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1 Introduction

The purpose of this document is to help you understand where things go wrong, if the Blinky example used in
the Getting Started Guide [ 1 ] does not work. The Embedded UML Studio is a very complex product, and you
could be struggling caused by an erroneous Bridge implementation, a malfunctioning heartbeat or afailurein the
toolchain you are using.

Using this Guide, you should be able to pinpoint the problem you are faced with. It is not meant as extensive

"How To" debug an embedded system or the Framework by Willert Software Tools. This Guide merely helps
you to debug a simple application and understand which control flow and data are to be expected.

1.1 Pre-requisites

Before you can debug the model, there are afew pre-requisites:
knowledge of the target platform and your toolchain.

the C code must be generated from your Rhapsody model without warnings or errors.
This proofs that the installation of your product by Willert Software Toolsisin order.

the RXF libraries must be build, see Getting Started [ 1].
Disable any optimizations for the compiler!

the generated C code must be deployed and you must be able to build the corresponding IDE project
without errors. Again, disable any optimizations for the compiler!

.The linker/locator may not throw any warnings when building the application in your IDE.

debug information inserted by the compiler and alinker map file, generated by your linker are
mandatory.
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2 the Blinky Model

The Rhapsody Blinky model which is part of your release, consists of two objects Cont r ol | er and LED:
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The Rhapsody generated code from the Cont r ol | er object results in a timer event, which is sent to the LED
every 300 msec. This enables you to verify the heartbeat and proper handling of atimer event.

The generated code of the LED object sends an event to itself to toggle between the states off and on.

4 RXF for OORTX Debugging Guidev1.0
RXF V5.x



WILLERT.

pioneers in embedded software engineering

3 How to Debug

After you have generated the C code from the model, deployed it and build it successfully in your IDE, you can
use asimulator or debugger to verify its behavior. We will do so by setting breakpoints and verify these being hit
and some data, and we will do this at severa levels.

When debugging on hardware, most environments allow for 2 simultaneous breakpoints only, and if you are
performing single steps, one will be used by your debugger - leaving you a single breakpoint only.
Therefore, we have taken this limitation in account and use a single breakpoint when single stepping.

Y ou want to exclude problems with respect to the stack size you configured in your IDE or startup file.
For this, fill the stack with avalue like 0xX AA and inspect regularly between breakpointsiif the stacksize is
sufficient by inspecting how much of this Ox AA filled areais overwritten with calls and local data.

Y ou can find the exact location of the stack in your map file.

1 Memory & Memory

| | Ao |

05F2 00 01 AR AR BR AR e 05F8 01 AR AL BB e’
0600 AN AR AR AR AR AR AR 0600 FXA AR AL BR

0&08 AN AR AR AR AR AR AR = 0608 3\ AR AR BB =
0610 AR AR AR AR AR BA AR 0610 nn R AL BB

0618 AR AR AR AR AR AR AR 0618 AR AR An 81

0620 AN AR AR AR AR AR AR 0620 86 g1 g8 Al

0628 AL AR AR AR AR RA AR 0628 8C SA 06 3B

0630 AN AR AR AR AR AR AR 0630 4D 89 ac 97

0638 AR AR AR AR AR AR AR n&3s 06 07 3E 5D

0640 AR AR AR AR AR RA AR 0640 g 93 3E

0648 AN AR AR AR AR AR AR nEds o1 D&

0650 AN AR AR AR AR AR MR 0650 91

0658 AR AR AR AR AR AR AR 0658 93

0680 AN AR AR AR AR AR AR 0660 01

0668 AR AR AR AR AR AR AR 0668 g

0670 AL AR AR AR AR BA AR 0670 2

0678 AN AR AR AR AR AR AR 0678

068 AN AR AR AR AR AR AR 068

0688 AL AR AR AR AR RA AR 0628

0650 AM AR AR AR AR 0690

0698 5B 1B 3E ZE EB F4 v 0698 v

When you inspect the stack viaa memory window in your simulator or debugger when hitting breakpoints, it
will show that for some part 0x AA is overwritten by stack frames including local data. There must still be an
areawith Ox AA | eft!

In the example above, the stack is allocated from Ox5AA up until 0x699. After awhile the stack has been used
until Ox61E.
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3.1 Overall flow

First we want to check if the model functions.

set abreakpoint in Ri CErr or Handl er _error () inRi CErrorHandl er. c if youcansparea
breakpoint. Hitting 'Halt' when nothing seems to happen in your simulator or debugger may not always
lead you to a meaningful code areg; it could be an Interrupt Service Routine - even when you ended in
the error handler.

See the online Help documentation [2] for details on your error code, section Usage | Error handler.
When you inspect the call stack you might understand why you ended in the error handler, but if not
please follow the instructions in the following paragraphs.

set abreakpoint in WTTar get . ¢ inthefunction WsTTarget _Init ().

Please make sure you are in the proper code section enclosed between #i f def
WST_COWPI LER xxx and #endi f . The appropiate constant is set in WSTPr oduct . h

Set a second breakpoint in LED. ¢ inthefunction LED | nit ().

0 when you hit the breakpoint within WSTTar get _I nit (), youcaninspectif the
initialization of your hardware looks OK. Thisis a breakpoint that must be hit, and you may
remove the breakpoint when hit.

o if thebreakpointin LED I ni t () ishit, this proves that the RXF is started and at least the
very first housekeeping seems OK. Y ou may remove the breakpoint when hit, and set a
breakpoint at the function LED_on() inLED. c.

o if thisbreakpointin LED_on() ishit, set abreakpoint at the function LED _of f () in
LED. c. If the breakpoint in LED_of f () isalso hit, LED on() should be hit next, etc.

If the overall flow isworking, than all you need to do is verify the exact timing - apart from the stack usage.

6 RXF for OORTX Debugging Guidev1.0
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3.2 Timing

There are two issues we can check:

if the t m(300) in the Rhapsody model matches the timing of the toggle between LED on() and
LED of f () Evenif the overall flow like described in the previous paragraph does not work, we can
verify if the heartbeat which the Realtime eXecution Framework needs is not a single shot, and that its
frequency matches the constant Rl C_M5_PER_TI CKin W5sTTar get . h which is used to trandlate the
timer ticks into miliseconds as used by the RXF.

if atimer event is properly generated and consumed.

3.2.1 Heartbeat

The RXF isusually triggered at aregular interval viaatimer Interrupt; in that case the Interrupt Service Routine
must call the function WBTRTOS i ncr enent Rxf Ti cks() inWSTRTCS. ¢

Alternatively, you may call this function from an RTOS task or from an SPS or IEC1131 environment. In any
case, the function WETRTCOS_i ncr enment Rxf Ti cks() must be called at aregular interval:

remove any breakpoints and set a breakpoint in WSTRTOS_i ncr enent Rxf Ti cks() in
WSTRTCS. ¢ If the overall flow like described at page 5 does not work you may need to reset the
target and even flash the application again when debugging on hardware, to make afresh start.

Please make sure that you use WETRTGS i ncr enent Rxf Ti cks() within the proper code section
enclosed between #i f def WST_COWPI LER xxx plus#endi f andthe proper #i f def
WBT_TARGET _xxx plus corresponding #endi f . The constants are set in WSTPr oduct . h

each time the function WBTRTQOS _i ncr enmrent Rxf Ti cks() iscalled, aninternal counter in the RXF
isincremented:

0 theconstant Rl C_ M5 _PER Tl CKin W5TTar get . h should match the milliseconds between
the ticks or callsto the function WSTRTQOS i ncr enent Rxf Ti cks() .

o if the function WSTRTGS i ncr enent Rxf Ti cks() is only called once, verify why.

You may need to search for the call in all source files, because the call stack window in your
simulator or debugger will not be updated when this function is called from within an ISR.

RXF for OORTX Debugging Guidev1.0 10
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3.2.2 Timer event

When a timer goes off, like specified after the t n{ 300) in the Rhapsody model, an event is generated. The
difference with an 'ordinary’ event and a timer event, is that the event data itself is allocated statically; the timer
events do not use parameters and are always equa in size, so the maximum number of timer events which must
be supported by the RXF can be configured at compile time.

If the overall flow like described at page 5 does not work, we must verify the proper handling of atimer event:

first we verify the transformation of a timer event. Remove any breakpoints and set a breakpoint in the
functionr oot State_ent Def () inControl | er. c, atthecal toRi CTask_schedTm():

(o]

when hit, remove this breakpoint and step into Ri CTask_schedTm() inthefile
Ri CTask. c and stepintothecall to Ri CTi mer Manager _add() in
Ri CTi mer Manager. c

thelocal variable aTi meout must get avalue or address which sitsin the array

Ri CTi mer Manager _i t sTi neout [] which address you must lookup in the linker map.
(Thisarray isdeclared in Ri CDi mensi on. c) . Step over until you see where an addressis
assigned to aTi neout . Remember this address; it is actually the first element in the array.

the timer event will be transforned into an ‘ordinary’ event: set a breakpoint in Ri CTask. c in
the function Ri CTask_Ti neout s() atthecall to Ri CEvt Queue_put ().

Verify the value of aTi meout which must be the address remembered and if you can step
over thisfunction, i.e. if this function returns and remove the breakpoint.

now we must verify the consuming of the timer event. Set a breakpoint in Ri CTaskExecut e. c in
Ri CTask_execut e() atthecal toRi CTask_Ti neouts():

(0]

(0]

remove the breakpoint when hit and step into this function in Ri CTask. c

set abreakpoint at the call to Ri CTi mer Manager _get Expi r edTi meout () .
When hit, remove the breakpoint and do a step over.

set abreakpoint at the call Ri CEvt Queue_put () which must have as argument an address
whichisan element of Ri CTi ner Manager _i t sTi neout[]. Remove the breakpoint
when hit and you verified the addresswith Ri CTi mer Manager _i t sTi meout [] inyour
linker map.

RXF for OORTX Debugging Guidev1.0
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3.3 Event Processing

An'ordinary' event is allocated dynamically, but actually for event objects we use the static buffer pools (small-,
medium- and large pool). The size of an event may vary depending on its arguments, if any, so the RXF uses a
static array for pointers to the events and the buffer pools for storage of the events themselves.

We want to verify the producing of an event:

remove any breakpoints, and set a breakpoint in Cont r ol | er . ¢ in the function
root St at e_di spat chEvent () atthecall tothe CGEN() macro.

when hit, remove the breakpoint and single step. You will reachRi C_Cr eat e_evToggl e() inthe
file Exanpl ePkg. ¢ and step into the macro Rl C_ MEMORY_ALLOCATOR_GET() :

o youwillendupinRi CAl | ocat or _get Menory() inthefileRi CDi nAl | ocator.c
where you must verify its argument r equest edSi ze which must be in the range of 8 to 16
bytes - the actual number depends on the platform and compiler bridge being used.

o0 now step further; the requested sizeissmaller than Rl C_ SMALL_BUFFER_SI ZE so you
should reach the call to Ri Cvenor yPool _get Menor y( ) with
Ri CAl'l ocator.itsSmal | Pool asargument.

0 stepover thisfunction Ri CMenor yPool _get Menor y() . The address returned must be a
block within Ri CSmal | Menor yBl ocks[] which you must verify in the linker map.
(Actually the last block will be returned, so do not panic).

Remember this address.

Now we must verify the consuming of this event:

remove any breakpoints, and set abreakpoint in Ri CTaskExecut e. ¢ inthefunction
Ri CTask_execut e() atthecall tothefunction Ri CEvt Queue_get ().

remove the breakpoint and step over this function. The return value must be the address of the event
which was stored in the small buffer pool.

If you needed to reset your target, this breakpoint isfirst reached finding the timer event.
That addressis an addressin Ri CTi mer Manager _i t sTi neout [] .
The second hit will show you the remembered address which liesin Ri CSmal | Menor yBl ocks|[ ] .

set abreakpoint in Ri CDi mAl | ocat or . ¢ inthefunction Ri CAl | ocat or _ret urnMenory().
The argument menor y must be the same address and Ri Cvenror yPool _r et ur nMenor y() should
be called to return ablock to the small buffer pool where the event was allocated previously.

Note that there are two implementations of Ri CAl | ocat or _r et ur nMenor y( ) ; one used with the
Telelogic Container Classes (standard), one for special cases (W5T_PM-_CONTAI NERCLASSES set).
You must usethe Ri CAl | ocat or _r et ur nMenor y() with asingle argument if the constant
WST_PM-_CONTAI NERCLASSES is not set in WSTPr oduct . h
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