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1 Read Me First

This document describes steps to configure and use the MQX Performance Tool to analyze, debug,
and fine tune the applications of the Freescale MQX™ RTOS operating system.

The MQX Performance Tool is a set of small utilities and features (views) which can be used during
a MQX debugger session in the CodeWarrior 10.x. The utilities are available in the MQX Tools
menu in the CodeWarrior IDE.

2 What is the MQX Performance Tool?

The MQX Performance Tool is a plug-in for CodeWarrior 10.x IDE which can be used to display
various run-time information about MQX application. The information can also be retrieved from
performance data file saved during any debugger session from Task-aware Debugger plug-in
(TAD).

See more information about TAD in the “Getting Started with Freescale MQX™ RTOS” document
distributed with the MQX installation.

The current version of the MQX Performance Tool, distributed with the MQX, includes the following
features (or “views” as they are referred in this document):

e Timeline graph of task switches, interrupts, synchronization objects, etc.
e Task Stack view which displays size of stacks and used stack sizes of all tasks.
e CPU Usage view displaying a pie chart of CPU runtime allocation among different tasks.

e Performance Data viewer.

The MQX Performance Tool is available in the MQX Tools menu in the CodeWarrior 10.x IDE:

% C/C++ - CodeWarrior Development Studio

Fle Edit Refactor MNavigate Search Project Run | MQX Tools Profler  PEMicro - Processor Expert  Window Help

Jf:v J%ﬁJﬂMjgv;;;vaer Ferformance data viewer %S'Q"%'JBJ"J
Stack Usage
[E| Codevvarrior Projects 52 =0 CPU Usage view
¥ Timeline wiew
B |
= & & | File Name
File Name = | SizelT pe

Each view can be set to Online or Offline mode:

¢ In the Online mode, the Performance Tool uses data obtained through TAD and debugger
connection from the MQX kernel log. To use the Performance Tool, the MQX application
must have kernel logging enabled. This document describes steps needed to set up the
application for using the Performance Tool.

¢ In the Offline mode, the performance data file saved during a previous debugger session can
be analyzed with Performance Tool views. In order to save the performance data file, the
application should have the kernel logging enabled. Any time during a debugger session,
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use the MQX / Save Performance Data menu in the CodeWarrior IDE to save the data file
for later analysis.

Debug - psp_twrkeOn512/PSP Genetr

ernel/idletask.c - CodeWarrior Development Studio

File Edit FRefactor Mavigate Search Project Run RTCS | MQX MQx Tools  Profiler  PEMicro - Processor Expert  Window  Help
o — nwp te T - | Kernel Data o _ mm o
J LJ | p J = & J i J o J ‘2}’ """ Check for Errors J@ ag J J 5 e
O = | 1
;t‘FDebug P Task Summary . | S RS | 5 |
= E bestl_bwrkGOnS12_Int_Flash_Debug_PrE U-Multilink [Coc Ready Queus
EI@ ARM Processaors, kestl.afx (Suspended) Stack Usage
b

E-pf® Thread [ID: 0x10001] (Suspended: Signal 'Halt' re

: mg_idle | gram Files}| I
1 _task_exit_function_internal() C:\Program F
Thread [I0: 0x10002] {Suspended: Signal 'Process
-+ = 4 DummyFnil) C:\Program Files\FreescaleiFre
3 _lwmsgg_receive() C:\Program Files\Freesce
2 main_kask() Diicwl0wshworkspace_test_pe
----- = 1 _task_exit_function_internal() C:iPragram F
Thread [ID: 0x10003] {Suspended: Signal 'Proces:
= & DummyFnil) C:\Program Files\Freescals\Fre
4 _time_delay_internal() C:\Pragram FilesFre:

if [(++kernel data—>IDLE_LOOF:
if [(++kerne l_data—> IDLE_L(

++kernel data->IDLE_LOt

Lightweight Memory Pools
Lightweight Memory Blocks
Memary Poals

Memary Blocks

Memary Extension Blocks
Partition Summary

Gimgxsourceikernelita_sxit, 160 0x00002990
cess Suspended.)

\cortex\dispatch.s:177 000000456
cellwmsgllwmsgg_recy.c: 104 0x00004a54
0096

Lightweight Message Queues

Message Queuss
Meszage Pools

Gimgxsourceikernelita_exit.c:60 000002990
cess Suspended.)
\cortex\dispatch,s:177 Dx00000456

ourcelkerneliti_deli.c: 103 0x0000251 e

Open System Browser

3 _time_delay_ticks() C:\Program Files)Freesc Task Queues celkerneliti_delti.c:86 0x000024 7
2 Sender() Dt owlOwsiworkspace_test_perftc Semaphores 7ea
== 1 _kask_exit_function_internal{} C:\Program F Mutexes imgxsourcelkernelita_exit,c;60 0x00002990
El-gf Thread [I0: 0x10004] {Suspended: Signal 'Proces: Events cess Suspended.)
-+ = 4 DummyFnl{) C:\Program Files\FreescaleiFre Lightweight Events \cortex\dispatch.s:177 Dx00000456
== 3 _lwmsgq_receivel) C\Program Files\Freesce Lighitweight Semaphores cetlwrnsgllwmsgg_recy.c: 104 000004234
@ main.c (@ user_config.h (@ idletask.c &3 D DHiE=s
Mames
Log Surnmaty
_GET_KEFNEL_DATA (kernel data): Tiiialestier
Inkerrupt Surmmary
while (1) | Lightweight Timer Queues
Kernel Log
3 if [++kernel datsa->IDLE LOOP1 =:

b /7 Endif v/
} /7 Endif v/
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3 Steps to use the MQX Performance Tool

This section describes steps to configure, build, and run your application to make use of the
Performance Tool. Refer to the “Getting Started with Freescale MQX™ RTOS” document, for more
details about building the MQX kernel and about debugging the MQX applications.

The “lwdemo” example application from MQX distribution is used to demonstrate the required steps.
You can, of course, apply similar steps to any other example or your own MQX application

developed with CodeWarrior 10.x tools.

3.1 Configuring the MQX Kernel and Application

1. Make sure the MQX 3.8 (or later) is properly installed and run the CodeWarrior 10.x IDE.
2. Go to File menu and select New / MQX 3.8 Project:

% C/C++ - C:\Program Files\Freescale'\Freescale MQX 3.8 Beta3\mqx'source\pspicold

Fle Edit Refactor MNavigate Search Project Run MQX Tools Profler PEMicro - Processor Expert  Win

Alt+Shift+M

Open Path... Cirl+Shift+A
Open File...
Close Cirl+w
Close Al Cirl+Shift+yy
Save 5

5] Save As...
Sawve Al Cirl+Shift+ &
Bleseart
[EWEL..
Benarme..,

& Refresh F5

| ¥ Linux/uclinux Application Project

MO 3.7 Project
w il
3 Bareboard Project

[ Project...

29 Source Folder

[ Falder

¢ Source File

b Header File

| % Flle from Template
& Class

[ Other... Cirl+N

3. Follow the MQX New Project wizard steps. Select application name and target platform.
Then choose the Example application type and select Basic examples / lwdemo example in

the tree-like list.

® MOX 3.8 Project

Select Application type and template

| Select example project o create a new one

 Select application type
" Mew application

(* Example application

Select example application

A

~i2c_slave example

~log example
- hwdemo example
- hwesent example
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4. Finish the wizard. The lwdemo example will get imported into your workspace under the
name you have specified.

5. Take a look at the main.c file and see the section where kernel log is created. You can see
the code is compiled conditionally only when logging is enabled in the MQX kernel.

":"*'-" C/C++ - testl/Sources;/main.c - CodeWarrior Development Studio

File Edit Refactor Mavigate Search Project Run  MOQX Tools  Profiler  PEMicro - Processor Expert  Window Help

= = g ks o)
[Nt | @ 2= |8 | F-0 - |&-F-@-]0-%-|%-0-%-|®@5-|
%) CodeWarrior Projects 53 = 0| [ mainc 52 ] user_corfig.h 1

= if (created task == MQX NULL TA3K ID) |

%:_ la | printf ("Error: LWEVENTA task creation failedin'™):

s A ] A

= }

= q><bﬁ|F"9 Par created_task = _task create (0, LWEVENTE, O):

- - if (created task == MQX NULL TASK ID)

File Mame = | Size | Ty pe = = - -

i " . i i .
&ﬁtestl t bwrkBONS12_1 printf ("Error: LVEVENTE task creation failed\n"):

i

#if MOE KERNEL LOGGING == 1 ]

¥ oerestes locr vaumber 0%

log result = klog create (5000, O);
if (log result != MOX O] {

printf ("Error: log 0 could not be createdin™);
Y /% endif */

6. By default, the kernel logging is disabled in MQX kernel. It needs to be recompiled with
different compile-time configuration.

7. Gotothe <mgx installation>\mgx\build\cw10 folder and import the PSP and BSP
projects for your target platform into the CodeWarrior 10.x workspace. You drag and drop
the project folders into the CodeWarrior IDE window to import them.

8. Inthe BSP project, open the user_config.h file. The full path to the file is as follows:
<mgx_installation>\config\<board>\user config.h

":*'-" C/C++ - bsp_twrk60n512 /twrk60n512 User Config/user_config.h - CodeWarrior Development Studio
File Edit Refactor Mavigate Search Projeck Rum MO Tools  Profiler  PEMicro - Processor Expert  Window Help

Iti-8 | |2 % Z-8-R-|e-d-G-|Q-8-|H-0-Q%-|® - |1 c

@) CodeWarrior Projects &2 = 81 [ main.c (@ *ser_configh &3
= ;;* - -
%: laz Py | #% hoard-specific MOX settings - see for defaults m\source\ inclu
= s
= q>¢' JJ IFiIe harne
File Marie = | Sizel #define MQX USE IDLE TASKE 1
B =% bsp_twrksOnS12 : Debug fidefine MOX ENAELE_LOUW_POUWER a
ﬁ‘nrchives
@].llncludes /% ensbling kernel logging for Performance Tool +/
(= Debug #define MNQX U3E LOGI 1
= Generated_Code #define MQX KERNEL LOGGING 1
[E5 =eneric 1O Drivers
[E= Peripheral 10 Drivers .
%ProcessorExpert.pe 450 KB % poard-specific RTCS settings - sees for defaults rtos)sourcehinc
== Release *
== Sources
(E= twrks0nS12 BSP Files #define RTCSCFG_ENAELE ICHP 1
OB babeOnEl? U Canfic #define RTCSCFG ENABLE UDF 1
P& user_corfig.h 3KE #define RTC3CFG_ENABLE_TCP 1
Y #define RTCSCFG_ENAELE STATS 1
35 testl : bwrkGOnS1Z_Ink_Flash #define RTCSCFG_ENEBLE_GETEIJEYS 1
#define FTPDCFG_USES_MFS 1
#define RTC3CFG_ENAELE 3NMP a
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9. Add the following lines into the user_config.h file:

#define  MQOX KERNEL LOGGING 1
#define  MQOX USE_LOGS 1

10. Re-build the PSP and BSP projects.

3.2 Creating the Kernel Log in Application

Continue with the following steps:

11. In your imported lwdemo project, open the main.c file and increase the size of the kernel log
being created. This is needed so that the Performance Tool has enough entries to display
meaningful information. The default value is set quite low to also ensure that the application
runs properly on platforms with small RAM resources.

Note that, in your application, you may also want to disable some of the KLOG events in the
kernel log recording.

{'3:5"-" C/C++ - testl /Sources/main.c - CodeWarrior Development Studio

File Edit Refactor Mawvigate Search Project Run MOX Tools  Profiler  PEMicro - Processor Expert  Window  Help

Ici-Eol |2 ] F-5 -F- e @G- |&-8-|$-0-%-|®5-[[ 40
[£] *main.c 53 [ *user_config.h 1

printf ("Error: LWEVENTE task creation failedin™):

%I Code\Wartior Projects &3 =0

(2= 18, &
=N & IFiIe Marne:

'

if MQX FERMEL LOGGING == 1

F||e Name - I Sizel CLEGLE  1UY IIWUIEEL U
'bcbsp_twrkﬁﬂn512 . Debug log result = kloyg create (5000, O) ]
T Imo_resmltc = A UR 1

=5 psp_twrk60nS12 : Debug

i " . "y .
Lgtestl : twrkEONS1Z_Int_Flash printf("Error: log O could not be createdin™):

Y AT oendiz o/

/% define kernel logging */
klog control (OxFFFFFFFF, FALZE)]:
:k'l nﬂ:r'nnt rol |
4 ELOG ENABLED
ELOG FUNCTICHI ENABLED
ELOG INTERRUPTS ENAELED
ELoG_STSTEM CLOCE_INT ENAELED
FLoG CONTEXT ENABLED
ELOG TASKING FUNCTIONS
FLOG _ERROR FUNCTICHNZ
ELOG MESSAGE FUNCTICNS
ELOG_INTERRUPT FUNCTICHS
FLos MEMORY FUNCTIONS
FLOG _TIME FUNCTIONS
FLOG EVENT FUNCTICHNZ
ELOG NAME FUNCTIONS
ELOG_MUTEE FUNCTICHS
FLOG_SEMAPHORE FUNCTICHS
ELOG WATCHDOG FUNCTIONS,
TRUE

12. Build the application project.
13. Invoke the debugger session and run the application.
14. Suspend it after a few seconds.
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3.3 Working with Timeline View

Continue with the following steps:

15. In the MQX Tools menu select Timeline view. The timeline opens in an offline mode by

default with no data to be displayed.

16. Click the Toggle offline and online mode button to switch to online mode. &

E|

CPU Usage wiew Stack Usage view Timeline view &3 : q><h

Timeline

f 1 =
glee|ld © 7
| —

prevoushcreated performance data file.
Furtherinfarmation:
application and then either:
Start debugging the application; open this view and select Online mode in the vew's menu.

OR

file; then open this vew, select Ofline mode and browse to the file wou saved.

library

There are currently no data availahle. You need to be debugaging an WMZK application with kemel logoing enabled or open a

This view is used forviewing MG perform ance data. To be able to view such data wou need to enable kemel logging in your

Start debugging the application; in the MG menu (TAD menu) select Save perform ance data ... to save performance data into a

To enahble kemel lagging please setthe MOX_KERNEL_| OGGING macro ta non-zera in user_config h and recampile MCE PSP

Time [msec]

17. The view should display the Timeline graph reconstructed from the Kernel Log records.

El

& CPU Usage view |6 Stack Usage view | & Timeline view 2 : e§° o] @l g &

Time [msec)

Timeline
el ey 1 O/ O G0 O O O O O @4 @
|
main_task i
1 I |
Respende B B =1 =4
L Seme P [ >3 = [ [ R P B F
% S |i ir - l|
LW Evants, j 11 % A Al A
L Event A A A A A
10 5 20 25 e 35 40 45 = 55

The graph shows task switches in your application. Icons represent various events logged by

the MQX kernel such as interrupts, synchronization calls, message sending, etc.
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18. Use your mouse and drag an area to zoom it in the graph. Hover the mouse over an icon to
display information about the event.

Timeline

6
2|

®s [ON

®y

v B
S

b
v

B ——

Timeline

_mg_idle_task

main_task

Sender

Responder

L Sem &

LY Sem B

LW Events

=2 |
Task ackive [20,217 ms]

(=3

A

L' EwentB

20

Time [msec]

19. You can also filter some events out of the graph by the Function filter button in the view’s
toolbar @ :

A

— z
BT I 1N
| —

CPU Usage wiew Stack Usage view [EE 0 a0 52
Timeline |Filter the displayed Functions|
_mge_idle_tssk | @ """"" ®
% Function Filter
main task ¥ Task switch
h 7 Inkerrupk
N ¥ RTCS
v Taskready
m Iv Task blocked
Respender | ¥ scheduler ran
¥ Events
(Eiteizme R ¥ Mutexes
v Messages
Ly Sem B R ¥ Semaphares
¥ scheduler
LWEventa £ WV Tasks
al
L'WEwentB A El
20
Time [msec]
,TI Cancel
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20. To display the whole chart again, click the Zoom out button in the view’s toolbar <>

E]

o
c sel 4ol
\_al

|Zoom graph ko maximum kime range availableh

Timeline

3.4 Working with Stack Usage View

Similarly as the Timeline View, other MQX Performance Tool views can be displayed. Go to the
MQX Tools menu and select Stack Usage.

& pebug - test1/Sources/main.c - CodeWarrior Development Studio

File Edit Refactor Mavigabe Search Project Run RTCS  MQK | MQW Tools Profier PEMicro - Processor Expert  Window  Help

. 3 Ak L . .
It Holm | ma e % F -0 2| 185l - %
areve— r— = —
f\IDebug by ik S§3 2 [ h PO e | I | tf, O T 8 || e
5[] test1_bwrk60n512_Tnt_Flssh_Debug_PrE U-Mukilink [CodeWarri___L e “=% I [
EI @ ARM Processors, testl.afx (Suspended)

E| "i Thread [I0: 0x10001] (Suspended: Signal 'Halt' received. Description: User halted thread.)
2 _mgx_idle_task() C:\Program Files\Freescale\Freescale MOQX 3.8 Betasimgxisourcetkerneliidletask, c:64 000003726
1 _task_exit_function_internal() C:\Program Filas\FreescaleiFreescale MQX 3.8 Beta3imaxisourcaikernelita_exit.c:60 0x00002991
E| i Thread [IC: 0:10002] {Suspended: Signal 'Process Suspended' received, Description: Process Suspended.)
= 4 DummyFnil) C: 'l,Program Files\Freescale|\Freescale MOK 3.6 BetaS'l,qu'l,source'l,psp'l,cortex'l,dlspatch 51177 0x00000456

T MRy (U SRS (N P

L TAU WA DU SO RUPRY | NN § NS

The bar graph displays how much stack is used by each task. Don’t forget to click the Online mode
button to switch to online mode & .

CPU Usage view M Timeling wigw

Stack Usage
0 1] R
oo | T [
o oo | T N S S
[1s]
g
a0 | [
B8O | |
- I. I. ----- I. I. ----- I. ----- I:-
e Emi ____EsEl ___ENI ____ENI ____EN1 ____EsI ___WE.EN .
alet Qﬂo\ ’Eﬁ:‘a]o\t a]o\ a]o\ a]o\ a1<§‘| a16‘n
¢ ¢ e e Ge X 7®
ot et - &% &% q‘fﬁ@v‘ G;@“& 4‘3&} «F“@
a8 P == as® o O o s
S
Tasks

M| sed MFree
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3.5 Working with CPU Usage View

With debugger session still open, go the MQX Tools menu and select CPU usage view. The pie
chart shows how different tasks utilize the CPU run time.

Click the Online mode button to switch the view to online mode &* .

CPU Usage view &4 Stack Usage wview Timeling view o = @ =

CPU Usage (0,005658 - 0,055195 secs)

LwEventB (1,33%) |7
[LwEventa (1,84%) |
e
LwSema (1,84%) |
[Responder (0 5a%}]
Sender (1,06%) (

main_task (0,08%

mop_idle_task
(91,82%)

Be aware that this chart is not “cumulative” and is calculated based on the kernel log information
only. The chart reflects only a short interval of the whole application runtime.

3.6 Working with Performance Data Viewer

The last view available in the MQX Performance Tool is the Performance Data Viewer.

In an online mode, this file is managed internally by TAD plug-in. You will see a path to dynamically
created temporary file in the view heading.

To view data from a file which you have previously saved from the TAD MQX menu, click the Toggle
offline and online mode button #* in the view's toolbar.
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File wersion: 4.0
----- MQX Version: 3.8
""" Saved elf file size: 0
B[ Tasks

----- Task ID: 010002, name: mai

= Kernel log

: 1, Time: 0.5618, Type
2, Time: 0.5634, Type
13, Time: 05645, Type
: 4, Time: 0.5655, Tyvpe
5, Time: 0,5670, Type
1 6, Time: 0.5682, Type
1 7, Time: 0.5695, Type

----- Task ID: 010001, name: _mogx_idle_task

n_task,

Task ID: 010003, name: Sender
Task ID: 010004, name: Responder
----- Task ID: 010005, name: L'WSema
----- Task I0: 010006, name: LiwSemE
-] Task ID: 10007, name: LWEwents
----- Task ID: 010008, name: LWEventE

----- Log number: 417, Flags: 0x1000, Size (entries): 416

1 1 {Function entry), Fn_num: Ox410 { _wmsgg_send) Params: (0x1FFFO420,0:1FFFZ15C, 001 )
1 1 {Function entryy, fn_num: 0x101 § _task_ready) Params: (0x1FFFZ1FC, 00, 0x0)

1 2 (Function exit), fn_nurm; 0x101 { _task_ready) Params: {0x0,0:0, 000

1 5 (Contesxt switch), fn_num: 0x0() Params: (Ox1FFF21FC, 0x10003,0:0)

1 2 (Function exit), fr_nurn Ox41E | _lwmsgq_receive) Params: (0x0,0:0,0:0)

1 1 {Function entry, Fn_num: Ox41D { _wmsgg_send) Params: (0 1FFFO3D0, 01 FFF2S7C, Dl )
1 1 {Function entryy, fn_num: 0x101 § _task_ready) Params: (0x1FFFZSBC,0:0, 0x0)
_task_ready) Params: (0x0,0x0, 000

3.7 Continuing the Debugger Session

When you are done with analyzing the performance data at a current breakpoint, you can resume

the application from a suspended mode in the debugger. Be aware that the Performance Tool views
are not automatically refreshed when the target is suspended again. The view's title is updated with
“Out-of-date” information.

In the online mode, click the Refresh button in view’s toolbar < to refresh the view content.

CPU Usage view Stack Usage view m____ Performance Data Yiew %
" - ) S—
Timeline (Out-of-\date)
_mgi_idle_task @
|
main_t ask CPU Usage view Performafge Data Yiew
L
Timeline
Sender
et b ® O ©a (O @ ®s ®y ® (O g
Respondar
main_task
Ly Sem A,
Sender 1
L' Sem B
Responder 1 =
L' Eventa
P =3 B B =3 B B >3 B H
Hene ﬂ L L i l L i L l
| ] B |
L' Eventa, j 1 % A 4
L EvantE A A A A A
10 15 20 25 a0 a5 40 45 50 55
Time [msec]
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4 Summary — What You Should Know

4.1 Performance Data and MQX Kernel Log

The MQX Performance Tool uses data obtained from MQX Kernel Log to display information about
the application such as at what time a task switch occurred, a kernel function was called, etc.

The logging features in the MQX RTOS include Logs and Lightweight logs (LWIlogs). The difference
between the two is that the records in Logs contain user-defined variable-length data while the LW
log records are all fixed in length and structure.

There can be up to 16 logs (index 0 to 15) and up to 15 lightweight logs (index 1 to 15) created in
the application. The lightweight log #0 is reserved for the Kernel Log.

4.2 Enabling Kernel Log in MQX Kernel

As described in this document, for an MQX application to use Kernel log, it must be linked with MQX
libraries built with MOX KERNEL LOGGING and MQOX USE LOGS macros set to one. This is not the
default setting so, to be able to use the Performance Tool features, you need to rebuild the PSP and
BPS libraries.

4.3 Logging the Information in Your Application

The size of the Kernel Log determines how many events can be logged, for example, how many
task switches you will be able to see in the Timeline view. The log size is specified by an application
code inacallto _klog create.

Besides increasing the log size, it may also be useful to disable logging of unwanted types of events
inthe callto _klog control. When not configured properly, the log may fill up quickly with
unwanted data and you may not be able to see all the tasks switches in the time range you need. In
extreme cases, there can be no task switch record at all in the log and the Timeline view will be
displayed void.

4.4 Using Performance Tool

The MQX Performance Tool views are accessed via the MQX tools menu in CodeWarrior 10.x IDE.
The views display the information in one of two modes: Online or Offline.

In the Online mode, the data is obtained from currently debugged application through a temporary
file dynamically created by the TAD debugger plug-in. The views are not refreshed automatically
any time the application gets suspended. When the view title says the data is out-of-date, press the
Refresh button in the view’s toolbar.

In the Offline mode the data is read from a file as specified by you. This file can be created using
the MQX TAD plug-in during a debugger session in menu MQX / Save Performance Data.
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