS Cortex-A download speed is approximately 600 KB per second
» High bandwidth dual-channel trace receiver (DSP, Cortex and STM)
« USB 2.0 and ENET

» 32-pin at 250 MHz DDR with auto-skew and jitter calibration

e 2 GB trace storage buffer

2.2 Creating the Target Configuration File

In order to debug DRA7x, TDA2x, or TDA3x family of devices, you must create a target configuration file
(*.ccxml) (see Figure 5 and Figure 6). The list of steps to create a ccxml file are:

1. Inthe CCS window, click View.

Select Target Configuration.

In the Target Configuration window, right click and select New Target Configuration.
In the new Target Configuration window, give a name to the ccxml file.

Click Finish.

Select the connected emulator from the Connections drop-down list.

In the Board or Device field, type the first few letters to see a reduced board list.
Choose the desired board.

. Save the file.

10. Right click on the ccxml.

© 0NN
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11. Launch the ccxml.

12. Right click on the device host CPU.

13. Click Connect.

Mavigate
% = %J CCSapp Center
@) Getting Started

Project  Scripts

L5 Project Resource Explorer (Examples)

B2 Grace Snippets

7y Project Explorer
[20 Problems
El Consale

Advice

35 Debug
0  Mernony Browser
Registers

&1 Expressions

= Wariahles

Disassermbly
®g  Breakpoints
B Modules

98 Scripting Console
Target Configurations
o= Outline

= Memony Allocation

B3 Optimizer Assistant
Other..,

DACCSutihcosvihoes_baseemulation'geN\DRATSx_DRAT &

Run Window Help

Alt+Shift+Q, X
At Shift+0, C

Alt+Shift+Q, Y

Alt+Shift+Q, B

Alt+Shift+Q, O

Alt+Shift+Q, Q

p—
'+ Mew Target Configuration
Target Configuration

Create a new Target Canfiguration file.

o L5 ]fm]

V| Use shared location

Location:  CifUsers/a0131625/ti/CCSTargetConfigurations

File Systern...

File name: DRAT&: DRATS coxm| === "Gijve a valid name

Warkspace...

Click finish

!

%) Target Configurations &3 4

type filter text

=% Projects

Right click

7

" Mew Target Configuration €=
Irnport Target Configuration

Delete Celete

Renarme F2
Qéh Refresh F5

Launch Selected Configuration

Set as Default

Link File To Project

Properties Alt+Enter

£H) DRAT&_DRATSx.coxml 537
Basic

General Setup
This section describes the general configuration about the target,

Connection Blackhawik LAMSE0 Erulator

Board or Dewice  Blackhawk USBI60-BP Emulator, 20-pin ITAG Cable
Blackhawk USB360-M Emulator

Blackhawk USB360-M Ernulatar, 20-pin ITAG Cable
Blackhawk XDS360w2-LAM Systern Trace Emulator
Blackhawk ¥DS560+2-USE Mezzanine Emulator
Blackhawk ¥DS360%2-USE Systern Trace Emulator

Data SnapshotViewer

Spectrum Digital C2000 XD3510LC Emulator

Spectrum Digital DSK-EVM PLUS onboard USE Ernulator
Spectrum Digital DSK-EVM-eZdsp onboard 1USE Emulatar
Spectrum Digital XD3510 Parallel Port-PCI Emulator
Spectrum Digital XD3310USE Emulator

Spectrum Digital XDS510USE Ermulator TI-JSC

Choose the
connected

emulator |Spectrurn Digital XD3560%2 STh! LAN Ernulator
Spectrum Digital XDS560%2 ST TRAVELER Emulator
_> urn Digit: tor

L&N Emulator
Spectrum Digital XDSPRO USE Ermulator
Spectrum Digital eZdsp2812 Parallel Port Emulatar

m

Figure 5. Steps to Create and Launch a .ccxml File, Steps 1-6
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#) Target Configurations 53 g K | < E = 0
type filter text
== Projects .
4 (= User Defined nght
[ DRA7ax DRAFsx.coxmi [Detaul]] Click
% MNew Target Configuration on the
) *DRAT4: DRATSx caxml &3 Import Target Configuration cexml
Basic ¥ Delete Delete
General Setup Advanced Setup Rename Fe
This section describes the general configuration about the target, péh Refresh F5
Connection [ Spectrum Digital XDSS60V2 STM USE Emulator - Target Configuration: lists §  Launch Selected Canfiguration
Basrd or Device i Launch
dra 4_ Ty[l)e f|rlst‘ few !el_tters 1? slee a Save Canfiguration Set as Default the coxml
DRATIx reaucea noara st as peliow Save the Link File Ta Praject >
Save
V] DRATS: DRAT4 @— Choose the g ]
el ) file Prapaiis alt+Enter
desired board
p—
35 Debug 52 o=

4 wr DRAT& DRATS: coxml [Code Composer Studio - Device Debugging]
X@ Spectrum Digital XDS560%2 ST USE Ernulator_0/ARMI_ICOMNTL (Disconnected @ Unknown)
X@ Spectrum Digital XDS560%2 ST USE Ernulator_0/ARMI_ICOMNTZ (Disconnected @ Unknown)
,{9 Spectrum Digital XDS56002 ST USE Ernulator 0/ Cortex M4 IPUL C0 (Disconnected : Unknown)
X@ Spectrum Digital XDS560%2 STh USE Ernulator_0/Cortex M4 IPUL C1 (Disconnected : Unknown)
x@ Spectrum Digital XDE5600W2 ST USE Ernulator_(/Cortex b4 TPUZ_CO (Disconnected : Unknown)
X@ Spectrum Digital XDS560%2 STh USE Ernulator_0/Cortex M4 IPU2_C1 (Disconnected : Unknown)
x@ Spectrum Digital XDS560%2 STh USE Ernulator_0/Cofx DSPL (Disconnected : Unknown) Right click on the device host
x@ Spectrum Digital XDS560%2 STh USB Ernulator_0/Chfee DEP2 (Disconnected : Unknown) CPU and click connect
E‘a Spectrum Digital XDS360%2 ST USE Ernulator_I/Cortex815_0 (Disconnected : Unkl —

B Spectrum Digital XDSS60vZ STM USE Ernulatar 0/ Cartec1s_1 (Discannected ; Urkr| 6= Connect Target <+— Ctrl+Alt+C
o2 Spectrurn Digital XDS560%2 STM USE Emulator_01/ARP32_EVE_1 (Disconnected : Unk Disconnect Target Ctrl+21t+D
x@ Spectrum Digital XDS560%2 STh USE Ernulator_0/ARP32_EVE_2 (Disconnected @ Unk Enable Global Breakpoints

X@ Spectrum Digital XDS560%2 STh USE Ernulator_0/ARP32_EVE_3 (Disconnected @ Unk Enable Halt On Reset

ﬁ Spectrum Digital XDS56002 ST USE Ernulator_0/ARP32_EWE_4 (Disconnected : Unk
X@ Spectrum Digital XDS560%2 STh USB Ernulator_0/PRU_0_ICSS] (Disconnected : Unky
2 Spectrum Digital XDS560%2 STM USE Emulator_I/PRU_LICSS1 {Disconnected : Unkr Open GEL Files Wiew
X@ Spectrum Digital XDS560%2 STh USB Ernulator_0/PRU_0_ICSS2 (Disconnected : Unky
X@ Spectrurm Digital XDS360%2 5Tk USE Ernulator_0/PRU_1_ICSSZ (Disconnected : Unky

Enahle 05 Debugging

¥ Hide corefs)

Figure 6. Steps to Create and Launch a .ccxml File, Steps 7-14

In cases when connecting to the device host fails, see the set of common issues in the JTAG connectivity
at http://processors.wiki.ti.com/index.php/Debugging_JTAG_Connectivity Problems.

NOTE: On DRA7x and TDA2x devices, the CCS connection is successful to the IPU2 only when the
PM_CORE_PWRSTCTRL register's LOWPOWERSTATECHANGE bit is 0. This is zero by
default, if you are using CCS GEL scripts for device initialization. However, in case you are
booting with Linux/Android/QNX and trying to connect to the IPU2 via CCS, make sure you
perform the following steps on the device terminal.

omapconf read 0x4AE06700

03FFOF17

omapconf write 0Ox4AE06700 Ox3FFOF07
omapconf read Ox4AE06700

03FFOF07

SPRAC17B-January 2016—Revised November 2017 A Guide to Debugging With CCS on the DRA7x, TDA2x and TDA3x Family 11

Submit Documentation Feedback of Devices
Copyright © 2016-2017, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRAC17B
http://processors.wiki.ti.com/index.php/Debugging_JTAG_Connectivity_Problems

Configuring the Device With GEL Files

13 TEXAS
INSTRUMENTS

www.ti.com

3 Configuring the Device With GEL Files
General Extension Language (GEL) files are used to automate the device initialization. GEL is an
interpretive language similar to C that lets you create functions to extend the CCS IDE's usefulness. For
details on how to write GEL files and the GEL syntax, see Creating Device Initialization GEL Files.
The DRA7x, TDA2x, and the TDA3x CSP packages include the device initialization GEL files that are
linked to the different processors by default. The GEL files are located in the folder <CCS Installation
Directory>\ccs_base\emulation\ge\<SOC Name>. Table 1 lists key GEL files for device initialization.
Table 1. Some Key GEL Files for Device Initialization
GEL FILE NAME DESCRIPTION
<SOC Name>_prcm_config.gel PRCM functions, DPLLs, power and clocks initialization
<SOC Name>_ddr_config.gel Configure EMIFs for DDR3 at 532 MHz or 400 MHz
<SOC Name>_pad_config.gel Initialize PADCONF registers based on the TI EVM
<SOC Name>_multicore_reset.gel Provides options to enable and reset another CPU core
<SOC Name>_startup_common.gel Contains the initial GEL functions that run when the device host CPU is connected
When the device host CPU is connected, a portion of the GEL initialization script (that is defined in the
<SOC Name>_startup_common.gel file) is executed automatically.
Each CPU has a <SOC Name>_<CPU Name>_startup.gel file that loads the rest of the GEL files that are
associated with the CPU.
The device .ccxml file stores the location of the <Soc Name>_<CPU Name>_startup.gel file that is loaded
when the .ccxml file is launched.
The GEL file associated with the CPU core may be seen in the Advanced tab of the .ccxml file as shown
in Figure 7. In case you do not want to run any GEL files, clear the initialization script field entry
corresponding to each CPU in the .ccxml Advanced tab.
4 DRAT4 DRATSx. covml 52 = B8
Target Configuration SIEIE
All Connections Cpu Properties
G ot DSP2 B Tport... Cortests €U
4 % dap Set the properties of the selected cpu. .
4 R C5.DAP Debugss et Bypass GEL script loaded when ccxml file launched
‘?;%MC?:DA/;Z{:CPUSS ped initialization script I .\ \ernulation‘gel\DRAT5x DRAT4ADRATxx cortexls_cpul_startup.gel Iam.,.,se ‘
’ ‘__‘;::33&25 7
@F PTM_D Up ress 0xB0000000
4 % cortex_als 1 Access Port Designator g
g ETD;;E’THJ TraceDeviceld 0x1
4 % Trace_STM Retry Factor i
4G} cT_sTM_Config Save
& cT_TBR
a4 X EVEDL
4GF ARP32_EVE_1 o
Basic Advanced Source
Figure 7. Default GEL Files Associated With CPUs in the .ccxml File
12

A Guide to Debugging With CCS on the DRA7x, TDA2x and TDA3x Family

SPRAC17B-January 2016—Revised November 2017
of Devices

Submit Documentation Feedback
Copyright © 2016-2017, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRAC17B
http://www.ti.com/lit/pdf/SPRAA74

13 TEXAS
INSTRUMENTS

www.ti.com

Configuring the Device With GEL Files

To run a GEL file, click on the desired options from the Scripts menu. Click on the CPU where the GEL
script is executed from the Debug window, as shown in Figure 8.

w+ CCSDebug - Source not found. - Code

T

3 Debug 52

‘Cornposer Studio
File Edit ‘iew Project ToolsRun Weindow  Help

K@ Spectrum Digita
B Spectrim Ninita

HDE560Y

[E] tx38000 53
Mo source available for "0:28000"

iewe Disassembly,.,

Choose the CPU view

? DRAT:e: Misc Maodule configurations |
= | DRATacEMU Utilities b
Click on SCMPLS pRa T FRCM MODLLE Configuration v |
52 Spectum Digital XDSSO0N  po s pectd o GCK Canfigurstion - ADAS ,
2 Spectrurn Digital XDST60% : )
)(® Spectrum Digital ¥DS5604 DRAT:ec PRCM CLOCK Configuration - DRAT44-754 4
K@ Spectrum Digital HOS5E0Y DRATx: PRCM CLOCK Configuration - DRAT45-755 4
& Spectrum Digital XDS360Y DRATxc PRCM CLOCK Configuration - DRAT46-756 v
ﬁ Spectrum Digital XDS360Y DRA&Txc PRCM CLOCK Configuration - DRATx GENERIC »
Spectrum Digital XDS560Y 5 ;
| DRATx: PRCM CLOCK Confi tion - C 3
o8 Spectrum Digital XDSSE0Y A e
4 f? Spectrum Di ital XDSSE0Y Temperature Sensor Readings 3
I = 000035000 (no syma DRAT:x Pad Configurations »
& Spectrum Digie DRAT:ec MULTICORE Initialization 3 I
K@ Spectrum D!g!ta XDSEuuui DD Memory config .
x@ Spectrum DigitalfXDS560Y . i
DRAT:e PRCM Get Configuration 4

HTSSANYW? STH LISR Fraulatar NAARPIZ? FWF 4 (Discannerted @ | Inknmam?

m

DRATe MULTICORE EnablefllCores
PRUSS 1 2 ClkEnahle

IPU1SSCIkEnable_APT
IPUZSSCIkEnable_APT

Choose the GEL_H

DEP1SECIkEnable_APT I

you want to run

DEP2SECIkEnable_APL
EWELSSClkEnable AR
EVE2SSCIkEnable_APT
EWEZSSCIkEnable AP
EWE4SSCIkEnable_APT
IWAHDSSCIkEnable_APT

Figure 8. Selectively Running GEL Scripts
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4

4.1

Getting Used to the CCS GUI

CCS provides multiple views and windows to enable you to debug the application. This section discusses
the basic windows and views that enable you to debug a particular CPU core, reset it, and look at register

or memory content.

Debug View

The Debug window enables you to choose the CPU core to debug. The Debug window also provides
multiple shortcuts to allow the core to run, halt, single-step a C instruction, step over an assembly function,
and call and rest the CPU or whole device. A description of all buttons in the Debug window is shown in
Figure 9. The same options are available in the Run menu option as well.

o Spectrum Digital XDSI60Y;

4 P Spectrum Digital XDSSE0V.
= 0x00038000 (no syrmbo

o Spectrumn Digital XDS360Y;
B Spectrurn Digital XDSS60Y;
B Spectrum Digital XDS560v2
2 Spectrum Digital XDS560v2

Run| Window Help

SThA USE Emulator_0/C66oc DSP2 (Disconnected :
SThA USB Emulator_0/Cortexa15_0 (Suspendad)

are defined for 0x00038000)

STh USB Emulator 0/Cortext15_1 (Disconnected ;
ST USB Emulator_0/ARP32_EVE_1 (Disconnected :

B Shertrurn Dinital XNSEAN

CPU reset

or system

reset (warm reset)

SThA USB Emulator_0/ARP32_EVE_2 (Discannected : Unknign)
SThA USB Emulator_0/ARP32_EVE_3 (Disconnected : Unknow)
STRA LIS Fraulatar IJARPIZ FVE 4 iDiseannectead @ [ Inknnant

Step into (F5)

known) X
o Terminate the

debug session

Halt the CPU
core

! Load Program... Ctrl + Alt+L
Connect/ & g 5| CorneitTarset
B & Reload Program Ctrl+AltsR
disconnect Disconnect Target
& Load Symbols...
Breakpoint & Add Symbols.. o Restore Debug State
Context Breakpoint & Verlty Prograrm.. @ Load
Restore Count Event Remove All Symbols (B Resume
debug Cross Trigger Assembly
. . Suspend
state Hardware Breakpoint step into B Terminate
Hard Watch it
KT Assembly Disconnect
Profile Control Point I
step over Ga Main
Restart Resume / @ Reset
run the code Restart
\. CCSDebul - Sourd not fdind, - Cade Nnposer Stiflia . Steplnto
File Edit Vil ools  Scripts 5 Step Over
e Py ey I vt doow v | T Bssembly Stepnte
= [ @ Assembly Step Over
F5 Debug 32 e Croniettin
& Spectrum Digital XD5560v5T] A e tedf Urknom) Step return (F7) R
A Spectrum Digital XD5560vAST] Reset Emulator tedh Urknofm)
o Spectrum Digital XDS560vASTM USE Erulator_0/Cortex M4 IPUL_CD (Disconngeted: Urfknobn) Clock
8 Spectrurn Digital XDSS0¥ASTM USE Erulatar_0/Cartex M4 IPUL_C1 (Disconnatted: Ulkn okl Step over (F6) Advanced
o Spectrur Digital XDSS60YSTH USE Emulator_0/Cortex M4 IPU2_CO (Disconndted: Udknown) e
B Spectrum Digital XDSS60YSTH USE Emulator_ 0/Cortex M4 IPU2_C1 (Disconndted: Udknown)
& Spectrum Digital XDS60VSTM USE Emulater_¥C6fe_DSPL (Discannected ; Ubknghwn %, Debug

Debug Histary
Debug &5
Debug Configurations...

Togale Breakpaint
Skip All Breskpaints

% Remove All Breakpoints

&  MNewEBreakpoint (Code Composer Studio
Breakpeint Types

Ctrl+Alt+C
Ctrl+4lt+D
Alt+E

F8
Alt+F8
Ctrl+F2

Alt+bd

F5

Fé
Ctrl+Shift+F5
Ctrl+Shift+F6
=

Ctrl+R

Ctel+Shift+B

Figure 9. Functions of Different Shortcuts in the Debug Window

The Load Program option is used to load the software in the device memory for the CPU to start executing
it. CCS moves the CPU PC to the entry point of the code when loaded through the Load Program option,
whereas Load Symbols load only debug information present in the executable. Load Symbols are typically
used when the CPU code is loaded through a boot medium and debug symbols are loaded using CCS.
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4.2 Register View

To know the values of registers of a CPU core, open the Register view from the View — Registers menu
option. The Registers window shows the values of all CPU GP registers and control registers. Additionally,
for the device host CPU, peripheral registers are also shown with bit fields and brief text describing them

(see Figure 10).

48 Registers <1> 52 £ B | @) ¥ = 0 9= Variables & Expressions 13 Registers 7
MNarne Yalue Description * Mame Yalue Description 4
54 MAILBOX TARG 4 B Core Registers Core Registers
M4 SPINLOCK_TARG Register view for it pc 00038000 Program Counter [Core] Register view for
- B OCPWP_NOC_TARG peripheral registers e sp BAUAMBND  Genersl Pupose Register L [Core]l  CPU registers
- B DMM LR 040081324C  General Purpose Register 14 [Core]
4§ EMIFL e CPSR 000000193 Stores the status of interrupt enables and critical processor stat..
i EMIF_REVISION 150440500 Revision number register [Me... RO 130C50878  General Purpose Register 0 [Core]
838 EMIF_STATUS 040000004 SDRAM Status Register (STAT... e RL 000000002 General Purpose Register 1[Core]
» 184 EMIF_SDRAM_CONFIG 061851882 SDRAM Config Register. Awri.. WR2 00000040 Genersl Purpose Register 2 [Core]
4188 EMIF_SDRAM_COMFIG_2 0x08000000 SDRAM Config Register 2 CA.., HHRLE] 0x00000000 General Purpose Register 3 [Core]
18 EMIF_SDRAM_REFRESH_COMTROL  0x000040F1 SDRAM Refresh Contral Regis... W Re 000000000 Genersl Purpose Register 4 [Core]
4938 EMIF_SDRAM_REFRESH_COMTROL_SH 0x000040F1 SDRAM Refresh Control Shad... W RS 100000000 Genersl Purpose Register 5 [Core]
o 3180 EMIF_SDRAM_TIMING 1 0xCCCF36B3  SDRAM Tiring 1 Register. I t.. Wi Re 0x00000000 General Purpose Register 6 [Core]
830 EMIF_SDRAM_TIMING_1 SHADOW  0«CCCF36B3  SDRAM Timing 1 Shadaw Re... e R7 000000000 General Purpose Register T [Core]
138 EMIF_SDRAM_TIMING_2 0304FTFDA  SDRAM Timing 2 Register I t.. e Re 000000000 General Purpose Register 8 [Core]
938 EMIF_SDRAM_TIMING_2_SHADOW  B308FTFDA  SDRAM Timing 2 Shadaw Re... e RY 000000000 General Purpose Register 9 [Core]
+ 88 EMIF_SDRAM_TIMING_2 1027F3348 SDRAM Timing 3 Register, I t.. e R1D 000000000 General Purpose Register 10 [Core]
832 EMIF_SDRAM_TIMING_3_SHADOW  (x027F3348 SDRAM Timing 3 Shadaw Re... e R1L 000000000 General Purpose Register 11 [Core]
i858 EMIF_POWER_MAMNAGEMENT_CONTI 500000000 Power Management Control .. e R1Z 000000000 General Purpose Register 12 [Core]
4938 EMIF_POWER_MANAGEMENT_CONTI 0x00000000 Power Management Control .. W R13 0004A0B00  Genersl Purpose Register 13 [Core]
. 184 EMIF_OCP_CONFIG 04500000 OCF Canfig Register [Memor... i R14 00081324C  Genersl Purpose Register 14 [Core]
1938 EMIF_OCP_CONFIG_VALUE_1 090001304 OCF Config Value 1 Register [.. 5 USER_Registers J
Figure 10. Register View From Cortex-A15 View in DRA7x

1. Type Ctrl+F or right click — Find to search for any register in the register window.
2. Figure 11 shows the register view find pop up window.
3. In this pop up, enter a portion of the string of the register name and find the register you are searching

for.

« Find

Select an item to open (7 = any character, * = any string):

= |[o)fEs

-

*DEVICE_PRMY

Enter the register name for searching

Find iterns by including description
Matching items:

WA L4 WKUR_PRM_DEYICE PRM

Search results. Click to
show in register window

Click OK when done

@

Figure 11. Register View Find Pop Up Window
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4.3

Memory and Cache View

The Memory View allows viewing CPU view, intermediate physical view (in the Cortex-A15 hypervisor
applications) and physical view of the memory space. Memory Mapped Registers (MMRs) and memory
content can be viewed in the following steps (see Figure 12).

@ Merory Browser <2» 52

Memory View
LR R A

Ox42E07d00

0240300000 <Mermary Rendering 5> &

32-Bit Hex - TT Style - |fam]

¢ 20000
242300010
ex40300020
2420300030
Q40300248
ex4@300050
X423 00062
ox40300070
X423 0008
0x40300090
42300082

[l E| FE7@2742 26400048 35760170
FAFRD20@ B1353BE7C @AACED3S FF7C7FBA
4930044F 3D18DFLL 153272ECS 24260982
325C1BAM 2AR130C9 37FA1950 DAZSFDDS
S93B@2CC3 B723AE06 ECELSCEL AE7S7R7E
ACECAMEZ ALEA4S0D 9784CRE0 8B2B3FEE
B3F15111 DE7S7@80 SA56E88@ FCCSADEF
FEBSEEDAS SEE2B6FF JCE44441 DFFEECDF
1B2999CE EEFY516C AOSE1SA4 92DCFDD7F
SBACEFAZ 25634455 928A511@ SF77D9EF
FS48DY5R AFAFAEAD 3@758F89 9E7879EE

v CPUMemory View

Physical Memary View

m

= B | =¥ Disassembly [ Memory Browser 32 MIMR View

- 0x4AE07d00 <Mernory Rendering 6 £2

- Tl Style - [

Intermediate Physical Memory View 2

AAREDTDA
DAAERTDRY
AAAEQTDAE
DeAAEQTDDE
exdAERTDRC
MAAREDTDAC
xHAERTDLS
MAREDTFDLA
HAERTDLE
MAREDTFDLE
DAAERTDLC

L4 WKUP

20222228

PRM__DEYICE_PRM_PRM_RSTCTRL

L4_WKUP__PRM__DEYICE_PRM_FRM_RSTST

oaaaaa2

L4_WKUP__PRM__DEYICE_PRM_PRM_RSTTIME

D22420E

L4 _WKUP__PRM__ DEYICE PRM_FRM_CLKREQCTRL
20202020 OO 2A
L4_HKUP__PRM__DEYICE_PRM_FRM_PURREQCTRL

[elslsllollo o]

L4 _HKUP__PRM__DEYICE_PRM_FRM_PSCOM_COLNT

eaza3a17

L4_HKUP__PRM__DEYICE_PRM_PRM_IC_COLNT

o g wWN R

Figure 12. Memory View From Cortex-A15 View in DRA7x

Choose Memory Browser from the menu option View.

In the Memory Browser window, type the address in the field Enter Location.
Choose the Memory View.
You can also view the portion of memory in the L1 and L2 cache for the DSP C66x.
. Select the menu optionView — Other and a pop up window appears.
Select cache to analyze the DSP L1P, L1D, and L2 Cache contents and cache line properties.

The memory view is also color coded to indicate if the data that is viewed is L1 or L2, or cached and non-

cached data.

Figure 13 shows the memory and cache view from the C6xx DSP view in TDA2x.

NOTE: The cached view is available only for the C66x DSP.

Dirty:

DO UDOUDODUOUDOUDODODO

3 Cache 52 Enter location here

(@ Cache Tag RAM Read complete: 2560 C{V]L1D Cache (32K) | [Z]L1P Cache (32K)
Cache Line Start Adrs Line End Adrs  Set whay  valid
L1P cache Ox00809800 0x0080969F ] Y
LIP cache Ox0080A4A0 Ox00B0AS9F o W
LIP cache 0x00B0ESS0 Ox00B0EGFF o W
LIP cache Ox00S0E940 0x0080E9EF o W
L2 cache 0x00544000 0x0054407F o 1 W
L2 cache 0x00844001 0x00844080 1 1 W
L2 cache 0x00844002 Ox00544081 z 1 W
L2 cache 0x00844003 0x00844082 3 1 W
L2 cache 000844004 Ox00544083 4 1 W
L2 cache 0x00844005 0x00844084 S 1 W
L2 cache 000844006 Ox00544085 ] 1 W
L2 cache 000844007 0x00844088 7 1 Y
L2 cache 000844008 Ox00544087 8 1 W
L2 cache 000844009 0x00844088 9 1 Y
L2 cache 000844004 0x00844089 10 1 W
L2 cache 000844008 0x00844084 11 1 Y
L2 cache 0:0084400C 0x00844038 12 1 W
L2 cache 0200844000 0x0084408C 13 1 Y
L2 cache Ox00B4400E Ox00344080 14 1 W
L2 cache 0x0084400F 0x0034408E 15 1 Y
LID cache 080200000 D0:x8020003F o o W
L1D cache 030200080 0x802000BF 2 o Y
LID cache 080200100 0x8020013F 4 o W
B i

|lB®|ers v O

7|12 Cache (128K}
LRU ray  Symbols: *

Cache Contents

m

0 Memory Browser 52

030200000

#k v [ v @ v @

0:80200000 <Memary Rendering 1> 22

32-Bit Hex - TI Style - | [V]L1D Cache

Cache Contents in Memory view

]

0x80200200
03050222200
280200218
B:RO222220
Dx50202230

L1P Cache

TE FDFFCFFF 73B30BFF CFRIFF7F
B7EEDDYF FEBFDFFB F7FGFF3E FFFEFD21
FFEDBE7F DI7FFFF9 7DFFEFD? 33FCBFE3
FEEFEF7 DF7EDBES DFFDAFE? DFSEZ3FL

2
280202250
20202260
@:x80200870
0x50202250
50200030
0xB0200280
050202260
@x802008C0
B:RO222200
Dx502022EQ
@:xB02008F 0
280222100
250202110
@x80200120
0x50202130
BcE0200140

36FDEEFF EF7FFFFE FFFEFFBE 71FFEFF3
78SBDFDF FEDFFFDF SF7BFDDE CSEEF7EG
FOBAFDFF BEDIEASE FEDAFEFE 2EDCFEFY
FAD7F3BF CEFFSEF7 FSEEDFFF AAFERGEE
F7BACBFF 7FFFFFFE FDFEZFFF DEFBFCEF
FEESFEFE FEDFFFDF FFCBSER7 FFABDEDF
DF76ASFF C3IFF7FF7 B17FODFF D1FB7FDF
BAFAZOFE SEDDDEAE SEFD7SEF S7FFFFFE
9F 7BFC7D BF7F7DE9 BEFBDF3F AFF7BFF1
DAFFAEF7 CEBFEFCS @ABFFEEF FCFFEBFD
BFCFESFA FEFEFFFE EAEFF7FE FECAFEFE
FCBAF7CF DF1FFFEF 76F2DFE7 FESBDF66
FEDFFBBE FAFFZCDF FEDF3BDE BEBFCEBDF
F7OFEDAF FSFF89F7 SFFE7SFF FEDDBEDE
D7FFS5FF ESFFFFEF D7FB27DF F7FFE7DFR
B8FBFFFEF FFFF7859 DF7FFBYE F2FBFF7D
FEFEFEFF 76FEDG7D F7FESEFE FAFFDABE

VL2 Cache

I

Figure 13. Memory and Cache View From C66x DSP View in TDA2x
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4.4

4.5

DebugSS View

In some cases while debugging if the CPU core is hung or you want to see memory or register contents
from a system view while the CPU is running, the DAP_DebugSS view can be used. The DAP_DebugSS
view can be enabled with the following steps.

1. Right click on the connection in the Debug view
2. Click on Show All Cores

3. Memory view (system view) shows system view of the memory (same as what you saw from the
Cortex-Al5 context in the memory view).

4. Memory view may be changed to APB view from the memory windows. Figure 14 shows the DAP
debug SS memory view.

4 Debug 32 ¥ = B [ Memory Browser 52 it ¥= 8
4 W4 DRAT4: DRATSxcoml [Code Compaser Studio - Device Debugging] 0
4 &® Non Debuggable Devices
& Texas Instruments XD 3560 Debug Probe_0/cePick_D - - @ OO
& Texas Instruments XD3560 Debug Probe_0/CS DAP_IPU_1 D (Disconnected) [32:Bit He- I Style ~] System View from DAP_DEBUGSS
P Texas Instruments XD5560 Debug Probe_0/CS_DAP_IPI_L C1 (Disconnected) neEleeleley  BREElE M 02152002 2Q252C02 GA390CA2 AR43ACA2 BR55ACA2 PRAZACA2 -
| ¥ {
(

o ‘ System Miew = |

System_Wiew: 040300000 <Mernory Rendering 2> 52

0B Tevas Instrurnents XDS560 Debug Prabe_0/CS_DAP IPU_2_CO (Disconnected) 0x4030001C  @O7IOCO2 QRSIACA2 DRDIACAZ AAKIDCD2 BOBIACO2 OBCIACAZ PODIACE2
Teas Instrurnents XDS560 Debug Probe 0/CS DA L 2 C1 (Disconnected) 0x10300038  POETECD? ARFIACE? P1R98CE7 9119002 @1298C02 @1330C@2 P149Ca2
IL(9 230300854  @1590C02 01630C2 @1798CA7 9159082 A19IOCA2 @1AIACAZ @1E9ACA2
= Teras Instruments X0S560 Debug Probe 075 0P DebugSs | 0x40300070 @LCIOCO2 QLDIACA2 PLEIACAZ ALFODC2 B2090C02 02199CA2 02290002
& Texas Instrurnents XD5360 Debug Probe_D/C5 DAP_PC 2:4030005C  @2390C02 22490082 02590087 A2690C2 @2 7IACAY Q2STACA2 @2992C02

m

o Texas Instrurments XDS360 Debug Probe_0/CT_STM_Config (Disconnected) 40300805 @2AJ0C02 OZEIACO B2CI0C02 B2DIACAZ AZESCE2 D2FIQCAZ B3098CA2
8 Texas Instruments XDS560 Debug Probe_0/CT TBR (Disconnected) @:403000C4 B3199CR2 O3290CO2 BIITRCA2 P3400CA2 BITOBCE2 DIEIDCAZ P3ITIRCA2
8 Tevas Instrurments XDSS60 Debug Probe_0/ARMS_ICONTL (Disconnected : Unknawn) 0x403QQ0EQ  @3IBIOCO2 @IPILCO2 PIADRCEZ PIBILCEZ BICIBCE2 PIDIACEZ PIETRCEZ

m

- @103800FC  QIFOBCOZ BAA9ACER B41TACEY BI290C02 BA3HOCEY GA4T8C02 B4598CR2
,‘}:9 Texas Instrurnents XD35360 Debug Probe_0/ARMI_ICONTZ (D\scm’!nected + Unknown) OxAPI0QLLE  PMEOECO2 BATOACEZ QAE0DCE2 BAO0RCD? BAASOCED BAECACE? BACOOCET
£ Texas Instruments XDS360 Debug Probe_1/Cortex M4 IPUL CO (Disconnected : Unknown) 2x40300134  @4DIOCO2 QAETRC2 Q4FIRCAZ @S590C02 BS198CR2 @5259C@2 05390Ce2
B Texas Instrurnents XD3560 Debug Prabe_0/Cartes_h4_IPU1_C1 (Discannected : Linkn o) 210320150 @5490002 B5590C2 DSEURCEY B57I0C02 B5HUACET 0SUIRCR2 BSASECR2

p Texas Instruments ¥05560 Debug Probe_(/Cartex_M4 IPUZ_CO (Disconnected : Unknown) @x4030016C @SESRCA2 @SC92Ca2 @5D3ACA2 BSESRCEZ @SFoRCA2 BE@SACA2 B615aCa2
P Texas Instrurmnents XD5560 Debug Probe_0/Cortex_M4_IPUZ_C1 (Disconnected : Unknown) 0x40IQELES  @6290C02 BEITRCEI 06A98CE2 BESIRCDZ RLAIBCAZ DE7IRCE2 DEESACEL

EAQ30A1AL  @RI9ACA2 REAYDCAZ PEESACA? BAC9ACA2 PEDIACAZ BEESACA? PAFIACAZ
0x403001C0 @7@oQCA2 @7152Ca2 OF25QC02 07392002 @7450Ca2 B7S00CA2 @7E5CA2
2x4030010C @7F7ORCOZ @759@CQ2 P7I9QCR2 7ADRCRZ @7EPRCE2 R7C9RCE2 @7DIRCR2

£ Texas Instruments ¥DI360 Debug Probe_0/CEfo DIPL (Suspended - S Breakpoint)
B Texas Instruments ¥NS5AN Dehun Prohe (7CARa DSP? Miscannected : nknonmi
m

. 3

Figure 14. DAP Debug SS Memory View

Disassembly View

The CPU opcodes of the software executing on the target can be viewed in the Disassembly window
(View — Disassembly) of the CPU. Assembly step into and step over buttons in the debug window can be
used to step through the disassembly.

Breakpoints

DRA7x, TDA2x, and TDA3x support different types of breakpoints that halt the execution of the CPU core.
Each ISA supports a different list of breakpoint options. The different types of breakpoints supported by
each CPU ISA from the breakpoint window (View — Breakpoints) are as given:

* Cortex-Al5:
— Breakpoint
— Count Event
— Cross Trigger
— Hardware breakpoint
— Hardware watchpoint
— Profile Control Point
* Cortex-M4:
— Breakpoint
— Hardware breakpoint
— Profile Control Point
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» C66x DSP:
— Breakpoint
— Chained Breakpoint
— Count Event
— Data access count
— Hardware breakpoint
— Hardware watchpoint
— Profile Control Point
 ARP32 EVE:
— Breakpoint
— Hardware breakpoint
— Hardware watchpoint

5.1 Software and Hardware Breakpoints

Breakpoints are program locations where the processor must halt so that debugging can occur. The link
http://processors.wiki.ti.com/index.php/How_Do_ Breakpoints_Work gives information regarding how
software and hardware breakpoints work.

Both hardware and software break points allow the CPU to halt at a given PC location. Hardware
breakpoints can be used regardless of whether the code being executed is in RAM or ROM. However,
Software breakpoints can be used, only volatile memory where the contents of the memory are modified
to indicate the debugger to halt at the PC location.

The advantage of the SWBP is that you can set an unlimited number of them in as many places desired.
The disadvantage is that you cannot put them in non-volatile memory, such as ROM, FLASH, and more,
because CCS cannot write the opcode to the location. The disadvantage of the HWBP is because they
are implemented in hardware, they are limited in number.

Double clicking on the PC location of the C code or the assembly instruction in the disassembly window

creates a software breakpoint # or hardware breakpoint # pased on the memory type automatically.
Alternatively, you can set the breakpoint from the breakpoint window (see Figure 15).

()= "ariables € Expressions (ii] Registers ®g Breakpoints i3 & - | x x FE -1 | F BHS ¥ = O
Identity Marne Condition w Breakpoint select the type of
£ 0x00000000 [HAY 1 Breakpaint Chaired Breakpaint breag oint
Count Event
' Ereakpaint Enter the pregram
I i inth Data Access Count
: T ocation in e po
Location:  pipeline_copy ‘ ~ pop Hardware Breakpoint
up window Hard Watchooi
(1) Additional properties can be set in Breakpoints View B W el
through Breakpoint Properties, Profile Control Point
Set AEGEWT/External(g)
[ OK l | Cancel | Wiatchdog Timer

Figure 15. Setting Breakpoints From the Breakpoint Window

18 A Guide to Debugging With CCS on the DRA7x, TDA2x and TDA3x Family SPRAC17B-January 2016—Revised November 2017

of Devices Submit Documentation Feedback
Copyright © 2016-2017, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRAC17B
http://processors.wiki.ti.com/index.php/How_Do_Breakpoints_Work

13 TEXAS
INSTRUMENTS

www.ti.com Breakpoints

Optionally, you can set alternate functions when the CPU hits the desired PC location by changing the
breakpoint options (see Figure 16).

()= Variables €% Expressions 11} Registers | 9 Breskpoints 53 F R RBANBES -
Identity Name Condition Count Action
V| B pipeline_copy (0 Breakpoint o s Bnscnmio Lalead
i i . . Breakpoint (Code Composer Studio) 3
Break points property window pop up Right Click on the p P
breakpoint e GotoFile
Enable
Disable
we Properties for = || == 2 | Remove
Breakpaint Properties & Breakpoint Properties - v % Remove &I
Select All Chrl+4,
Properties . Walues 2 copy —_
4 Hardware Configuratian o e o
Lacation pipeline_copy
4 Debugger Respanse Attach Breakpoint To Debug Contest...
Canditian Reset Counter
4 3kip Count i} &
Current Count 1] £ |Raia
Action Rermain Halted 52 &2 Import Breakpoints...
a Miscellaneous Cantral Profiling 3 R
aroup Disable a Group iz | %o EworBreakpoints.
Narme Enable a Group Breakpaint Properties..
Execute Expression (GEL)
Optionally change the [Read Dsta from File Select Break point
N N Refresh All Sivindows :
option of the Action | Properties
erformed with the PC [Update View
N - Write Data to File
location is hit
This s what the IDE will do once the breakpoint has triggered and all lagical conditions are (g property
met too
®

Figure 16. Configuring the Breakpoint From the Breakpoint Window

5.2 Chained Breakpoint

The Event Analysis tool allows you to chain breakpoints. For example, if you want to track a bug in
frequently-executing code that only surfaces after the execution of a separate piece of corrupt code. It is
not required to break every time the frequently-executed code is run. The code does not need to break
after the corrupt code is executed.

Configuring a chained breakpoint is very similar to a normal break point, except that you must give two
locations. Only when the first location is executed, the code halts at the second location.

5.3 Count Event

The Count Event functionality allows counting multiple CPU events which give insight into the different
system events, such as cache hits and misses, pipeline stalls, and more. The A15 and DSP support
counting events. The A15 event to be profiled can be selected while defining the Count Event break point.
For DSP, the event to be profiled can be selected after creating the Count Event breakpoint and changing
the property by right clicking on the breakpoint, and selecting Breakpoint Properties.
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5.4 Hardware Watchpoint

The Hardware Watchpoint can be used to halt the CPU when the CPU reads or writes from or to a
particular memory location. Use the following steps to setup a hardware watchpoint:

1. Open the breakpoint dialog: View — Breakpoints in the Debug Perspective.
2. Select Hardware Watchpoint in the pull down menu.

(x)=ariables € Expressions ({1} Registers | ®g Breakpaoints % & - | & 8 ‘ S ¥ = 0
Identity Hame Condition Breakpoint
Chained Breakpaint
Count Event
Data Access Count
Hardware Breakpoint
Select Hardware | Hardware Watchpoint |
Watchpoint from the Prafile Cantral Paint
drop down list Set AEGEVT/External(g)
Wiatchdog Timer

Figure 17. Breakpoint Window Selection to Enable Hardware Watchpoint

3. In the location field, specify the address that you want to watch, and if it stops on a read or write
access. For example, if you want to watch when a global variable named ext_buf is written to.

4. You can specify ext_buf for the location and write for the memory access.

«« Hardware Watchpoint @

Lacation:  ext_bud

Mernory: |Wr|te V‘

() Additional properties can be setin Breakpoints
Wiewr through Breakpoint Properties,

[ Ok ] | Cancel |

Figure 18. Hardware Watchpoint Configuration Window

5. If needed, the watchpoint can be further customized by right clicking on the Watchpoint and selecting
Properties. From this dialog box, you can:

1. Configure a data read and write of a particular value from the address
2. Configure the size of the data
3. Configure a mask value (bits that may be ignored)

5.5 Profile Control Points

Profile Control Points are used to enable and disable collection for function profiling or code coverage.
These points can be used to exclude a certain range from getting profiled and vice versa. More
information on profile control points is present in
http://processors.wiki.ti.com/index.php/Profiler#Profile_Control_Points. Profile control points are supported
for Cortex-A15, Cortex-M4, and DSP.
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5.6 Cross Trigger

The device supports a cross-triggering feature, which provides a way to propagate debug (trigger) events
from one processor subsystem and module to another. For example, a given subsystem A can be
programmed to generate a debug event, which can then be exported as a global trigger across the device.

Another subsystem B may be programmed to be sensitive to the trigger line input and to generate an

action upon trigger detection.

1. Cross-triggering can be configured from the Cortex-A15 view. In the breakpoint window, select Cross

Trigger to create a dummy cross Trigger Breakpoint.
2. The properties of this cross trigger breakpoint can be altered if you right click the Cross Trigger

Breakpoint and select Properties.

3. A pop up window appears on this action.
4. The property window allows configuring four cross trigger channels.

5. For each channel, configure the Event Watcher, which decides what event in the device causes the

trigger to be generated.

6. The Action Trigger decides what action is taken when the trigger occurs.

Figure 19 shows the Breakpoint Properties window to configure the cross trigger settings.

¢ Properties for

Ereakpoint Properties

& Breakpoint Properties ™ T v

Fraperties

4 Hardware Configuration

4 Miscellaneous

The option to configure cross trigger function for channel 0

=

Values

Choose “Channel
Configured” to
enable a channel

4—— Choose which event
generates the trigger

Cross Trigger
Channel Configured

a Type
4 Channel 0
4 Bventiatcher
» Cortex 815 0 Events
Cortex 815_1 Events
PTMO Events
PThAL Events
> MPU Subsystern Events
Debug Subsystern Events
XTRIGD Event
4 Action Trigger
- Actions to Cortex 150
Actions to Cortex 215 1
Actions to PThD
Actions to PTML
> Actions to Debug Subsyte
Trigger XTRIGO
Channel 1
Channel 2
Channel 3

i true

4—— Choose what action is taken
when the trigger is received

¥ true

Awailable
Auailable
Hwailable

Group Default Group
Marme Cross Trigger

‘ Edit Property

| QK

| Cancel |

Figure 19. Breakpoint Properties Window to Configure the Cross Trigger Settings
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6 Processor Trace
The device supports processor trace for the Cortex-A15 and the DSP processors. Steps to enable the
Cortex-Al5, DC processor trace and interpret output data using CCS are discussed in the following
subsections.
6.1 Cortex-Al5 PC Trace
The Cortex-A15 supports a non-intrusive PC trace that indicates what instruction runs with each cycle.
The trace can be directed to the internal device 32 KB buffer (the ETB) or can be directly sent to the
emulator through TPIU.
NOTE: The ETB Buffer is a circular buffer and holds the last portion of the CPU trace data when the
buffer is full and wraps around.
1. To enable PC trace, keep the debug context to the Cortex-A15.
2. From the Tools menu option, select Hardware Trace Analyzer — PC Trace (see Figure 20).
= CCSDebug - Source not found, - Code Composer Studio
File Edit \iew Project [Tools | Scripts  Run  Window Help
. &)= @.T Mermory Map || 2|00 ) @i riP
GEL Files
%‘; Debug. & Click on _IOOISARM Advanced Features
ﬁ Spectrum Digital DeblignerOptans s 4 TPUL_C0 (Disconnected : Unknown)
X@ Spectrurmn Digital 4 IPUL CliDisconnected : Unknown)
><® Spectrum Digital Pin Connect 4 IPUZ_CO (Disconnected : Unknown)
,((’3 Spectrum Digital BartCannact 4 IPUZ_C1 (Disconnected : Unknown)
X(SB Spectrum Digital P1iDisconnected : Unknown)
!@ Spectrurmn Digital Save Memory P2 (Disconnected : Unknown)
4 @ Spectrurn Digital Load Mernary a_0 (Suspended)
TV
><® Spectrum Digital 25 5_1 (Disconnected : Unknown)
!@ Spectrum Digital| & RTOS Object View (ROV) 'E_1 {Disconnected : Unknown)
><® Spectrum Digital bz RTOS Analyzer » [E_2(Disconnected : Unknown)
[E] 38000 53 B Systern Analyzer v
i ctbes ap il b % Hardware Trace Analyzer [3 | Function Profiling
- Grach Statistical Funchion Profiling - Mot applicable on selected CPLUs
M hﬁ o ' Stall Profiling - Mot applicable on selected CPLs
rriage Analyzer l o
e , Cathe Anabysis - Not applicable on selected CPUS
RTSC Tools " Code Coverage
Data Varizble Tracing - Not applicable on selected CPUs
fiotie k | Interrupt Profiling - Mot applicable on selected CPLU3
| PcTrace €= Select PC trace
Select hardware Custom Core Trace
trace analyzer Open File
User Configurations
= Analysis Dashboard
Figure 20. Steps to Start the Cortex-A15 PC Trace
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3. This action opens a pop up window that can be used to further configure the PC trace feature.
Figure 21 shows the Cortex-A15 PC trace hardware trace analysis configuration and Advanced

Properties windows.

<" Hardware Trace Analysis Corfigurstion

PC Trace Configuration

Collect Address and Timing data.
Data can be analyzed using the Analyze button in the Trace Viewer,

= EcT ¥4 Advanced Properties

23 Y Receiver Properties
5| SEPPCTmce 4 Hardwars Configuration
4 Type
Trace Type

Hame Instrumentation Type  Cores

PC Trace CPU Trace

» Receiver/Transport Settings Pra Trace

 Data Collection Settings

-

Trace Range: [All

Al
of PC to trace.
Statt at Address
Endl at Address Based on the
Start and Stop at Addresses

<)

3 [ \E fields (

Tanspart Type Select if the RC
cotes15 0 [EE |+l Trace would be

/7: Select the range

selection fill Start
at Address and
End at Address

Start.

Actions
4 ‘What to Trace
Program Address
Data
4 Miscellaneous
Group

stored in ETB or
sent to the XDS
pro trace receiver
through the TPIU

Pog-up window when

Mame

you|click on Advanced
Settings

| [ conca |

Al settings under this are handled by the target without intruding on the target's execution

%‘ |

Walues

Trace

Standard

Trace On

{Select data to trace)

“we  Can trace only PC
HPk yalues for A15
Default Group

PC Trace

Click OK-when done
[ ok J[ concel

Click to start PC trace

Figure 21. Cortex-A15 PC Trace Hardware Trace Analysis Configuration and Advanced Properties

Windows

4. On starting the trace functionality, CCS opens a Trace Viewer window (see Figure 22).

Cache Event Profiler
- Code Coverage
Exclusive Function Profiler
= Function Execution Graph
Function Profiler
L= Prograrn Address ws, Cycle
Stall Cycle Profiler

i

Statistical Function Profiling

Analyze Button to
visualize output

raphicall Save Trace output

the trace. Opens the

initial configuration

B *Trace Wiewer - Cortext15 0 52

Filename Function

Filter the output
of the trace

by specifyin
filter criteria

Analysis Properties... Start Trace
button to reconfigure Collection

Stop Trace
Collection

. JALH| = =

v T|@d

Receiver recording trace data - Data is shown when recording stops.

Pragrarn Address  Disassemnbly

%rc [

<"+ Set Filter Expression in Trace Viewer - Cortexal5_[)

Use Field | Use Expression

|Functi0n v|| -
Lse Bits hlask (hex):
Case Sensitive

[ Filter ] | Clear | | Clase

| Clear History

==l

Figure 22. Trace Viewer Window and Controls

5. Once the CPU core is run, the Trace Viewer captures the PC Trace. It provides a tabular output that
describes how many CPU cycles an assembly instruction of a particular function took.

6. The cycle count is given by the number of A15 CPU cycles.
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The cycle count is updated at every waypoint. A waypoint is a point where instruction execution by the
processor may involve a change in the program flow. The CoreSight Processor Trace Macrocell (PTM)
traces only the following waypoints:

» All indirect branches

» All conditional and unconditional direct branches

« All exceptions

* Any instruction that changes the instruction set state of the processor

* When halting debug mode is enabled, entering or leaving debug state

» Synchronization primitives

CCS can then reconstruct the complete instruction flow from these waypoints to create a graphical
representation of the code flow in Figure 29. Additional analysis can then be performed by looking at the

Function Profiler: Summary window, which gives details on the number of cycles spent in every function
(inclusive and exclusive).

Exclusive time is the amount of execution time that passed within that function excluding the time spent
in functions called from that function.

Inclusive time is the amount of execution time that passed within that function including the time spent in
function called from that function. Figure 23 shows the output of the Cortex-A15 PC trace.
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™ bw_mern_primitive.c EB “Trace Viewer - Cortexf15 0 52
eceiver stopped due to user request and trace buffer is full
Function Pragrarm ... Disassembly Cyecle  Delta Cycles  Line Mumber  Function Start
120 Func_1{unsigned char, unsigned char} 0=4030380% MOVMNE RO, #0 a1 2 123 1]
121 Func_1tunsigned char, unsigned char) 0x403038DC  B=ME R14 83 1] 123 1]
122 rmain{int, unsigned char*¥) 040302210 LDRE R12, [R13,.. 83 1] 295 1]
123 rrainiint, unsigned char**) 040302814 CMP RO, R12 83 1 295 1]
124 main(int, unsigned char**) 0x40302218 BNE 0x4030223C 84 1] 295 1]
125 main{int, unsigned char**) 0x4030243C  ADD RO, RE, #1 84 1] 202 1]
126 rmain(int, unsigned char* ) 0%40302440  LDRE R1Z, [R4, #1] 24 ] 22 ]
127 main{int, unsigned char* ™) 0x40302844 UXTE R, RO, RO... 84 1} 292 1}
128 rrainiint, unsigned char**) 040302548  CMP R&, R12 84 1 202 1]
129 rmain{int, unsigned char*¥) 0x4030244C  BLE 0240302804 85 1] 292 1]
130 rrainiint, unsigned char**) 040302804 MOV R0, R6 85 1] 295 1]
131 main(int, unsigned char**) 040302208 MOV R1, #67 85 1] 295 1]
132 main{int, unsigned char**} 0:4030240C  BL 0x402038D0 5 1 295 1
133 Func_1{unsigned char, unsigned char) 040303800  CKP R1, RO 85 1] 121 1
134 Func_1{unsigned char, unsigned char} 040303804 MOV R.12, #30... 85 1} 126 1]
i Info: Trace data contains no gaps or data errors (2]
B *Trace Wiewer - Cortex215 0 ™ dary_c ™1 main.c [ string.h [ 130000 [iz *Function Execution Graph - Cortex15 0 7
50_I"t =lFunction
Functions Func_2{unsigned char *, unsigrmm —— — — ——
main{int, unsigred char **} - (] [ I [ n I - (] [ T
Collapse § Prac_Tint, nt, int™ n L L} ] L} | n N n [
Functions g Prac_fiint* int50] % int, ... E "
3 Prac_listruzt recard *) [ ] ] M ] [ ] ]
Prac_benum urknown, enum M
Func_1{unsigned char, ursigne| ] It I
rnzrnpy)
Function Names' T T T T T T T T T T 1
0 100 200 L} 400 500 Al o anc 10 10
Cycle
4 i Cortex A15 Cycle Count
i Irfo: Trace data conzains no caps ar data emors (7]
Bl Consoe Fw *Frogram Address ve, Cycle - Dortedd5 0 57
Program &ddress
40303462
§ owozozenc
hil
§ 1x:40303294
B
§' Dx40302ELC
« 0x403024C18
40302600
T T T T T T T T T T
PC Address Values ' 0 10 200 m an 500 00 i a0 n 10
Crcle
i Irfo: Trace data conzains no caps ar data emors (7]
Full License : 8RM | LE | USR | Sync | SEC off
B *Trace Wiewer - Cottexnl5_0 B *Function Profiler Surnimary - Cortexf15_0 5
Function Calls  Partial Calls Excl (%) Incl &) Stalls %8)  ExclAvg  Incléwg  Stallsfwg  ExclTotal  InclTotal  Stalls Total  Status
Proc_1(struct recard *) 280 2.24 10.28 0.00 5.0 0 0.0 1,400 6,440 0
Func_tunsigned char®, unsigred char® 261 4.2 L 0.00 963 9.3 0.0 27,070 27,070 0
Prac_Tint, int, int *) g4l 1.1 116 oo 53 53 0.0 4407 4407 1]
Proc_i{enum unknown, enum unknown *y - 280 4.02 4.02 0.00 a0 9.0 0.0 2,320 2,320 0
merncpyl) 290 20.36 10.56 0.00 450 6.0 i1} 12290 12290 0
maindint, unsigned char **) 1 1475 99.98 0.00 9,240 62,625 0
Proc_8fint*, int[30] ¥, int, int) 240 1 626 B.26 0.00 140 14.0 0.0 3,920 3,920 0
Furnic_lunsigned char, unsigned char) 560 17 1 0.0 20 0 0.0 1,120 1,120 0

Figure 23. Output of the Cortex-A15 PC Trace

Right click on the Trace Viewer window to save the output data in CSV format for offline analysis.
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6.2

C66x DSP PC Trace

The DSP allows the tracing of the program counter, data access address and values non-intrusively.
The infrastructure component uses bus snoopers to collect and export trace data using hardware
dedicated to the trace function. Advanced Event Triggering facilities provide a means to restrict the trace
data exported to data of interest to maintain the non-intrusive aspect of trace. This reduces the export
bandwidth requirements and facilitates the successful collection of the data of interest.

1. To start the DSP core trace, click on Tools — Hardware Trace Analyzer — PC trace (see Figure 24).
2. Ensure debug scope is kept to C66x_DSP1/2 core in the Debug window.

tfound, - Code Composer Studia
Run  Scripts  Window Help

Mermory bap - & v 3 -{5_ i,
GEL Files
Debugger Options = | &G‘) | FT e ¥ 2 B | & Expressions [l Registers 7t’}Debug bt
Walue 4 we DRAT4: DRATSxcoxml [Code Camposer Studio - Device Debugging]

Pin Connect

Port Connect

X@ Texas Instruments XD3560 Debug Probe_0/8RMI_ICONTL (Disconnected : Unknown)
x@ Texas Instruments XD3560 Debug Probe_0fARKMI_ICONTZ (Disconnected : Unknown)
,.59 Texas Instrurnents XD3560 Debug Probe_0/Cortex_M4_IPUL_CO (Disconnected | Unknown)

Save Memory K@ Texas Instruments XD3560 Debug Probe_0/Cortex M4 TPUL_C1iDisconnected : Unknown)
Load Memaory X@ Texas Instruments XD3560 Debug Probe_0/Cortex M4 IPLZ_CO (Disconnected : Unknown)
Fill Bernory x@ Texas Instruments XD3560 Debug Probe_/Cortex_M4_IPUZ_C1{Disconnected : Unknowin)
4 o Texas Instrurnents XD3S560 Debug Probe_0/Chf DSPL (Suspended)
44 RTOS Object Wiew (ROW) = 000800000 {no symbols are defined for Dx00800000)
tﬁ_: RTOS Analyzer X@ Texas Instruments XD3560 Debug Probe_0/Chfo, DSP ADisconnected : Unknown)
a4 g Texas Instruments ebug Probe_0/Corte; uspende:
K Systern Anakyzer # Texas I ¥D3560 Debug Probe_(f Cortexd1] ded)
2 Hardware Trace Analyzer Function Profiling
- Statistical Function Profiling |
EnergyTrace Far "0xB00000" KeeE the context as
Stall Profiling DSP
i Graph Cache Analysis —
i ([[magelAnalyzer Code Coverage
Profile Mernary Throughput &nalysis
Poweer and Clock Analysis
KDAIS Tools
Diata Wariable Tracing - Mot applicable on selected CPLUs
RTSC Tools
Interrupt Profiling - Mot applicable on selected CPUs
fallace ‘ Select PC trace from Tools -> Hardware Trace
Custam Core Trace Anal] jzer -> PC Trace

Custor Sectarn Trace

Figure 24. Steps to Enable the C66x DSP PC Trace

3. On starting the PC trace, the Hardware Trace Configuration pop up window shows up.

4. You can configure the transport type to ETB (internal 32 KB circular buffer) or XDS Pro Trace dump
from the TPIU to the emulator buffer.

NOTE: The ETB buffer is a circular buffer and holds the last portion of the CPU trace data when the
buffer is full and wraps around.

5. You can optimally define the PC address range across which to trace the DSP by using the Trace
Range drop down menu.

Click on Advanced Settings to open the Advanced Properties pop up window.

The Receiver ETB properties can be updated in the Advanced Properties pop up.
In most cases, the default values are good for DSP tracing.

. In the PC Trace trigger context, you can define the different data you want to trace.
10. Once selected, click Ok.

11. Click Start in the Hardware Trace Analysis Configuration pop up window to open the Trace Viewer.
There is a tradeoff between the number of instructions traced and the amount of data traced for each
instruction because the amount of trace memory is limited.

© x©® N
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Figure 25 shows the C66x DSP PC trace hardware trace analysis configuration and advanced

properties windows.

v Hardware Trace Analysis Canfiguration

PC Trace Configuration

Collect Address and Timing data.
Data can be analyzed using the Analyze buttan in the Trace Viewer.

= @ ' Agvanced P
5z
x| =

Narne Instrumentation Type  Cores Transpart Type
PC Trace CPU Trace e DSPL =

Select ETB or
Pro Trace base

J

¥ Receiver/Transport Settings Pro Trace

~ Data Collection Settings

Trace Range: |All

Select the trace range

and appropriately fill
"Start Address" and

Range

Start at Address

End at Address

Start and Stop st Addresses

(o) (@

"End Address" fields
|

trace dump

| Advanced Settings |

Cancel |

raperties =
Receiver Properties Values
PC Trace 4 Hardware Configuration
4 Type Trace
Trace Type Standard
Betions Trace On
4 Whatto Trace {Select data to trace)
Program Address ] true
Time Stamp b true Check mark
Write Address Clfsle  jnformation to be
Write Data [ false -
Read Address Tslse  Lraced
Read Data [ false
PC with Data [ false
4 Miscellaneous
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Narne PC Trace
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Click when

configuration

e |
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Figure 25. C66x DSP PC Trace Hardware Trace Analysis Configuration and Advanced Properties
Windows

12. A Trace Viewer window starts capturing trace information once the DSP core starts running.
13. The Trace Viewer is populated with trace information once the DSP core is halted.

14. If you see the message Receiver recording trace data, the Trace Buffer wrapped around. Data is
shown when the recording stops, the ETB circular buffer is full and has wrapped around.

15. On halting the DSP core, or clicking on the Stop Trace button, the Trace viewer is populated with the
trace data entries (see Figure 26). Unlike the Cortex-A15, the cycle count is updated for each
instruction. The Delta Cycles column shows the number of cycles taken by each instruction. Pipeline
stall information is also shown.

DSP clock cycle instance at each instruction

B *Trace Viewer - Cfoex DSP1 52 [lae *Prograr Acclless vs. Cyele - Cie,
Receiver stopped due to End All Trace

Program Address  Load Address Code Delta Cycles  Cycle Trace Status  Function Start Address  End Address
200, 0%00811140  0x00811140 01883428 1 #3422 raing) B45T464 8458600
200, 0x00811140  0x00811140 0x1893428 69 43423 Pipeline stall  maing) BATT464 8438600
200, 0x00811144  0x00811144 0 180EBER 1 £492 rmaing) BAIT464 BA3R600
200... 0x00811148  0x00811148 0x18C0264 § 43403 prvaing B45T464 B458600
200... 0x0081114C  Dx0081114C OxLAG 1 43498 rmaing B45T464 8458600
200... 0Ox0081114E  0x0081114E 0xB234 6 43499 raing 8457464 8458600
200... Ox008110D0  0x008L10D0  Ox36BCOZE 1 43505 maing 8437464 B458600
200, 0%008110D4  0x008110D4  Ox26DC02E 43505 raing), 8457464 8458600
200, 0x008110D%  0x008L10DS  (x369C029 1 43508 raing) BAIT464 8438600
200... 0xD08110E0  0x008L10ED 0x2008028, 43506 rmaing BA5T4E4 B458600
200... Ox008110E4  0Ox0D0SL10EL 0x30040ER 1 43507 rraing B45T464 B458E00
200... 0x008110E8  0x0O08L10ES 0x20040E8 43507 maing B4ST464 8458600
200... OxD08110EC  0x0O0SLIOEC Ox1001AC13 6 43508 raing B45T464 B458600
AN menpmiinen mennsine nonnaen wm S hetaie Agsnam
i Trace date contains Tl aan: ordaiz cnors 17

&~ &
Disassembly Function Start
01663425 MK, 51 %1068 ,43 0
01863428 R 51 0x1069,43 0
0180EBES HVEH. 51 0x1d10000,43 0
01800264 1DW.DITL *4R3I[0],43 0
6146 CHPEQ. L1 3,43,A0 0
B23A [1AD] BHOF.5L 0x5110d0, 5 0
036BC0ZE VK. 52 OXEEETATH0,B6 0
02600025 || VK. 51 OxEEEEAnE0, e 0
03690023 R, 51 OREEEZ4300, A6 0
02008024 K. 52 0x0100,B4 0
03004088 VK. 52 0%810000, 86 0
02004085 || AVEH. 51 0%810000, A4 0
1001013 CALLE.5Z 0x511e40,53 0
ANNANRA 11 w51 MxAIANAD 46 n

44— Parallel instructions

executed in the
same CPU cycle

ewing 228,035 1

Figure 26

. C66x DSP PC Trace Viewer Output

16. To save the trace data to a CSV file for off line analysis, right click in the Trace Viewer Window.
Choose Data — Export (see Figure 27).

Bl *Trace Wiewer - Chifioe DSPL 52 @ *Program Address wr-Crsls SR~ DEOT PRl #To s st Ml
Feceiver stopped due to user request and PC changed while n =| Column Settings...
Prograrm Address  Load Sddress Code Dn Copy Ctrl+C
7 0x008L01CC  0x008L01CC  (x1350407B 00  Freeze Update
8 0x00810100  0x008101D0  0x122091E3 *Data »
9 O0x00810104 0x005101D4  (0x1B73C231
10 0x0058L01D&  0x008L01D& (14111561 BH Enable Grouping
11 0x005101DC  0x008101DC (x27823ER Groups 3
12 0x00SL01ED DXDDEJ:DIED : UX2.0C2345 3 o7 Inserta Bookmark
13 oxooaloiea  oxooRight click in Trace
14 0x008101E8  0xo0Viewer Trace Viewer U
15 OxO08L01EC  0x008L01EC  (x1310C1E3
.......... Analyze 3
16 0x008101F0  0x0D08LOLF0  Dx2A372FY

B Export Selected..,
Bl EBxportAll. «

Click Export All..

or Export Selected
based on how

many rows to save

Figure 27. Steps to Save the Trace Data to a CSV File
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17. An Export Data pop up opens (see Figure 28). You can choose which columns to save and the file

name through this window.

Export Data pop-up
Export Data

(i) Please set the export file name and select the columns you want exported.
You may also, set the colurn order using 'move-up' and 'move-down' buttons

Give the path and name of the CSV file

File Marne:

Choose the columns to

%

Browwse

Calurnns not to export: export Calums to expart:
Read Address ~| [ ] |Program Address
Read Data Add -> | Load Address
Read Size in Bits ——— | Code

Write Address Add Al - | Delta Cycles
Write Data Cyile

Write Size in Bits = ] |Trace Status

Stall Cycle Data binary <- Remove | Function

Stall Cycle Data | Start Address
Mermory Bvent binary <= Remove Al | Er_ﬁd Address
Mermory Bvent Disassernbly
External Event Function Start
Target State Descriptor

Stall Bvent Mames

Mermory Bvent Mames

Predicate Inforrmation i

i

howe ~

Mowe w

Click OK to save

file

@ [

QK ] | Cancel

Figure 28. CSV Export Data Pop Up Window

18. To analyze the trace output graphically, click on the Analyze button in the Trace Viewer window. An
example of the Function Execution Graph and the Program Address vs. Cycle is shown in Figure 29.

ki *Function Execution Graph - CB6xx DSP1 52

“ =Function

edmaCarmpletion(unsigned int, unsigned int)
main() | = I
_diffloat, float)

c_int00g)

_auto_initteoid %)

memecpy()

_TLepp_init)

_args_maing
unknown_0x104dd_0x5106f_ CELT)
unknown_0x3126c0_0x31290b_DSP_ft33:33()
unknown_(31290c_0d12cA7_CEL1G

FHrCEIONS,

Unknown_ixE 112408 11691 DSP_frt16160 '

unknown_ixi11e92_E121<F CILI0 ey
unkriown_UxE0fedD_GxB0fecd DSP 16320 . .

unknown_0xB0fecd_DxBOFF0T_CSL1Q Function executing

unknown_x810024_0x81016F C5L30 ' .

unknown_0x$101c0_0xd104d3_CHLIQ

NEATE - -R AR hF-WvE =0

Function names T v 500 3000 3500

Cycle
« T
i Info: Trace data contains 71 gaps or data errars (7]

T T T T
1000 1500 T 2000 500

DSP cycle count

BB *Trace Viewer - C66o DSP1 Jiv *Rrogram Address ws. Cycle - Chibo DSPL 57
Program Address |

0x00813620
0x00812E50

000812680
0x00811EB0

0x008116E0

Prog i AT Ess.

0x00810F10

0x00810740

0xD080FFF1) "L

7

T
6000

T
5500

Showing 188 records

& :

v =g

T T T T
3000 3260 3[00 3750

Cycte

T T T T T T T T T T T T
Program addresses ! 250 500 750 1000 1250 1500 1750 2000 2350 2500 2750

<[ .

Info: Trace data contains 71 gaps ordata errors [7]

T
4000

T T T
4250 4500 4750

T T T T T
5000 5250 5500 5750 6000

B
Showing J28.935 recards

Figure 29. Function Execution Graph and Program Address vs Cycle Graphical C66x DSP Trace

Representation

Similar to the Cortex-A15, the Function Profiler: Summary can also be generated from the DSP trace

data, as shown in the function profiler summary in Section 6.1.
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6.3 EVE SMSET Trace

6.3.1

EVE System Event Trace

The Software Messaging and System Event Trace (SMSET) is an IP block that allows non-intrusive

tracing of key EVE system events, as well as software messages from the ARP32 CPU. The SMSET

module accepts software messages through its OCP target port, and accepts key system events through

the system event input. These messages and events are queued locally in SMSET and written to the chip-
level Software Trace Module (STM) through the SMSET (and EVE) OCP Debug Initiator port. The STM
module then traces these messages along with trace content from other chip-level agents. For more

information on the EVE SMSET, see the device-specific TRM.

1. To enable EVE SMSET tracing, select Custom System Trace from the Tools menu (see Figure 30).

[Found. - Code Camposer studio
Scrlpts Run  Window Help
ernory Map
GEL Files
Debugger Options v

Pin Connect

Port Connect

Save Memarny
Load Memary
Fill Mernory
&4 RTOS Object View (ROY)
fZ RTOS Anakyzer v
k2 System Analyzer v
{2 Hardware Trace Analyzer r
EnergyTrace™
li  Graph b
5 Image Analzer
Profile 3
XDAIS Tools 3

RTSC Toals »

e = 0o

a Wy

Function Prafiling - Mot applicable on selected CPUs
Statistical Function Profiling - Mot applicable on selected CBLs
Stall Profiling - Nat applicable an selected CRU;

Cache Analysis = Not applicable on selected CRLs

Code Coverage - Mot applicable on selected CPUs

Memory Thraughput Analysis

Power and Clack &nalysis

Diata Yariable Tracing - Not applicable on selected CPUs
Interrupt Profiling - Not applicable o selected CPUs

PC Trace - Not applicable on selected CRUs

Custor Core Trace - Nat applicable on selected CPU;

Custom System Trace
Open File trace

User Configurations

= Analysis Dashboard

& Expressions {flf Registers 4 Debug 52

4—— Select custom o

DRAT4x DRATSx ccxml [Code Composer Studio - Device Debugging]

@ Tesas Instruments XDS560 Debug Probe_1/ARM3 ICONTY (Disconnected : Unknown)

@ Texas Instruments XDS560 Debug Prabe_1/ARM3_ ICOMT2 (Disconnected : Unknown)

o Tesas Instruments XDS560 Debug Prabe_1/Cortex_M4_IPLI1_CD (Disconrected : Unknawn)

2 Texas Instruments XDS360 Debug Probe_0/Cortex M4 IPUL_CL (Disconnected : Unknown)

8 Texas Instruments XDS360 Debug Probe_0/Cortex_ M4 IPU2_C0 (Disconnected : Unknown)

8 Texas Instruments XDS360 Debug Probe_0/Cortex_ M4 IPU2_C1 (Disconnected : Unknown)

1 Texas Instrurnents XD3560 Debug Probe_0/CE6z:_DSPL (Suspended - W Breakpoint)

= main{) at gem1_main.ci417 B0B03C1E
B c_intd0) 3t boot.c:67 DxDDBOYEEC (the entry point was reached)

2 Texas Instruments XDSS60 Debug Prabe_0/C66xx DSP? (Disconnected : Unknown)
Tnstruments XDS560 Debug Prabe_I/Cortex15 0. (Suspended) Set EVE debug context
D003FTE2 (no symbols are defined for 0x0003F7E2)

Instrurnents ¥DS560 Debug Probe_0/CortexA15_1 (Disconnected : Unknown)
Tnstrurnents XDS560 Debug Probe_0/ARP32_EVE_1 (Suspended - SW Brealfloint)
ainf) at main.c:167 00001100 {main does not contain frame information)
Tnstruments ¥DS560 Debug Probe_0/ARP32_EVE_2 (Suspended - SW Breakpoint)
ain() at main.c:167 00001100 (main does not contain frame information)
Instruments XDS360 Debug Probe_0/ARP32_EVE_3 (Suspended - SW Breakpoint)
ain() at main.c:167 080001100 (main does not contain frame information)
Instruments XDS360 Debug Probe_0/ARP32_EVE_4 (Suspended - SW Breakpoint)

Linf\ 2k mnain 8T MBAANTIAN frmain doos net canbain frama infarmatinont

M| fitexamplec ] DRATx multicore_reset.gel  [£] main{) st CAGForgeteve2s

ce file ot "CAAGForgeteved_sw_deviappsiedma_eve_double_buffering_alins_view 78451
 adit the source lookup path to include its location.

Iy
»

Figure 30. Steps to Enable the EVE SMSET Trace

2. This action opens a Hardware Trace Analysis Configuration pop up window.
3. Click on Advanced Settings to open the Advanced Properties pop up window.
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4. Click on the New Trace Trigger icon to create a new trace (see Figure 31).

w7+ Hardhware Trace &nalysis Configuration o [®

52 <+ Advanced Properties

')

Settings

SMSET Tracing

& |
B

Click on advanced

Click Start to start EV]

=

Custom System Trace Configuration % ) Receiver

Display Systern Trace data which the target application configured for, \ 52} SMSET EVEL

Data can be analyzed using the Analyze button in the Trace Viewer,

Hame Instrumentation Type  Cores Transpart Type

Custom System Trace  Systern Trace CT_STM_Config  ETE -

}» Receiver/Transport Settings . "
— Click on the "New Trace
Advanced Settings o T

Trigger" icon

B
Properties Values
4 Hardware Configuration
4 Type Trace
4 STM Trace Type Systern Bvent Detection(EVEY)  Select Trace Type
Sighal Type Lowe Lewvel

Wsg Generation Type by Event Detection Select "by Event

Start on Ext. Trigger [ false Detection"

Stop on Ext, Trigger [ false

a Event Selection
tpoe_aet_start
tpee_aet_stop
ARP32 Int4
ARP32IntS
ARP32 Intfi
ARP2Z Int7?
WCOP Loop Start
WCOP Done
ARP22 MMI
4 Miscellaneous

] true
] true
¥ true
] true
W] true
¥ true
] true
el true
] true

Select which events to
trace

Group Default Group
Narne SMSET EVEL Give a name to the
A custom name to refer to this breakpoint M
Click Okay when
done

Figure 31. EVE SMSET Hardware Trace Analysis Configuration and Advanced Properties Settings

5. Update the properties to select the trace type, message generation type, and event selection to

configure the EVE SMSET.

6. Repeat the same for EVE2/3/4 as applicable.
7. Once the SMSET is configured, the code on the EVE must be run to allow the Trace Viewer to capture

events.

8. The Trace Viewer is updated when the EVESs stop running or the Stop Trace Collection button is

clicked.

An example output of the Trace Viewer correlated with theoretical calculation of execution time:
a. 7x7 Gaussian filter of a 768x512 image divided into 128x64 blocks and apportioned across 4 EVE

cores.

b. Four EVE's working horizontally with the first EVE is allocated with 1/4™ of the data, and the next
EVE is allocated with 1/4™ of the data, and so on.

c. From a compute, expect at least 128x64x49/16x1/2= 12,544 SMSET (ARP32) cycles with 19
cycles of pipeline overhead + 6-7 cycles of parameter decode+6 cycles of command decode=

12,544+32=12,576.

d. From a DMA, you must bring in a 130x66 and produce a 128x64= 16,722 bytes, which at 5.88
bytes per VCOP cycle must be= 16,772x1+5.88x1+2= 1,445 cycles.
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Figure 32 shows the example EVE SMSET trace viewer output.

= Console | G2 GEL Files | *Trace Viewer - jagadeesh_edma... 3 LI EVE Analyzer: Scope - jagadeesh_... | Bl EVE Analyzer: Summary - jagade... | Bae EVE Analyzer: Segment Time Plot... | [ EVE An|

Avayee [0 & ~ @ | ]

Master ID  Master Name Ch.. Meodule DataMessage Data Domain Class Type Data Size Address Trace Status Local Delta Timestamp  Local Timestamp

51 0xDC  SMSET4 SET start 0l EDMA_TPCC_AET  compu.. Ewvent 51 1224779674
52 0xD8 SMSET3 SET start 0x7 VCOP_EVE_LOOQP compu.. Ewvent 1 1224779695
53 0xDC  SMSETH4 SET start 0x7 VCOP_EVE_LOOQP compu.. Event 1 1224779675
54 0xDO  SMSET1 SET stop 0x2 EDMA_TPCC_AET compu.. Event 1320 1224780652
55 0xDd  SMSET2 SET stop 0x2 EDMA_TPCC_AET compu.. Event 1248 1224780644
56 0xD8 SMSET3 SET stop 0x2 EDMA_TPCC_AET compu.. Event 1416 1224781111
57 OxDC  SMSETH4 SET stop 0x2 EDMA_TPCC_AET compu.. Event 1464 1224781139
58 0xDO  SMSETL SET stop 0x8 VCOP_EVE_LOOP compu.. Event 11264 1224791916
59 0xD0  SMSETL SET start 0xl  EDMA_TPCC_AET  compu.. Event 49 1224791965
1. OxDd SWSET2 SET stop T0xE WVCOP EVE LOOP | compu.. . Ewent 11358 13347514872

61 0xD4  SMSET2 SET start EDMA_TPCC_AET  compu.. Event 49 1224792021
62 0xDO  SMSET1 SET start 0:F  WCOP_EVE_LOOP compu... Ewvent 1 1224791966
63 0xD4  SMSET2 SET start 07 WCOP_EVE_LOOP compu.. Event 1 1224792022
64 0xD8 SMSET3 SET stop 08 WCOP_EVE_LOOP compu.. Bwent 11200 1224792311
65 0xD& SMSET3 SET start 0l EDMA_TPCC_AET  compu.. Ewvent 48 1224792360
66 OxDC  SMSET4 SET stop 08 WCOP_EVE_LOOP compu... Ewvent 11136 1224792275
67 OxDC  SMSET4 SET start 0l EDMA_TPCC_AET  compu.. Ewvent 49 1224792324
68 0xD& SMSET3 SET start 0xF  WCOP_EVE_LOOP compu.. Ewvent 1 1224792361
69 OxDC  SMSET4 SET start 0xF  WCOP_EVE_LOOP compu.. Ewvent 1 1224792325
70 0xDO  SMSET1 SET stop 02 EDMA_TPCC_AET  compu.. Ewvent 1568 1224793534

EMRAA TNEE ACT  cmeeees [=p—. 1a1E 1974903498

e s ) cer e nen
4 Warning: Clock frequency not available. Cannot provide time in seconds.,

Figure 32. Example EVE SMSET Trace Viewer Output

Click the Analyze — EVE analyzer option to graphically analyze the output from the EVE SMSET
trace. Figure 33 shows the VCOP loop for each EVE that runs for approximately 12,600 ARP32 cycles
and the EDMA that runs for approximately 1,500 cycles.

Figure 33 shows the example EVE analyzer output.

i B Console | [ GEL Files | Bl “Trace Viewer - jagadeesh_edma_withoutPrint.tdf | [ EVE Analyzer: Scope - jagadeesh_edma_withoutPrint.tdf &2 = i
o EVE Analyzer views v=$' E R I - B Ry '| a3~ -
it
“ SMSETLVCOP_EVE_LOOP computation |
= SMSET2.VCOP_EVE_LOOP.computation == i == =
SMSET3.VCOP_EVE_LOOP.computation |Hses ll‘—;; = 11554 l;w il
+SMSET4.VCOP_EVE_LOOP.computation |mmms o — — |
+/SMSET1.EDMA_TPCC_AET.computation s L L (e
©SMSET2.EDMA_TPCC_AET.computation ; = . [ 1)
/SMSET3.EDMA_TPCC_AET.computation .. " L L L]
%/ SMSET4.EDMA_TPCC_AET.computation = = i - I

Figure 33. Example EVE Analyzer Output

NOTE: The EVE AETCTL register bit fields STRTEVT and ENDINT must be populated with the
DMA channel numbers from the software to capture the beginning of the series of the EDMA
transactions, and the end of the EDMA transactions.
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6.3.2 EVE Software Messaging
The STM and SDTI Target Library exports a C interface to the customer's application. You can leverage
these functions to send software messages to the trace by making calls into these APIs. These SM
messages and SET events are shown by the CCS Trace Viewer utility. Link to download STM Libraries
(STMLIb) is http://processors.wiki.ti.com/index.php/CToolsLib#Download. An example software sequence
to use the EVE software messaging from the ARP32 CPU core is:
/* _______________________________________________________________________ */
/* Standard header includes for c environment. */
/* _______________________________________________________________________ */
#include <stdio.h>
#include <stdlib.h>
#include "stdlib.h"
#include "StmLibrary.h"
#include "arp32.h"
int test_main()
{
STMHandle * pSTMHandle;
#ifdef _CIO
STMBufObj STMBUFInfo = { NULL, // pFileName: if NULL all STM output directed to STDOUT
false, //fileAppend: if true new data appended to pFilename
"EVE" //pMasterld: char * to master name
}:
STMBufObj * pSTMBufInfo = &STMBUFInfo;
#else
STMBufObj * pSTMBufInfo = NULL;
#endi f
STMConfigObj STMConfiglinfo;
int stmChn = 1;
int num = 0x12345678;
unsigned short data[] = {250,251,252,253}%};
printf("'STM Example Start™);
STMConfigInfo.optimized_prinf = true;
STMConfiglInfo.STM_BaseAddress = 0x40089000;
STMConfigInfo.STM_ChannelResolution = 8;
STMConfigInfo.pCallBack = NULL;
pSTMHandle = STMXport_open(pSTMBufinfo, &STMConfiginfo );
#ifndef _COMPACT
STMXport_printf(pSTMHandle, stmChn, "STMXport_printf: Hello World %d", num);
#endif
STMXport_logMsgO(pSTMHandle, stmChn, *logMsgO: Hello World™);
STMXport_logMsgl(pSTMHandle, stmChn, *"logMsgl: Log message single arg -
STM base address is %x',
STMConfiglInfo.STM_BaseAddress);
STMXport_logMsg2(pSTMHandle, stmChn, *"logMsg2: Log message two args -
num is %d num+l is %d\0",
num, num+l );
STMXport_logMsg(pSTMHandle, stmChn, "logMsg: Log Message > two args -
num is %d, num+l is %d num+2 is %d\0",
num, num+l, num+2);
STMXport_logMsgO(pSTMHandle, stmChn, "logMsgO: Dumping 4 shorts\0");
STMXport_putBuf (pSTMHandle, stmChn, (void *)data, eShort, sizeof(data)/sizeof(short);
STMXport_logMsgO(pSTMHandle, stmChn, "logMsgO: Dumping 1st byte of num, 1st short of num, and
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num\0');

STMXport_putByte (pSTMHandle, stmChn, (char)num);
STMXport_putShort (pSTMHandle, stmChn, (short)num);

STMXport_putWord (pSTMHandle, stmChn, num);

#ifndef _COMPACT

STMXport_printf(pSTMHandle, stmChn, "%s->Line Number %d\0",

#endif

//STMXPort_close sends extra message to get all user messages to ETB

STMXport_close(pSTMHandle);
printf("'STM Example Done™);

}

return(l);

FUNCTION__, LINE_ );

The steps to enable trace on the EVE SMSET for the software messaging are the same as the sequence
described in Section 6.3.1. The output obtained from the example sequence:

MasterID  Master Name  Ch... Medule Data Message Data Domain Class

15 0xFD

16 04C EVE4P1 Oxd  STM logMsg0: Dumping 1st byte of num, 1st short of num, and num SW Target function: Printf{)
17 04 C EVE4 P1 04 STM 078 SW Target function: PutBuf()
18 0:4C  EVE4P1 Oxd  STM 05676 SW Target function: PutBuf{)
19 0x4C EVE4 P1 Ox4  STM 0x12345678  SW Target function: PutBuf()
20 0x4C  EVE4 P1 Oed  STM SMSET_SWMSG_TestFunction-=»Line Number 135 SW Target function: Printf()
21 040 EVELP1 0l STM STMXpert_printf: Hello World 305419896 SW Target function: Printf{)
22 040 EVEL P1 Ml STM legMsgl: Hello World SW Target function: Printf{)
23 00 EVELP1 Ol STM legMsgl: Log message single arg - STM base address is 40089000 SW Target function: Printf()
24 040  EVELP1 0l STM logMsg2: Log message two args - num is 305419896 num+1 is 305419897 SW Target function: Printf()
25 040 EVEL P1 hl  STM legMsg: Log Message > two args - num is 305419896, num+1 is 305419897 num-+2 i 305419898 SwW Target function: Printf()
26 040 EVEL P1 ¥l 5TM logMsg0: Dumping 4 shorts SW Target function: Printf()
27 0xd0  EVELP1 0l STM OxFA  SW Target function: PutBuf()
28 0xFB

29 0xFC

30 0xFD

3l 040 EVELP1 Ol STM legMsg0: Dumping 1st byte of num, 1st short of num, and num SW Target function: Printf()
32 0xd0  EVELP1 hd  STM 078 SW Target function: PutBuf()
33 0x40  EVEL P1 Ol STM 0x5678  SW Target function: PutBuf()
El 040  EVELP1 Ol 5TM 0x12345678  SW Target function: PutBuf()
35 0xd0  EVELP1 0l STM SMSET_SWMSG_TestFunction-=Line Number 135 SW Target function: Printf()
36 044 EVEZ P1 2 STM STMXpert_printf: Hello World 305419896 SwW Target function: Printf{)
37 Oxdd  EVE2 P1 k2 STM legMsg0: Hello World SW Target function: Printf()
38 (=44 EVE2P1 0x2  STM logMsgl: Log message single arg - STM base address is 40089000 SW Target function: Printf()
39 044 EVEZ P1 2 STM legMsg2: Log message two args - nurn is 305419896 num«+1 is 305419897 SW Target function: Printf()
40 044 EVEZ P1 02 5TM logMsg: Log Message » two args - num is 305419896, num+1 is 305419897 num+2 is 305419898 swW Target function: Printf()
41 (=44 EVE2P1 k2 STM logMsg0: Dumping 4 shorts SW Target function: Printf{)
42 Oxdd  EVE2PL 2 STM OxFA  SW Target function: PutBuf()
43 0xFB

44 0xFC

45 0xFD

46 (=44 EVE2P1 0x2  STM logMsg0: Dumping 1st byte of num, 1st short of num, and num SW Target function: Printf()
47 044 EVEZ P1 2 STM 078 SW Target function: PutBuf()
48 Oxdd  EVE2P1 2 STM 05678 SW Target function: PutBuf()
49 Ox44  EVEZP1 0x2  5TM 0x12345678  SW Target function: PutBuf()
50 Ox44  EVEZP1 02 5TM SMSET_SWMSG_TestFunction-»Line Number 135 SW Target function: Printf{)
51 O EVES P1 3 STM t SW Target function: Printf{)
52 048 EVE3P1 03 5TM 305419896 W Target function: Printf()
53 Oxd8 EVES P1 03 5TM rld SW Target function: Printf()
54 048 EVE3P1 03 5TM 12345678 SwW Target function: Printf()

Figure 34. Example Trace Viewer Output of EVE Software Messaging
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7 Throughput and Data Traffic Profiling

The L3 interconnect supports a built-in nhon-intrusive performance monitoring feature by implementing a
statistics collector (STATCOLL) component, which computes traffic statistics within a user-defined window
and periodically reports through the MIPI-STM interface.

7.1 L3 Statistics Collector

CCS supports multiple use cases of the L3 statistic collector that helps understand the traffic generated by
initiators and the traffic reaching slaves of the L3 interconnect while the application is running in a non-
intrusive fashion. The list of supported use cases are shown below.

Average Burst Length: Calculate the average size (bytes) in a burst transaction. A normal single word
access results in 4 bytes of data per burst (transaction access). DMA transaction, in general, can transfer
data up to 128 bytes per transaction, in general, can transfer data up to 128 bytes per transaction. This
calculation helps to optimize data transaction and improves bus use. For example, to transfer a large
buffer using DMA efficiency, the average burst length for DMA must be close to 128 bytes.

Throughput per Sampling Period: Calculate number of transaction (bytes) per sampling window
(cycles). It is commonly used in bus bandwidth analysis. You can convert the results to bytes per second
by multiplying the above result by statistic collector's operation frequency. For example, on the TDA2x,
DRA7x, and the TDA3x (statistic collector is operated at 266 MHz) if the result is 4,095 (bytes per
sampling period) for a sampling period of OXFFF the conversion yields 4,095x266 M+0xFF= 266 Mbytes
per second.

Link Occupancy for All Transactions: Calculate the percentage of time the module is in active (non-
idle) state. When the module is in active state, it may be transferring data, doing arbitration, or analyzing
header.

Arbitration Conflicts for Request: Calculate the percentage of time the module is in active (non-idle)
state. When the module is in active state, it can be transferring data, doing arbitration, or analyzing
header.

Initiator Busy on Response: Calculate the percentage of time the module is in busy state so that it
cannot accept any read data from a target.

Underflow on Request: This statistic allows determination of the cycles during a write transaction when
the initiator is not able to send data to a target at the rate at which the target can accept it.

NOTE: This support may not be available at all probe types.

Histogram of Pressure Distribution: Amount of data bytes for low and high priority transferred during
the sample window period. Show usage of N counters to determine traffic priority attribute of each burst
per sampling period are in a range of 0..n, n+1...m, m+1...k for different transaction types.

Average Latency Distribution: Calculate average read and write latency for each data packet. It is only
available on the NTTP probe type.

Histogram of Latency Distribution: Show usage of N counters to determine latency of read and write
transaction per sampling period are in a range of 0..n, n+1...m, m+1...k for different transaction types.

In order to enable L3 statistic-based analysis, select Memory Throughput Analysis or Custom System
Trace. This opens the Hardware Trace Analysis pop up window. Based on the L3 statistic use case,
further configuration in the Advanced Settings options may vary.

In the following subsections, the ways to measure the Throughput per Sampling Period and Average
Latency. The configuration for the rest of the use cases is similar.
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Figure 35 shows the steps to enable throughput and data traffic profiling.

Run  Scripts  “Window Help
Memary Map - R S B s S g
GEL Files
ARM Advanced Features

Debugger Options » ]g.lng]
Disconnected : Unknown)
Pin Cannect Disconnected : Unknown)
Part Connect _C0Disconnected : Unknown)
_C1iDisconnected : Unknown)
Save Memory LCO {Disconnected : Unknown)
Load Mermory LC1{Disconnected : Unknown)
Fill Memany connected : Unknown)
] connected : Unknown)
14 RTOS Object View (ROV) spended)
Th2 RTOS Analyzer 3
| o Systern Anakyezer 3
) 2 Hardware Trace Analyzer » Function Profiling
ey ‘ Statistical Function Profiling - Mot applicable an selected CPLUs
Stall Profiling - Mot applicable on selected CPLs
i Graph i’ Cache Analysis - Mot applicable on selected CPLs
Wall et Code Coverage
Profile 3 Mernaory Throughput &nalysis « Select MEI"I'IO[I
Powver and Clock Snalysis Throughput
XDALS Tools 8 q &A—E—p—_
Data Yariable Tracing - Mot applicable on selecteMA sIS
RTSC Taols 8 : i S

Interrupt Profiling - Mot applicable on selected CPLUs
PC Trace

Customn Core Trace

Custorn Systern Trace « Optionally select
Open File custom system trace

User Configurations 3

=  Analysis Dashboard

Figure 35. Steps to Enable Throughput and Data Traffic Profiling
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7.1.1 Throughput
For throughput a default configuration of the EMIF1 and EMIF2 SYS ports is present. You can choose the
Subsystem Type to another L3 slave or initiator to be able to profile the Throughput per sampling period.
You can also set additional filters with respect to reads only, reads and writes and writes only. Figure 36
shows the throughout profiling Hardware Trace Analysis Configuration and Advanced Properties settings.
.-‘« Hardware Trace Analysis Configuration o= || = | 82 | % Advanced Properties 2
Memory Throughput Analysis Configuration % Receiver Properties Values
Graphs the memary access throughput (ME/s) and/ar 5 | I Thoughput EWEMIL |, Hiavdare Configuratian
the numnber of bus cycles spent waiting to access memary., £3 Throughput RW ENIF2 4 Type Trace
arme Instrumentation Type  Cores Transport Type “ S‘W‘Uzac‘;z“ :igm:;:: Ts:m i Period
Memony Throughput Analysis  Systern Trace CT_STM_Config  ETB - Subsystern Type EMIFSSYS E A
4 Transaction Filter
} Receiver/Transport Settings Initiator Enable Single Initiator
~ Data Collection Settings Initiator Type EDMA_TC1WR{D1110000k)
RegInfo Setting
Transaction Type Read and Write
Transaction Filter: | Reads and Mirites b Sample Window Size D:fff
Trigger Type Permanent
dtenced sowines] g M Docorio
Generate Data for &Il CPUs ] true
4 Miscellaneaus
Group Default Group
Narme Throughput Ry EMIFL
i — Option of initiatar type for transaction
@ |9 |E Cancel
Caneel

Figure 36. Throughput Profiling Hardware Trace Analysis Configuration and Advanced Properties

Settings

Additional transaction filters can be applied, which allows filtering traffic based on an initiator.

The choice of the sampling window size has a direct impact on the resolution of capturing bandwidth
peaks and calculating the device throughput. The number gives the number of L3 clock cycles after which
the data is sent to the device STM. Thus, to calculate the time interval the Sampling window is divided by

the L3 frequency (266 MHz).

Both reads and writes are captured in this example. The Trace Viewer gives the bytes transferred every

sampling widow.

The Y-axis of the memory throughput gives the data is bytes per sampling period. To understand the
throughput, the number in the Y-Axis must be multiplied with the L3 frequency and divided by the
sampling window size. Every point in the X-axis corresponds to one sampling interval. Thus, the ticks

correspond to the number of samples.
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An example output for an EDMA transfer to interleaved EMIF is shown in Figure 37.

fas *Mernary Throughput - CT_STM_Config 52 '::5'_' S vy v ® S
| EMIF1_S¥S:RdMvrall Initiators:All Bus Masters  ERAIFZ_SYSRA eall Initiators Al Bus kasters |

32000 T

28000 4 F ’\ =,
24000 b|
20000

16000

Thraughput

12000

2000

. )l L

6,000 56,000 106,000 156,000 206,000 256,000 306,000 356,000
Timing (ticks}

Showing 1,274 records

BR *Trace Viewsr - CT_STM_Config 52 B-EHEs -8 pe|lax-B)E ~=0
Receiver stopped due to user request and trace buffer is full
Tirne (ticks) Data Message Data Class Module  Daornain Data Size  Address  Local Delta Tirmestarnp =
3 5888 0x6890  Throughput (Bytes/sample period)  SDRAM  EMIF2_SYS:Rd AWVRAl Initiators
4 11776 0:6980  Throughput (Bytes/sample period)  SDRAM - EMIFI_SYS:Rd ArAl Initiators
3 11776 0x6800  Throughput (Bytes/sample period)  SDRAM  EMIF2_SYS:Rd AVRAl Initiators
6 14720 0:6880  Throughput (Bytes/sample period)  SDRAM  EMIF1_SYS:Rd Ardll Initiators
I 14720 0:6230  Throughput (Bytes/sample period)  SDRAM  EMIF2_SVERAAMRAIN Initiators
8 17664 0:6880  Throughput (Bytes/sample period)  SDRAM  EMIF1_SYS:Rd Ardll Initiators
9 17664 06230 Throughput (Bytes/sample period)  SDRAM  EMIF2_SVERAAMRAI Initiators
10 20608 0x6880  Throughput (Bytes/sample period)  SDRAM  EMIF1_SYS:Rd rdll Initiators
11 20608 06230 Throughput (Bytes/sample period)  SDRAM  EMIF2_SVERAAMRAI Initiators
17 FrLie] AR Thvniinb b Pbas fonmnnla mavindy  STEARL FRATED SW2E A Ao Al Toibinboee =
4 mnm [

Showing 1,276 records

Figure 37. Example Output of the Throughput Profiling for an EDMA Transfer to Interleaved EMIF

SPRAC17B-January 2016—Revised November 2017 A Guide to Debugging With CCS on the DRA7x, TDA2x and TDA3x Family 37

Submit Documentation Feedback of Devices
Copyright © 2016-2017, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRAC17B

Throughput and Data Traffic Profiling

13 TEXAS
INSTRUMENTS

www.ti.com

7.1.2

Average Latency

The average latency can be measured by choosing Average Latency Distribution use case in the
advanced properties tab. The average latency is measured over a sampling window determined by the
sampling window size configuration.

A sample output of the average latency measurement for an EDMA transaction from DDR to OCMC RAM
is shown in Figure 38. The output is represented in the L3 cycles. In Figure 38, the output took an average
of 0x2F cycles for a read request from TCO to get a response from DDR and OxF cycles for a write
request from TCO to OCMC RAM to get a success response.

it -EE« -B|Epela »-EIE v= 0O

FR *Trace Viewer - CT_STM_Config 52
Receiver stopped due to user request and trace buffer is full
Time ticks)

- T =YL, TR S Ry Ny
=

I
5888
5848

11776
11776
14720
14720
17664

17664
TNANS

Data Message Data

0:=2F
0:=F
0:=2F
0=F
0:=2F
0=F
0:=2F

0:=F
2

Class

Auerage Transaction Latency (Cyclesftransaction)
Awerage Transaction Latency (Cyclesftransaction)
Awerage Transaction Latency (Cyclesftransaction)
Awerage Transaction Latency (Cyclesftransaction)
Awerage Transaction Latency (Cyclesftransaction)
Awerage Transaction Latency (Cyclesftransaction)
Average Transaction Latency (Cyclesftransaction)
Awerage Transaction Latency (Cyclesftransaction)

Aosarznna Trancartion | atance (iTvclas firancactined
m

Module

LATD
LATD
LATD
LATD
LATD
LATD
LATD

LATD
| ATR

Damain Data Size  Address Lo =

EDRAL_TCO_RD:Rd WAl Responders
EDRA_TCO_WR:Rd Merall Responders
EDMA_TCO_RD:Rd kAl Responders
EDMA_TCOWRRD WAl Responders
EDMAL_TCO_RD:RA AW kAN Responders
EDRAL_TCOMWR:RD el Responders
EDMA_TCO_RD:RdAWrAll Responders

EDRAS_TCOWRRD Ml Responders

EMbAM TEn BORAANSA Bacrandars
3

Showing 2,078 records

Figure 38. Sample Trace Viewer Output of an Average Transaction Latency of a DMA Transfer From DDR

7.2 OCP Watchpoint

The L3 interconnect provides functional probes embedded and attached to the following L3 targets:
GPMC

L4-
L4-

PER
CFG

to OCMC

DMM_P1 (DMM target port 1)
DMM_P2 (DMM target port 2)
OCMC RAM
The probes output are multiplexed together and then sent to the L3 interconnect debug port. A component

called OCP-WP is used to collect data from functional probes and then transmit captured data to the STM
module.

The OCP-WP provides the following main features. For all the features of the OCP WP, see the device-
specific TRM.

Monitoring the OCP traffic originated by all initiators that can access the selected target where the
probe is attached.

Filtering OCP monitoring bus traffic by:

Address range

Initiator-ID (see the L3 Interconnect specification for initiator-ID mapping)

Transaction type

Transaction qualifier
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Figure 39 shows the OCP Watch Point Hardware Trace Analysis Configuration and Advanced Properties

settings.
w'¢ Hardware Trace Analysis Configuration o =T v Advanced Properties =
Memory T put Analysis Co n 5| Y Receiver Properties Values
Graphs the mernory access throughput (MB/s) and/or 5;} DMK PL OCP Wifatchpoind |, Hardware Configuration
the number of bus cycles spent waiting to sccess memary.
4 Type Trace
Hame Instrumentation Type  Cores Transport Type 4 STM Trace Type OCP Traffic Monitoring  Select OCP Traffic.
N Function T: Traffic Manit o
Mermary Throughput &nalysis  Syster Trace CT_STM_Config  ETE . Click on New Trace = “";r:; L D;W'IEI _nerng Monitoring
Trigger 4 Ensbled Graup 0 Select the Probe
» Receiver/Transport Settings Enabled Initiats All Initiators
+ Data Collection Settings MRegInfo Filte
» 4 Ensbled Group 1 o
Select the initiator and

Enabled Initiatc Disabled

Transaction Filter: | Reads and Writes - bRegInfo Filke other filters

4 Enabled Graup 2

[ Advanced Settings | Enabled Iniiat Disabled
MReglnfo Filte
4 Enabled Group 3

Enabled Initiatc Disabled

Select Advanced MReqInfa Filte
Use Addresses Tric [] false

Settings
) Settings Use EMU Trigger [ false
Click Start Compression Cont

P — N Data Flag Mapping Give a name to the

@ (9@ Cancel 4 Miscellaneous -

= trace (optional
Group Default Group
Mame DM PLOCP Watchpoint

A custom name to refer to this breakpoint

Click OK

Figure 39. OCP Watch Point Hardware Trace Analysis Configuration and Advanced Properties Settings

Figure 40 shows the sample Trace Viewer output of the OCP watch point trace.

B *Trace Viewsr - CT_STM_Config 32 A ~ |_’E.:|E|4} =R | 2 - = v =g
Receiver stopped due to user request and trace buffer is full
Titme (ticks) Data Message Class Madule Address  Local Delta Timestamp  Local Tirmestamp #

4 20 MReglnfo = None ; BurstSeq=Incrementing; BurstLength=8 OCPWP Read Match-ID =0 0x81006080

5 2T MReglnfo = Mone ; BurstSeq=Incrementing; BurstLength=% OCPWP Read Match-ID =0 081006100

fi 33 MReglnfo = Mone ; Burstieq=Incrementing; BurstLength=% OCPWP Read  Match-ID =0 31006180

T 40 MReglnfo = None ; BurstSeq=Incrermenting; Burstlength=8 OCPWP Read  Match-ID =0 081006200

8 47 MReglnfo = Mone ; BurstSeq=Incrementing; BurstLength=% OCPWP Read Match-ID =0 081006280

1 53 MReglhfo = Mone ; BurstSeq=lncrementing; BurstLength=% OCPWP Read  Match-ID =0 081006300

10 60 MReglhfo = Mone ; Burstieq=Incrementing; BurstLength=% OCPWP Read  Match-ID =0 31006380

1 68 MReglnfo = None ; BurstSeq=Incrermenting; Burstlength=8 OCPWP Read  Match-ID =0 0x81006400

12 74 MReglnfo = Mone ; BurstSeq=Incrementing; BurstLength=% OCPWP Read  Match-ID =0 0:81006480

13 20 MReglhfo = Mone ; BurstSeq=Incrementing; BurstLength=% OCPWP Read  Match-ID =0 081006500 i

Showing 2,298 records

Figure 40. Sample Trace Viewer Output of the OCP Watch Point Trace

8 References
» Creating Device Initialization GEL Files
» CCSvb Getting Started Guide wiki
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