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RTOS (Real Time Operating System) £I?
— Real Time 455 EZ%St= Operating System



RTOSO| =/

OS specific features

— Multi-Tasking X| &

- MAEA AH =T K| &l (Preemptive scheduling)
Embedded system features

— ROMable : Low memory footprint

— Fast execution : Exclude genreral purpose & features
— Scalable : ROM/RAM size & OS services

— Portable : C language

Objects

— Task, Semaphore, Mutex, Message Queue, Event, ISR
Services

— Timer process, Interrupt Process, Resource management



RTOS =Q QA

MEZ|A (Reliability)
— OI|:|-||[:||: MAEﬂoﬂ .u.IA QA

0|=/d (Predictability)

— AAIZF S22 OkEA|7| 7] 9 2" A (deterministic) 1 =2

- Oo =2 L-

M= (Performance)
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{tZ27d (Compactness)
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2t & (Scalability)
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- AA=dE 7%@ QAo HHOIEE =l =850l A T
— 27 Al tHR|=(Task)O| A0 HAlot= A A& EO0|= A0 &
E| E ﬁ%‘
— AA=e{= ZEot AIZH | MAEoH EfA37F HlE|= A2 BEE

e Scheduler

Task A M=zh(switching)2 £t

*1|$’51 S 2 2 M BHContext Switching)2| &gt
22 E ZHl(round-robin) A& 2

L Mz=2|0f 7|dtet M8 (preemptive) AH| =&



Multi-tasking

All available tasks appear to be executing ...

Task 1 Executing

Task 2 Executing

Task 3 Executing

0 ~—Time T >

... but only one task is ever executing at any time.
Task 1 Executing s —_— —— —— g——g
TESk 2 EKECUtII‘Ig — — i—i A — E. :_r

Task 3 Executing — -
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Task
Priority

LOW

Priority based Preemption
scheduling

Preemption

\\

Task2

Task1

Task3 |

Task2 \
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Task Completion

Task1
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Time



HIGH

Task
Priority

LOW

Round Robin scheduling with
priority based preemption

scheduling
Preemption Task Completion
Time Slice \ = | /
I I I
Task1 | Task2 | Task3 | T1 T1| Task2 |-- ->

Time



Clock Tick

AN Heart beat 2} 1= st

RTOS AHY LYEO| 7|&= A|Zt

— task switching 0§ £ & F7|H O & LICtSHT| 5| kernel
scheduler &=

— AZHRE| MH|A B4, 27t Z2Y QuHES| MY 222
(blocking) A|Zt 22| &

System performance0f 2t E& 1ms~10ms 3=7|2| EfO|H QI

HER 7

[ T T T T e e e e e e e e e e e 1
|
I

? Tick ISR Pseudo Code:
|
g Y- -lkTic:kISR[}

{

vControlTask \ el -
I’ Increment tick count
If( Tick increment readied task)

|
|
|
|
|
| I
|
\ I |
vKeyHandlerTask ~ ~/| : i
. A BN o |
Idle Task ] ’\\ : Switch execution context to readied Iask.:
| Time y ) |
L\ : :
|
| |
|

~l— .Return from ISR

§ = Timer Event }



FreeRTOS Software Stack Example

Eval and Discovery Board Demonstrations
l Applications I

Middleware

FreeRTOS and Middleware
(TCP[IP Touch, USB, Ethernet, Graphics)

_ _ BSP
HAL peripheral drivers Drivers
Low level driver code



RTOS Objects

Task

Semaphore
Mutex

Message Queue
Message Mailbox
Events

Timers

ISR

Objects

Semaphores Tasks

®

Message Queues

Timers

Events
@ Services

Time Management
Memory Management
Interrupt Handling
Device Management
Other Services




Task 49|

ol A A (Concurrent design) 2

— BHHO|| SILI| SRS XM O R ME|Ste S8 IZE2 ML At M
= 0= A[7]7] o2

— O] 7HX| Y=o Cfigt HA[ZE a2 TEEAF]|7] flg
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S22 IEZ20HUS 0 749 EflATAE 25

=
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TIME
EfA3= o 27 4ot #HE XAz x2 Fe —
H LRSS F=T °= TASK\ Wi
EHA DS ASZE0| Tha TASK 2 T
1=3= 2A=20] 7ts TASK 3 i

TASK 4 il



Task -4

EfA3 @ EHH E (Task Object)
— 0| &, ID, M =%|, TCB(Task Control Block), A&, EjA 3 FE

Task Control Block Task Stack
TCB STACK
Highest
Task —  Priority
Name/ ID Level
int tMyTask() h
Task — | _
Prmtf (...) >—> 130  Priority
}
}
/
Lowest
Priority

— Level



System Task
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Task Body & Idle Task

Task Body
- " — tTASK_FUNCTION( vATaskFunction, pvPa t
——?—?_"%%"—?—i [{:-Dr | ( vATaskFunction, pvParameters )
for{ ;; )
{
— Task application code here. —
}
}
Idle Task

— 9.|I_E-Io| Al'c'sHEl [[H HI'EA| Jél E|i EHAﬂ

- 88 Z2uo| BjA3S F ERMME
7t el I A3

— Hooking EH‘—% 71510, Idle EfA37F AlSH=E I =7
s= N2l = /US (0, sleep enter)



Task Priority

A A|ZHReal-Time) 5= TF=A|7| 7] 2| E'R

- M2t E2 BAAT YN TEZHME B
-> Priority based Preemptive scheduling

- 23 otLte| Ef AV} oLl R d=9lE ZHEL

- 5% FU=%E 7= El23F2 Round-Robin 2AHZE 2
=
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Task Priority (A=)

- B3 SME9l 2oy of
— RMS(Rate Monotonic Scheduling) g4l
~ MBZET|7} WE EjATO| 2MAQ 2 = MY

High

—»
®

g <4 Priority
o
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Task Execution Rate (Hz)



Task States

Running
— EfAITANE Mz QS )
- ZZNME HX AHESQ B2 HEY

Ready
— M JHSBER| D ST A SO|X| e A
- 2M£9I7t 55 AL O 52 CHE EjA37} 0|0] Running stated]| §
A A SO[X] G52 &HEf
Blocked
- QIR O|HMIEE 7|Ct2|1 A= SE
!

— Timeout2 7IX|1 £E3Z MEfZE FIQ 7t
— HtZ Running state2 Z3+£ QIS

Suspended

— 2837 ME|Q} H|Z, HFE Running state2 2= gle
— 237 ME|Q} EE| Timeout2 7}X| 1 self-released 4= g2
— Q| APIO| 9|8}l suspend ALEfZ RIQUS} AL} LIS £ QUL

17| M2 o) &



Task State Machine

Suspended

vTaskSuspend()

vTaskSuspend() called

called

vTaskResume()
called

vTaskSuspend()

called Event

Blocking API
function called

Blocked

Valid task state transitions



Task APIs

Ef &3 Hd 5 A

— XxTaskCreate, vTaskDelete

EfA3 X Of
— vlaskDelay, vlaskPriorityGet/Set, vlaskSuspend/Resume

EfA3 S ElIZ|E]|
— vTaskGetTickCount

RTOS 72 X

— taskENTER_CRITICAL, taskEXIT CRITICAL, vTaskStartScheduler,
vTaskSuspendAll, vTaskResumeAll



Message Queuel| 89|

¢ HIH HEjO| @EHNE
Ef A3 7F fE= ISR HIA|X|(H|O|H)E =1 2=

HOlH St 7|2 A

mho| ZakQlt bl
SAIXE7L HAIXIS QIO1Z I} 7HX| Y2 =2
&4 EjAT0t 41 EATE Ralstof el

Element 727} otL} € = Mailbox2t1 = EE

OSQCreate()
0SQDel()

osarush() Message Queue

0SQPendAbort()
OSQPost()

/

OSQPost()

LSize—b

—— 0SQPend(

)4

Timeout



Message Queuel| 174

« HAXIE MEY = A= 02 7He| QA (element/item) = T+
— MEX(front/head)?} =0|(end/tail) 2 AE 7%l

E

g

— #= O /U= HEl(empty) 2 A|Z}

— HX S &(FAlE) HA|X|EE LELH=(Get) FIFO(First In First
Out) &4

- RU=R((E EfAR) 7|He 2 HAX|ZE HELH=(Get) 2=
7| dt

« Total Length

— 30| Y= QA9 = JH2E o|O|
— JLR7F AE éﬁéﬂ%‘ [TH XI’S%*

Ot

~ Total lengthofl T2t 27} 44 = 0 AHS
7t A

— Memory AF2EF0|| D125 deeply embedded systemOf| A= X &t
A7|E 7R EF 2elgd 2R/t US

AN O

l

FAIAH B2 2|o] A7



Message Queue S24f-1

+ EAHCopy)ll ofzt Sx
- HIO|E £H9IZ ZALE GjO|E{7} 0| BLAKICH: HE o)

o XtX(Reference)dj o|st S &t
- 70| 2EWHX[= H[O|5H 2| =IO =Tt
— o]y AtX|= OFH

tSendingTask 5 l - tReceivingTask
| S b S |
I i i 1 1 i
| 1 1 1 1 ]
: 1 1 1 1 :
b =2 L= L=
: fge] 1 2 HR ﬁ*ﬁ J o omze1 TENSA o oi=el 1 -
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! . : : :
| 7 [ V i I 1
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FreeRTOS= Ct21

Message Queue F2f-2

Z SO ofgt 7 SA= AHE S

I- E |
StackO U= ah(X|FH= 00| 2 7Ol ZLiE. [hEkA E.*T f returndi =k
o] 2=

o ELR H2xLF HIHE = A| re-useS &= S

HIO[HE &t EfAAL; =4It EfAFZH0|| HH 9t C|-HEZJ 0| 7ts. EAH X}
7l HIO|HE 2Fet ElAT E&= 7INZ BiIA3SS neje 27t Q&
’.%ZSOH oot # 8&=2 Xdt= AX OtH. O|& =0 &2l A7[E 7IX|= 40
HE SA0| s AZ Ell= A2 A8XO|X| ZSICt O cf4l §|oJH ZQlIH
7t ﬁOH SAHE = UL

HIOJE H&E= 2 Ifﬂ EH.:X E'j HE YolX] 1, 20 U= HIHO| HIO|HE

SASHY Ao EE = RUS
RTOS 20| H|O|E X &0 AFEE|= 22 €20 Moz Ml K|

22 23 A|AH(Memory Protected System) @l 4%, Taske= O 2 2| accessq|
ANto] UA =ICh EZ0 oot S22 E1I0IE17f MEE HE2E|2o| 20| ELf

= task@t fr= task = Cf access7fo [ 2F ArE S o= QUL BHHO| S AL 2
of &2 O3 XN0| LHZEE[O JUX| ¢, HE0| g4 22[st7| MZ0, E=

= O 22| AFO]S| O] & ul=tof ‘ﬁ'e AMEE =+ ULt



Message Queue =4f-3

o 2| 7f 2| TaskOf 2|t access
A= o2 72| Task EE= ISRO|| 2|5 accessE =+ U

Of
Of

*a' A

JHo| E§ AT 7}
0o Ef AT}

s Lt

2= 034 74e
01E1 70| Task7} =Lt A A readdt= 4L

EO'OF 0| writegt &= U
ST FO|A read 4+ S

Task7} = Yot FO| writed }E 4=
= QlH}

J?ﬂ_ EE



Message Queue S4i-4

T readA| 0] &2{Z (blocking)

— FO|A O] E readdste{ i & [ff, timeout(blocking time)
I=|7|-o|-

O timeout2 77 HIO{RUE I, F2FH OO|EZ readd = US [j
JItX| TaskE Blocked State2 S X|A|7|= A|ZH

FEEH HO|EHE AtET &= QA 7|E 7|Ct2|= Blocked State®l Task=
CFE Task EE= ISRO| 7| H|O|E{Z write(send)St= =7F AfsC 2
Ready StateZ 0|t

0| AFEE &= U= IO 7t writek|X| REEtE X[t timeoutO| &
115HH XK= 9 2 Blocked Statedj| A Ready State£ O| =&t

S Yot A0f CHsH Multiple Reader Task7t £EX|5t= 4%, H|O|H read
£ 2|9l Blocked State£ &|{ Q= Task”} ofL} O|At&d -“,E ol 0|y
CIO|E{ 7} 7O A& E|H S| TaskBHO| Blocked StateOf| A L}t
Ready StateZ 0|t {2 7§ 2| Blocked State @l TaskOf|A{ Ready
StateZ O|&ot= Task= M =8 7| E= s SU=L0ME=
7t 22l 7|Ctgl Task7t s =

ujo
o
Bn
|0
L



Message Queue S2Af-5

« 3 writeA|0f] &2{Z(blocking)
— TO|AM HO|EHE writest2{n & [, timeout(blocking time)2 Mo Z
2ot3
— O] timeout2 77t & A} AS M, 70| HIO|EE writee 5= U= W7}
K| Task= Blocked State2 S X|A|7|= A|ZHY
- 70 QIO E = == U7|E 7|Ct2|= Blocked StateQl Taskz= CHE
Task tE= ISRO| A YAl O|O|E{ = read(receive)ol= =4t At 2
Ready StateZ 0|zt
- 70| €& = U= ol S57H0| d7[X| EEHELE X[FTt timeoutO|
A1SIH X592 =2 Blocked StateOf| A| Ready StateZ 0| &t
— SYot 70| Lol Multiple Writer TaskZ} =X{St= 4%, H|0|E| write
= 2|5} Blocked State2 T|0| Q= TaskZ} SfLt O|AHL &= Q. Ol
HIO|E 7} R 25 & A L7t SELES| TaskHO| Blocked StateOf| A L}
@t Ready State= 0| =2t {2 72| Blocked State @l TaskOf| A| Ready
StateZ O|&ot= Task= M =8 7| E= s SU=L0ME=
7t 22l 7|Ctgl Task7t s =



Message Queue APIs

AR 7 dd8 A
— xQueueCreate, vQueueDelete

HAIX] 7 8& R =4
— xQueueSend, xQueueReceive
— xQueueSendFromISR, xQueueReceiveFromISR

HAIR] 7 A Of

— xQueueReset, xQueuePeek, xQueueOverwrite,
uxQueueMessageWaiting, uxQueueSpaceAvailable

HA|X| 7 ISR APIs

— Message Queue generic APIQt Ef2| &35t TaskE Blocked StateZ O|
SAZIX] 7] 2o ISROIM =& = /= Sr7 EE =X



Message Queue =2 0

« Task AR} Task B7} SAlgt &= QI E F I} MAMSICH,
- ddE 7= 20 57he §+E& MEE & UL

- A7t 488 W= ofist ¢ wle Bl(empty) SEHO|LE.

Task A Task B
Cueue

int vy;

int x;

« Task A7 X[ RH=9| 4f(x=10)= 72| M F O write(send) St
- = Bllempty) SERO[A A&7 T =0 AT g2 X2 O|At OHK|
aF 7

int x; 10 int y:

\




Message Queue =2t Of (A=)

« Task A= X|GH=9| 4= HHLO{(x=20), 70i| kA writeSHLE.
- 0= SA=E & 79| 24101} 20)0| Z 2t .
- Mg AR 20| frontZf &[22, LSO A ZEl 440] end?t =L

- Fol= M 7iel 2l SZt0] HOot ALt

Task A
Cueue

int x;
— (- Send T

Task B7f CIE BHE2 7O U= 4f= read(receive)stLy.
— ol $45{¢l 4r2 2| head f0|C}.
— Task A7t K& 70| write & €5 (20| M= 10)

Task A Task B
Cueue
20 10 int y;
Receive A

int x;
'\ y now egquals 10




Message Queue =2t Of (A=)

« Task B7} item S}LIE X| 2 ChH(read/receive)
- 0= Task AZF & B write{ & 20| FHOF UALCH.
— Of 22 Task B7t CHA| RO A read@ [ $31X|= 2fO|C}.
— 70l= OlAl 4l 7He| gl =Zt0] FHOor ULt

Task A 1 ] Task B
Queue ] \ 4

int x; ZU int y;




Message Queue Tip-1

- O 79| Task2 5 E O|O|HE E= [
— OIAIX] 7 24 Al StLtp O]t el TaskZ2 2 H H[O0|HE =4I5t= 827t
OlH} A
= L

- HAIX] F25H HO|HE $0{7= Taske H|O|H SUXZE +1QIK|

O -
stol T

— [O|O|E{Q} Task IDE 7}X|= FZ&A|(structure)E AR SH= Z40| LHEA

AN

typedef struct
{

ID t eDatalD;

int32_ﬁ lDatavalue;
} Data_t;

DSl
- : oe
Queue
Another Task - | 1] 1] | Controller
ed=s
= 5= 0
guwc a c
HMI Task




Message Queue Tip-2

« AFO|=JF AL} = JpHA 3 7|9] H[O|E N2
~ BAIX] ROl ZQIES M (copy)sts YAl ALS
— AtO|=7} 2 GlO|E{S FE & W), BIO|E T2 H0|ES = At
= 44l mOIES HAHe 240] H&AIZIO[Lt Bl 23] AFRBHO|M &}

= I_O
S O X

o MIAIX] 7O =l HE Al Fo|H
- X8 E 22 &AxX7F +=7QIX| =S| 5ljoF &

- ZOIHZE &9l Task?t H 22| E S I, & Task7} S A0 22
% XC'>|O|' 2 8"5; OHO': el

« O|2|0| = Ct& TaskLt =2H0f| |3 M| 22| LfEO0| HAZ|AHLt StHX|
ot 2 $jjof &t

- 70| ZIHE &4I5t= Taske= 70| 22| I 7 MEHE O[=F
0| AccesssljOFat st

- HE2FH ZQHE £45t= Taskes AOM ZRIHE B 22
=08t Accessol|Of &t

A=)



Message Queue Tip-2 (A=)

- EOIH &0 Ar8E[= H2E|= FR5H0F &
- S8 22| g (dynamic memory allocation) 2= 0O|2| g 2ol
=2 H I EI1IEE|E Ar&St= 8% o 712| Task7} B 22| & freed}
E = 3|0F olH, free=l M| 2 2|7} TaskO|| 2|8l Accessk|H A= ©tH=l
o QI 7} Task StackOf &&=l G|O|E{= AccessolX| S = E | Of &t

Stack |2 2|= frameO| HZAZ! 2~ Q7 O [j E1|O|E17f 9 B SHK|

Me g U E



Message Queue Tip-

Single TaskOfl A} 0121 7o #E2FH HOIHE 2= 2R/t U= B

2 Queue Set A2 7t

— Queue Set2 FreeRTOSO|AMEF M| &St= 7|

— Single Queue AFEA| ELC} ZABSAHL =X 0|X|
M At =0 =2 ot Ar&dl0fF St= &-R0f Tt

=g

|.

Queue Set
—El= 4ol 37| CtE2L, O WEE G2,
sourceE CIE 42 At

— IntegrationS}t2{ = Third party code?} M &8 HE 7tX|12

@) A O| O
TAr%%I-_I_ lelzl

7] =0

AEotHE

SE=

— TaskZ} SFL} O| A, ZtZho| Queuel| H|O|E{7} Y=X| {EE

pollingsHX| 941, GIO[E|Z 44l Ths



Message Queue Tip-4

« Interlock gtAlo| CHEISE [|O|E S 4
— Z=Al Task7} =Al Task2E2E HO|EHE MEXOoZ HIQICI= 5}

o = =
0l S E(Acknowledgement)E 2O}Of St= BF ALE
- 80| 27&|= S40[Lt Task 57|t Al HR2E
1

tSourceTask tSinkTask

{sp—



Semaphore?l| 79|

E2|(Key) E= EZ(Token)o| At S ot= 7HE QLEME

S X2l (Shared Resource)d|| CHot HREFA ™2 (Mutual Exclusion)
EfA3 =7|3H(Task Synchronization)
MOrZ 0| 2l =(Acquire/Get)= S SEF0|LF E 20 CH2H ownership

S| =
==

M|OFE O] Bt=H(Release/Put)2 &9l =2H0|Lt H20| CH3t ownership
=

.

MOFZO 2|5 £ ghete = e 27t 12|¢l 82 Binary

semaphore
MOHZOf 25 &
semaphore

rir
L
it
ot
4>
30
rir
Sot
1>
N
|_\
ot
o
02
ro
oY
Ho
(@)
O
[
=
>
(@]



Semaphorel| {14

 Binary Semaphore

MOFZ =7] g2 T E= '0's 7ty

20| & 25 (Acquire)st™H 0] g2 '0'0| =l (empty/available)
M|OFZ 0| £ dt:t(Release)st™ 0| Z2 '1'0| =l (full/unavailable)

« Counting Semaphore

ol k3| ES o HEto| Jts

MIOFZOf A AMA| HOFEOfO| £7| E2 Jh4 X

ElASS E20] ‘00| 2 WK A% E2 ES0| Its

MOMZO| £E2 7L2E0] 00| E|B ALR 25 AEj2 W

CHA| AM 7Hs AEH7F E|3{ B Of EHA S} AOtZOj0) E2S &t
stajoFar 3t

EZ SretA 1Y S7¢



Semaphore &4}

« Semaphore TakingA| =2{Z(blocking)

MOtz & =2l 5ote8{n & [0, timeout(blocking time)2 M ZE BE7}
St

O timeout2 M|OrZO{7} gl2 (IR E 24 '0), MOZ0E 25 +=
A= 77t K| Task= Blocked State2 S X|A|Z|= A|ZHE

NOIZE 2ES &= Q7|E 7|Ct2|= Blocked StateQl Task= CI=
Task EE= ISRO| MOt O E Ht(give)St= =7t A5 2 2 Ready State
2 0lse

MNOHZO & 258 5= QEet: X|°dgt timeoutO| Z1ufotH X522
Blocked StateOf|A] Ready StateZ 0| =%t

S ot M OFZ O 0f CHS Multiple TaskZt SiE MIOFEOE =2 5520
=Tt 42, MO E =2 E5H7| 8l Blocked State2 T QU=
Task”7} StLt O] &Y = RUS. O|ff CrE EfAA V) M|OFZ O E HiY
ofL}2| TaskBtO| Blocked StateOf A L2} Ready StateZ 0|8t O
72| Blocked State Q! TaskOjA{ Ready StateZ O|&5t= Taske &M
¢ 7|& E= Y%t FU=R0 A= 7t 2ef 7|CtEl Task7} S

Hu

p O

(0]
g

omn H>



Semaphore APIs

MOFZ0 g & A
— xSemaphoreCreateBinary, xSemaphoreCreateCounting,

— vSemaphoreDelete

2 O AA|

MO0l BE B 2
— xSemaphoreTake, xSemaphoreGive
— xSemaphoreTakeFromISR, xSemaphoreGiveFromISR

A|OFEE O] K| Of

— xSemaphoreGetCount

M|OFZ= O ISR APIs
skZ Blocked State= O| = A|7|

— M|OFZ O generic APIQ} E2| =3t Ta
g 4 ok ATt HER Exye

K| 27| 2[5l ISRONM ==2



Semaphore 41 (-1

9 Xt&(Shared Resource) Access

AJE0| /O XYUS M2 ZRE I 83

-

2l = Accessotd{= EfA37F HAY MO E 25

fot

M= BHErY E2= E2l7] 2ol B2 BAIS AHE

2= StLte] Z2IE 22 28l Binary Semaphore AFE

"I am task #1!"

Acquire Semaphore

1 SEMAPHORE PRINTER

Acquire Semaphore

"I am task #2!"



Semaphore &4F (-2

« &7 A& (Shared Resource) Access
— Of2f = I M| 22| Z(Buffer Memory Pool) 22 2|8
Counting(10) Semaphore AtE

BufFreelist
| Next | Next - Next 0

BufReq () 1 BufRel ()

Buffer Manager



Semaphore &4f 0|-3 F

« EfA3 =7|=2H(Task Synchronization)
— E|23 = ISR EE= CHE EfA AR} 20| MOFZHE AFEY| =7

SLE| A Ol
2tE = RUS

— O] = O E(event) Tl = |7 2ol AT BAS AE

[ ISR ) POST

PEND

POST PEND

F
F




MUTEXZ2| H 9]

1 O|&Q| EfA37H0| &%= XS Accessot= &

H}O[ L 2| Af| O 0f

At HiA| M|OF= O0{(MUTual Exclusion)
2L #H(Ownership)

K& =2 (Recursive Access)

OIMSH EfA 3 AbK|(Task Deletion)
SH=2 9™ 2| T 2EZ X[ &

At (Lock), &2/(Unlock) X| <€l

o5 (RHH=)
(lock count =
lock count + 1)
B
(lock count = 1)

x7|3}
(lock count = 0)

(lock count = 0)
gret (RH=)
(lock count =
lock count - 1)

£o| S



<0

LA

SEA A2 (Ownership)

J

/

— EfA3

|4

on

olru
g
oF
4

ol

{|

ol

OF
RO
ol
wout

—

- Bi3l, BjA37 REYAS |

MHA Zr=(Recursive Locking)

ol



MUTEXS| <1 (A

OFM st EfA 3 AlK|(Task Deletion Safety)

— —

— Ef A3 ALK WX 7|50] EAB} El0f BEAZ AQFHE
= CHE EfA30| o5l AFNE[X| RS (& 2X])

M= 9H 2|1|(Priority Inversion Avoidance)

— RTOS application AAH 2 50 2|s 2

— —‘?—._—ch7f S22 HA37F SRAEES ot S 0,
7t = EHAEUf 50'& SHAMHO| E2ote] & M B
State 7} Elﬂ, Ol If &7t FM=2|2| EfAA7 H2 N

Ej 235 HdE5HY EEHIH S dwots oY

o 2M=2| M= (Priority Inheritance)= E6l| =X Sl &

A)
—'—_I




Priority Inversion

Priority Inversion

(5 |
Task 1 (H) |

Task 2 (M)

Task 3 (L) 7/,

Task 3 Get Semaphore
(2)

Task 1 Preempts Task 3
(4)

Task 1 Tries to get Semaphore
(6)

(9)

Task 3 Resumes
(10)

Task 3 Releases the Semaphore
(12)

Task 2 Preempts Task 3

(8)



Priority Inheritance

Priority Inversion

| |
L (5) | G
Task 1 (H) ] v
| |
| |
| | | (11)
Task 2 (M) ] |
| |
@ @ m
Task 3 (L) A |
| |
Task 3 Get Mutex l |
(2) | |
Task 1 Preempts Task 3 | Task 1 (igmpletes
(4) | (10)
|
Task 1 Tries to get Mutex Task 3 Releases the Mutex
(Priority of Task 3 is raised to Task 1's) (Task 1 Resumes)

(6) (8)



MUTEX =4t

« Mutex TakingA| & 2{Z(blocking)

N OFE O e OFE IR 2 timeout(blocking time)2 &M 2
O| timeout2 HEIATI HO{QUS Mf(empty), FEIAE Z
[} 77} X| TaskZ Blocked StateZ£ R X|A|7|= A|{HE
N OFEZ O eF E2| Priority Inheritance X| &

* Priority Inversion 2X|& E2517| 2ot EXA J|&

HHEHIAE 3lESE &~ Q7|E J|Ct2|= Blocked StateQl Task= C}= Task
7t FEIAE HiH(give)ot= =7t XIS 2 E Ready StateZ 0|
REAES 25 £ LT X[F2t timeoutO] ZLSIH X522
Blocked State01|)\1 Ready State2 O| =&t

S st JHIAQ| CHH Multiple TaskZt S SEIAE 2| ESI2 D &1
ol= 4%, REIAE 3E617| 2|0 Blocked State2 |0 Q= TaskZ}
StL} O] & & == UZ. Ol CtE EfA&3 7 REIAS H“EWE' StLEC

— = -

|
Blocked State©l Task01|A1 Ready StateZ O|&ot= Tas E SME=2| 7
T E= s8¢ 20N = 71 2 7|EhE! Task7t



MUTEX APIs

MUTEX d-d S 4K
— xSemaphoreCreateMutex, xSemaphoreCreateRecursiveMutex
— vSemaphoreDelete

MUTEX & 2 52
— xSemaphoreTake, xSemaphoreGive
— xSemaphoreTakeRecursive, xSemaphoreGiveRecursive

MUTEX K|
— xSemaphoreGetMutexHolder

MUTEX ISR APIs
— O E = EfA 3 7|HtS1Q| priority inheritancedf| S| ESHA| Q7| I &
Of ISROIM AHEEIX| BS



MUTEX &4 O

Task A2} Task B7} 2tZ+ X}l (Resource)E accessofd{ SHL}.

~ X}9IS o|Of B

THA0 Qo) E2 X1

oI}

FEAZ T EfA3 71 OfEl EfA3 = AHAOf| accesse 4= §IC

The mutex used to
guard the resource

@]

Task A7 5

— OH AL
TI7 1— 1=

7t 27

.l
=R
Af
&

/ﬂsk A \
. J
/ﬂusk B \
N J

A=
—=
j

D—/

JtMqeen
71532t &Ef0[7| [[H—Er
H, XAF&2S accesset =

(ﬁsk A
.

xSemaphoreTake()

/ﬂtsk B

-

N N

The resource being
guarded by the mutex

Guarded {

/ resource \

2N

Al B

O, Task A7} MaXoZ &
UA gLt

Guarded (

/ resource \

.

El A
_I_

=
=



Task B7} £ Qs BEIA

— Task A7} o|0| =St

— Task B= E2 = X}&

Task B7} BEHIAZ 7|C}

— Task A7} CHA| AIBHSFEH A,

Hl"—"o|_|-|_’_|—_

B\

MUTEX =&t

= 7tNL8 1
BEAZ IR D
= accessst = QILC}.

ask A )
9

(ﬂlsk B
xSemaphoreTake()

-

ask A
xSemaphoreGive()

)

Ol (A=)

Al £ BHC}
Q7| MZ0f| A=

\ Guarded /

resource \
/\I

2| = Blocked state2 =0 7H:f
AR Oiet XME|E U

M

\ Guarded {

/ resource \



o Task A7} SEIAE HIEISHHA Task B7} Blocked stateQ| A LE2LC}
— Task Ao| HILtO = BEHIAL AL Jt53H AEf7} EICH
— Task B7} HHIAE MZMOZ 0| XHAS accessTt 2= YA =Lt
ask A
) Guarded (
I:l sk B / resource \
xSemaphoreTake '| /\l'

(Task A A A
L < el
- \ resource
xSemaphoreGive() '| /\l
N J




MUTEX Issue

Deadlock(or Deadly Embrace)
— £ Ho EfA37F CHE EfA30f o3 HR/EIO U= RS ALE
A Z|Che[HM 2lSh= B3 A4y S

F

Mot

+9lg o

Ct2dt €2 ALIE|27F 7HS S
. Task A7} ABliStD Mutex X Ma3XMO 2 71 &L}

Task A= Task BOf| 2|8} M (pre-emped) &L}

Task B= Mutex YE M&3X o2 714 2L}
0|Z Task B= Mutex X2 7} Q2{ 8}X|0H Task A7} 7FX| T Q7| 20| Task B= Blocked state2
O| = ¢tCt.

4. Task A7} A= A=S10 Mutex YE 71 22 A|ESHC}

Mutex Y= Task BZ} ZFX| D Q7| 20, Task A= Blocked state2 O|=StL}.

W=

sk B= Task A7} 7FEl MutexE 7|
I == 9l= deadlockO| SHAH=|IC}

— Task A= Task B7} 7}&l MutexE Z|Ct2|3, T
Ci2ICH Ol=2 QI8 & 72| EfjAad BH& A

QD

mot



MUTEX Issue (A=)




MUTEX Issue (A=)

Deadlock(or Deadly Embrace) dj| &

- 24 Ao FMEQ HES EHE L5ty HE=0| ZdoH|
GEZ AT TRt US

- BEAZ D818 J|Ci2|A| S LE sHe SO XA (timeouto]

- AR|HOZ X UH|CIE A|AHOINE AAHXTL BE SRS
of 4ot et m Q17| 20 g0 M
~ EjA3 A0 ATS| B ofZ2|H 0| Moo LAY 50l



Event Processing

Event Bits (Event Flags)
— O E(event)7} UM=K HFEE LtEIE [ AHE
— Event flag2tn = &t

Bit definition-1

— H|E(bit) = Zaj(flag)7t ‘10| HA|X| 7} S=AIE|0f Xa| Z=H|7} &
U= LIEH, ‘00| H HA[X| 7} =AE|X| 4% He2| F=H[7F E|0] QU
X Q2o L}EIH

LBO=

Bit definition-2

— H|E(bit) EE= E2i(flag)7t '1'0|H HI{ HA|IX[ZE HERILH M&
ot FH| 7t |} S S LIEH, '0'0|H HEQA &0 &4 HIH EI1|)\|7(|
7f A== LIEHH

HA O =

Bit definition-3

— H|E(bit) == S2ll1(flag)7} '1'0| ™ heartbeat HA|X|E HE I A
&g AZHO] E|RH S S LIEFH, '0'0| ™ heartbeat A|X|E HERZ
o0 M&g A|ZHO| OtA] Ot RSS2 LIEHH

ANO =2



Event Processing (A=)

« Event Groups
— Event bit=2| &N (set

- O[#IE 1 Lo Qi 22| OME HESS HE Mz A
N
el i

« Event bit-1

- OIHE 15 o] = HIE B2 0FO0] "HA[X|7F =M =0 XHe| Z=H|
t EE"S LIELE =+ AL,

« Event bit-2

- 5B oME

tl._j)OI "H11L1 B AXIZF H E%

AA

d& Lo = HIE s 1
40 dE2 =7t L RS"= LtEtE 7

« Event bit-3
_ EOlol- O|HIE 2 LHo|| Q= HIE Hz 2H10| "heartbeat HA|X| S L
JELMOH HEY A[ZHO] £

=



- A 2o M| 712 OHIE O F
— Ot AE0oM=

Event Group

Event Bils

jD

B

£ 19

Event =

24 HE O|HIE 1 &-0

=

HE

2 0

Ofefier 20| meigt
O|HI E H|E 2HHTL0| M (set) Z|

=

EEE

-
(@)
—

IJIO

[0]

ong|o|

Event Group APIs

— OHIE

- oME 1%

o=

LK Ol A

pend API =X

d& o s

of

5
Lt

IL} O|AtO| HIEE seto|il clearst= API =X|

O|4to| O|HIE H|E Q| &lTt0| setk|7| &

7| Ct



Event Group APIs

Event Group 47/ Sl Alx|
— xEventGroupCreate, vSemaphoreDelete

Event Group pendind
— XEventGroupWaitBits

Event Group |04
— xEventGroupSetBits, xEventGroupClearBits, xEventGroupGetBits

Event Group ISR APIs

— Event Group generic APIQ} E2| = &3t TaskE Blocked StateE Oz A
7| G47] IS ISROM 2=5¢ = U= &7t 22 EXY



Interrupt Management

Task

— SIEQOQt A Qs 2ZEQ N 7|5

- 2MeQE AZEQ00 o8l £

— O{fH EfA3 7} Running state2 U EX| O{FE = 2T EQ0 EE|E
(scheduler)O| 4™

— Ei23 = Of2ff ISRO| 2AE|X| s T &2 7ts

ISR(Interrupt Service Routine)
— ISR 9A| AZEQ 02 ZtA
— QX O{H ISRO| 2 W= X| O]F7t St=ER|0ZE X0 &= St=RY 7=

— z[5te| MRS 7HK[= ISRO| 2|10 2d=2|& 7rX|= Ef£3 29|

SH © re) o
dse MEY 4+ Qg
- EjA37HISRS MEE wEe ¢S



Interrupt safe API

ISRZ EjA39t &2 AT EQ0f ZA2|F ot AAEE O]
Ot

EfA 3L Z0| Blocked state?7} | Al = ©HEl

— FreeRTOSO| 42, ISRAM S=T 4= Q= APISO| HEZ =X
- S Yot O|&0| MO/ = "FromISR"0| E&

— Interrupt Safe APIZt11 < A

— Interrupt Safe APIO|| xHigherPriorityTaskWoken parameter At-&

ISR A& = interrupt returnA| EH X O] ISR return@t+ &
— FreeRTOSQO| A2, C}2 2| macro APl S &
— portYIELD_FROM_ISR()
 xHigherPriorityTaskWokenQ| Zf0f L2} context switchingO| Er4d



Interrupt X 2|

ISR2 Lt €2 0|72 7t T A-d&/0] WEH X2 = 0f0f

1 2 2M2lo| BjATR} ST QIEBET} MUK YL
ofgr Mg 5 9l
'6OH

INFAAPNESIN P R (- e = e Qi%(Jitter)
RTOS7} AlsHg|= 2 A0 [CF2} CF2 X[ O ISR AlsH = Cf=2
MEZ QHEEE Mg = 82 = U=
XS EfATQFISRO| EA|
O accessk|O{X|= &0 Cligt 25 S 21010 Ciet 12 e
RTOS7} AallE|= =2 M A0 e} X| B¢,
(nesting)0| X|Ak|l= 4% S&E0| 371t o540 EO{A
ISRO| o™ X2 O LIS

>.
>



Deferred Interrupt X2

- ISRANE| £EF =0|7| fe &HE
- QIHEE WA ISROAM= QHEE &d 22 NF
— QIHEE clear
— OIHHEE X 2|dt= Task 7|=(triggering)

« EX|
—_ O

- 2RI HE| MRS Kol 4 U
— ISR X 2| EfA39| &M=2|7t 7t% =LCIH, ISR exit= HIZ2 A Tt
- SRS 7{'g @EHE 0[9)0] RE HY QEUHME ALG THs

- 7200
— ISRO| ADC(Analog to Digital Converter)2| Z1} XZrA|
« ADC Data0f CHat S/W filter H8A| S &
— ISR X 2| A|Zt0| dOfLt HAE2X| E2= 42 (Non-deterministic)
« H/W HI{7} GAHLF £t A2 console data string Z=(TXD)2| 4%
« Memory allocationO| Z 23t A2 (non-deterministic)



Memory Management

S8 M 22| &ZH(Dynamic Memory Allocation)

Standard C APIQ| malloc(), free() =%}

— O 22| =ZH(fragmentation)O| EtASIH 0|2 Qlglf OI™ =l tH 022

o o A Ho
cC)D:Ig:lle cl):-lE T HA DO

— Malloc() 2t==0] 2|5}
ot free 22| &4
|7+o| C b PSke]
- non-deterministic

- Embedded RTOS application0f XM atstX| A

et 37|9 HEE| 3V[S SFAZ|7| ?I5H
== 32 A717] floll MAEL|=

Embedded RTOS application0f 229t XM 0 22| 22| A
— HE2| 29| Z[AZHMinimize fragmentation)

— X[azto| 22| 23| =(Minimize management overhead)

— 2ol M2 & AlZHConsistent time of memory allocation)

- Standard C APIQ| Al AN|-&SF= maIIoc() free() ©t4= CHAlI RTOS 74 H
Moz £ HR2| Y2 AT APISS HBE



Memory Partition 24

Base Address ———# p———y e  —

Block Size = ¢

Partition2 O 79| Blocks2 #+M
Allocation, Deallocation A|7Z0| ™SI D
deterministicet Partition
Partition XtX|= static memory(array) AtE

UUIH O 2 BFO| ALBBHE WA

...... 5

Block Size
\ 4 / L 4

Memory Block



Multiple Memory Partition

Application0|| 2 & SIL} O| &S] memory partition0| =X}
2+ 2+ 9| partition2 CHE memory block 7|2t 7§ =& T+7
Application2 QMO0 2} 27| CHE A 7|9 memory blockS ¥ &

A Ol O©S
T AA DO

Memory FreeA|f| = &2}2| partition §|X| £ returnEl

Memory fragmentationO| ZMSIX| S5

Memory blocke| A 7|2} 7l|&=, Memory partitions &0t RS 2
CIX| 2= application0f A A2t

Partition #1 Partition #2 Partition #3 Partition #4




FreeRTOS Memory Management

« Embedded System2 SystemEZ C}o 0| 22| 2 7|QF ZZ A A
g2 7t
— O] Al(porting)0| 0|5l == FreeRTOS Standard API =X|
- pvPortMalloc(), vPortFree()
— CHA ZEX[2] Dynamic Memory Allocation €1 2|& X&
- CrA 7Hel 708 mY=0| &XY
> A|AHE M0 Map MEE AL JHs

« FreeRTOS CtA 7tX| Heap management method

1. heap_l: 7}% ZICEHSHH, memoryE freeE H{ ESHA| H S

2. heap_2 : best fit %hﬂEl%% AESHY memoryE freeE o SHA| B
It HEel =22 &XSHK]= H3

3. heap_3:C 2fo|Eg{2| &2l malloc(), free()&t+E wrappingA|Z

4. heap 4 : heap_22} Z0| best fit &12|S= f ol memoryE free
£ o 8otH, eIger M Ee =22 gXot= eSO =X

5. heap 5: heap 42 = Lo5tH, QIHSHA| g2 o2 7ie| HE2| ESF
2 heapQ 40| A™X| & T

r|r



FreeRTOS porting

ol
2HHH 0l OS A7 =
Priorit Context Context Context
y switching switching switching
sysTick { 0s Lo £08) Lo
[ [ l [
[
| o o o
IRQ | [ | l l [ l
| l | : l| l |
| | | | |
I ! I
. >
Time
=za|leoe 235
AHtA Ol OS A7|=& Z Cortex-M FamilyQ|| &g 4
Usage fault: return to
thread with active interrupt
Priorit Context
y switching Context switching
SYSTICK { OS 0S 0S
o
I I
RQ o i L (RO
[ ' [ '
| | | I |
Thread Y(TaskB )
Time >

\

IRQ processing

delayed

N

o
T



FreeRTOS porting

ZEE QI OS A7 =3 S Cortex-M Familyof| B8 Z&
- OIHEE 4d =5 20 =2 24=82] AHEE(Q7|MQ| o=
systick timer intr.)7} 2H45) A2
— O[[Mf O] X0|M EfA3 A2[FH O] OjLt= 8%
- MZ0 d8E CIHEEE CHE A3 Z™d0| ELtd &2dE = Q
» 29| OfL{A X|AE[2, J0 F&l EfAFA(Task A)= &7H &H0[ XA
+ 2AZHE0| EFE[X| =Lt

— O| & /¢l Cortex-M Family= PendSV = X| &

Ol XA
PendSV 241 M E A

Priority A
7] SYSTICK (0S)
SYSTICK —
| \[8]
ISR started ,'[6] \\ ISR continue

Interrupt — D l
SVC (OS) pend Context ‘ .[9] ISR completed
Pendsy switch in ' Interrupt

[2] _ PendSV [5] P
occurred

|
|| Context switch
in PendSV
pendSy . |
" | ENRC | \[10]
|
|

\
Task A | \  TaskB Task A

Time

Thread —

.
-




FreeRTOS porting

e PendSV MM X280 OS A?ﬂ%el A
| O

Ef A3 A AE 25| E&
9!’.2!*._"(0_'515.;15 =7t 7HE R 28 & PendSVO| A 2

ST AUEQ AEYET FRE T MHE Aol AEHET} HHS
A% Ao 4 2l

C}.
ADE £ QMM 2MEQls SYUsiCY,

« Port.c, portasm.s ot £x



FreeRTOS porting

CH=F 2070 Q| CHE ALY HE HE Jts

3070 Ol & = MAOIM Al Tts

FreeRTOS= EZH0|EHB{Z| /|HC 2 AALIAUZ M 2=
— EE| A2 AAne =1

- =g [f4o| ofl ZEO| 44 i EX

— O|E2|AH0[40| A FreeRTOSS| ~AMASS F7I510 LEB{OF &
— HiZE0| EXot= Q2 HSEA 088 Z=2HE &8

FreeRTOSConfig.h
— FreeRTOS A ot
. configUSE_PREEMPTIONO| ZALQ, MAE AHZE2 A2 OJEE LiE}H
- O{EC|AH 0|0 E2tE Helgk =&
+ FreeRTOS AARALC C|AEZ|7} OFLl HIE g|= o{Z2|# 0|M C|2E 2|0
@[ X| £[O{OF &
— HfZ T EXY5t= M2 o Z2|# 0]
FreeRTOSConfig.h It = AtE

o
I=
U

P
|m
=2

o
rr



FreeRTOS porting

FreeRTOS H{ZETIO| C|HIEZ| £+ X

FreeRTOS

—Source Directory containing the FreeRTOS source files

—Demo Directory containing pre-configured and port specific FreeRTDS demo projects
FreeRTOS-Plus

—Source Directory containing source code for some FreeRTOS+ ecosystem components

—Demo Directory containing demo projects for FreeRT05+ ecosystem components

FreeRTOS & & It<2 (FreeRTOS/Source)
— task.c, list.c: HY HAl mel
— queue.c, timers.c, event_groups.c, croutine.c : 2 AMH|A I

ol
=

Freefﬁ-s

Source
—tasks.c FreeRTOS source file - always required
—list.c FreeRTOS source file - always required
—queue . o FreeRTOS source file - nearly always required
—timers.o FresRTOS source file - optional
—event groups.c FreeRTOS source file - optional

l—croutine.c FreeRTOS source file - optional




FreeRTOS porting

FreeRTOS LB 2 ?[ot EH A O

~ F

reeRTOS/Source/portable C|HEZ| 0| =T

~ Portable Cl2| 2| AL Ya|E, 1 Chof T2 A A OF7|EIX Y AX
TR TAE

- 'ZmYaats 0|29 HIUBE ABSIE ‘0f7/E AT B 0|22 Of
FKE TR = T2A A BS

« FreeRTOS/Source/portable/[compiler/[architecture] C|E EE2| 0| K|

FrTﬁRT
C

05

urce

portable Directory containing all port specific source files

—MemMang Directory containing the 5 alternative heap allocation source files
—[compiler 1] Directory containing port files specific to compiler 1
—[architecture 1] Contains files for the compiler 1 architecture 1 port

—[architecture 2] Contains files for the compiler 1 architecture 2 port
—[architecture 3] Contains files for the compiler 1 architecture 3 port

—[compiler 2] Directory containing port files specific to compiler 2

—[architecture 1] Contains files for the compiler 2 architecture 1 port
—[architecture 2] Contains files for the compiler 2 architecture 2 port
L—[etc. ]




Hl — $|l74d AKX
= C 34 273
HlE 42 (Build Path) zats}7|
~ CHSo| M 7t BRIt UE ZR0| E3E(0fof B
* FreeRTOS/Source/include : @0 FreeRTOS ¢4 o}t -=0f CHst 4

« FreeRTOS/Source/portable/[compilen/|architecture] . AtESI= FreeRTOSOﬂ
SHElE 24 DUSO) Ofs F=

 FreeRTOSConfig.h 8| Ito| CHst =2

O Z2|AH 0] H0 M Z=FA|Z{OF & ol mp&
— FreeRTOS.h 5|4 mt<
« 7|2MOZ ALESI= FreeRTOS API 6| It
— ‘task.h’, ‘queue.h’, 'semphr.h’, ‘timers.h’ EE= ‘event_groups.h’

. ST MHIAE ALRE T ESAHO} & HETHY

© BLE O & IS



HZ oSEA0E X 2=
X

&2 Oj=2|A 0]

X~

x
M3 Thlo] TP D N
= o 4l

of Aot e 510| 2850 U= 0|
TdE0 = ZEHES) 2 0 HS
Faoto] M @ E= K4S @7 HO| 24 2™ “ts

FreeRTOS API7} O{E A AR E! 4= A=X| H7|
AX oE2|AHO[MO| MHE = U= H|0|A(base) 22| A

O ZTZNE

FreeRTOS/Demo C|HE 2| 20f QU= THASH A E-CIHEZ|0f ¢X]

- ME-CIHEZ[HZ2 ZEO| O|H O Z=NMEQ AHZH0| Jq=X|E LIEIH
FreeRTOS.org & AIO|EO| M2 O] Z2|AH 040 CHot AHO| EX|
O Z=2ME X0 U= main.c TALY A E =X

FreeRTOS

Demo Directory containing all the demo projects
—[Demo X] Contains the project file that builds demo ‘¥’
—[Demo y] Contains the project file that builds demo ‘y’

—[Demo z] Contains the project file that builds demo ‘z’

—Common Contains files that are built by all the demc applications




HaEs Qe Z2MEE =
1.

FreeRTOS T2 M E A/

) o)
NSEkls 2 ofE2A oINS €0 dE E|1 o &t O 2 HASH=
X| =2+QISIC}.
X EflATSS 7Hc’I St & A== AN 2 Demo/Common
IZIE“EEI Lol fX[et 2= ntAS2 T2MEO|AM AN E = QUL
|

]
2|AE 10| EXX|= Ao £0 ardware() @}
Tasks N EEoHe BE 3

ZZMETL N3] 2 E E|=X| MIACE

QT

int main{ woid )

{

/* Perform any hardware setup necessary. */
prvSetupHardware () ;

/* =--- APPLICATICN TASKS CAN BE CREATED HERE --- */

/* Start the created tasks running. */
vTaskstartscheduler () ;

/* Execution will only reach here if there was insufficient heap to
start the scheduler. */

for( ;; )

return 0;




N&

1.

10.

FreeRTOS T2 M E A/

SE MR ZRHE )

0{2{ 20| MEISH £ 22 ALRSICIH, OfIH St FreeRTOS AA MAL OFE| Zeh
StX| g MZ22 ZRMES MBIt

MEZ Z2HETJ EE E[1, o2& EtA StER0|0f| CHREE T[0] HHE|
x| gHolstLt

0iz{£0| O[0] St Z2ME
S| Lt} = FreeRTOS AA I
AP35t = ZEIBOZ X3k =C
FreeRTOSConfig.h &||H = =
2N} ¢E OfY AXE RE
e 1=
FreeRTOS/Source/include

FreeRTOS/Source/portable/[compilen/[architecture] ([compilen 2}
larchitecturel= 02 = 0| 1ot G0 Mgt 9K

FreeRTOSConfig.h 8| m}0| =0 Q= ClHEE|
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- {SEA0]d Z2HE| Z&&[0{0F & FreeRTOS &4 IS

File

tasks.c

queLle.c

list.c

timers.c

event_groups.c

All C and assembler files

heap n.c

Location

FreeRTOS/Source

FreeRTOS/Source

FreeRTOS/Source

FreeRTOS/Source

FreeRTOS/Source

FreeRTOS/Source/portable/[compiler]/[architecture]

From FreeRTOS V9.0.0 FreeRTOS applications can be completely
statically allocated, removing the need to include a heap memory manager:

FreeRTOS/Source/portable/MemMang, where n is either 1, 2,
3, 4 or 5. Refer to Chapter 2, Heap Memory Management,

for more information.



FreeRTOS G|O|E & (Type)

- SN2 E JHX|= HO|H & & ZHA| (portmacro.h0f H2| &)

TickType_t
« Tick countgfE 7tX[HM A|ZHE HA[St= 0| HaydE XEY I ALE
« FreeRTOSConfig.h0f = configUSE_16_BIT_TICKSO| [}2} 16-H|E EE+=

32-HE & T otLel g2 = 28 7t
— BaseType_t

. OfZ HISHE #Q|o| 7S 7HE £ Qi 2|H Hoj| AR E

« HE pdTRUE/pdFALSE ¥ 9| =2|A(Booleans) @O = AIEE

« 32-H|E O}Z|EHIH QA= 32-H|E &, 16-H|E O}Z7|ElX0|A= 16-HE &

8-H|E O}7|El X0 A= 8-H|E H|O|E ¥O| &

. B3 0|5
- HI0IH ¥d= BF0=Z X[’ F5t¢ = O|F Ad
« Ex: char -> 'c/, intl6_t(short) -> 's’, int32_t(long) -> 'I' 2 Q| &KX & X
— B==7} unsigned®l 49 ‘U, Z2IE QI 42 P
« Ex: uint8_t -> ‘uc’, character pointer -> 'pc’



FreeRTOS Naming convention

[o) o O|§

[ N =

— c|HSt= HO|E @ o7t FolEl Y & Ci7F HFALE M0l
« vTaskPrioritySet() &t task.c Tt20 HO|L|O /U1 2[H HO|H &2

voidO| C}.
« xQueueReceive() 4= queue.c IO HO|x|| QU1 2|EH HO|H 2
BaseType tO|LC}.
« pvlimerGetTimerID() &4+ timers.c LY 0| HO|L| 11 2|H HO|H &
2 voidE 7t2|7|= pointerO|Ct.
o LM 2 2 =5t A E|= I HE static 2he ‘prv AL
7t =L

—

3= Ol

- X2 20X, 1227 HYEO fqAes xX= LIELZ] ?l6h 2=
A7 SFAIR =0

— MOFEZEOX API= He| ME O3 = 'Z*EE MO /AX|OH O3 2 0| &
20| Ot &= O|F ﬁ”"O =20 ACHE A 9|0HEP



FreeRTOS Naming convention

Table 3. Macro prefixes

Prefix Location of macro definition

port (for example, portMAX_DELAY) portable.h or

portmacro.h

task (for example, taskENTER_CRITICALY()) task.h

pd (for example, pdTRUE) projdefs.h

config (for example, configUSE_PREEMPTION) FreeRTOSConfig.h
err (for example, errQUEUE_FULL) projdefs.h

Table 4. Common macro definitions

Macro Value
pdTRUE 1
pdFALSE 0
pdPASS 1

pdFAIL 0
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FreeRTOS V9.0.00{| = A& & Discovery board?t st 42 O =2
O|H0| =20 UX| &EZ
GPIO_TESTO| A Bt= WorkspaceOf| rtos_test T2MEE MMSIO| F7}
St}
rtos_test T2 M E Q| FreeRTOS & A ntA=S F7SHE}
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FreeRTOS

9 test_program - IAR Embedded Workbench IDE - EHM 8.20.1
S

AH A
o

L1 |_|—'_7('||E

E| A

- <Q>%5=2< Q>0 RG-=0 -

» B X | stm32fbocit.c | stm32fdmcite | maine x | startup_stm32f429_43%ms [RO] |

m
o EB

,,] main(]

[ startup_stm3z{429_4390 s
systerm_stm32{docc
=1 W EVE
stm32f429i_discoveny.c
— [ stm32{429i_discovery_i2c_ee.c
stm32f429i_discovery_ine.c
stm32f429i_discovery_l3gd20.c
stm32f429i_discovery lod.c
stmI2f429i_discovery_sdram.c
21 @ FreeRTOS_Source
21 B portahle

heap_2.c

partc
[ ] portasm.s
event_groups.c
list.c
queue.c
[l tasks.c
[ timers.c
. STh3IZF o _StdPeriph_Driver
console_uart.c
discoveny_exd.c
main.c
stm32fdoitc
L= Output

F— B rtos_testmap

[ os_test.out

+

//#1include "arm comm.h"

#include "stm32fdxx.h"
#include "stm32f4xx conf.h”

File Edit View Project 5ST-Link Tools Window Help
DR = 4K DC

Workspace

’Debug

Files = I

B Wrtos_test- Debug +
=1 . CRSIS

#include "stm32f42%1i discovery.h™
#include "discovery ext.h™
#include "console_uart.h”
#include "utils.h™

/* Herpel includes. */

#include "FreeRTO5.h™

#include "task.h"

#include "timers.h"

#include "semphr.h"”
[E #if 1

static woid prv3etupHardware( wvoid };

int main{void)

=g
/* Configure the hardware ready to run the test. #/
prvSetupHardware () ;
/* Start the .s‘-:f:eduler. *
vIaskStartScheduler();
for{ i; )i

1

ft ___________________________________________________________ kf

static woid prvSetupHardware({ wvoid )
B

USART_InitTypeDef USART_InitStructure;

Overview | gpio_test |rtos_test




= 5-1 . Multi-tasking

LED A 2 (Blinky) H|AE
— vLedTask()E A A
— 500ms —’,S7|E LED3 LED4E E=2l StC}

—

static portTASK_FUNCTION( vLEDBInkyTask, pvParameters )
{

/* The parameters are not used. */

( void ) pvParameters;

for(;)
{
vTaskDelay(500/portTICK_PERIOD_MS);
STM_EVAL_LEDToggle(LED3);
STM_EVAL_LEDToggle(LED4);
}
}

int main(void)

{
/* Configure the hardware ready to run the test. */
prvSetupHardware();

xTaskCreate( vLEDBInkyTask, "LEDBLINKY", ledSTACK_SIZE, NULL, mainLED_BLINKY_TASK_PRIORITY, ( TaskHandle_t * ) NULL );

/* Start the scheduler. */
vTaskStartScheduler();

for(;; );
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PUSH BUTTON & &H(Input) HIAE

— GPIO external interruptE AL235t0{ ISRO|A| LEDE EZ 25t}
— USER Push Button : GPIO Port AO

- HEOQ| &5 I '1'0|] Y HE|= Active "High” &=

— EXTIOE A _Q_ Figure 42. External interrupt/event GPIO mapping (STM32F405x00/07xx and
= o STM32F 415001 7xx)

EXTIof3:0] bits in tha SYSCFG_EXTICR1 register
PAD O—»

PCO O——m
VoD Hon EXTlo

PE0 O——»
R25 PF0 C——
100 <|—| . PGO O—»
PHO O——»
L —
It F EXTI1[3:0] bits in rhef.*rscm EXTICRA ragister

100nF |
) R23
PAQ —rAl =

J_ PC1 O—
L PO O EXTh
PE1 O—
o PF1 O——
USER & WAKE-UP Button PG O—e
PH1 O—

Pl O——

B1

PaT O—

SW-PUSH-CMS_BLUE

EXTH5[3:0] bits in the SYSCFG_EXTICR4 register

¢

PA1S O
PE15 O—
PC15 O—
POMs O—™
PE15 O—»
PF15 O—
PG5 00—
PH15 O—

ni{ BT
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ISR(Interrupt Service Routine) 2| L&
— ISR A| B L= [ Pending register& Soff sliE CIEHEEC
pending bitE clear A|7{0f 2t

12.3.6 Pending register (EXTI_PR)

Address offset: 0x14
Reset value: undefined

31 30 29 28 27 26 25 24 23 22 21 20 19 8 17 16
PR22 ‘ PR21 | PR20 | PR19 | PR18 | PRI1T7 | PRI16
Reserved
rc_wil | re wl | rewl | rewl [ rewl | rewl | e wl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ]

PR15 PR14 PR13 PR12 PR11 PR10 PR9 PRS PRT PR& FRS PR4 PR3 PR2 PR1 PRO

re_wi | re_wi | rc_wi ‘ re_wi | re_wi | rc_wi | re_wi ‘ rc_wil ‘ rc_wi | re_wi | re_wi | rc_wi ‘ rc_wi | re_wi | re_wi | re_wi

Bits 31:23 Reserved, must be kept at reset value.

Bits 22:0 PRx: Pending bit

0: No trigger request occurred
1: selected trigger request occurred
This bit is set when the selected edge event arrives on the external interrupt line.

This bit is cleared by programming it to 1.




A2 AEBE He

ISR(Interrupt Service Routine) Z= 7|2}

LI static void prvSetupHardware({ wvoid )
-
T34ET InitTypelef T34RT Init3tructure;

A% Sgtup STM3Z system (clock, FLL and Flash configuration) #4
SyatemInit():
SyatemCoreClockUpdate () ;

3TM _EWVAL LEDInit (LED3);
3TM _EWVAL LEDInit (LED4);

STM_EVAL PBInit(BUTION USER, BUII:-N_H:-}E_EXIIh

vold EXTIO0_TRQHandler (woid)
(=

STM_EVAL_LEDToggle (LED3)»
STM_EVAL_LEDToggle (LED4)

EXTI->PR = USER_BUTTON_EXTI_LINE .-)
- e




7 F

=25-3 A3

e Button X 2| EfAIE A MSIC}

o AlZ 20| A 2HASE Push button
Button X 2| EfA3E2 N EoHCt
— AR HHE 7 &8

_ Button X2 EJAO|AM Al&2 ISRO| LES

int main {veoid)

=

/* Configure the hardware ready to run the test.
prvietupHardware () ;

=/

/* Create
g_xQueuel

qgueue capable of containing 10 unsigned long values. */
xfueueCreate( 5, sizeof( uint32 t ) );

wvoid EXTI0_IRQHandler (woid)

=

BaseType_t xHigherPriorityTaskiWoken;
static uint32_t uiZSendData = 07

/* We have not woken a task at the start of the ISR, #/
xHigherPricrityTaskWoken = pdFALSE;
u325endData = OxFFFEFFFFE;

/* Post the byte. */

xfueneSendFromISR{ g _xJueuel, su3iSendData, sxHigherPriorityTaskWoken );

EXTI->FR = USER_BUTION_EXTI LINE;

[ AR

—

ISROIA 7= S HAIXIS

J] static portIASK FUNCTION({ vPushButtonIask, pvParameters )
= K

uintiZ_t u3ZgRecv;

£/

/* The parameters are not nsed.
{ woid ) pvParameters:

for(;:)
B
if{ xQueueReceive(| g_xQueuel, =&( u32QRecv ), ( TickIype_t )
El {
if(u32QRecv != 00
5TM_EVRL LEDOn (LED4);
else
5TM _EVRI. LEDOff(LED4);
u }
-1
1

)

)
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