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Building a Salvo Application with
Rowley Associates' CrossStudio
for MSP430

Introduction

This Application Note explains how to use Rowley Associates
(http://www.rowley.co.uk/) CrossStudio for MSP430 to create a
multitasking Salvo  application for Texas Instruments
(http://www.ti.com/) M SP430 ultra-low-power microcontrollers.

We will show you how to build the Salvo application contained in
\'sal vo\ ex\ ex1\ mai n. ¢ for an MSP430F149 using CS430. For
more information on how to write a Salvo application, please see
the Salvo User Manual.

Before You Begin

If you have not already done so, install CrossStudio for MSP430.
Familiarize yourself with the CS430 IDE.

Related Documents

The following Salvo documents should be used in conjunction
with this manual when building Salvo applications with Rowley
Associates CrossStudio for MSP430:

Salvo User Manual
Salvo Compiler Reference Manual RM-CS430

Creating and Configuring a New Project

Create a new C430 solution under File — New — New Blank
Solution. Navigate to your working directory (in this case we've
chosen c: \ t enp) and create a solution named nyex1:
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M New Solution

Project Types: Templates:

3 CrossStudio ..

[

Ermpty
Solution

| Create an ermpty solution containing no projects,

Solution Narme: |mye}{1

Location: |C Ry=lgga]

Browse... |

Cancel | Ok I

Figure 1: Creating the New Solution

Click OK to continue. Now create a new C3430 project under File
— New — New Project. Again, navigate to your working
directory and create a standard project named nmyex1 using the

Executable template:

B New Project

Project Types:

Templates:

[ Admin Projects
‘3 Btandard Pro...

@ O ]

Executable Library Obiject file

| & project for creating an executable,

Project Mame: |myex1

Location: IC 1 fermp

Browse. .. |

Cancel | oK I

Figure 2: Creating the New Project

Click OK to continue. C430 will automatically save the project

whenever you closeit.

In order to manage your project effectively, we recommend that
you create a set of foldersfor your project. They are:

Listings

Salvo Configuration File

Salvo Help Files
Salvo Libraries
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Salvo Source Files
Source Files

For each® folder, left-click on the project in the Project Explorer
window, right-click, choose New Folder..., enter the desired
name under Name of the new folder and click Ok.

B New Folder
Mame of the new folder:
Salvo Libraries Ok
File extensions: Cancel

Figure 3: Creating a Folder

When finished, your Project Explorer® window should look like
this:

B X 55 a)|
Solution 'rmyexl’ (1 project)
-] myexl

Figure 4: Project Explorer Window with Folders

Now let's setup the project's options for Salvo's pathnames, etc.

Note We recommend that you do set of these options at the
solution level unless it's imperative that they be set at the project
level.

Select the solution by left-clicking on the solution in the Project
Explorer window. In the Properties window®, under
Preprocessor Options — User Include Directories, add® the
project's own include path and / sal vo/ i nc:°

User Include Directories
e et E

ftermp
Falvofine

(04 I Cancel

Figure 5: CS430 Options — User Include Directories
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Next, define any symbols® you may need for your project under
Preprocessor Options — Preprocessor Definitions:

Preprocessor Definitions
X4 +3$3$

SYSK
MAKE WITH_FREE_LIB

CK I Cancel |

Figure 6: CS430 Options — Preprocessor Definitions

Lastly, in the Properties window, select the MSP430F149 under
General Options — Target Processor.

7= 4 |||myex1 Properties |v|
B General Options ;I
Build Quiethy Yes
Include Debug ... | Yes
Intermediate D...| ${Configuration) J
Optirnize QUL | Mo
Cutput Directory | E{Configuration)
Suppress War... Mo
Target Processor MSP430F 149 j
Treat Warning... |Mo
B Linker Dptions |

Figure 7: CS430 Options —Target Processor Selection

Adding your Source File(s) to the Project

Now it's time to add files to your project. In the Project Explorer
window, select the Source Files folder, right-click to choose Add
Existing File ..., choose Files of type: C Files, navigate to your
project's directory, select your nai n. ¢ and click Open. Your Add
Files... window should look like this:

Add Existing ltem 2

Lackin: | Sdtemp B =4

e salvociy h
=]

File name: |main.c Open
Files of type: ICFiIes j Cancel
2

Figure 8: Project Files Window
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When finished, your Project Manager window should look like
this:

ichalk ME- 1=

Solution "rmyexl' (1 project)
=] myex1

i Listings

i1 Salvo Configuration File

i1 Salvo Help Files

i1 Salvo Libraries

i[[] Salvo Source Files

=3 Source Files

Q main.c

Figure 9: 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.

Adding a Library

For alibrary build, a fully-featured Salvo freeware library for the
MSP430 for use with CS430 is | i bsf cs430-a. hza.” Select the
Salvo Libraries folder in the Project Explorer window, right-
click, choose Add Existing File ..., choose Files of type: All
Files, navigate to the \sal vo\lib\cs430 directory and select
i bsfcs430-a. hza:

Add Existing ltem 21
Lackin: |3 cs430 r =1

&) libsfos430-ahza
=] libsfos430-d hza
=] libsfos430-e.hza
= linsfos430-m hza
= linsfos430-thza

File name: |I\bsfcs43l]—a hza DOpen |
Files of type: IAII Files j Cancel |
o

Figure 10: 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-CS430.
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Adding Salvo's mem.c

Salvo library builds also require Salvo's mem ¢ source file as part
of each project. Select the Salvo Source Files folder in the
Project Explorer window, right-click, choose Add Existing File
..., choose Files of type: All Files, navigate to the \sal vo\src
directory and select mem c:

Add Existing ltem 2
PN = &l @l o
B portcs430.asm delayS.c initecb C msgq.c
P crray.c Pdestroy.c Pinitask.c Pmsgg2c s
P binsem.c Peflage Pinittch.c Prmsggic s
binsemE C eflag2.c intvl.c msgq4.c ss
chk.c eid.c Iicense.c pnu.c st
) debug.c Poventc Prmemc Porioz.c | S
R el o Pidlec Pimso.c B qdelc Pita
M etz o Pinitc Pirmsg.c B qins.c Bita
| | i
File name: Imem.c DOpen
Files of type: IAH Files j Cancel

Z

Figure 11: Adding mem.c to the Project

Click Open when you are finished. Your Project Explorer
window will look like this:

B9 X | - |
Solution "myexl' (1 project)
=0 myex1
| Dependencies
Listings
-3 Salva Canfiguration File
[ Salva Help Files
B3 Salva Libraries
P libsfce4a0-a.hea
B2 Salvo Source Files
L] memue
£ Source Files

£ main.c

Figure 12: Project Manager Window for a Library Build

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 10, your sal vocfg. h should contain

only:
#def i ne OSUSE_LI BRARY TRUE
#defi ne OSLI BRARY_TYPE CSF
#def i ne OSLI BRARY_CONFI G CSA

Listing 1: salvocfg.h for a Library Build
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Create this file and save it in your project directory, e.g.
c:\tenp\sal vocfg. h. Add it to the Salvo Configuration File
folder in the Project Explorer.

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 nSem() 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 ¢ mem c

del ay. c portcs430. asm
event.c gins.c

idle.c sched. ¢
init.c timer.c
inittask.c

In the Project Manager window, select the Salvo Sources
folder, right-click to choose Add Files..., choose Files of type:
Source Files (*.c, *.s, *.h), navigate to the\ sal vo\ src directory
and select® the * . ¢ files listed above. Your Add Files... window
should look likethis:

Add Existing ltem 21
Loskin [+ * 2 @ =
Hyinitc msg2.c qms.c task3.c

Einitech.c Bimsog.c Pirpte Ptaskdc | Bl
Einittask.c Pimsoge.c Psched.c Ptasks.c o8] 1A
Einittch.c PBimsogic Psemc Ptaskb.c 8] 1A
Hintl.c Pimsog4.c Psemec Ptaskic =ta
B license.c Prorioc Pstop.c Ptickc Elm

HEmem.c Pprioz.c Ptaske Pt Em

msg.c qdel.c taskE.c timer.c Fm

| i

File pame: I"tlmer " "binserm.c" "delay ' "event.c" "idle.c" "in Open |

Files of type: IAII Files j Cancel |
i

Figure 13: Adding Salvo Source Files to the Project
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Click Open when finished.

The salvocfg.h Header File

You will also 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:

#def i ne OSBYTES OF DELAYS 1
#def i ne OSENABLE_ | DLI NG _HOOK TRUE
#defi 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:\tenp\sal vocfg. h. Add it to the Salvo Configuration File
folder in the Project Explorer.

Y our Project Manager window should now look like this:

197X - |- 0|
Solution 'myexl' (1 project)
B[] myex1

[ Listings
E-+23 Salva Configuration File
b salvocfg.h
--[(1 Salvo Help Files
--[[1 Salvo Libraries
E+423 Salvo Source Files
Q binsem.c
Q delay.c
Q event.c
£ idle.c
£ init.c
0] inittack.c
] mem.c
4] portcs430.asm
] qins.c
-8 sched.c
Q timer.c
=123 Saurce Files
Q main.c

Figure 14: Complete Project Manager Window for a
Source-Code Build

Tip The advantage of placing the various project files in the
groups shown above is that you can quickly navigate to them and
open them for viewing, editing, etc.

Building the Project

For a successful compile, your project must also include a header
file (e.g. #i ncl ude <nmsp430x14x. h>) for the particular chip you
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are using. Normally, this is included in each of your source files
(e.g. main. c), or in a header file that's included in each of your
sourcefiles (e.g. mai n. h).

With everything in place, you can now build the project using
Project — Rebuild myex1 or Project — Rebuild Solution. The
IDE's status window will reflect the hcc command lines:

Del ete C:./tenp/ Debug/ myexl. hzx

[ SNI P]

Del ete C:./tenp/ Debug/ portcs430. hzo

Debug/ mai n. hzo does not exi st.

[ SNI P]

Debug/ port cs430. hzo does not exi st.

Conpi | i ng mai n. ¢ [ Debug]

cd C/tenp

C: / PROGRAM FI LES/ ROALEY ASSOCI ATES LI M TED/ CROSSWORKS MsP430
1. 0.0/ bin/hcc -DSYSX - DMVAKE_W TH_SOURCE - D__CROSSWORKS

-D__ TARGET_PROCESSOR=MSP430F149 -g -1/tenmp -1/salvol/inc

-JC: /| PROGRAM FI LES/ ROALEY ASSOCI ATES LI M TED/ CROSSWORKS MsP430
1.0.0/include main.c -o Debug/main. hzo - mpy -

D__ CROSSWORKS_MSP430

[ SNI P]
Assenbl i ng portcs430. asm [ Debug]
cd C/tenp

C. / PROGRAM FI LES/ ROALEY ASSOCI ATES LI M TED/ CROSSWORKS MsP430
1. 0. 0/ bi n/ has -DSYSX - DVAKE_W TH_SOURCE - D__CROSSWORKS
-D__TARCET_PROCESSOR=MSP430F149 -g -1/tenp -1/salvo/inc

-JC: /| PROGRAM FI LES/ ROALEY ASSOCI ATES LI M TED/ CROSSWORKS MsP430
1.0.0/include ../salvo/src/portcs430.asm -0 Debug/ portcs430. hzo
-D__ CROSSWORKS_MsP430

Li nki ng nyex1 [ Debug]

cd C/tenp

C: / PROGRAM FI LES/ ROALEY ASSOCI ATES LI M TED/ CROSSWORKS MsP430
1.0.0/bin/hld C/PROGRAM FI LES/ ROALEY ASSOCI ATES

LI M TED/ CROSSWORKS MsSP430 1.0.0/1ib/crt0. hzo Debug/ mai n. hzo
Debug/ mem hzo Debug/ti mer. hzo Debug/ bi nsem hzo Debug/ del ay. hzo
Debug/ event . hzo Debug/idl e. hzo Debug/init.hzo

Debug/ i ni ttask. hzo Debug/ qi ns. hzo Debug/ sched. hzo

Debug/ port cs430. hzo -g -LC:/ PROGRAM Fl LES/ ROALEY ASSOCI ATES

LI M TED/ CROSSWORKS MSP430 1.0.0/1ib -

D _wvfprintf=__ vfprintf_int -D___ vfscanf=___vfscanf_int

- GOODE=L - GCONST=L - TI NTVEC=ffe0 - Gd NTVEC=L

- TCODE, CONST=1100-ffff -T.abs=0 -G abs=L -

Tl DATAO, UDATA0=200- 9f f - DRAM St art_Addr ess=512 - DRAM Si ze=2048
-Fhzx - o Debug/ nyex1. hzx

Bui | d Conpl ete

Listing 3: Build Results for A Successful Source-Code
Build

The Symbol Browser® contains address, symbol and other useful
information:
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{o - ja | EFields ~
Marne |Range |Size / | =
- W INTWEC ffec-fiit 20
- Wl UDATAD 0z200-022h 44
- W CODE 1100-1653 1364
- [Q binserm.c
- [Q delay.c
[+ [Q event.c
& =] idie.c
& =] init.c
B =] inittask.c
e [Q main.c
= [Q mermn.c
# QScTchP 0223-022b 2
- OSdelayQP 0204-0205 2
- (SeligQp 0210-0211 2
- OSframeP 0200-0201 2
- (SglStat 0202-0203 2
- OSsigQinP 0208-0209 2
- OSsigQout? 0206-0207 2
- OSecharea 020a-020f 6
- @ OStrharea 0212-0229 24
- [£] portrs430.asm
- |Z] ging.c
¥~ |=] sched.c ]
[+ timer.c il

ﬁSymbol Browser | ClProject Explarer |
Figure 15: Symbol Browser Window

In Figure 15 you can see that the application requires 44 bytes of
RAM (ubaTA0) and 1,364 instructions in ROM (CODE).
Additionally, you can see the locations and the sizes of Salvo's
global variables (e.g. Gsel i gQP, the eligible queue pointer).

Note The CS430 projects supplied in the Salvo for TI's MSP430
distributions contain additional help files in each project's Salvo
Help Files group.

IDE Extras

Disassembly

One very useful feature of the C430 IDE is the ability to view the
assembly-language output of the compiler directly inside the IDE.
To do this, the project must have been successfully built. Then,
select (left-click) the C file of interest, then right-click and choose
Disassemble. A window will open, displaying the C-language
source code along with the MSP430 instructions.

Browsing

C$430's Symbol Browser enables you to go directly to the source
where functions and variables are defined. This works with any
source code (project- or Salvo-specific), and also with the i -option
Salvo libraries that include debugging information.
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[ CrossStudio for MSP430 - [sched €] =(0i=]
File Edit “ew Project Oebug Tools Tamget Window Help
|3 @55 | 0-2- JH@ % BEX |- W0 &%
EEC TR A A8 S ([ ][pebug Flasaalizi e ol
- = 2 Hmspﬁﬁu_hume.htm "” & o 1A
Help | mem.c | main.c | idlec | inittaskc | delayc | sched.c ‘ x |P"°]95tE’<P‘D"9” Xl
#endit A= e - sl
{ & Solution 'myexl' (1 project) Al
A NOTE: this is incompatible with in-lining 0SSchec ||& vae*l
#if OSENRBLE DELAYS && OSUSE_RRRRYS Ll Busines
— — =3 Salvo Configuration...
OSty}l:echP nextTchE; -h] salvocfg h
#endif (1 Salvo Help Files
{3 Salvo Libraries
-3 Salvo Source Files
. . . -t b X
/* this hook is here so that analysis can be done or 5 dgz?c
/* the scheduler. It's not intended for general use -6 event.c
#if OSENABLE OSSCHED ENTRY HOOK % icle.c
b . - -6 i,
OSSchedEntryHook 0 g :?:tt;sk.c
#endif € mem.c
@ portcs430.asm
A* hit the watchdog timer now, since startup may hat -] gins.c
; NN
/% taken a while ... % ;ﬂz’df
OSCLEAR_WATCHDOG TIMER () ; 23 Source s
I
0SBeginCriticalsection () ; |Syrmbal Browser x|
_'LI {o- 8| BFelds -
[ L Mame [/ Range =
& ‘ k= ”Symbo\ Properties [0SSched] H - mgm.‘(
B Symbol Properties - portcs430.a...
I (Mame) Q5Sched gins.c J
] N = |5] sched.c
= Code Range 14e8-153 " " & ossthed 14es-153 +
il Code Size 268 -4 ¥
g
| Touiput |9 Tip of the Day | ElProperties asymbol Bro... [FFSource tav |

[MSP430F1 48 on MSP430 FET|[0VF FEAC Bl Gl |0 |

Figure 16: Browsing at the Source-Code Level

Testing the Application

You can test and debug this application using the Flash Emulation
Tool. Choose Debug — Start Debugging to begin a debugging
Session.

You can use al of the IDE's supported features when debugging
and testing Salvo applications. This includes breakpoints, watch
windows, etc.
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Troubleshooting

[ CrossStudio for MSP430 [break] - [sched c] =10jx]
File Edit “ew Project Oebug Tools Tamget Window Help
[0 E@] %@ % [0 -S|
Ve B[ eE = 2 | o2 9| 8 5 B 0 BB (3] = |[[ossmeno [le v
=0 =1 =t x| = 7x|
Help | mem.c | main.c | idiec | inittask.c | delayc [schedic ‘ x |PrnjectExp\Drer x|
/* employed so that we're able to run GSIdlingHook A EﬂP( @"%'@‘
S*  interrupts enabled and without re-testing OScTcokh TEJET'UUDH ;’WEKI (TProject) &
myex
else ([ Listings
{ £+ Salvo Configuration. ..
/* mark the fact that an idle ctxSw occurred. *, b salvocfg h
#1f OSGATHER_STATISTICS && OSENMABLE COUNTE % gﬁa‘\fﬂ Help Files
55 OSENABLE_IDLE_COUNTER L O rares
A — — = alvo Source Files
OsidleCtxsws+t; £ binsem.c
#endif ] delay.c
Q event.c
A% done —— clean up. */ %:::’?g
4if |OSUSE INLINE OS5CHED & inittask.c
O8DecCallDepth () ; £=] mem.c
#endif 4] portrs430.asm
£=] gins.c
A . &) lsched.c
O5EndCriticalsSection(); o] timer.c
B3 Source Files ]
A% there was no eligible task, so run the idiing £=] main.c nd
#1f OSENABLE_IDLING HOOK || [Eyrbol Browser %]
= 05IdlingHook () ; _'Ll {o- 8| BFeds -
RN L Mame [/ |Ramge A
=TT
] add: | H % #- 2] mem.c
Narrie ‘Value @ 2] portrs430.a...
OScTehP 0x0000 L gins.c J
& sched.c
£0scTebE DxDzEa & DESthed 14es-15f3 =
OSeligQP 0x0000 J | .
B Execution Counts |Tdouput felmatch 1 asymbol Browser [GFlocals

[MSP430F1 49 on MSP430 FET|[0VF FEAC [ LnBBs Call_ |6 |

Figure 17: Testing a Salvo Application in CS430

Note CS430 supports debugging at the source code level. Only
Salvo Pro source-code-build or library-build projects enable you to
step through Salvo services (e.g. OSCr eat eBi nSeny() ) at the source
code level. Regardless of how you build your Salvo application,

you can aways step through your own C and assembly code in the
IDE / debugger.

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 5) the compiler will generate an error like this one:

c:/tenmp/ main.c(15): error E1023: can't find
i nclude file "sal vo. h"

Figure 18: 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.

12
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Example Projects

If you fail to add the project's own directory to the project's
include paths (see Figure 5) the compiler will generate an error like
this one:

c:/tenp/main.c(14): error E1023: can't find
include file "main.h"

/sal vo/inc/salvo.h(331): error E1023: included
fromc:/temp/main.c(15): can't find include
file "sal vocfg. h"

Figure 19: 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.

Example projects for CS430 are found in the \sal vo\tut\tul-
6\ sysx directories. The include path for each of these projects
includes \sal vo\ t ut\ t ul\ sysx, and each project defines the Sysx
symbol.

Complete projects using Salvo freeware libraries are contained in
the project files \sal vo\tut\tul-6\sysx\tul-6lite. hzp. 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\sysx\tul-6le.hzp. 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\sysx\tul-6prolib. hzp. These projects aso
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\sysx\tul-6pro.hzp. These
projects also define the MAKE_W TH_SOURCE symbol.

The Source Filesfolder is already present in anew project.

Use View — Project Explorer if not visible.

Use View — Properties if not visible. This App Note assumes you have
selected Categorized View to arrange the properties.

You can type directory hames separated by semicolons (';"), or you can click
on the dlipsis ('...") button at the end of the user entry field, which will

AN-23 Building a Salvo Application with Rowley Associates' CrossStudio for MSP430 13
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present you with the User Include Directories window, which greatly
facilitates user entry.

C$430 aso supports pathnames rel ative to the project's home directory. Using
relative pathnames is recommended, as it makes a project much more
portable.

This Salvo project supports a wide variety of targets and compilers. For use
with CS430, it requires the SYSX defined 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 not require any symbols.

This Salvo Lite library contains all of Savo's basic functionality. The
corresponding Salvo LE and Pro libraries are 1ibsl cs430-a.a and
I'i bsl cs430i a. a, respectively.

Y ou can Ctrl-select multiple files at once.

Use View — Symbol Browser if not visible.

14 AN-23 Building a Salvo Application with Rowley Associates' CrossStudio for MSP430
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