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Building a Salvo Application with
Keil's CARM C Compiler and
uVision IDE

Introduction

Before You Begin

This Application Note explans how to use Kall's
(http://www.keil.com/) CARM compiler and pVision IDE to create
a multitasking Salvo application for microcontrollers with
embedded ARM7TDMI cores.

We will show you how to build the Salvo application contained in
\'sal vo\ ex\ ex1\ mai n. ¢ for a Philips (http://www.philips.com/)
LPC2129 using the Keil tools.

For more information on how to write a Salvo application, please
see the Salvo User Manual.

If you have not already done so, install the CARM and pVision
tools. With the pVision IDE you will be able to run and debug this
application in the ssimulator or on real hardware (if available).

Related Documents

The following Salvo documents should be used in conjunction
with this manual when building Salvo applications with Keil's
CARM compiler and pVision IDE:

Salvo User Manual
Salvo Compiler Reference Manual RM-KCARM

created by Andrew E. Kalman on Oct 16, 2004 updated on Oct 17, 2004
All trademarks mentioned herein are properties of their respective companies.


http://www.keil.com/
http://www.philips.com/
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Creating and Configuring a New Project

Create a new pVision project using Project — New Project. In
the Create New Project window, navigate to your working
directory (in this case we've chosen c: \ t enp) and enter a name for
the project (we'll use nyex1) inthe File Name field:

Create New Project 2] x]

Save in: |a‘9mp |- gl

File name Imyex1 Save
Save as ype IPrUJect Files *.uw2) j Cancel
2|

Figure 1: Creating the New Project

Click on Save to continue. The Select Devices for Target
"Target 1' window appears. Under the CPU tab select and expand
Philips:

Select Device for Target 'Target 1'
cru |
Vendor.  Philips
Device LPC2129
Toolset  ARM
Data base contents: Description:
----- £3 8%Csa ;I ARMITOMIS based high-perdormance 32-hit RISC Microcontraller with Thumb e:ﬂ
£ LPC2104 286KE on-chig Flash ROM with In-System Programming (ISF) and In-Application F
£ LPC2105 16KE RAM. Yectored Interrupt Controller,
£ LPC2106 Two UARTS, [2C serial interface, 2 5P serial interfaces
£ LPCo114 Two timers (7 capture/compare channels).
1 Py unit with up to & P outputs,
""" LPCZ2113 4-channels 1 kit ADC, 2 GAN channels
""" £ L PCat24 J Fieal Time Clock, Watchdog Timer. General purpose I/ 0 pins
""" £1 LPcateg CPU clock up to 60 MHz. On-chip crystal oscillator and On-chip PLL
----- £ LPCi13z
£ LPCi13d
£ LPC2136
£ LPc2138
€3 LPc2194
----- £3 LPcz212
----- £3 LPCz214
----- £ LPCo2gn | L]
OK | Cancel | Help

Figure 2: pVision Device Selection Window with Philips
LPC2129 Selected

Select LPC2129 and click on OK to continue. Y ou'll be prompted
to copy and add target-specific startup code to the project. Select
Yes to continue:

PYision3

@ Copy Philips LPC2100 Startup Code to Project Folder and Add File to Project ?

Yes | Mo |

Figure 3: Confirming Addition of Startup Code to Project
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TheKell filest art up. s will be added to the project.

Preprocessor Options

Now let's setup the project's options for Salvo's pathnames, etc.
Choose Project — Options for Target 'Target 1' — C and
define any symbols you may need for your project in the
Preprocessor Symbols — Define area’ In the Include Paths,
add\ sal vo\i nc:

Options for Target "Target 1' K
Device | Target | Qutput I Listing C |Asm | LAMlsn:l LALDEE:[E' Debug | Uhhhesl

i Preprocessor Symbols

Fisfiie: ISYSAG, MAKE _WITH_FREE_LIE

Undefine I

[ Code Optimization
WWarnings:  |Warninglewvel 2 j
Level: I?' Loop strength reduction j

Emphasis: IFaVDrexecumn speed j
¥ treat plain char as 'unsigned char'

v Use Thumb Mode
o - = doukle precision et paint

¥ Alias checking on pointer accesses

Include
Paths I\salvu\mc J
Misc I

Caonitrols

Compiler  |[THUMB OPTIMIZE (7. SPEED) BROWSE INCDIR(\salvalinc) DEFINE (SYSAG MAKE_WITH_FREE_LIB) ;I
contral  |DEBUG TABS (4)

string =l

OK | Cancel | Defaults | Help

Figure 4: CARM C Options for Target

Note This project options screen is also used to select Thumb
mode or ARM mode. The CARM default is Thumb mode.

Click on OK to continue.

Groups

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

Listings

Salvo Configuration File
Salvo Help Files

Salvo Libraries

Salvo Sources

Sources
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For each group, choose Project — Components, Environment
and Books, and under Project Components — Groups add and
(re-)order the new group names?, and select OK:

Components. Environment and Books

Project Components |Fo\der5,fExtensions| Books I

X+

|ErujectTargets. b Ak 2 |§n:|ups.
Listings
Salvo Configuration File
Salvo Help Files

Salvo Libraries

Salvo Sources
Sources

Setas Current Target Add Files
OK | Cancel | [Detaulis | Help

Figure 5: Creating a Group

When finished, your project window should look like this:

i ¥ g3§’¢|Target1
|Project Workspace -
=4 Target1
[j Listings
[ Sakao Configuration File
] SaloHelpFiles
{71 SaloLibraries
[ Sako Sources
EE Sources
Startup.s

x|1

1 Files | ER&gs I ';QBooks ]sﬂ Funct... ]@Temp.. I

Figure 6: Project Window with Groups

Compiler Selection

Lastly, you'll need to configure this project for use with Keil's
CARM  compiler. Choose Project —  Components,
Environment and Books, and under Folders/Extensions —
Select ARM Development Tools select Use Keil ARM Tools.
Additionally, under Development Tools Folders, select Use
Settings from TOOLS.INI:
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A—

Figure 7: Selecting the CARM Compiler

Click on OK to finish configuring your project.

Adding your Source File(s) to the Project

Now it's time to add files to your project. Choose Project —
Components, Environment and Books, and under Project
Components — Groups select Sources. Click on Add Files,
navigate to your project's directory, select your mai n. ¢ and Add,
then Close. Y our Project Files window should look like this:

Listings Starup.s
Salvo Configuration File main.c
Salvo Help Files
SalvoLibraries
Salvo Sources

Figure 8: Adding Source Files to the Project
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When finished, select OK, and your project window should look
likethis:

EE

|Project

ailead [ g%‘(‘|Target] v
space * X
Eﬁ Target 1

-+ Sakvo Configuration File
{1 Balva Help Files

+1 Balvo Libraries

----- 1 Salvo Sources

ES Sources
4] Startup.s
- [57 mainc

1 Files | ERegs I mBooks ]Sﬂ Funct... ]@Temp... I

Figure 9: Project 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 Salvo Library

For a library build — e.g. what you would do when evaluating
Salvo via Salvo Lite — a fully-featured Thumb-mode little-endian
Savo freeware library for the Philips LPC2129 (and all
microcontrollers based on the ARM7TDMI and related cores) is
sfkcarmtlt-a.lib.> Choose Project — Components,
Environment and Books, and under Project Components —
Groups select Salvo Libraries. Click on Add Files, navigate to
the \ sal vo\ | i b\ kcar m directory, select sfkcarmdlt-a.lib and
Add, then Close. Your Project Files window should look like
this:
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Components, Environment and Books K

Project Components |Fu\der5,a'Exlensmﬂs| Books I

|Em]ec¢Targets' i3 X |+ | ¥ |Groups: 1% 4+ | ¥| |Files X+
Listings stkeamdiie.lin
Salvo Configuration File

Sal
SalvoLibraries
Salvo Sources
Sources

Help Files

Setas Current Target Add Files
OK | Cancel | Detauliz | Help

Figure 10: Adding Salvo Libraries to the Project

When finished, select OK, and your project window should look
likethis:

-
x

[Project Wiorkspace =
=53 Target 1

=4 Salvo Libraries
[ stkeamdltalib
[:] Salvo Sources
=-£3 Sources
Startup.s

main.c
1 i} Fites | =5 ] D Bocks ]q] Funct... ]@Temp... I

Figure 11: Project Window with Salvo Libraries

You can find more information on Salvo libraries in the Salvo
User Manual and in the Salvo Compiler Reference Manual RM-
KCARM..
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Adding Salvo's mem.c

Salvo library builds also require Salvo's mem ¢ source file as part
of each project. Choose Project — Components, Environment
and Books, and under Project Components — Groups select
Salvo Sources. Click on Add Files, navigate to the\ sal vo\src
directory, select mem ¢ and Add, then Close. Your Project Files

window should look like this:

Components, Environment and Books K

Project Components |Fu\der5,a'Exlensmﬂs| Books I

|Em]ec¢Targets' i3 X |+ | ¥ |Groups:

1% 4+ | ¥| |Files

x| 2|+

Listngs

Salvo Help
5

Setas Current Target

Files

Salvo Configuration File

mem.c

Add Files

QK

Cancel

[Defaulis |

Help

Figure 12: Adding Salvo's mem.c to the Project

When finished, select OK, and your project window should look

like this:

[ mem

R |Target 1

><|1

|Project Workspace

Eﬁ Target 1
-7 Listings

. n
S mem

Sources

5T main

.C

Startup.s

C

Salvo Sources

[ Bakvo Canfiguration File
-] Salvo Help Files
Salvo Libraries
stkcamditallib

1 Files | ERegs I I;QBooks ]sﬂ Funct... ]@Temp... I

Figure 13: Project Window with Salvo Libraries
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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 10, your sal vocfg. h should contain

only:

#def i ne OSUSE_LI BRARY TRUE
#def i ne OSLI BRARY_TYPE OSF
#def i ne OSLI BRARY_CONFI G OSA
#def i ne OSEVENTS 1
#def i ne OSEVENT_FLAGS 0
#def i ne OSMESSAGE_QUEUES 0
#def i ne OSTASKS 3

Listing 1: Example salvocfg.h for a Salvo Lite Library
Build

Note The settings above are for this particular example project.
The settings for your projects will vary depending on which
libraries you use, how many tasks and events are in your
application, etc.

For your convenience, you'll want your project's sal vocfg. h to
be easily accessible. Choose Project — Components,
Environment and Books, and under Project Components —
Groups sdlect Salvo Configuration File. Click on Add Files,
navigate to your project's directory, select sal vocfg. h and Add,
then Close. Y our Project Files window should look like this:

Components, Environment and Books K
Project Components | Folders/Exiensions | Books I
|Em]ec¢Targets' X+ |anups' 1% 4+ | ¥| |Files X+
salvadgh

Se ifiguration File
5 p Files
SalvoLibraries

Salvo Sources
Sources

Setas Current Target Add Files
OK | Cancel | Detauliz | Help

Figure 14: Adding the Configuration File to the Project
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When finished, select OK, and your project window should look
likethis:

[Project Wiorkspace T x
=53 Target 1

=4 Salvo Configuration File
[ salvocfgh

~ 1 Salvo Help Files
ES Salvo Libraries
o stkearmAlt-alib
Eﬁ Salvo Sources

- [5T mem.c

: Sources

; Startup.s
main.c

1 Files | ERegs I mBooks ]Sﬂ Funct... ]@Temp... I

Figure 15: Project Window for a Library 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 editing, etc.

Proceed to Building the Project, below.

Adding Salvo Source Files

If you have a Salvo Pro distribution, you can do a source code
build instead of a library 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 ¢ nmem c

del ay. c portkcarm s
event.c gins.c
idle.c sched. ¢
init.c timer.c
inittask.c wdtctrl.c
intctrl.c

10
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To add these files to your project, choose Project —
Components, Environment and Books, and under Project
Components — Groups select Salvo Sources. Click on Add
Files, navigate to the \ sal vo\ src directory, select the files listed
above and Add, then Close. Your Project Files window should
look like this:

Components, Environment and Books K

Project Components |Fu\der5,a'Exlensmﬂs| Books I

|Em]ec¢Targets' i3 X |+ | ¥ |Groups: 1% 4+ | ¥| |Files X+
lTorge |

Target 1

Listings

Salvo Configuration File
Salvo Help Files
3 h

Sources

hinsem.c
delay.c
event.c
idle.c
init.c
inittask.c

intctrl.c
mem.c
portkcarm.s
gins.c
sched.c
timer.c
wicltctrl.c

Setas Current Target Add Files

OK | Cancel | Detauliz | Help

Figure 16: Adding Salvo Source Files to the Project

When finished, select OK, and your project window should look
likethis:

JJ@ B eadle [ g%‘(‘|Target]
|Project Workspace ~
Eﬁ Target 1

><|1

=4 Salvo Configuration File
4] salvocigh

[ ] Salvo Help Files

-+ Salvo Libraries

=4 Salvo Sources

H- 3] hinsem.c

|- ] delay.c

- event.c

H- (57 idle c

|- 3] init.c

)l 4] inittask.c

(- 4] intctrl.c

H-- E’ mem o

- [#] portkcarm.s

) 4] Qins.c

b sched.c

H-- E’ tirmer.c

e 3] wtctrl.c

=4 Sources

. #] Startup.s

5 mainc

1 Files | ERegs I EQBooks ]5[} Funct... ]@Temp... I

P e O e O e = O = W

fre B |

Figure 17: Project Window for a Source-Code Build
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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:

#def i ne OSENABLE | DLI NG_HOOK TRUE
#def i ne OSENABLE_BI NARY_SEMAPHORES TRUE
#def i ne OSEVENTS 1
#def i ne OSEVENT_FLAGS 0
#def i ne OSMESSAGE_QUEUES 0
#def i ne OSTASKS 3

Listing 2: salvocfg.h for a Source Code Build

Note The settings above are for this particular example project.
The settings for your projects will vary depending on which
configurations you use, how many tasks and events are in your
application, etc.

Building the Project

For a successful compile, your project must also include a header
file (e.g. #i ncl ude <LPC21xx. h>) for the particular chip you are
using. Normally, thisis included in each of your source files (e.g.
mai n. c), or in a header file that's included in each of your source
files(e.g. mai n. h).

With everything in place, you can now build the project using
Project — Build Target or Project — Rebuild all target files.
The build results can be seen in the Build window:

Build target 'Target 1'

conmpiling memec. ..

assenbling Startup.s...

conpiling main.c...

i nking...

Program Si ze: data=1259 const =24 code=2204
"nmyex1" - 0 Error(s), 0 Warning(s).

Listing 3: Salvo Lite Library Build Results

This example uses atotal of 1259 bytes of RAM in the dat a space
(see Note below), 24 bytes in the const space, and 2204 bytes of
ROM in the code space.

Note The dat a space total shown in Listing 3 includes all stacks
in the application. In this example, the default St art up. s file has
allocated a total of 0x490 (1168) bytes to the Undefined,
Supervisor, Abort, Fast Interrupt, Interrupt and User/System Mode
stacks. Therefore in this example, the project-specific RAM size

12
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(including the RAM used by Salvo) is 1259-1168 = 91 bytes of
RAM.

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

Viewing Salvo Documentation

Salvo documentation is available directly from within pVision's
project window. Simply select the Books tab and expand the Tool
User's Guide group:

|| i # = 88 K[Target 1 =
|Praject Warkspace - x|
=il pvision
@ wision Release Notes
R yision User's Guide
=il Tools User's Guide
0 Release Naotes
& Complete User's Guide Selection
& Macro Assembler Quick Reference
Q Linker/Locater Cuick Reference
@ Salso Release Notes
@ Salvo for ARM Release Notes
@ Salvo Application Note AN-31
0 Salvo Compiler Reference Manual B-KCARM
- Salvo User Manual
=-ffil Device Data Books
Q Data Sheet
@ Uszer Manual

Files: =] Reus u Books |!BD Funct.. @ Ternpl... I

Figure 18: Salvo Documentation in Project Window's
Books Tab
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Testing the Application

You can test and debug this application using the pVision
debugger and its simulator, a Flash programming utility, or the
optional ULINK JTAG interface

Simulator
Choose Project — Options for Target 'Target 1' — Debug and
select Use Simulator.
Device | Targetl Qutput I Listing | © | Asm | LAMlsn:l L4 Locate Debug |U||\|hes|
& |Jse Simulator Settings |  Use: IUUNKARM Debugger j Settings |
I Load Application at Startup WV Go till main() v Load Application at Starug ™ Go till main
Initialization File Initiglization File
[l =) | B
Restore Debug Session Settings Restore Debug Session Settings
v Breakpoints ¥ Toolbox ¥ Breakpoints ¥ Toolbox
¥ Watchpoints & PA ™ Watchpoints
W temary Display W temary Display
CPU DLL: Parameter Drivver DLL: Parameter
ISARM DLL I—cLPcm 00 ISARM DLL |
Dialog DLL: Parameter: Dialog DLL: Parameter:
IDARMP DLL I-pLPCZh(EI ITARMP DLL |—pLPC21 ]
OK | Cancel | Defaults | Help
Figure 19: Selecting the Simulator
Select OK to continue. Choose Debug — Start/Stop Debug
Session — Go and the Salvo application will begin executing in
the simulator. When code execution is interrupted via Stop
Running, the debugger will locate the PC at the current
instruction. If that instruction is in user or Salvo source code, the
debugger will stop within C source code. Otherwiseit will stop and
display disassembly.
14 AN-31 Building a Salvo Application with Keil's CARM C Compiler and pVision IDE
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Within the simulator you can view peripherals and registers, watch

variables of interest, single-step in C or assembly, set breakpoints,
etc:

“ File Edit Yiew Project Debug Flash Petipherals Tools SYCS Window Help |

[ | HadesnsanzEloerm|
| onreu|ss: aRysosn |

[Project Workspace ]
Register Walue = B/ C\temp\main ¢
[ Current
R 0x00000000
R 0x00000000
R2 0x00000000
R3 0x000400c7 /*  advances automatically. =
Re 000000000 i aaa /* Reset pointers 1F reguired.
- Rs 0x00000000 selse
I £<00000000 OBCTchE = OSeliggP;
7 0x00000000 if (oscTchp)
R8 0x00000000 L :(L ere
R9 0x00000000
e 000000000 Ge Purpose Input/Output 1 (GPIO 1)
Sl 000000000 kil Bits 24 23 Bits 16 15 Bits i 7 Bits i
Ri2 (00000000 I0DIR: |0<00FF0000 rrrrrrrc MRV VY COCCCCC D rrrr e
RI3(SF)  0x40000450
RMELR)) moooonssp ||| IBSETH: [B<FFOE000 il i il et il el i o ol o o
BP0 000000616 IOCLRY: [0x00000000 ottt ottt At ot
F CPSR 0x60000030
" SPSR 0%60000030 IOPINT: |(=FFOED000 FFEFMFFFFF FEFEFFME CECEFEEEE FEEEEEET
- User/Syst... Ping: [0xFFOEDOOD FFEFFFFFFF TTTITFRFRE
E FastInterupt
1 Interrupt
[ 2na e
=[G (% % mainc [B mainh schede |
*[Coad T NtempNmyesl” = [ % [rame [ value [=1
© I *0ScTehP structich { ...}
i status union <no_tagp { ...} J
e | P 0xEB9FFOT8
£ ; 2 I
> |ass10M BreakDisable BreakEnable BreakKill BreakList E’ dlefi 200 unon eno_teqp £ 5
s & Fledhy  luninncnn i 1
2 [ LT[ ] Build j command f Find in Files [ o e £ [T ]x R tocak jwatch #1 { watch #2 } Call Stack [
[ |La4s C:1 [ [NOM[ [ RO 4

Figure 20: Single-stepping in the Simulator

Note pVision supports debugging at the source code level. Only
applications built from the Salvo source code enable you to step
through Salvo services (e.g. OSCreateBinSen()) at the source
code level. Regardless of how you build your Salvo application,

you can always step through your own C and assembly code in the
MVision debugger.

Flash Download

Application code can be downloaded to target hardware using

external tools (e.g. the Philips LPC2000 Flash Utility) or viaKell's
ULINK ARM debugger.
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Flash Utilities

For use with Flash dutilities, you'll need to force pVision to
generate a HEX file. Choose Project — Options for Target
"Target 1' — Output and select Create HEX File:

Figure 21: Generating a HEX file

Select OK to continue. Rebuild the application. Launch the Flash
utility, and navigate to your project's . hex output file to select the
file for downloading:

PHILIPS

Chtempmyex] hex
|| E—
li li -

3358525?

Figure 22: Downloading the HEX file via a Flash Utility

Download the . hex file to your target. You'll probably have to
manually reset the target to begin execution.

16
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You can aso launch the flash utility directly from within pVision.
Choose Project — Options for Target 'Target 1' — Utilities and
select Use External Tool for Flash Programming.

Options for Target "Target 1' K

| Asm | LAMlsn:l LALDEE:[E' Debug Utilities |

Device | Targetl Qutput I Listing | ©

[ Configure Flash Menu Command

© lUge Target Driver for Flash Programming

[Nk 2RM Debugger

j EEtins ¥ | Undate Taraetbefare Debugging

Init File: I

& |Uze External Tool for Flash Programming

Cnmmﬁm.lc YProgram Files\LPCZ106 ISPYLPC210x_ISP.exe J

Arguments:l"#H" “% $D COMZ: 96001

™ Run Indegendent

QK

| Cancel | Detfaults |

Help

Figure 23: Integrating a Flash Programming Utility into

MVision

Select OK to continue. With the Command line properly
configured, you can download via the Flash utility simply by
choosing Flash — Download.

ULINK

Keil's ULINK ARM debugger provides the ability to debug on real
hardware over a JTAG port. Choose Project — Options for
Target 'Target 1' — Utilities and select ULINK ARM Debugger
under the Use Target Driver for Flash Programming pull-down.
You'll probably want to select Update Target before Debugging
to streamline your debugging sessions.
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Troubleshooting

Vi myexl - iVision3 8 [l
“Elle Edit Wiew Project Debug Flash Peripherals Tools SVCS Window Help |
[EEEE e SaEe s weanE e erm
| Bonrduls e aEy s[5 M|
- x|

[Project Wiorkspace
Register Value - TR
= Current 0ns }
RO 0x00000000 -
R1 0x00000000
S oo
A3 0x00040023 081 442 /*  advances antomatically. =
Fd Ix00000000 08¢ 444 /* Reset pointers 1F required.
R6 Oxe01fc040 oril .. felse
R6 DxeSE0IO00 07 |haan OBCTChE = OSeliggP:
Ry xe3a02801 ol if [0scTChD)
i Rg Oxe83100Tc o
RO xe5301000 sl e {
RI0 OxeD211002 o ) )
R11 xe5801000 | aso OfeligQP = 08eligQP->uZ.nextTchE; =
CRIZ e8] o7 451
SR13(. 0x40000450 Ol 2o #1f OSCLEAR UNUSED_FOINTERS
F14(.  0x00000550 i 074l e ASAMARD_ w17 mavtTARD — MITT - i
Fil (. (00000016 arelldl =
B CPSR - (x60000030 os0 OSCreateTask (Taskl, TASKL P, 3): 1 = OxFFO000;
ESPSR 0x00000010 051 OSCreateTask (TaskZ, TASEZ P, T); 1 = OxFro00o0
[ User/s... osz OsCreateTask (Task3, TASK3 P, 14); B
E- Fastinter ETH] ¥l
[ Intermpt
I Sonanienr =
= [@ o [& manc | mainh schede |
’:'_Load "o temp N myex 1! =] ’: ’:_Name |Va\ue I;l
= *0SdelayQP stucttch { ..}
- i 1 status union <no_tag> { . } J
8l R 0:<0000077F
%ASSIGN BreakDisable BreakEnable BreakKill BreakList E’ S| HE f,,z ﬂ::::(::,::?}f_ z <
Sl LT [T euid }, command f Find in Files [ |El ([ {2 |2 [HTET T Cocs jywatch #1 { watch #2 J, callStack |
Ready [ Lag6 1 [ [Mun | [ R0 4

Figure 24: Single-stepping with ULINK

Compiler Error: Can't Open File ...

Failure to add the \ sal vo\i nc path to the C compiler's include
paths will cause the following compiler error:

Build target 'Target 1'

conpiling memec. ..

C:\salvo\src\nemc(30): error C318: can't open file
"sal vo. h'

Listing 4: Compiler Error due to Missing Salvo Include
Path

See Preprocessor Options above for how to add the Salvo include
path to the project's C compiler options.

Failure to have a sal vocf g. h configuration file in the project's
directory will cause the following compiler error:

assenbling Startup.s...

conpiling main.c...

\ SALVO I NC\ SALVO. H(98): error C318: can't open file
' sal vocfg. h'

\ SALVO\ | NQ\ SALVO. H(130): error C320: salvo. h:

sal vocf g. h: OSTASKS undefined -- aborting.

Listing 5: Compiler Error due to Missing salvocfg.h
Configuration File
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See The salvocfg.h Header Fileabove for how to add the Salvo
configuration file to the project.

Linker Error: Unresolved Externals ...

Missing mem.c

Failure to add \ sal vo\src\mem ¢ to the project will cause the
following linker error:

Build target 'Target 1'

assenbling Startup.s...

conpiling main.c...

linking...

**% WARNI NG L23: UNRESOLVED EXTERNAL SYMBOLS

*** ERROR L128: REFERENCE MADE TO UNRESOLVED EXTERNAL
SYMBOL: (OSecbArea
ADDRESS: 000001A4H

[ SN P]

*** ERROR L128: REFERENCE MADE TO UNRESOLVED EXTERNAL
SYMBOL: OsfraneP
ADDRESS: 000006FOH

*** ERROR L128: REFERENCE MADE TO UNRESOLVED EXTERNAL
SYMBOL: OScTcbP
ADDRESS: 000006FEH

*** ERROR L128: REFERENCE MADE TO UNRESOLVED EXTERNAL
SYMBOL: OscTchP
ADDRESS: 0000072CH

*** ERROR L128: REFERENCE MADE TO UNRESOLVED EXTERNAL
SYMBOL: (OSdel ayQP
ADDRESS: 00000774H

Program Si ze: data=1168 const=16 code=2088

Target not created

Listing 6: Linker Error due to Missing Salvo mem.c

Note The unresolved externas in Listing 6 reference Savo's
global variables. Their names begin with a lower-case letter and
are prefixed by s, e.g. OScTchP.

See The salvocfg.h Header File above for how to add Savo's
mem c file to your project.
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Missing Library

Failure to add a Salvo library (in library builds) or the appropriate
Salvo source file(s) (in source-code builds) to the project will
cause the following linker error:

Build target 'Target 1'

conpiling memc. ..

assenbling Startup.s...

conpiling main.c...

linking...

*** WARNI NG L23: UNRESCLVED EXTERNAL SYMBOLS

*** FRROR L128: REFERENCE MADE TO UNRESCLVED EXTERNAL
SYMBOL: (OSDel ay?T
ADDRESS: 00000190H

[ SNI P]

*** EFRROR L128: REFERENCE MADE TO UNRESCLVED EXTERNAL
SYMBOL: OSCreat eBi nSen?T
ADDRESS: 000002B4H

*** FRROR L128: REFERENCE MADE TO UNRESCLVED EXTERNAL
SYMBOL: COSEnabl el nt s?T
ADDRESS: 000002BEH

*** FRROR L128: REFERENCE MADE TO UNRESCLVED EXTERNAL
SYMBOL: (OSSched?T
ADDRESS: 000002C8H

*** FRROR L128: REFERENCE MADE TO UNRESCLVED EXTERNAL
SYMBOL:  OSTi ner ?A
ADDRESS: 00000338H

Program Si ze: data=1259 const=24 code=864

Target not created

Listing 7: Linker Error due to Missing Salvo Library

Note The unresolved externals in Listing 7 reference services in
Salvo's APL. Their names begin with an upper-case letter and are
prefixed by os, e.g. OSTi nmer (). The ?T after the function name
indicates that the unresolved external is a Thumb-mode function.

See Adding a Salvo Library and Adding Salvo Source Files, above,
for how to ensure that the linker can find the Salvo services
referenced in the application.

20 AN-31 Building a Salvo Application with Keil's CARM C Compiler and pVision IDE



SUINY Application Note

Thumb-vs-ARM Mode Mismatch

Failure to ensure that all components in a project are built in the
same CPU mode (Thumb or ARM) will cause the following linker
error:

Build target 'Target 1'

conpiling memc. ..

assenbling Startup.s...

conpiling main.c...

linking...

*** WARNI NG L23: UNRESCLVED EXTERNAL SYMBOLS

*** FRROR L128: REFERENCE MADE TO UNRESCLVED EXTERNAL
SYMBOL: (OSDel ay?A
ADDRESS: 000001DOH

[ SNI P]

*** EFRROR L128: REFERENCE MADE TO UNRESCLVED EXTERNAL
SYMBOL: OSCreat eBi nSen?A
ADDRESS: 000003BOH

*** FRROR L128: REFERENCE MADE TO UNRESCLVED EXTERNAL
SYMBOL: OSEnabl el nt s?A
ADDRESS: 000003COH

*** FRROR L128: REFERENCE MADE TO UNRESCLVED EXTERNAL
SYMBOL: (OSSched?A
ADDRESS: 000003DOH

*** FRROR L128: REFERENCE MADE TO UNRESCLVED EXTERNAL
SYMBOL:  OSTi ner ?A
ADDRESS: 0000042CH

Program Si ze: data=1259 const=24 code=1108

Target not created

Listing 8: Linker Error due to Missing Salvo Library

In Listing 8, the project was built in ARM mode, but the Salvo
library used only supports Thumb mode. As a result of this
mismatch, the linker looked for but could not find Salvo servicesin
ARM mode (hence the ?A's above).

Salvo libraries for Keil's CARM C compiler are available in pure
Thumb, pure ARM, and mixed-mode versions. You must ensure
that when using pure Thumb or pure ARM versions, al of the files
in the project are compiled using the same mode.

See Preprocessor Options above for how to set Thumb or ARM
mode. See the Salvo Compiler Reference Manual RM-KCARM for
more information on Salvo libraries for Keil's CARM C compiler.
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Linker Error: Data Types Different ...

In a library build, adding a library to a project that does not
conform to the configuration options in the project's sal vocf g. h
will cause the following linker error:

Build target 'Target 1'

conpiling memec. ..

assenbling Startup.s...

conpiling main.c...

l'i nking. ..

*** WARNI NG L25: DATA TYPES DI FFERENT
SYMBOL: CSel i gQP
MODULE: C:\salvo\lib\kcarmsfkcarmdlt-mlib (init)

DEFI NED: .\mem obj (nem

*** WARNI NG L25: DATA TYPES DI FFERENT
SYMBOL: OScTcbP
MODULE: C:\salvo\lib\kcarmsfkcarmdlt-mlib (init)

DEFI NED: .\nmem obj (nem

[ SN P]

*** WARNI NG L23: UNRESOLVED EXTERNAL SYMBOLS

*** ERROR L128: REFERENCE MADE TO UNRESOLVED EXTERNAL
SYMBOL: OSDel ay?T
ADDRESS: 00000190H

*** ERROR L128: REFERENCE MADE TO UNRESOLVED EXTERNAL
SYMBOL: OSWai t Bi nSenPT
ADDRESS: 000001B6H

*** ERROR L128: REFERENCE MADE TO UNRESOLVED EXTERNAL
SYMBOL: OSDel ay?T
ADDRESS: 000001EAH

*** ERROR L128: REFERENCE MADE TO UNRESOLVED EXTERNAL
SYMBOL: (OSSi gnal Bi nSen?T
ADDRESS: 00000204H

*** ERROR L128: REFERENCE MADE TO UNRESOLVED EXTERNAL
SYMBOL: OSCr eat eBi nSenPT
ADDRESS: 0000028CH

Program Si ze: data=1259 const=24 code=1268

Target not created

Listing 9: Linker Error due to Wrong Salvo Library

In Listing 9, the project caled for the Savo library
sfkcarmdl t-a.lib, but the project contained the library
sfkcarmdlt-mlib. As a result of this mismatch, various data
types are different, and some required Salvo services were not
found.

See the Salvo Compiler Reference Manual RM-KCARM for more
information on Salvo libraries for Keil's CARM C compiler.
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Application Crashes

After Changing Processor Type

Remember to #i ncl ude the appropriate header file for your ARM7
microcontroller (see Building the Project, above). A common cause
for such crashes is a difference in interrupt vector locations or
definitions between two members of a processor family. Mainline
code may work correctly, but the application will crash if interrupt
vectors are not in the right locations.

When Interrupts are Enabled

Salvo libraries and \sal vo\src\intctrl.c contan dummy
versions of the user control functions OSDi sabl el nts(),
OSEnabl el nt s(), OSRest orel nts() and OSSavel nts(). If your
application uses interrupts, you must create your own user control
functions to ensure that Salvo's critical sections are protected from
interrupts. See the Salvo Compiler Reference Manual RM-KCARM
for more information on interrupt control.

Also ensure that (if present) you've defined the default interrupt
vector for your target's Vectored Interrupt Controller (VIC).
Faillure to define this vector as a dummy ISR may lead to
instability due to spurious interrupts.

When the Watchdog is Enabled

Example Projects

Salvo libraries and \sal vo\src\wdtctrl.c contain a dummy
versons of the user control function osc rwit (). If your
application enables the watchdog and you want Salvo to clear the
watchdog, you must create your own user control function to
ensure that the watchdog timer is cleared. See the Salvo Compiler
Reference Manual RM-KCARM for more information on the
watchdog timer.

Example projects for Keil's CARM C compiler can be found in the
\'sal vo\tut\tul-6\sysag directories. The include path for each
of these projects includes \sal vo\tut\tul\sysag and each
project defines the SYSAG ymbol.
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Complete Salvo Lite library-build projects are contained in the
project files \salvo\tut\tul-6\sysag\tul-6lite.*. These
projects also define the MAKE_W TH_FREE_LI B symbol.

Complete Salvo LE library-build projects are contained in the
project files \salvo\tut\tul-6\sysag\tul-6le.*. These
projects also define the MAKE_W TH_STD_LI B symbol.

Complete Salvo Pro source-code-build projects are contained in
the project files \'sal vo\tut\tul-6\sysag\tul-6pro.*. These
projects aso define the MAKE_W TH_SOURCE symbol.

! The Salvo Lite project ex1lite, upon which this example is based, supports a
wide variety of targets and compilers. For use with pVision and the CARM
compiler, it requires the SYSAG and MAKE_W TH_FREE_LI B defined symbols.
When you write your own projects using your own source code, you may not
require any symbols.

Groups can be renamed in this window.

3 This Salvo Lite library contains al of Savo's basic functionality. The

corresponding Salvo LE and Pro library is slkcarmdlt-allib.
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