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E®» Agenda and Intro

- A brief intro to MQX Lite
- Overview, Main features and Code Size
- Real work: hands-on labs

- Create a new MQX-Lite project, add ConsolelO and BitlO
components

- Create tasks, watch the flashing lights
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B Abstract

- You will use Processor Expert (PEx) to configure MQX Lite
(a PEx component) and initialize multiple tasks on the

Kinetis E series processor. Light the LED and print
message from UART.
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Real Time Operating Systems

- A real-time operating system (RTOS) manages the time of
a microprocessor or microcontroller

- Features of an RTOS:
QAllows multi-tasking
AScheduling of the tasks with priorities
aSynchronization of the resource access
Qinter-task communication
QTime predictable

Qlinterrupt handling
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General Impact of MQX RTOS

- Adding ~450 new users every month

MQX Installed Base

14000

12000

10000

<
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MQX Lite — Overview

- Very light MQX kernel for resource-limited MCUs
- Targeted at the Kinetis L family initially
- Packaged as a Processor Expert component

- |/O capability provided by Processor Expert

- USB via FSL bare-metal stack, also a Processor Expert component
- No file access

- Programming model allows upward code migration
- Code built with MQX Lite should move to full MQX RTOS easily
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MQX Lite — Main Features

- Scheduler
- Priority pre-emptive schedule
- Support for lightweight semaphore, and mutex (with polling)

- Task Management will not support dynamic task creation
- All task resources allocated at compile time

- Lightweight events and messaging only
- Dynamic memory management not allowed

- Lightweight timer included (one shot, and periodic notification)
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How Small Is MQX Lite?

- Minimal App — Hello Task, Idle task, interrupt stack

- Code = 10.4K
- Data = 3.7K (including 1.5K for stacks)

- Typical App — 7 tasks + idle, lightweight events, queues
- Code = 27K

- Data = 10K (5K for stacks)

- Your mileage will vary
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MQX Lite and Processor Expert Integration

- MQX Lite delivered as an RTOS adapter % *component inspector- it £3 5y Comparer
- Interrupt mechanism in MQX is unchanged | Preperties . Methods Events

- Processor Expert LDDs work with the S et
L0y II:“.'rI':frIt nanme
RTOS M version mgx_1_0
Copy source files to project  ves
Svskem timer SystemTimer
- The entire I/O from standard MQX e :
Q = Taskl Enabled
rem Oved Task settings Task
. = Task2 Enabled
- 1/0 provided by LDD components Task settings Task

= Configuration Parameters
= Synchronization objects

- Set up and configure tasks in Somaphares ves
Component Inspector Lightweight Events yes
. Int?u::;?i:t Stack size 1024 D|
. Easy to add MQX Lite to existing app o Mionan alecatedintermgts | semais
- Just drop in the MQX Lite component Lot St tamat [T v
-
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Enough Talk, Time to Work

- Board for work — FRDM-KEQ02Z
- Freescale Freedom developmgnt oot e eomeaars
platform, ideal for rapid prototyping. frivare |

- Featuring a Kinetis E series MCU,
the industry’s first 5-volt MCU built Rese
on the ARM® Cortex™-MO+ core. gt

- MKE02Z64VQH2 - 20MHZ, 64KB _
Flash, 4KB SRAM, 64QFP opensor . R

- Easy access to MCU 1/0O

- OpenSDA debug interface, easy to
download and debug applications.

Touch pad
(Slider)

10Mhz
~ Crystal

Tri-color
LED

‘ MCU with limited resources for the application,
|deal to verify MQX Lite !
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Enough Talk, Time to Work

- Work for today
IDE: CodeWarrior 10.5
- Create a workspace
- Create a new MQX Lite project

- Add and configure ConsolelO component to send messages
through UART

- Add and configure three BitlO components to control the tri-
color LED

- Configure the MQX Lite component
- Define tasks and write the code
- Build it and run it — watch the blinking lights
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Set CodeWarrior to a new workspace

- This makes sure we don’t have any confusion
- File->Switch Workspace—->Other

¥ Workspace Launcher @

Select a workspace

CodeWarrior Development Studio stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session,

Workspace: | |[SEIOXANANL T - Browse...
» Copy Settings
@:l [ OK l ’ Cancel

- Type in E:\MQXLiteWorkspace
- For the sake of others, turn off “Use this as the default...”
- Then you can hide the Welcome Screen that appears.
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Create a new MQX Lite project

. . . . ¥ Mew MQX-Lite Project = [
- Click Import Project in Commander view —
Devices
- Flleenewe MQX'the PrOJeCt Select the derivative you would like to use
T i Device to be used:
# New MQX-Lite Project — @ type filter text
Create an MQX-Lite Project 4 Kinetis E Series
ch he | on for th . 4 KEOx Family
oose the location for the new project 4 KED2Z (20 MHz) Family
MEKED2752
MEEDZZ64
Project name: qu_starterl » Kinetis K Series

» Kinetiz L Series
Uze default location

Location: | EAMQXLiteWorkspace\Maw_starter Browse...

Creates project for MKED2Z64 (20 Mhz) derivative -

@ <Back | Met> || Fnish || Cancel
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Create a new MQX Lite project

- Choose openSDA as connection interface

¥ New MQX-Lite Project = -2 ][]
Connections

Choose the connection to use for this project

»

Connection to be used:
P&E USE MultiLink Universal [FX] / USE MultiLink
[T PAE Cyclone MAX
[] P&E TraceLink
Open Source JTAG
[¥/] OpenSDA b
[ Segger J-Link / J-Trace / SWO (SWD based)

m

Connect to OpenSDA. -

@ | <Back || MNet> || Finsh || Cancel
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Open Processor Expert project

- This takes a few second on first

launch
- Double click the .pe file

- The Components view opens
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Hg CodeWarrior Projects 52

File Mame
a =% Mqgx_starter : FLASH
» = Documentation
(= FLASH

» = Generated_Code

» = MQXLITE
% ProcessorExpert.pe
[= Project_Headers

» == Project_Settings

» = Sources

Double

click
s, Components - Mo starter 57 = CF #

4 [~ Generator_Configurations
# FLASH
4 = O5s
» EJ MQHL:MQKLite
4 [~ Processors
. 4f) Cpu:MKE02Z64VLH2
> = Components
- = PDD

Ter . O e g R, G5, CodeTERY Coduamicr, O e, Utens, U Ban e y Bt Sokiord wgo, S iwin, rotivl PG, PrwewOLICT
15 Sroccesr Kigee, Joall, Gorans, Satwhass, S Satedaraw kg, SauCae Syvpreny wnd Vorie sy maemc of Frsscal Swecondate, we Fley US S 87 OF

Nrvart, Swebn. BenStnck. Corwiur. Fume, Laywaesgn, MigrvV, VBT Mators = o Futuge, Sorsi Oomy QU0 Evgrm Pemdy My, SUANTK k.

>3 Tvms o WEONREI, W AR O H DT OF S0k (RN WD T v . : #o R0, K




r
4\

Examine CPU Component

- Provided and configured in starter project

- Select CPU, go to component inspector, look at System Clock
- 16.7MHZ

Hg CodeWarrior Projects 52 = O % Components Library % Component Inspector - Cpu 23
Properties . Methods | Events | Build cptions | Resources
File Mame Build J Mame Value
vt .
4 = Mapcstarter : FLASH CPU type MKEQ2Z64VQH?2

s 1;&5‘ Binaries

4 Clock settings
» = Documentation

4 Internal oscillator

» (= FLASH 3 Slow internal reference clock [kHz] 32.768
> [= Generated_Code - System oscillator Dizabled
> (= MQXLTE 4 Clock source settings 1
% Processorbxpert.pe R 4 Clock source setting 0
[= Project_Headers i ICS settings
> = Project_ettings Initialization priority interrupts enabled
> = Sources - Watchdog disable Yes
5. Components - Mop_starter 23 Sl Y7 8 ; E;L:I:n:j;;ugﬂ::sﬁ 1
4 [= Generator_Configurations > 4 Clock configuration 0
ﬁ FLASH ‘ ‘ 4 Clock source setting configuration 0
4 (= 05 E IC5 mode FEI
- g MQX1:MQXLite A 4 System clocks
4 (= Processors Core clock 16.777216
- 4 CpuMKED2Z64VQH2 Bus clock 16.777216
4 [= Components +
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Add and configure ConsolelO component
- Open Components Library

- CPU External Devices -> Display -> ConsolelO
- Double click the component to add it into project

% CodeWarnior Projects 23 = 0 % Cormpoenents Library 23 % *Component Inspector - CsI01
: Categories . Alphabetical | Assistant | Processors
File Name :
4 ::‘fp Mgx_starter : FLASH Component
> (= Documentation > = Board Support
(= FLASH » = Configuration Tools
. = Generated_Code a [= CPU External Devices
> (= MQXLITE s [= Audio
% ProcessorExpert.pe = Communication
= Project_Headers 4 = Display
> [2= Project_Settings ConsolelQ
» = Sources FreeMaster
PC_Master
Term
= EVM
s Components - Mgw_starter 3 = i T | s [= Port /O

= CPUlInternal Peripherals

4 [= Generator_Configurations ) . i
> [ Logical Device Drivers

i FLASH

a [= 0%

. M8 MQXL:MQXLite
4 [= Processors

. 8 CpuMKE02ZE4VLH2
4 [= Components

. (@Y C<I01:ConsolelO
. (= PDD

[ Operating Systems
> = SW

® £
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Add and configure ConsolelO component

% CodeWarrior Projects 23 = B % Compenents Library % *Component Inspector - 101 23
laz ‘ el i:bp N Properties Methods] Eventq
File Mame Build Mame Value Details
L .
4= Maqax_starter : F.I.ASH Device LARTL UARTL
[ = Documentation Interrupt service/event Disabled
(= FLASH 4 Settings
[ [= Generated_Code Data width 8 hits
b = MQXLTE Parity Mone
D PWFE“U"EXPE'T'PE Baud rate 115200 baud 116508 444 baud
[= Project_Headers 4 Receiver Enabled
b L= Project Settings RxD PTCE/UARTL_RX PTCB/UARTL_RX
b [= Sources 4 Transmitter Enabled
| T«D PTCT/UARTL_TX PTCT/UARTL_TX
4 Initialization

Auto initialization

i Components - Mape_starter &3 Ho® Y= 08

4 [ Generator_Cenfigurations
# FLASH

PRSI

I EJ MOXL:MOQXLite
4 (= Processors

» &) Cpu:MKE02Z64VLH2
4 [= Components

4 1) CI01:Consolel0

@ [01:5enal_LDD[Consolel 0\ ConsolelQ_Senal_LDD]

i (= POD
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Add and configure BitlO component

- Logical Device Drivers -> Port I/O -> BitlO_LDD

B CodeWarrior Projects 33 = 0 £y Components Library 52 53
= | 1d =
E- Ve | = %_5 » Categories Alphabetican Assist
File Mame Build
4 -5 Max_starter : FLASH Component
[ = Documentation > [~ Board Support
= FLASH » = Configuration Teools
[ = Generated_Code » [ CPU BExternal Devices
B == MQXLITE [ CPUlInternal Peripherals
% ProcessorExpert.pe 4 [~ Logical Device Drivers
= Project_Headers » = Communication
[» = Project_Settings » = Converter
[ = Sources > = Display
s = DMA

» = Human Interface
s [= Interrupts

t=. Components - Maop_starter 53 S ® Y= O . [ Measurement
#h FLASH i . (= Memory
4 [= 0% il 4 = Pu:urtI.,."G
. 18] MQXL:MQXLite i) BitIO_LDD
4 [~ Processors 8 BitsI0_LDD
. @ Cpu:MKED2Z64VLH2 5 GPIO_LDD
4 = Components 3 > = 5'-.=-':Llrl‘f3-r
a Csl01:Consoleld = Tlrr?er
73 101:Serial_LDD[Consolel0\ConsolelD_Serial_LDD] > [= Operating Systems
- |#8] Bitl:BitIO_LDD > = SW
- - = PDD 1L
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Add and configure BitlO component

- Rename the component BLUE and configure it.

g CodeWarrior Projects 52 = O % Component Inspector - BLUE &3 % Components Library

= - Properties MMethods Euentq
File Mame Build ; Mame Value
PR KE—M.QII._HE : FLASH |1| Pin for ¥O PTEY/FTMZ_CLE/FTM1_CH1
i %%, Binaries Direction Input/Qutput
[» [ Decumentation 4 Initialization
I = FLASH Init. direction Output
4 [= Generated_Code Init, value 1
b € BLUE.c v Auto initialization yes
& |[h] BLUE.h v il
N . R L
5. Components - KE-MQXLite &3 S cr® Y= 8
4 = Generator_Cenfigurations -
# FLASH I
a = 0%

» 08| MQX1:MQKLite
4 = Processors

> ) CpuMKE02Z64VLH2
4 [= Components

. i) CsI01:Consoleld

. B8 BLUE:BitIO_LDD

4| I |

m

L £

Z “freescale" 20




h -

4
A
Add and configure BitlO component

- Add the second BitlO component, rename the component
GREE and configure it.

g CodeWarrior Projects 53 = 0B »,b Components Libran % Component Inspector - GREE 23
E: laz| = <*1=’=f>p - Properties . Methods | Events

File Mame Build L Mame Value
< :

4= MEK_#EFFEF + FLASH Pin for /O PTH2/BUSQUT/FTMI1_CHO
> % Binaries Direction Input/Output
» [ Documentation = 4 Initialization
> [= FLASH Init. direction Output
» = Generated_Code Init, value 1
s> (= MOQXLTE i Auto initialization yes

% Processorbxpert.pe
[~ Project_Headers

» [~ Project_Settings 57

B Components - Me_starter 537 S ® Y= 8
¥ FLASH -

a = 0% i

> W8 MQX1:MQXKLite
4 [ Processors
> ) CpuMKED2Z64VLH2
4 [= Components
. (E) CsI01:ConsolelD
» B8 BLUE:BitIO_LDD e
» |88 GREE:BitlO_LDD

m
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Add and configure BitlO component

- Add last BitlO component, rename the component RED and
configure it.

g CodeWarrior Projects 52 = 0 % Components Library % Component Inspector - RED 3
HE lﬂz| = ﬂ%p - Properties . Methods | Events
File Name Build e Name Value
4 == ng_Tstarl.:er : FLASH Pin for /O PTH1/FTM2_CH1

> 4 Binaries Direction Input/Output
» = Documentation = 4 Initialization
> (= FLASH Init. direction Output
[ Generated_Code Init. value 1
> = MQXLITE 3 Auto initialization yes

% Processorbxpert.pe
[ Project_Headers

» [~ Project_Settings 52
s Compeonents - Mox_starter 53 Fc®E Y= 8
4 = 05 -

- 18 MQXL:MQXLite
4 [~ Processors —
» 4 CpuMKE02Z64VLH2
4 [= Components
. (@) C<101:Consolel0
> B8 BLUE:BIO_LDD
» B8 GREE:BitIO_LDD
. B8 RED:BitlO_LDD
» (3% PDD -

>

L
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Configure the MQX Lite Component

% Component Inspector - MOQX1 23 % Components Library

° DOUble_C“Ck MQXthe Properties . Methods | Events

Mame Value
- Go to the Component Component name MQd
QX Lite version V11.0
Inspector, look at MQX1 S
p ' . System tirner SysternTirner
4 Task Template List 1
4 Taskl Enabled
Task settings Task
4 Configuration parameters
4 Components Compeonent settings
Lightweight Sermaphores  yes
Lightweight Events ne
Lightweight Message Que no
Mutexes no
Lightweight Tirner no
Kernel Logging ne
Lightweight Memaory Alle no
4 Interrupts Interrupt settings
Interrupt stack size 256 -
4 lIdle Task Idle Task settings
Use Idle Task yES
Enable sleep in idle no
Enable idle counters no

4 User settings

Definitions 1 line(s) Select to view/ edit
4 Manage allocated interrupts Automatically
First allocated interrupt INT SysTick
Last allocated interrupt INT_LVD_LWVW

L £
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Configure the Component

|

- We will have three tasks, so increase by two.
%Y Components Library |‘§§ *Component Inspector - MQXL 22

T CodeWarrior Projects &2 -

l""z‘ B & P |File Name ¥

File Mame Build

15 Mep_starter : FLASH
[~ Documentation
[= FLASH
[= Generated_Code
% Processorbxpert.pe
[= Project_Headers
[= Project_Settings
[~ Sources

- Task Template
List=3

- Other values
are default

&. Components - May_starter &1 -0
=R -3 T
4 EJ MQXL:MQKLite -

o SystemTimerl:TimerUnit_LDD[MQ) |
s EJ Taskl:MQxLite_task[MOxLite\ Task
P @J Task2:MQ¥Lite_task[MO XLt Task
s EJ Task3:MQxLite_task[MO XLt Task
M _int_default_isr

—_—

L £
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Properties Methodq Ei.rentq

MName

Cornponent name
MQX version
Copy source files to project
System tirner
4 Task template list
4 Taskl
Task settings
4 Task?
Task settings
4 Taskld
Task settings
4 Configuration Parameters
4 Synchronization objects
Semaphores

> Mutexes
Lightweight Events
4 Interrupts
Interrupt Stack size
Use Idle Task

a Manana allnratad intarrm nkc

Value Details

Ml
mox 1 0
yes
Systemn Tirner
3
Enabled
Task
Enabled
Task
Enabled
Task

yes
no
no

1024
yes

furtnrnatiralhe
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Configure the First Task

y SeIeCt the taSk Lo LOMPONENTS - IVIgH_STAIer /b -
== - T
@: 06 MQX1:MQXLite .
. . 1 SystemTimerl:TimerUnit_LDD[MQ[ |
° Examlne the propertles s EJTaskl:MQKLite_task[MQKLitE\Task:
s @J Task2:MQXLite_task[MOxLite\ Task
s EJ Task3:MQXLite_task[MOxLite\ Task
M _int_default_isr
- Actually, default values for all properties . ® ntdissble i
% Components Library % Component Inspector - Taskl &3
° TaSk 1 Properties . Methods | Events
Mame Value
- Name = Task1 (default) Name Teskl
Entry point function Taskl_task
= Case matters! Stack size 400 D
Code depends on this AL : ol
Creation parameter ]
: : 4 Attributes
- Entry pOInt funCtlon MK _AUTO_START_TASK Enabled
MQH_FLOATING_POINT_TASK Disabled

- Stack size = 400

L £
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Configure the Second Task

o5, Components - Mox_starter 23 =0
: T
Task? 4+ 8 MQXLMQXLite .
_ M SystemTimerl:TimerUnit_LDD[MQ[ |
- Name - Task2 (DefaUIt) @ » 08| Taskl:MQXLite_task[MOQxLite\ Task
' EJ Task:MQxLite_task[MOQxLite Task
= Case matters! Code depends . 8 Task3:MQXLite_task[1/I0Lite Task
: M _int_default_isr
on thIS M _int_disable o7
. . i ] 3
- Priority = 8
- AUTO_START_TASK - a,b Components Libran % Component Inspector - Task2 &3
Enable Properties . Methods | Events
MName Value
= we will instantiate and start Name Task2
: Entry point function Task?_task
the task in our code oo e ol
Priority 8 D
Creation parameter a
4 Attributes
MQX_AUTO_START_TASK Enabled
MQX_FLOATIMNG_POINT_TASK Disabled

L £
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Configure the Last Task

7. Components - Mox_starter 23 = 0
- Task3 G @ a
4 W8 MQXL:MQXLite -
- Name - TaSk3 (DefaUIt) ) SystemTimerl:TimerUnit_LDD[MQ)|_|
s EJ Taskl:MQXLite task[ MO xLite"\Task
= Case matters! Code » 8 Tesk2:MQXLite task(MQXLite\ Task
dependS on thIS ' EJ Ta5k3:MQKLftE_task[MQKLItE‘aTask_
W _int_default_isr
. . M _int_disable *
- Priority = 8 < »
- AUTO_START_TASK - % Components Librar, % Compeonent Inspector - Task3 23
Dlsable Properties Methu:ud;l Eventq
Mame Value
= we will instantiate and start | name Taskd
: Entry peint function Task3_task
the task in our code o s N
Priority 8 D
Creation parameter 0
4 Attributes
MOQX_AUTO_START_TASK Disabled
MOQX_FLOATING_POINT_TASK Disabled

L £
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Generate PE code

- Click ® to generate PE code
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Hg CodeWarrior Projects 53

laz NER=-TX

FileName Build
4 = Max_starter : FLASH

[ [= Documentation
(= FLASH
= Generated_Code
[ = MQXLITE
% ProcessorExpert.pe
[= Project_Headers
[-= Project_Settings
[ [= Sources

4

4

5. Components - Mop_starter 23 I #

4 [= Generator_Configurations
#h FLASH
4 [= 05
b 8 MQXL:MQXLite:
4 [ Processars
b 4 CpuMKED2Z64VLH2
4 [= Components
4 =Y C<101:ConsolelD

@ I01:5enal_LDD[Consolel 0N Consaleld_Serial_LDD

» B8 BLUEBIIO_LDD

» B8 GREE:BitIO_LDD

» B8 RED:BitIO_LDD
[ = PDD
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Code Walk Through: Initialize the OS

- Open ProcessorExpert.c
- RTOS initialization — auto generated code

118' fEF* RTO3 startup code. Macro PEX RTOS START is defined by the RTOI o
112 #ifdef PEX RTOS START

120 PEX RTOS START() f7 Startup of the selected RTOI.
121 Hendif

1zz2 f%%#+% End of RTO3 startup code., %%/

- That Macro = a call to _mqgxlite() — which sets up the OS

k| MK 5

TH/ST MO Lite start function */

e LT MPEY RTOS START() ([ mogxlitel) )
=

L £
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This code creates the tasks — mqgxlite.c

(B Motk fc] mlibe.c 53

66 _mogH uint mgxlite (void)

674 f% Body #f

65 KERMNEL DATAL STRUCT FTR kernel data;
=] MQELITE TASE TEMPLATE STRUCT PTR template ptr;
7o TDh _STRUCT PTR td ptr:

e _GET_EEFMNEL DATA(kernel data):;

74 St 3rart Tick timer +/
75 MQXLITE RTOS ADAPTER STITEM TIMER START (MNULL) :

77 I St Create the idle task */ I

7o #if MQX USE IDLE TASE

79 td ptr = _task_init_internal ( (MQILITE TASE TEMPLATE STRUCT PTR) &ékernel data->IDLE TASK TEMPLATE,
[=1u] kernel data->ACTIVE PTR->TASK ID,

g1 fuint_32)0,

a2 FALSE,

a3 [pointer)kernel data->IDLE TASK TEMPLATE.TASE STACKLDDE,

g4 [ mwem size)kernel data->IDLE TASE TEMFLATE. TASK STACKSIZE];
SE#if MOX CHECK ERRORS

=1 if (td ptr == NULL] {

57 _mox exit (MQX OUT OF MEMORY) :

[=1=] VAT Endif %/

59 fendif

=ln] _task ready internal(td ptr):

21 fendif

a3 | /% Check here for auto-create tasks, and create them here */I

94 template ptr = kernel data->INIT.TASK TEMNPLATE LIST:

a5 while (template ptr->TAIK TEMPLATE INDEZX) {

=1 if (template ptr->TAZE ATTRIEUTES & MQX AUTO 3ITART TAZK) |

a7 td ptr = _task_init_internal(template ptr,

a5 kernel dats-»ACTIVE PTR->TALSE ID,

a9 template ptr->CREATICN PARLMETEER,

ao FALSE,

o1 [pointer) template ptr->TASK STACKALDDR,

oz [_mem size)template ptr->TAZE 3ITACESIZE):
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Task templates generated from component

- Open task_template_list.c

- —In Generated Code
folder

- Here are our tasks

- Based on the properties set
In the component

- One is an auto-start task as
we specified

L £
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const TASK _TEMPLATE_STRUCT MQX_template_list[] =

1

* Task: Taskl */

* Task number

* Entry point

* Stack size

* Task priority

* Task name

* Task attributes
" Task parameter

b e e e e e e e e e

# =

Task: Task2 */

* Task number

* Entry point

* Stack size

* Task pricrity

* Task name

* Task attributes
* Task parameter

=

e b e, e, e e e e, e

Task: Task3 */

* Task number

" Entry point

* Stack size

* Task priority

* Task name

* Task attributes
Task parameter

T T T T T T e

§ &

},

TASK_TEMPLATE_LIST_END

s
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TASKL TASK,
(TASK_FPTR)Taskl task,
TASK1 TASK_STACK SIZE,
U,

"taskl”,
(MOX_AUTO_START_TASK),
(uint32_t)(8)

TASKZ _TASK,
(TASK_FPTR)Task2_task,
TASK2_TASK_STACK_SIZE,
8U,

"taska2”,
(MQX_AUTO_START TASK),
(uint32 t)(@)

TASKS_TASK,
(TASK_FPTR)Task3_task,
TASK3_TASK_STACK_SIZE,
U,

"task3",

(@),

(uint32_t)(e)
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Task1 Code

38 ** Returns :_Hn::thing
- In mgx_tasks.c S —
_ 49 */
- In Sources folder 41void Taskl task(uint32 t task init data)
424

43 int counter = @;
_ . 44 printf("task 1 start running!in");
- Function header automatic 45 Ehileiij { o

_— i oL
- You will still need to create body . ~

of function obviously 48 /* Write your code here ... */
43 BLUE Clrval(e);

58 _time delay ticks(58);
51 BLUE_Setval(e);|
52 _time delay ticks(58);

- Loops endlessly flashing 24} /

BLUE LED ”

L £
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Task2 Code

62 ** .'-'.Q:‘){ task routine. The routine is generated into mgx_tasks.c
B3 ** file.
- Loops endlessly = e
ﬂaShIng GREE ES RetuEzzk_lan_g:Eﬁing

- Setup task3 o/

78 void Task2 task(uint32 t task _init data)

714

72 int counter = 8;

73 _task_id task_id;

74 printf("task 2 start running!‘n"});

75 task_id = _task_create_at(®,TASK3 _TASK,18,Task3_task stack,TASK3 _TASK_STACK SIZE);
76 if ( task_id == MQX_NULL_TASK ID )

77 |

78 printf("task3 create fail!\n");
79}

3a

81 while(1) {

82 counter++;

83

84 /* Write your code here ... */
85  GREE_Setval(e);

86 _time_delay ticks(5@);
87

88 GREE_Clrval(@);

89 _time_delay ticks(5e);
90}

91 }

- The OS handles task priority and switching

L £
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Task3 Code

- Loops endlessly v oK task reutine. The routine is gen

. Ba ** file.

fIaShIng R ED a1 ** Parameters
B2 x* MNAME - DESCRIPTION
B3 ** task_init data
B ** Returns : Nothing
a5 S===========================================
a6 */f
27 vold Task3 task{uint32_t task_init data)
e8|

89  int counter = 8;
A8 printf("task 3 start running!in™);
A1 while(l) {

12 counter++;

A3

14 /* Write your code here ... */
15 RED Clrval(e);

16 _time_delay ticks(5@);
17 RED SetVal(@);

18 _time_delay ticks(5@);
19 1}

20}

21

- The OS handles task priority and switching

L £
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Build the Code

Just click Build in the Commander view OR...

£=3 Commander 5 =~ = O

Select the project ion * Build/Debug e

; @, Buid (Al e

Project->Build Project le project ¥ Cle Al ol
xecutable file %% |Buid LED_KLZSZ (ALT+E,E) |

]E':t = Qpakrinne

Should be no errors

L £
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Getting start with FRDM-KE(02Z

- Installing Drivers

1 | Optional: Download and Install the P&E OpenSDA USB Drivers found
at www.pemicro.com/opensda

2 | Plug in a USB cable (not included) from a USB host to the OpenSDA
mini-B USB connector. The FRDM-KEO02Z will be powered by this USB
connection.

3 |a. Open Device Manager

b. Locate and right-click on “OpenSDA — CDC Serial Port”
c. Select “Update Driver Software”

d. “Browse” and select the FRDM-KEO02Z drive

e. Click “Next” to complete the installation

® £
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Introduction to openSDA

- Open-standard serial and debug adapter.

- Bridges serial and debug communications between a USB host
and an embedded target processor.

- OpenSDA software includes a flash-resident USB mass-
storage device (MSD) bootloader and a collection of OpenSDA
Applications. FRDM-KEQ02Z preinstalled with the MSD Flash
Programmer OpenSDA Application.

4 OpenSDA )
(- OpenSDA MCU )
| GPIO = on gV
en PN
USB Host MSD Bootloader Target
IDE Processor
GPIO / ADC
= NRESET
Flle System UART TXRX
: lp—p || [0 T [T
Serial < e > OpenSDA SP1.GPIO
Applicatic —
e X b SWD! JTAG
& N ~ J

® £
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Using the MSD Flash Programmer

- MSD Flash Programmer - a composite USB application that provides a virtual
serial port and an easy and convenient way to program applications into the
KEO2Z MCU. It emulates a FAT16 file system, appearing as a removable
drive in the host file system with a volume label of FRDM-KEQ2Z.

FRDM-KE02Z (G:)

W” 127 MB free of 127 MB

1 J Locate the Precompiled Examples folder in the FRDM-KE02Z Quick
Start Package.

2 | Copy & paste or drag & drop one of the .srec files to the FRDM-KE02Z
drive.

The new application should now be running on the FRDM-KEO02Z. Starting

with the MSD Flash Programmer, you can program repeatedly without the
need to unplug and reattach the USB cable before reprogramming.

® £
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Introduction to openSDA
K Bootloader mode \
1. Unplug the USB cable if attached.
2. Press and hold the Reset
button.(SW1).
Plug in a USB cable between a
USB host and the OpenSDA USB
connector (labeled “SDA”).
Release the Reset button.
A removable drive should now be

visible in the host file system with
a volume label of BOOTLOADER.

BOOTLOADER (G:)
\ﬁ/ 127 MB free of 127 MB /

ﬂad OpenSDA Application
. .

. Locate the OpenSDA Applications

3.

a ? Ports (COM & LPT)

\

folder in the FRDM-KEO02Z Quick Starg
Package.

Copy & paste or drag & drop the
Debug Application (DEBUG-
APP_Pemicro_v106.SDA)to the
BOOTLOADER drive.

Unplug the USB cable and plug it in
W gnaglun Open device manager.

<& PEMicro OpenSDA Debug Drives Now we can
_@wimdmer  gawnload and debug!

? ECP Printer Port (LPT1)

\_ i@ -f UpenSDA - COC Serial Port (http://www.pemicro.com/opensda) (LZM3]

—

Enter bootloader mode and copy & paste or drag & drop the MSD Flash
Programmer Application (MSD-FRDM-KEQ02Z Pemicro_vXYZ. SDA)to the

FRDM-KE02Z (G:)

BOOTLOADER drive to use the MSD Flash Programmer again. ez

® £
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Enable OS Awareness to debug MQX Lite tasks

- Choose the project, right click and choose Properties ->
Run/Debug Settings -> OpenSDA ->Edit

- Edit Configuration -> Debugger -> OS Awareness

Hg CodeWarrior Projects 53

B | & & Bl

File Mame
y L _LitedemmemmhLASH
- '[TDC Mgx_starter : FLASH
Fl 91;’;: Binaries
. ¥ Maox_starter.elf
= Documentation
> [= FLASH
» = Generated_Code
s [= MQXLITE
% ProcessorExpert.pe
[~ Project Headers

T, Components - Maox_starter &2

a = 05

. 08 MQXL:MQKLite
4 = Processors

- 4P CpuMKE02Z64VQH2
4 [= Components

. i} CsI01:Consoleld

- B8 BLUE:BItIO_LDD

. B8 GREE:BitIO_LDD

sl

® £
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=

-

¥ Properties for Mop_starter
type filker text

» Fesource
Builders

o C/C++ Build

» CfC++ General
Processor Expert
ProjectRefersnces

Run/Debug Settings

Run/Debug Settings

(L5 Max_starter FLASH_OpenSDA
E Mepe_starter FLASH_PnE U-MultiLink

Delete

¥ Edit Configuration

Edit launch configuration properties

Debug or run an application to a target.

MName: Max_starter_FLASH_OpenSDA

[E] Main | 9= Arguments =3 Debugger
Debugger options

£ Source | B Environment | =l Common ﬁ?Trace and Profile

Debug | Exceptions I Interrupts | Download | PIC

| Other Executables 5ymbo|ics| 05 Awareness

Target 0% MQX 05 for Cortex
[ - —
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Download

- Pick the OpenSDA connection

Debug perspective appears

L £

Z “freescale"

%3]

=]

ka = & W0

Code stops at first line of main()

whi

41

Run->Debug As->CodeWarrior Download

Select Configuration
= g

1

Select a configuration ti

Ch:

| ]S

<] Maqgx_starter_FLASH_OpenSDA
el Maqx_starter_FLASH_Segger J-Link_Trace
[€1Mqgx_starter_FLASH_PnE U-MultiLink

| | @ OK

Set a breakpoint at line 132 of mgx_tasks.c

1

/* Write your code here ... */
BLUE_Clrval(e);
_time_delay ticks(58);
BLUE_SetVal(e);
_time_delay ticks(5@);
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Debug MQX Lite tasks

- Click resume terun the application, the application will stop
at the break point.

¥ Debug - MQXLitedema/Sources/may_tasks.c - CodeWarrior Development Studio EI@
File Edit Source Refactor Search Project MOQX Tools RTCS MQX  PEMicre Run  Window Help

ol = 5 -[/117

%5 Debug 2 L @| i g OF [ M m ¥ =08 ()= Varia... 7 Brea.. i Regis dem... =i Modu = 0
4 E MQXLitederno_FLASH_OpenSDA [CodeWarrior] 5 B | v| Eif' rqj -

a .@ ARM Processors, MQXLitedemo.elf (Suspended)

4 3B Thread [ID: 0:10001] (Suspended: Signal ‘Process Suspended’ received. Description: Proce: Na::; task inst dlaia [;m“
= 2 _muo_idle_task() idletask.c:56 0:00002139 69- cnu;ter_ 0
= 1 task_ewit_function_internal() task.c:2080 0:0000144 ¢
a f® Thread [ID: 0x10003] (Suspended: Signal 'Process Suspended' received. Description: Proce:
= 2 Task2_task() mop_tasks.c:B5 0:00002605
= 1 task_exit function internal() task.c:2980 00000144 ¢
A Thread [I0: 0x10002] (Suspended: Breakpoint Hit) ‘ m b
= 2 Taskl_task() max_tasks.c:60 0x0000250 M
=1 task_exit_function_internal() task.c; 298005000144
e EVMOQELiteWorkspace\MQXLitedemo\FLASH\MQXLitedemo.elf (3/29/13 1:23 PM) i
1| 11 | 3 1 2
dletask.c €] o _tasks.c 52 = B8 == Disassembly &2 = 8
=/ o Enter location here =~
—woid Taskl_task{uint32_t task_init_data)
I 1l peaB25da: mov r8,r3 -
int counter = @; [ @ea825de: bl puts (@x26a3d) 3 BxPBBBZ26as
. " . " B (=] counter++;
5§§T§f§;t25k L start running!in®); faaaaﬁea: ldr r3,[r7,#12]
- 20a825e2:; adds r3,#1 m
Beae25e4: str r3,[r7,#12] i
/* Write your code here ... */ - 65 BLUETC}r:Vall‘:G),' -
'l i 3 <« | LI} | s

- N W wer Wi w e EWWLE W DTN FTFSGIN BAWEOAREIE, W RE M OB OF SiAvIe NGNS WD T N IIY I T AAGGCIVE SeTars O 313 IR RTINS T
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Debug MQX Lite tasks

- Click MQX in the menu, MQX debug options appears. Including
Task summary, Stack usage.....

File Edit Source Refactor Search Project MQX Tools RTCS MQE PEMicre Run  Window Help

9~ | & el iv £~ s, Kernel Diata
Check for Errars

ﬁ‘« Debug 2
4 [T] MQXLitedemo_FLASH_OpenSDA [CodeWarrior] Task Summary
a4 Z8 ARM Processors, MQXLitedemo.elf (Suspended) Ready Queue

4 o Thread [IC: 0:10001] (Suspended: Signal 'Process Suspen Stack Usage
= 2 _maqe_idle_task() idletask.c:56 000002139 ) )
= 1_task_exit_function_internal() task.c:2980 00000144 - 9NEweight Memory Pools

4 i@ Thread [ID: 0:10003] (Suspended: Signal 'Process Suspen Lightweight Memory Blocks
= 2 Task2_task() map_tasks.c:85 0:00002605 Mernory Pools
= 1 task_exit_function_internal() task.c:2980 0:0000144 Memary Elocks

a o Thread [ID: 0:10002] (Suspended: Breakpoint hit.) i

Memory Extension Blocks
2 Taskl_task() mpe_tasks.c:60 0x0000250 Sl

1 _task_exit function_internal() task.c:2980 0x0000144 Partition Summary
gl EAMOXLiteWorkspace MQHLitedemo!\ FLASH\M QK Litedem

Lightweight Message Queues
Message Queues

Message Pools

Task Queues

L £
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Debug MQX Lite tasks

- Click task summary to watch the task status.
- When MQX Lite RTOS starts, three tasks are created.

El Console Eﬁ_\. Problems “QX MK Task Surmmmary &3

Task Mame Task ID TD Pricrity State Task Error Code
- _mox_idle_task 010001 020000388 9 Ready Ok (000007
- taskl 010002 0200006 b4 8 Active Ok (0:0000)
- task? 0:10003 0200004 a8 g Ready Ok (D:0000)

Towldiun ouavn uoayc v vvatlull UuiIc osuavn uoayc vl aill L aono.

- Stack size = 400 byte

El Console EL Problems Mi* MQX Stack Usage 2

Task Stack Base Stack Lirnit Stack Used % Used Owerflow?
- _moe_idle_task 020000420 020000400 020000444 57 % Mo
- taskl 200008k0 020000720 02000083 ¢ 29 % Mo
. task? (20000660 020000520 020000654 23% Mo
Interrupt (20000070 OnL FFFFFT0 020000070 0% Mo
<&

44 Srocessr Kicoee, Soall, Cora, Gatwhasns, B 2aeharas kg, Seutun Syvgreny o Voriis sy wadwmnc of Frescad Swecosdate, oc_Fley US 2 47
Mrtart, Swebn. BenStnck. Cowir. Funse, Lnywaesgs, Mgy, VT Pebors = 4 Factag X DA E nt ya,
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Debug MQX Lite tasks

- Click'™ to continue running application —four tasks.

ﬁ Debug - MQXLitedemo/Sources/maox_tasks.c - CodeWarrior Development Studio
File Edit Source Refactor Search Project MQX Tools RTCS MQX PEMicro Run  Window Help

il | $ i Fr wE|gl 3| P A SIS
Quick Access
%5 Debug i3 = 0 €)= Variables &3 Breakpoints = es o4 E|| '| &3
Lo -@5| AT Mz T Name Location
4 E MQXLitederno_FLASH_OpenSDA [CodeWarrior] - ()= task_init_data 0 020000884
a &# ARM Processors, MQXLitedemo.elf (Suspended) (@="counter 1 0x2000088 ¢
4 g Thread [ID: 0x10001] (Suspended: Signal ‘Process Sy
= 2 _mapc_idle_task() idletask.c:78 000002147
= 1 _task_exit_function_internal() task.c:2980 0000
a o Thread [ID: 0:10003] (Suspended: Signal 'Process Su @
= 4 _time_delay_internal() time_ticks.c:180 00000
= 3 _time_delay_ticks() time_ticks.c:232 0x00000d1 A
= 2 Task2_task() max_tasks.c:98 00000264 ¢ =
= 1 _task_exit_function_internal() task.c:2980 0:000 “QX MQX Task Summary &2 o
PR Eread [10: 0100021 (Susnended: Breakpoint hit.) Task Name TaskID o Priority
= 2 Taskl_task() mopx_tasks.c:60 0x0000250 .
= 1 _task_exit_function_internal() task.c:2980 0001 » mapcidle fask 010001 020000388 9
4 g Thread [ID: 0x10004] (Suspended: Signal ‘Process 5y > tasid 0:10002 0:200006b4 8
= 4 _time_delay_internal() time._ticks.c:180 0x0000 Datask? 10007 200004 B
= 3 _time_delay ticks() time_ticks.c:232 0:00000d]1  tasld 010004 0:2000007¢ 8
= 2 Task3_task() maox_tasks.c:127 0:40000268a b
= 1 _task_exit_function_internal() task.c:2980 G001 _
< = oo e e < -
[ o tasks.c 32 time_ticks.c = 8 =2 Disassembly M5° MQX Stack Usage i3 Q§°
~void Taskl_task{uint32_t task_init_data) - Task Stack Base Stack Limit Stack Used
{ int counter = @; > _mgp_idle_task 020000420 020000400 0:2000042¢
printf(“task 1 start running!\n"); K > taskl 0:200008b0 020000720 02000074
while{1) { [ [ task2 0x200006kb0 020000520 0x20000560
counter++; > task3 020000280 0:200000f0 0200001 c4
/* Write your code here ... */ Interrupt 0:20000070 1 FFFFFT0 Dl ffffdc
< BLUE_Clrval(e);
_time_delay_ticks(58); ¥
P 1| mn | + 4| 1

<& I oI UINY

|5 el

5| B

= =
o 4-¢||.—J = B8

Ready
Time delay blocked
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Run

- Click the Resume button

- Resume each time you stop

-You'll see the count variable
Increase, and the lights on the
board flash

- Remove the breakpoint to
run the app without
Interference

- Right click, Toggle breakpoint
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=

%5 Debug 32 L | = @ m - ¥ =8
4 E MQXLitederno_FLASH_OpenSDA [CodeWarrior]
4 ARM Processors, MQXLitederno.elf (Suspended)
4 g Thread [ID: 0x10001] (Suspended: Signal 'Process Suspended' received. Descrip
= 2 _mapcidle_task() idletask.c:78 (00002147
= 1 _task_exit_function_internal{) task.c:2980 00000144 c
4 g Thread [ID: 0x10003] (Suspended: Signal 'Process Suspended' received. Descrip
4 time_delay_internal(} time_ticks.c180 0:00000cbb
3 _time_delay_ticks() time_ticks.c:232 0:00000d14
2 Task2_task() mox_tasks.c:98 (0000264 ¢
1 _task_exit_function_internal() task.c:2980 00000144 ¢
4 o Thread [ID: 0x10002] (Suspended: Breakpoint hit.)
2 Taskl_task() mox_tasks.c:60 00000250
1 _task_exit_function_internal() task.c:2980 00000144 ¢
4 g Thread [ID: 0x10004] (Suspended: Signal 'Process Suspended' received. Descrip
4 time_delay_internal(} time_ticks.c180 0:00000cbb
3 _time_delay_ticks() time_ticks.c:232 0:00000d14
2 Task3_task() mox_tasks.c:127 000002682
= 1 _task_exit_function_internal{) task.c:2980 00000144 c
gl EAMOQXLiteWorkspace\MQkLitedemo\ FLASH\M QXL itedemo.elf (3/29/13 1:23 PM;

%)= Variables 57 Eith = 0
BB § i
Name Value Location
()= task_init_data 0 020000854
()= counter 2 0x2000088c
46
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All Done

- Click the Terminate button

%5 Debug 2

D 0 Sl2erI| >
4 E Mox_starter FLASH_OpenSDA [CodeWarrior Download)

- You have built an app using
- the MQX Lite component and PEX
- Adding a PEx component template

- You should understand some of the key differences between
MQX RTOS and MQX Lite

® £

o e i Ak 4. CES Sttt O o, s v Dt b 08 i
Z “freescale" T e e R e e o et e G o, 0 o o S o ot o




freescale’



