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Agenda

¢ Code Composer Studio v4: IDE
— What is CCS?
— CCSv3.3 vs. CCSv4
— Key features: project manager and editor
— Code Generation Tools; Emulation
— Available CCS Versions
— Getting support

» BIOS6: Real-Time Operating System




Code Composer Studio Summary

* What is CCS?
— Integrated development environment for TI embedded processors
— Based on Eclipse open source software framework

— A suite of development tools for compiling, editing, debugging, profiling and
analyzing embedded applications

* Why Eclipse?
— Quickly becoming a standard for IDEs
— Excellent software architecture
— Ability to leverage the work of others
— Wide selection of 3rd party plug-ins available

» What device families does CCS support?
— MSP430, C28x, Stellaris, TMS470, TMS570, Sitara, OMAP, DaVinci,
C5000, C6000...
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CCSv3.3 Environment
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<P File Edit View Project Debug GEL Option I DSP/BIOS _ =] x
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(3 GEL files Pescription: This application uses Frobe . || 0x00000220 |main =
{ =28 Projects. (& sine wave). It then takes this signad. 0x00000E20 |0x01BCS4FE  0x00002000 2]
ol .2 sinewave.pjt Ocbu i e g _|| owooooczze |oxooozsero  oxoievaozn s
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e in .
Can only have a few windows open
[ sine.c . Y P 00002280 c_int00: -
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BufferContents currentBuffer: 00002284 07000064
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:@IO Req e 24 00000000
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= % 12 Registers -
2051001\ Buia Lell » [ i ] 26 00000000 -
¢ 0 [HALTED LE File: CA\D Teols\CCS3, Ln1, Coll 2 |

*.I;; TexAs
INSTRUMENTS




Now

- CC

£ Debug - main.c - Code Corr

Sv4 Environment

dio_
e Edit Refactor Navigate Search Project Target Tools

St

Profile Run  Scope  Window Help

i [ e LB TR ARt S HB8ixazxaie s o
Debug 52 | = 0| t9= Variables 52 | Expressions| = 1| 128 Registers 2
Customize toolbars & menus |22l @98~ BlE X% OB
=T TTETTTRE T bug] - DAB20 Device Cycle Accurate S » || Name ARl Y
= Device | [ B8 Core Rel
B zwead [main] (Suspended) " ® B4 RegisterPairs
= 0 main() at main.c:4 0x118056e0
== 1¢_int00( at boot.c:27 0x118055ac
_..B DARAN Device Curle Arcurate Simulatar TMS0C ™
Sl 0 J v | o
[§ mainc | [6 mainh | [8 mainc 2 | Bl Inkemd | [ PBIST Testc

l¢include <stdio.h>

nﬁ/c“

Perspectives contain separate
window arrangements depending
on what you are doing.

)

. | r
=8
L2

2ginclude "main.Bn | ‘

O Tabbed editor windows
2void main(void)

Tab data displays together |

& | B

B3, *B15--[2

o9 tosave space :
john(1)z |z ox 52 jehn (BCH16
6 Jjonhn(0) : 0x! 2626 I MVK.L1
:‘ ‘ 0x! 6et cs};ﬂB CALLP.52 Jjohn (FC+16!E}
10 if (flag — 1) { C$RL1:
% peancr{heiio woridinys it | o bl
s R ol
E Console 32 | Ex 5B| 2 B ~ £% = = O[3 seripting Console 3 =
HelloDAB30 [Project Debug Session] DAS30 Device Cycle Accurate Simulator/ TMS320C6400 2
* |lznitializing ..... (Cempleted) »
[Fastviewwindmnsdon‘tdisplay ] iss>
Until you click on them -
e LE
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C/C++ Projects View
« Allfiles in the project directory are in the project
» “Add” files copies them into the project directory e
. “Lmk”_ files just _re_ferences_the files and leaves T —
them in their original location e
» Folder structure represents directory structure of i
project =
— Dragging files between folders will move them &
+ “Includes” displays header search paths T
@ sinsTable
+ Can use certain compiler and DSP/BIOS version Rl

for each project
— Use “older” tools for projects in maintenance mode
— Use latest tools for current projects

12 com.ti.costudio.gel.actionbar
* T CortexMaden
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Advanced Editor

» Code Completion
Complete word

» Navigation
Back/Forward buttons
Back to last edit button
Go to definition

Go to declaration

* Show line numbers

» Code Folding
— Collapse functions

Auto-member information
Auto-parameter information

Features

[ sinetab.c

1z4
125 /7™ shift the delay line */
izg for(i = 0; i < SIZE_SHAPING F]
127 1
128 delayLine[i] = delavline[i]
129 H
130
131 g_HodemDat,a.l
332 carrierFreq :int
133 /% clear end choise: POINT[]
134 for( ; i < 3 cPoinks | POINT []
13t ' dataSymbals : int []
Idelay : ink []

138 delayLin ngiselevel : int
137 3 OutputBufer : int []
138 phase : int
FEE] /% add new 5| Qdelay k[l

. samplesPerBaud : ink
140 Tor( i = SIZ symboiclock ; int[]
141, 1
142 #if defined(PROD CEEX)
1an Aslant imalil i= (fichawtis

53
S4®int SineLookup(int sample)[]
72

LR R R R R S R LY

LT L Ty
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Local History

 Eclipse keeps a local history of source changes

* You can compare your current source file against any previous
version or replace it with any previous version

‘ompare with Local History

(] Local History of 'modemtx.c'
= ) Aors, 2007

© N

(8] € Compare viewer

l€] € Compare:

= [d Translation Unit
®8 constelation

Workspace File © Local History (Apr 5, 2007 1:47:55 PM)
#include "razedcos.n” /7 teble for raised cosine shaping  #include "razedcos.h”
#include "sinetab.h” /7 sine look-up table 1/ #include “sinetsp.h”

/% table for raised cosine shap A
/% sine look-up table 7/ il

|/

/+ definition of constelation space #/

¢
/7 tirsc
(ox1000,
{ox3000,
{ox1000,
{0x3000,

quadrant
ox1000},
0x3000} ,
0x3000} ,
0x1000} ,

w

struct POTNT constellation[NUM_CONSTELATICN_POINTS] =

¢
/% firse
(ox1000,
(0x3000,
(ox1000,
{0x3000,

cuadrant */
ox10003,
o0x30003,
ox3000),
0x10003,

/% second gquadrant */
{-0x1000, 0x1000%,

/% definition of constelation space ©/
struct POINT constellation[NUM_CONSTELATION POINTS] =
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Edit Markers

* If you have the line number column on it also indicates changes in
your source file since your last save

1 sinetab.c = m|
124 ~
125 /% shift the delay line
126 for({i = 0; i < SIZE SHA
Modified lines iz ¢ B
128 delayLine[i] = dela
A 129 %
Deleted lines » o /% clear end of delay b
131 for{ ; i < SIZE SHAPING
13z {
133 delayLine[i] = O;
134 ¥
135
Inserted Iines > 136// typing some stuff here
137// just for the fun of it]
138
139 /% add new symbol into
140 for{ i = SIZE SHAPING F
141 {
142 #if defined [PROD_CAX)
143 delayLine[i] += ([
144 #else
145 delayLine[i] += i(r
146 #endif bV
< | >
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Tasks

* Your own TODO list
— Allows you to keep track of things to do

» Associate tasks with source lines
— Add a task by right clicking in the editor left selection margin

» Tasks view shows tasks that are contained in your workspace

a e
v ! Description Resource Path Location
O Remove this variable modemts,c CoxModem line 56
[] % Optimize this lnop modemts:.c CExModem line 126
(=] Figure out what this function does modemt:.c CoxModem line 140
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Update Delivery

* Problems:
— People are unsure of what updates are needed
— Downloading updates is painful

 Solution:
— CCs will automatically check for updates on startup and indicate if content
is available

— Spectrum Digital & Blackhawk drivers are included in the CCS install

— Service releases will only install content relevant to your installation (i.e.
C2000 users only see C2000 content)

9/29/2010 11
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Compilers

» Goals
— Make performance of Tl silicon easily accessible via high-level language

— DSP & MCU customers should be able to write all their code in C (or C++)
and meet their performance and code size requirements

* Key Requirements
— Expressiveness - within widely accepted standards
— Optimization - targeted to DSP / SIMD code
— Robustness - via validation and internal usage
— Standards — strict ISO C/C++ compliance

* Availability
— Available as a standalone package, or part of Code Composer Studio

— TI DSP Compilers are a FREE download
« https://www-a.ti.com/downloads/sds_support/TICodegenerationTools/index.htm
« Download site includes binaries, READMESs, and Documentation
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JTAG Emulation

+ XDS100 class

— Super low cost at $79, includes free CCS license limited to use with XDS100
— Robust and efficient JTAG emulation controller

— XDS100 v1: C28x, C54x, C55x, C674X processors ==
— XDS100 v2 adds ARM7/9/R4/A8 and C64x+ E 4
— http://tiexpressdsp.com/wiki/index.php?title=XDS100 o .)\

e XDS510 class
— Industry benchmark product designed for reliability and simplicity.
— Balance of cost and performance
— Available from many partners

+ XDS560 class

— Technologically most advanced product offering high speed data transfers
through processor and system level tracing

— High performance with faster TCLK rates
— Available in a variety of interfaces: USB, Ethernet, PCI
— XDS560T model supports DSP pin Trace

« MSP430 FET
— MSP430 is supported via separate USB Flash Emulation Tool at ~$100
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Available CCS Versions

» Microcontroller Edition, which supports
— MSP430
— TMS320C2800
— Stellaris Cortex-M3, TMS570 (Cortex-R4)

 Platinum Edition, which supports
— TMS320C5500
— TMS320C6000
— TMS320C2800
— MSP430
— Stellaris
— ARM7, ARM 9, ARM 11
— ARM Cortex M3, ARM Cortex R4, ARM Cortex A8
— TMS470,
— TMS570
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Licensing Options

Evaluation license
— Full version for 120 days (30 days plus 90 days extension)

* Free version
— Tied to XDS100 emulator or Starter Kits

Node locked
— Tied to one PC

* Floating
— Install on multiple PCs
— Use on a single PC

g -

CCSv4 Pricing Summary

Platinum Eval Tools Full tools with time limit FREE
Platinum Bundle EVM/DSK, sim, XDS100 use FREE
Platinum Node Locked Full tools tied to a machine $1995
Platinum Floating* Full tools shared across machines  $2995
Microcontroller Core MSP/C2000 code size limited FREE
Microcontroller Node Locked MSP/C2000/Stellaris $495
Microcontroller Floating* MSP/C2000/Stellaris $795

*3, 5, 10, 25 user bundles available as well

Part #s: http://tiexpressdsp.com/index.php/Licensing_- CCSv4#Part .23s
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Licensing - FAQs

« Who gets v4 Upgrades?
— Code Composer Studio users and under subscription.
— Code Composer Essentials Pro users who purchased after June 1 2008

« What happens with 3.3 “site” licenses?

— Every customer with a site license will be contacted by Tl and provided with an equivalent v4
floating license package

¢ Can | upgrade free eval tools to full tools?
- Yes

¢ Can Tl extend free eval tools?
— Yes

« What happens if my computer is off the network and | am using afloating license?
— You can continue to use CCS, it will just let you know it could not get a license in the title bar

* How do | get the free XDS100 license?
— Just download the CCSv4 image and click the button to generate a bundle license

¢ Full set of FAQs on the CCSv4 mediawiki
— http://tiexpressdsp.com/index.php/FAQ - CCSv4#Licensing

9/29/2010
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#1 Resource for Information: TI Wiki

* CCSv4 Mediawiki
— http://ftiexpressdsp.com/wiki/index.php?title=Category:Code_Composer_Studio_v4

— Documentation e
FAQs 2 =
(' C I |l 5% hiip//tiexpressdsp.com/index.php/Category.Code_Composer_Studio |
— License info T hn YO e o walmil, gy oabitice! by [
category | [ discussion edit | [ history | [ delete | [ protect unwatch "i
aining " Category:Code Composer Studio v4 1
Downloads SIS
- W Category-Code Composer Studio
Contents [hide]
1 Overview
navigation 2 Getting Started
= Main Page 3 Support
= Al pages 4 Downloads
® Al categories
= Popular pages Overview [edit]
= Popular authors
= Posr catauoTed Code Composer Studio v is a major new release of —
® Ceieoncy ol Code Composer Studio (CCS) that is based on the
= Recent changes =
= Eclipse open source software framework. The Eclipse
= Random page
i e software framework is used for many diffarent
s applications but it was originally developed as a open
framework for creating development tools. We have =
print/export chosen to base CCS on Eclipse as it offers an
= Create a book excellent software framework for building software )
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Getting Support

» See if the question is already answered
— Check the FAQs and topics on the wiki
— Search the e2e forums

» Post a question or issue to the Code Composer Studio or Tl C/C++
Compiler forums on e2e community
— www.ti.com/e2e

» Check the status of a bug
— https://cgweb.ext.ti.com/pages/SDO-Web.html
— Can create your own gueries to track issues important to you
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DSP/BIOS: A Free RTOS For Tl Processors
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Need for an Operating System

Input |:> Process |:> Output

Event + ISR Data Processing Event + ISR
Device Driver Algorithm Device Driver

« Simple system: single I-P-O is easy to manage
+ As system complexity increases (multiple 1-P-O):

@ Can they all meet real time ? @ Synchronization of events?
@ Priorities of threads/algos ? @ Data sharing/passing ?

« 2 options: “home-grown” or use existing (DSP/BIOS)
(either option requires overhead)

« If you choose an existing O/S, what should you consider ?

@ Is it modular ? @ Is it reliable?
J s it easy to use ? @ Data sharing/passing ?
@ How much does it cost ? @ What code overhead exists?

(o

Technical Training
Organization

15

DSP/BIOS Overview

Input |:> Process |:> Output

HWI SWI, TSK HWI
IOM/CSL IOM/CSL

DSP/BIOS
Scheduler Data Sharing/Passing  Sychronization Memory Mgmt

DSP/BIOS is a scalable, real-time kernel used in 1000s of systems today:
* Pre-emptive Scheduler to design system to meet real-time (including sync/priorities)
+ Easy to use through a set of standard APIs
+ Modular - pre-defined interface for interthread communications
* Reliable — 1000s of applications have used it for more than 10 years
+ Footprint - deterministic, small code size, can choose which modules you desire

0" Cost - free of charge

Technical Training
Organization




What does BIOS give to me?

Real-time event and statistics gathering
Priority-based multi-threaded operations

Basic inter-thread communication and
synchronization

Basic I/O for interacting with devices and
other threads

Basic interrupt handling capabilities

c c cCc Cc ¢C

The Scheduler

Started by BIOS_start()

Manages all threads & synchronization
Keeps track of (one or several) stacks
Runs highest priority thread that is ready

Scheduler codeis run only

w at scheduling related BIOS APIs to decide if
the currently running thread blocked, or
another thread with higher priority becomes
ready

w e.g. SEM_pend, SWI_post, ...
w at each CLK tick (system heart beat)




Instrumentation/Real-Time Analysis

BI10OS Modules Summary

Comm/Synch Between Threads

SEM

LOG
SIS

Input/Output

Thread Types

HWI
SWI
TSK .
IDL Memory and Low-Level Primitives
Clock and Periodic Functions 2B
CLK
PRD
GBL
Thread Classification
u Used to implement 'urgent’ part of
real-time event
u Triggered by hardware interrupt
u HWI priorities set by hardware
u Use SWI to perform HWI ‘follow-up' activity
u SWI's are 'posted' by HWI's or SWI's
.B‘ u Multiple SWIs at each of 15 priority
= levels
o
= u Use TSK to run different programs
o concurrently under separate contexts
u TSK's are usually enabled to run by
setting a flag, called a 'semaphore’
u Multiple IDL functions
u Run round-robin
u Includes exchange of BIOS Real Time
Analysis (RTA) information with host




ty

IDL

Background loop when there |[Eemmmes B

. . H Estimated Data Size: 2785 Est. Min. Stack Size [Mals] 528 IDLO properties
is nothing else in the system | 7=¢
wstem Prapert Yalue
to do {2 Instrumentation comment <add commer...
15 Scheduling function _myFunc
T3 CLK - Clack Manager Include in CPU ... True

D PRD - Periodic Funclion Mar [LTIIRTT (Y =

f .
. HWwil - Hardware Intemupt Se Genera\l

Sl - Saftware Interupt Mar
K - Task Manager
269 1L - dle Function Manager | Somment

while( 1) ) DL oniow T

void IDL_loop() |DL_run

-% } I DL—r Un( ) ’ 22 ;’#i:‘;:;:{‘;:; ¥ Include in CPU load calibration
&2 Synchronization
" — [+ |puCiutput
|- I DL fUﬂCtIOﬂS m USt 3] g ESL—Ch\pDSuppolt Library
o
not block!
Ok I Cancel Appll Help
u Multiple IDL functions
u Run round-robin
u Includes exchange of BIOS Real Time
Analysis (RTA) information with host
-l System {220 Frioiity 15 [Highest]
. . [#-{g Instumentation (20 Prioiity 14
voi d typical TskFunc( parans ) (= Scheduiing ..g Pricity 13
-8 CLE - Clock Manager (23 Prioiity 12
{ &) PAD - Perindic Foraton ~@ Prinri:iﬂ
init(); % ?C'J" glafldware‘\nterrupth 8 Er!nr!ty ;n
whi | e( ! shut Down ) CEmEmEE | O o
E % TSE_idle 8 Erinri:i:
6 -Idle Function Manag | (3 Prici
SEM pend( ...): /1 block  [ess i g il
. - Input/Output Pricrity 4
> } doSt uf f ( ) ’ % CSDLt- Ch\lpDStuppolt Library g F‘non:ia
Priarity 2
{21 Pricril
.E } = éon:: ; [Reserved for the idle task]
P e TSK idle
O 4| | | D Pricrity -1 [Suspended tasks)
= u Use TSK to run different programs
o concurrently under separate contexts

u TSK's are usually enabled to run by
setting a flag, called a 'semaphore’

e Fach TSK has its own stack

e TSK function properties allow to specify arguments to
function




ity

10r1

Pr

SWI

voi d typical Swi Func( parans )

voi d typicallsr()

| owLat encySt uff ();
SW _post( &WO0 );

doSt uf f Qui ckly(); {
return;
} }
u Use SWI to perform HWI ‘follow-up’
activity
u SWI's are 'posted' by HWI's or SWl's
u

« All SWis run from the system stack

* SWis have to be triggered in order
to run (typically from ISR)

« Can not be terminated before end of
function

* When the same SWI object is
posted more than once before it has
a chance to run, it only runs once

L System |
Lg2 Instrumentation
3 Scheduling
£ CLK - Clock Manager
@ PRD - Perindic Function Manager

& PRDO

SK - Task Manager
TSE_idle

TSKO

49 1DL - 1dle Function Manager

I Synchionization oo
Input/Output -

PR ] Ll_l

Multiple SWIs at each of 15 priority levels

{1 Priority 14 Highest]
{0 Priority 13
{2 Priority 12
{2 Prioiity 11
-1 Priority 10
- Priority 9
{0 Priority &
- Priority 7
(3 Priority &
(3 Prioiity 5
~{Z1 Priority 4
~{Z1 Priority 3
-{Z1 Priotity 2
{2 Pricrity 1
L PRD _swi
B {1 Pricrity 0 [(Reserved when TSK is enabled)
L KNL_swi

Priority

HWI

u Used to implement 'urgent' part of real-time event
u Triggered by hardware interrupt
u HWI priorities set by hardware

BEE
Estimated Data Size: 4023 Est. Min Stack £ |HW\ INT14 properties
B9 Hw - Hardwars Inteinupt Servios 3 DBt o S |
i - ! HWI_RESET General | Dispatche |
eInterrupt Service Table I HR A .
gener ated autornanca”y ':::’ :x:-:gggg:&g? camment: defines the INTT4 Inteu
*HWIs run on system stack - i e -
. . Ll fiirtion CLK._F_isr
*Digpatcher allows to write W NT? Trra—
. I H_INTS monitor Mothing hd
ISRsinC " i L e (-00000000
*BIOSusesINT14 W HWINT1T type [farea -1
. " HWI_INTI2
(Timer_0) by default W W3 Gperon STS oot ]
"HWI_INT14
B . HWLINTIS _’I: ok | Cencel | sl | Hep




DSP/BIOS Environment

User Code DSP/BIOS Library
#include <log.h> || #include <sem.h> HWI SWI TSK IDL SIO PIP
q
funcl EU”CZ SEM MBX QUE HST CLK LOG
LOG_printf(...) SEM_post(...); STS TRC PRD ATM BUF GBL
} LCK DIO GIO PWRM MSGQ

u DSP/BIOS is a library that contains a collection of modules with a particular
w Interface and calling conventions
w Set of data structures defined in the module’s header file
u Application Program Interfaces (API) define the interactions with a module
w Relates a set of constants, types, variables and functions visible to user programs
w Object based: global parameters that control operation of each instance
u Objects - are structures that define the state of a component

) . pointer structure....
w Pointers to objects are called handles handle —"{ elementl
w References to the object are via the handle element?2
w Object based programming offers:
w Better encapsulation and abstraction object

w Multiple instance ability
0]

Technical Training
Organization

BIOS in CCSv4

* CCSV4 includes two versions of DSP/BIOS

- 5.40
 Binary compatible with BIOS5.3
» Updated to support CCSv4 integration
» Recommended if migrating existing projects to CCSv4
» Does not support execution graph
- 6.20
» Supports complete real-time analysis tools including execution graph
» BIOS now available for all Tl processor families (including ARM9, Cortex M3,
MSP430)
— No BIOS6 support for C5000, new C55x devices supported in BIOS 5.x
* Many new kernel and analysis features
» New APIs with enhanced error handling
* 100% compatible DSP/BIOS 5.3x API layer
» Legacy and new APIs can be used in the same application
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DSP/BIOS 5.x

« DSP/BIOS 5.x will continue to be supported in “maintenance mode”
— Bug fixes. Minor device variants. No new features.

« We still support and maintain DSP/BIOS releases from 5-10 years ago

— Source code is under version control and we can rebuild old versions with
original compilers to be bit-exact with the original release.

« New devices and features will be supported in DSP/BIOS 6.x
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Recent DSP/BIOS 5.x History

» DSP/BIOS 5.31 (Aug 2006)
— Added TCI6488 and TCI6486 Support
— 5.31.01 - 5.31.08 maintenance releases

» DSP/BIOS 5.32 (Oct 2007)
— Added 28x Floating Point Device

All BIOS 5.3x and 5.4x
— 5.32.01 - 5.32.04 maintenance releases

Releases afe binary and API

- DSP/BIOS 5.33 (Sept 2008) compatible! o
— Added C674x (floating point GEM) Support Just re-buildgggggiguration
; and re-link the application.
— 5.33.01 - 5.33.06 maintenance releases

« DSP/BIOS 5.40 (April 2009) (use “Compnent Manager
— CCSv4 Support (tooling and project integration) gn(_jldma”ke SHIERBIOS
— ldentical target code as 5.33.06 ullder” .pjt|gRHgNS are in

synch)
» DSP/BIOS 5.41 (Sept 2009)
— CCSv3 and CCSv4 in single release
— Different installer for CCSv3 tooling vs CCSv4 tooling
« — DSP/BIOS 5.41 target code is nearly identical to DSP/BIOS 5.33.06
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DSP/BIOS 6.x Scope

DSP/BIOS 6.x is a major ‘rewrite’ of the Kernel and Tools

— Refactored the kernel to be more modular and portable
» Added key features as requested by large BIOS 5 customer base
* Mostly ‘C’ code instead of assembly code

— Real-time Analysis (RTA) and Run-time Object View (ROV) based on Data
Visualization Toolkit (DVT) and CCSv4/Eclipse IDE

« Better user interface and expanded feature set

— Design is based on Real-Time Software Components (RTSC) Eclipse Project
« See rtsc.eclipse.org for more information

— Open and Extensible Configuration tooling
« Configuration tool now supports non-BIOS target content

« Existing test suites are used to ensure quality
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Kernel Highlights

¢ Open Source
— Eclipse Public License for DSP/BIOS 6.21 and beyond
e Support for ARM and DSP Cores

* Many new Kernel and Analysis Features

New APIs with unified error handling

Compatible DSP/BIOS 5.3x API layer
— Legacy and new APlIs can be used in the same application
— A few (seldom or never used) modules are not supported
— Zero source changes are required
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BIOS Schedule

» Current Version: 6.30
— Support for C2000, C6000, Stellaris M3, MSP430
— Includes source with BSD open-sourse license

* With version 6.30: name change from DSP/BIOS to SYS/BIOS

» No support for C55x planned L
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J Thank You! J
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