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Building a Salvo Application with
TI's Code Composer Studio

'C2000

Introduction

Before You Begin

This Application Note explans how to wuse TI's
(http://www.ti.com/) Code Composer (CC) and Code Composer
Studio (CCS) Development Tools to create a multitasking Salvo
application for Tl's TMS320C2000 DSPs.

We will show you how to build the Salvo application contained in
\sal vo\ ex\ ex1\ mai n. ¢ for a TMS320C2812 using CCS 'C2000
v2.0. For more information on how to write a Salvo application,
please see the Salvo User Manual.

Note Since the two compilers and their IDEs are essentialy
identical, Code Composer Studio will be used throughout this
manual to refer to both products. Where necessary, differences will
be identified.

If you have not already done so, install CCS 'C2000. Y ou will need
to run the CCS Setup program to properly set the System
Configuration.! Familiarize yourself with CCS. More information
on Tl's TMS320C2000 family of DSPs and the associated tools is
available at http://www.ti.com/.

Related Documents

The following Salvo documents should be used in conjunction
with this manual when building Salvo applications with Tl's Code
Composer Studio Development Tools:

created by Andrew E. Kalman on Jan 22, 2003  updated on Jul 23, 2003
All trademarks mentioned herein are properties of their respective companies.
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Salvo User Manual
Salvo Compiler Reference Manual RM-CCS2000

Creating and Configuring a New Project

Create a new CCS project under Project — New. Navigate to
your working directory (in this case we've chosen c:\tenp) and
create a project named nyex1. pj t :

Froject Mame: Imye)d
Location: Ic:\temp\myex1 Y J
Project Type: IExecutabIe {.out) LI
Targst [Tmz3z20C2802 =l
< EErk | Finish | Cancel | Help

Figure 1: Creating the New Project

Choose the appropriate Project Type and Target and click Finish
to continue. Y our project window should look like this:

-1 GEL files
=1 Projects
g myex]_pijt

o

Figure 2: Project Window with Folders

Now let's setup the project's options for Salvo's pathnames, etc.
Access the project's compiler options by selecting Project —
Build Options... and the Compiler tab. Under Category select
Preprocessor and add the project's own include path and
\'sal vo\i nc\ to Include Search Path. Also, define any symbols?
you may need for your project in Define Symbols. Use
semicolons to separate entries.
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g -q ' chtemphmyex1yDebug” -i"citemp -'"c\sakohinc" -d"_DEBUG"
o' LARGE_MODEL" -ml 28

Basic c\temp;chsakvoying

Advanced
Feadback _DEBUGLARGE_MODEL

Figure 3: CCS 'C2000 Build Options — Include Search
Path and Define Symbols

If you wish to generate a map file, select the Linker tab, select
Basic under Category and enter the map file name in Map
Filename:

-0 -c-m"'myex].map" -0 A\Debugimyex] .oul" -x

Figure 4: CCS 'C2000 Build Options — Map Filename

Click OK to finish setting your project's options.
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Adding your Source File(s) to the Project

Now it's time to add files to your project. Select Project — Add
Files to Project, choose Files of type: C Source Files (*.c,
*.cc), navigate to your project's directory and select your mai n. c.
Your Add Files to Project window should look like this:

dAddFilestoProject  HH]|
Laokin: | Sdtemp B =4

File name: |main.c Open
Files of type: IC Source Files *.c*coo) j Cancel
Help

Figure 5: Add Files to Project Window

When finished, click Open, and your project window should look
like this after expanding the project's folders:

@ Files
@1 GEL files
= Projects
E@ myex]_pjt
-[13 Generated Files
[:l Include

oJA]

Figure 6: Project Manager Window with Project-Specific
Source Files

Adding Salvo-specific Files to the Project

Now it's time to add the Salvo files your project needs. Salvo
applications can be built by linking to precompiled Salvo libraries,
or with the Salvo source code files as nodes in your project.
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Adding a Library

For a library build, a fully-featured Salvo freeware library for the
TMS320C2812 for use with CCS 'C2000 is sftic28xl-a.lib.?
Select Project — Add Files to Project, choose Files of type:
Object and Library Files (*.0*, *.I*), navigate to\ sal vo\ | i b and
select the library:

lAdd FilestoProject  FHE|
Lockin: [0 = & g o

o sttic2ad-a lib sIticZBina lib
B sfticzaxd-dlib BB stticzaxdicllin
Hz sftic2 Bxd-e lib BB s iceaxlie.lin
Hlz sftic2 Bxd-m.lib BB stticzaxlim.lib
Hle sftic2 Bxd-tlib B stticeaxlitlib
Hz sltic2 Bxd-a.lib B s tic2dx-m lib
HE sltic2 Bxd-d lib B slticesxktlib
BB sttic2axd-e lib

| File name: IsﬂchBxI—a.Ilb Dpen

Files of type: IObje:t and Library Files (*.o**) j Cancel

Help

ddd

Figure 7: Adding the Library to the Project

Click Open when you are finished. Y ou can find more information
on Salvo libraries in the Salvo User Manual and in the Salvo
Compiler Reference Manual RM-CCS2000.

Adding Salvo's mem.c

Salvo library builds also require Salvo's mem ¢ source file as part
of each project. Select Project — Add Files to Project, choose
Files of type: C Source Files (*.c, *.cc), navigate to
\'sal vo\ src and select mem c. Your Add Files to Project window
should look like this:

Add Files to Project 2=
Loak in: I@src | gl
& aray.c &) cyclick.c [Eeidc [Emsg.c &) o
E]binsem.c & cylic?.c [® eventc @ msg2.c & i

- |Elbinsemz.c [® debug.c [®idle.c [® msgo.c Els
E|chk.c &) delay.c [®initc [® msgg2.c B =0
E] cyclice [ delay2.c [®]initech.c [® msgg3ic B =
B cyclice.c &) delay3.c [®]inittask.c [® msggd.c B =
cyclic3.c [ destroy.c inittch.c portpiclic st
B cyclicd.c [ eflag.c [®]license.c & prioc EEE
B cyclich.c [Eeflage.c [®memc &l prioz.c 1=

< |

File name: |mem.c Open

ik

Files of type: IC Source Files *.c*coo) j Cancel

i

Help

Figure 8: Add Files to Project Window
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The salvocfg.h Header File

You will also need a sal vocf g. h file for this project. To use the
library selected in Figure 7, your sal vocf g. h should contain only:

#defi ne OSUSE_LI BRARY TRUE
#def i ne OSLI BRARY_TYPE OSF
#def i ne OSLI BRARY_CONFI G OSA

Listing 1: salvocfg.h for a Library Build

Create this file and save it in your project directory, e.g.
c:\tenmp\sal vocfg. h.

Proceed to Building the Project, below.

Adding Salvo Source Files

If you have a Salvo distribution that contains source files, you can
do a source code build instead of alibrary build. The application in
\sal vo\ ex\ ex1\ mai n. ¢ contains calls to the following Salvo user
services:

OS_Del ay() Oslnit()

OS Wi t Bi nSem() GSSi gnal Bi nSem()
OSCr eat eBi nSemn() OSSched()

OSCr eat eTask() OSTi ner ()

CSEi ()

You must add the Salvo source files that contain these user
services, as well as those that contain internal Salvo services, to
your project. The Reference chapter of the Salvo User Manual lists
the source file for each user service. Internal services are in other
Salvo source files. For this project, the completelistis:

bi nsem c mem ¢

del ay. c porttic28x.asm
event.c gins.c

idle.c sched. c

init.c timer.c
inittask.c

Select Project — Add Files to Project, choose Files of type: C
Source Files (*.c, *.cc), navigate to \ sal vo\ src and select* the
*. ¢ files listed above. Your Add Files to Project window should
look like this:
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i Add Files to Project el B3

Look in: I@ ST

= 2 @l ol [ e

Hinittask.c msng.c Sched.c taskS.c
Einittch.c Bimsagic Pisemc Pitaskb.c
Eintl.c Bimsagd.c Pisem2c Pitask?c
BB license.c PBiprio.c Pstop.c Ptickc
Erem.c PBprio2.c Ptaskc Ptid.c
Ermso.c B qdelc Pitask2c Ptimerc
Ermsg2 o B qins.c Pitaskic BB util.c
Ersgo.c Bmotc Pitaskdc PBerc

File name:

I"timer.c" "delay.c" "event.c" "idle.c" Vinit.c" "initas

Open

Files of type:

IC Source Files (*c*.coc) j

Cancel

ddd

Help

4

Figure 9: Adding Salvo Source Files to the Project

Click Open when finished. Repeat with Files of type: set to Asm
Source Files (*.a*, *.s*) and add the *. asmfiles listed above to

your project.

Y our project window should now look like this:

P Files
=1 GEL files
B0 Frojects

B ot o

(] Generated Files

{3 Include
-1 Libraries
-3 Source
-[#] hinsem.c
delay.c
-[#] eventc

init.c

inittask.c
main.c
mMerm.c

-[#] porttic28xasm
gins.c
sched.c

timer.c

oJA]

Figure 10: Project Window for a Source Code Build

The salvocfg.h Header File

You will

aso need a salvocfg.h file for this project.

Configuration files for source code builds are quite different from
those for library builds (see Listing 1, above). For a source code
build, the sal vocf g. h for this project contains only:
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#def i ne OSBYTES OF DELAYS 1
#def i ne OSENABLE_ | DLI NG_HOOK TRUE
#def i ne OSENABLE_BI NARY_SEMAPHORES TRUE
#def i ne OSEVENTS 1
#def i ne OSTASKS 3

Listing 2: salvocfg.h for a Source Code Build

Create this file and save it in your project directory, e.g.
c:\temp\sal vocfg. h.

Building the Project

Each CCS 'C2000 project requires alinker command file. Add it to
your project now using Project — Add Files to Project, choose
Files of type: Linker Command File (*.cmd)), navigate to and
then select the linker command file you've created for your project:

i Add Files to Project e B3
Lookin: | i temp - i
|y
] et cmd
File name: Imyeﬂ cmd Open |
Files of type: ILinkerCommand File (*.cmd) j Cancel |
Help |
.

Figure 11: Adding the Configuration File to the Project

You will also need to add a runtime library (*. i b) and perhaps
also interrupt vectors (*. asm) to your project.” Add them now.
Once you project has al itsfiles, the project window will look like

this:

P Files
L3 GELfiles
=1 Projects
- 2
--[13 Generated Files
&3 Include
(23 Libraries

o4
Figure 12: Complete Project Window for a Library Build
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Save your project via Project — Save.® With everything in place,
you can now build the project with Project — Make or Project
— Rebuild All. The IDE's build results window will reflect the
cl 2000 command lines:

————————————————————————————— nyexl.pjt - Debug -------------

" C:\ PROGRAM FI LES\ TI EVAL2\ CQ\ Bl N\ ¢l 2000" -g -q

-fr"c:/tenmp/ nyexl/ Debug" -i"c:/temp" -i"c:/salvo/inc"
-d"_DEBUG' -d"LARGE_MODEL" -d"SYSW -d"MAKE W TH FREE LIB" -ni
-v28 - @nyex1/ Debug. | kf" "main.c"

[ main. c]

" C:\ PROGRAM FI LES\ TI EVAL2\ CQ\ BI N\ ¢l 2000" -g -q

-fr"c:/tenp/ nyexl/ Debug" -i"c:/tenmp" -i"c:/salvo/inc" -
d"_DEBUG' -d"LARGE_MODEL" -d"SYSW -d"MAKE W TH FREE_LIB" -ni
-v28 - @nyexl1/ Debug. | kf" "vectors. asnt

<vectors. asnp

" C: \ PROGRAM FI LES\ TI EVAL2\ CQ\ Bl N\ cl 2000" - @ Debug. | kf "
<Li nki ng>

Bui | d Conpl et e,
0 Errors, 0 Warnings, 0 Remarks.

Listing 3: Build Results for A Successful Library Build

The map (*. map) file located in the project's directory contains
address, symbol and other useful information:

R R R R R R R T N I

TMB320C2000 COFF Linker PC Version 3.01

F KA R KA KA KA KRR KA K KKK R KRk R R KAk R K KRR R K Rk R K KKk
>> Linked Wed Jan 22 15:49:54 2003

QUTPUT FI LE NAME: <./ Debug/ nyex1. out >

ENTRY PO NT SYMBOL: "_c_int00" address: 003d8019

MEMORY CONFI GURATI ON

nane origin I ength used attr fil

PAGE 0: PROG 003d8000 00020000 0000033c R

BOOT 003ff000  00000fcO 00000000 R

RESET 003fffcO 00000002 00000002 R

VECTORS 003fffc2 0000003e 0000001e R
PAGE 1: MRAM 00000000 00000400 00000000 RwW

MLRAM 00000400 00000400 00000400 RwW

LOL1RAM 00008000 00002000 00000000 RW

HORAM 003f 8000 00002000 000000e3 RW

SECTI ON ALLOCATI ON VAP

out put attributes/

section page origin I ength i nput sections

.reset 0 003fffcoO 00000002
003fffco 00000002 rts2800_ni.lib : boot.obj (.reset)

vectors 0 003fffc2 0000001e
003fffc2 0000001e vectors.obj (vectors)

.pinit 0 003d8000 00000000

.cinit 0 003d8000 00000019
003d8000 0000000e rts2800_m .lib : exit.obj (.cinit)
003d800e 0000000a : _lock.obj (.cinit)
003d8018 00000001 --HOLE-- [fill = 0000]

.text 0 003d8019 00000323
003d8019 00000044 rts2800_nm .lib : boot.obj (.text)
003d805d 00000000 sftic28xl-a.lib : nemobj (.text)
003d805d 0000004a rts2800_ni.lib : exit.obj (.text)
003d80a7 00000009 : _lock.obj (.text)
003d80b0 0000005¢ main.obj (.text)
003d810c 00000014 vectors.obj (.text)
003d8120 00000067 sftic28xl-a.lib : binsemobj (.text)
003d8187 0000002e : delay.obj (.text)
003d81b5 0000001e : event.obj (.text)
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003d81d3 00000018 :init.obj (.text)
003d81eb 00000043 :inittask.obj (.text)
003d822e 0000003e : gins.obj (.text)
003d826¢ 00000084 : sched.obj (.text)
003d82f 0 0000000e : timer.obj (.text)
003d82f e 0000003d : porttic28x.obj (.text)
003d833b 00000001 : idle.obj (.text)

. const 1 00008000 00000000 UNI NI TI ALI ZED

. bss 1 00008000 00000000 UNI NI TI ALI ZED
00008000 00000000 rts2800_m .lib : boot.obj (.bss)
00008000 00000000 sftic28xl-a.lib : idle.obj (.bss)
00008000 00000000 : porttic28x.obj (.bss)
00008000 00000000 : timer.obj (.bss)
00008000 00000000 : sched. obj (. bss)
00008000 00000000 : qgins.obj (.bss)
00008000 00000000 : memobj (.bss)
00008000 00000000 : inittask.obj (.bss)
00008000 00000000 :init.obj (.bss)
00008000 00000000 : event.obj (.bss)
00008000 00000000 : del ay. obj (.bss)
00008000 00000000 : binsemobj (.bss)
00008000 00000000 vectors. obj (.bss)
00008000 00000000 mai n. obj (. bss)
00008000 00000000 rts2800_ni.lib : _lock.obj (.bss)
00008000 00000000 : exit.obj (.bss)

. stack 1 00000400 00000400 UNI NI TI ALI ZED
00000400 00000000 rts2800_m.lib : boot.obj (.stack)

. sysmem 1 00000000 00000000 UNI NI TI ALI ZED

. ebss 1 003f 8000 000000e3 UNI NI TI ALI ZED
003f 8000 00000080 rts2800_ni.lib : exit.obj (.ebss)
003f 8080 0000005e sftic28xl-a.lib : nemobj (.ebss)
003f 80de 00000004 rts2800_m .lib : _lock.obj (.ebss)
003f 80e2 00000001 mai n. obj (.ebss)

. econst 1 003f 8000 00000000 UNI NI TI ALI ZED

.esysmem 1 003f 8000 00000000 UNI NI TI ALI ZED

.data 1 00000000 00000000 UNI NI TI ALI ZED
00000000 00000000 rts2800_m.lib : boot.obj (.data)
00000000 00000000 sftic28xl-a.lib : idle.obj (.data)
00000000 00000000 : porttic28x.obj (.data)
00000000 00000000 : timer.obj (.data)
00000000 00000000 . sched.obj (.data)
00000000 00000000 : gins.obj (.data)
00000000 00000000 : memobj (.data)
00000000 00000000 : inittask.obj (.data)
00000000 00000000 : init.obj (.data)
00000000 00000000 : event.obj (.data)
00000000 00000000 . del ay.obj (.data)
00000000 00000000 : binsemobj (.data)
00000000 00000000 vectors.obj (.data)
00000000 00000000 mai n. obj (.data)
00000000 00000000 rts2800_ni.lib : _lock.obj (.data)
00000000 00000000 : exit.obj (.data)

GLOBAL SYMBOLS: SORTED ALPHABETI CALLY BY Nane
[ SNI P]

[65 synbol s]

Listing 4: Map File for a Library Build

Note The CCS projects supplied in the Salvo for TI's
TMS320C2000 DSPs distributions contain additional help files
(*. txt.c) ineach project's main directory.

Testing the Application

Y ou can test and debug this application using the simulator or with
actual hardware. Load the program via File — Load Program.
The executable is normally a *. out file in the project's Debug
subdirectory:
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Load Program 2l
Look jn: IEDebug | ﬁl
] et out

File name: fmy=xt out Qpen

Files of type: I*.out j Cancel
Help
Z

Figure 13: Loading the Program into Memory

Once the program is loaded, you can view source code in the
integrated debugger, set breakpoints, run the profiler, watch
variables, select Mixed Mode for simultaneous C- and assembly-
language viewing, etc.

4 {F28x« Simulator Tutorial/CPU - 28xx (Simulator) - Code Composer Studio Free Eval Tools
File Edit “iew Project Debug Profiler GEL  Option Tools Window Help

BEHEy B B RRH(SR G EE (AR

|myex'\ pit leehug jl@lﬁ‘ﬁélﬁ ﬂ‘s\% ‘
B o |
B
; !4 main. =0l
o ([ GELfiles ﬂ
P £-@ Projects . <% Task3d delays itself far 400ms, then signals binary s =
1 =g myex1_pjt s%  semaphore #1 and toggles bit3 on PORT. */
7} -~ Generated Filas void Task3{ vaid )
'3: - for (::) {
= myex] cmd & 0S_Delay (40, Taskda);
= 5-E1 Source > 30A0CE 0228 MOVB ACC, #40 J
S0 "8 mainc 30a0C9 7A7D LCR 0BDelay
= i 3DA0CE 767D LCR OBCtzSw
[ vectors asm PORT ~= 0x08:
30A0CD 7AIF MOVW DP,#0=FE03
= 3DA0CF 1022 XOR @34, #0:0008
& 038ignalBinSem (BINSEM1 P);
) AI

Functions MNarme Walue T Rl
ryex].out % PORTE | 0000000000000110 | un:| bin

<wectors.asm> ;I

£l
"C:~PROGRAM FILEZTIE' 5|
<Linking> e
g ) ]
GH
B

Build Complete, =g Clock = 50376

0 Errors, 0 Warning:

it - e
I N S e 3 B Wt [
|[CPUHALTED I | ForHelp, press F1 Ln &7, Cal 2 ;

Figure 14: Testing a Salvo Application in the Simulator

Tip The project's map (*. map) file is very useful for debugging
because it lists the addresses of functions and variables in memory.
This information can be used in the monitor program to set
breakpoints, display memory, better understand trace results, etc.

Note cl 2000 can create generate debugging info via the —g
command-line option. Only applications built from the Salvo
source code or a Salvo Pro library enable you to step through Salvo
services (e.g. OSCreat eBi nSen() ) at the source code level when
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using an externa debugger. Regardless of how you build your
Salvo application, you can always step through your own C and
assembly code in CCS.

Troubleshooting

Cannot find and/or read include file(s)

If you fail to add \ sal vo\i nc to the project's include paths (see
Figure 3) the compiler will generate an error like this one:

"main.c", line 15: fatal error: could not open
source file "salvo. h"
1 fatal error detected in the conpilation of
“main.c".
Conpi l ati on tern nated.
Figure 15: Compiler Error due to Missing \salvo\inc
Include Path

By adding \ sal vo\i nc to the project's include path, you enable
the compiler to find the main Salvo header file sal vo. h, aswell as
other included Salvo header files.

If you fail to add the project's own directory to the project's
include paths (see Figure 3) the compiler will generate an error like
this one:

"c:/salvo/inc/salvo.h", line 320: fatal error:
coul d not open source file "sal vocfg.h"

1 fatal error detected in the conpilation of
"main.c".

Conpi | ati on term nated.

Figure 16: Compiler Error due to Missing Project Include
Path

By adding the project's own directory to the project's include path,
you enable the compiler to find the project-specific header file
sal vocf g. h.

Application Crashes After Successful Build

CCS 'C2000 supports two memory models — small and large.
Ensure that when using the large model (the default), all libraries
in the project are compatible with the large model.
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Cannot Resolve Location of Salvo Source Files

The Salvo Pro libraries with embedded debug information (i -
option) reference the salvo source files in their default location,
\'sal vo\ src. If you have placed these files in an alternate location
and you want to use debugging information, you can help CCS
locate these files to enable source-level debugging. Note that this
"corrective information” is not stored when the project is saved.

Example Projects

Code Composer 'C2000

Example projects for CC 'C2000 are found in the
\sal vo\t ut\t ul- 6\ sysaa directories. The include path for each
of these projects includes \sal vo\tut\tul\sysaa, and each
project defines the SYSAA symbol.

Complete projects using Salvo freeware libraries are contained in
the project files \salvo\tut\tul-6\sysaa\tul-6lite.pjt.
These projects also define the MAKE_ W TH_FREE_LI B symbol.

Complete projects using Salvo standard libraries are contained in
the project files \sal vo\tut\tul-6\sysaa\tul-6le.pjt. These
projects also define the MAKE_W TH_STD LI B symbol.

Complete projects using Salvo standard libraries with embedded
debugging information are contained in the project files
\sal vo\tut\tul-6\sysaa\tul-6prolib.pjt. These projectsaso
define the MVAKE_W TH_STD LI B symbol.

Complete projects using Salvo source code are contained in the
project files \sal vo\tut\tul-6\sysaa\tul-6pro.pjt. These
projects also define the MAKE_W TH_SOURCE symbol.

Code Composer Studio 'C2000

Example projects for CCS 'C2000 are found in the
\sal vo\t ut\t ul- 6\ sysw directories. The include path for each of
these projects includes \sal vo\tut\tul\sysw, and each project
defines the syswsymbol.

Complete projects using Salvo freeware libraries are contained in
the project files \sal vo\tut\tul-6\syswtul-6lite.pjt. These
projects also define the MAKE_W TH_FREE_LI B symbol.
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Complete projects using Salvo standard libraries are contained in
the project files \sal vo\tut\tul-6\syswtul-6le.pjt. These
projects also define the MAKE_W TH_STD_LI B symbol.

Complete projects using Salvo standard libraries with embedded
debugging information are contained in the project files
\sal vo\tut\tul-6\syswtul-6prolib.pjt. These projects aso
define the MVAKE_W TH_STD LI B symbol.

Complete projects using Salvo source code are contained in the
project files \salvo\tut\tul-6\syswtul-6pro.pjt. These
projects also define the MAKE_W TH_SOURCE symbol.

Salvo'stutoria and example projects for CCS 'C2000 use the F28xx Simulator
Tutorial System Configuration because it simulates both the CPU core and
some peripherals, including interrupts and timers.

This Salvo project supports a wide variety of targets and compilers. For use
with CCS 'C2000, it requires the SYSwdefined symbol, as well as the symbols
MAKE_W TH_FREE LI B or MAKE_W TH_STD LI B for library builds. When
you write your own projects, you may nhot require any symbols.

This Salvo Lite library contains al of Savo's basic functionality. The
corresponding Salvo LE and Pro libraries are sltic28xl-a.lib and
sl tic28xlia. a, respectively.

Y ou can Ctrl-select multiple files at once.

Since the project was created with the default options, including the large
memory model, then alarge-memory-model runtime library must be used.
CCS supports multiple projects in the project window, with just one active
project. Project — Save Project will save only the active project.

14
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