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Palvelut

e Kayttojarjestelman tehtadvana on tarjota ohjelmoijalla erilaisia palveluita

* Tyypillisin palvelu, jota sulautetut kayttojarjestelmat tarjoavat on prosessien
hallinta

* Terminologia on hyvin vaihtelevaa: process, task, thread
* Prosessien hallintaan kuuluu

* Prosessien kaynnistaminen ja paattaminen

* Suoritettavan prosessin valinta (skeduleri)

* Prosessien hallinnan liséksi tarvitaan synkronointipalveluita, joilla voidaan
ohjata suoritettavien prosessien toimintaa

* |ukot (mutex)
* Semaforit

* Monitorit

e Jonot

* Liséksi voi olla muistinhallinta, syotto ja tulostus, keskeytysrutiinien hallinta,
tiedostojarjestelma, verkkoyhteydet, jne.
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Moniajo (multitasking)

e Kahden toisistaan riippumattoman prosessin suorittaminen perakkain ei ole
vasteajan ja suoritusnopeuden kannalta jarkevaa

* Hyvin monet prosessit kayttavat suurimman osan ajastaan odotteluun

process Py
e e ]
start idle; idle; idle; stop
input input input
process P

R e e e
waiting start idle; idle; idle; stop
input input input
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Moniajo (multitasking)

* Moniajossa skeduleri lomittaa prosessit siten etta yhden prosessin
odotusaikana jokin toinen prosessi paasee suoritusvuoroon

e Kokonaissuoritusaika lyhenee, koska odottamisen maara pystytaan
minimoimaan

e Skedulointi

* Pre-emptive = kayttojarjestelma voi keskeyttaa prosessin suorituksen
milloin tahansa ja siirtaa suoritusvuoron toiselle prosessille

* Co-operative = prosessin pitaa itse luovuttaa suoritusvuoro

process Py p——m———rd——— ...}.___m..,{_ — __.g,.__,,/ f/ A R ——
start 1dle idle; 4 idle 4 stop
input | input input

process P pbo--"dy———p—-- | — — 4

start idle; idle;
input input
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Moniajo (multitasking)

* Yhdella prosessorilla voi olla vain
yksi prosessi kerrallaan
suorituksessa ja muut prosessit

ovat ei-suorituksessa All tasks that are Only one task [\
. . . . not currently can be in the

Vaihtoa prosessst_a tOIS_een _ Running are in the Running state at

sanotaan kontekstin vaihdoksi Not Running state any one time

(context switch)

* Konteksti sisaltaa kaiken sen
prosessorin tilatiedon, joka
tarvitaan, jotta prosessi voi
jatkaa suoritustaan
myOhemmin laskennan
hairiintymatta

e Kontekstin vaihtoon kuluu aina
jonkun verran aikaa, joten
prosessien maaraa ei voi
kasvattaa rajattomasti

Not Running Il-
W
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Moniajo (multitasking)

* Ei ajossa oleva prosessi voi olla
useassa eritilassa

* Ready (valmis) — odottaa
omaa suoritusvuoroaan

* Blocked — prosessi ei ole
valmiina, vaan odottaa
esimerkiksi vapautuvaa
resurssia tai alkiota jonosta

* Suspended — prosessi on
pysaytetty ja se pitaa palauttaa
ajokelpoiseksi
kayttojarjestelméakutsulla

i
' Not Running FreeRTOSIn
(super state) \ prosessien
tilakaavio
Suspended
A
vTaskSuspend() vTaskSuspend()
callvd called
vTaskResume()
called
Running
Event Blocking API

vTaskSuspend()

called function called
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Jonot
Task A Task B
Queue
int x; | § b § § | ki o

A queue is created to allow Task A and Task B to communicate. The queue can hold a maximum of 5
integers. When the queue is created it does not contain any values so is empty.

Task A Task B
Queue

int x; | B F N W ] int y;

x = 103 — Beng

Task A writes (sends) the value of a local variable to the back of the queue. As the queue was previously
empty the value written is now the only item in the queue, and is therefore both the value at the back of the
queue and the value at the front of the queue.
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Queue

| [ 20 ] 10|

Send

_

Task A changes the value of its local variable before writing it to the queue again. The queue now
contains copies of both values written to the queue. The first value written remains at the front of the
queue, the new value is inserted at the end of the queue. The queue has three empty spaces remaining.

Task B

int ys

Task A

int %3}

)

Queue

| [20 ][ 10|

I Receive

Task B reads (receives) from the queue into a different variable. The value received by Task B is the
value from the head of the queue, which is the first value Task A wrote to the queue (10 in this illustration).

Task A

int x;:

x = 20;

J

Queue

Task B has removed one item, leaving only the second value written by Task A remaining in the queue.
This is the value Task B would receive next if it read from the queue again. The queue now has four

empty spaces remaining.

Task B
ing s

// y now equals 10
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Resurssien hallinta semaforeilla

The resource being
guarded by the mutex

The mutex used to aA /\
guard the resource Ve "7
aGuarded
resource
ask B >
I'L/\'l

Two tasks each want to access the resource, but a task is not permitted to access the
resource unless it is the mutex (token) holder.

ask A

xSemaphoreTake() e IR
Guarded
CSR . resource

Task A attempts to take the mutex. Because the mutex is available Task A successfully
becomes the mutex holder so is permitted to access the resource.

Csk A }
-5 Guarded
resource
ask B

Task B executes and attempts to take the same mutex. Task A still has the mutex so the
attempt fails and Task B is not permitted to access the guarded resource.
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Resurssien hallinta semaforeilla

ask A
xSemaphoreGive() P

wa |

./'

Task B opts to enter the Blocked state to wait for the mutex - allowing Task A to run again.
Task A finishes with the resource so ‘gives’ the mutex back.

v

—

ﬁ}\ Guarded /

/ resource \
/

'/\

[

/{askA

\¢
(Task B

xSemaphoreTake()

.

Task A giving the mutex back causes Task B to exit the Blocked state (the mutex is now
available). Task B can now successfully obtain the mutex, and having done so is permitted to

access the resource.

zGuarded
resource
>

.

N

\. J
3

/{ask A \

xSemaphoreGive()

A 4

When Task B finishes accessing the resource it too gives the mutex back. The mutex is now

once again available to both tasks.

Guarded

<\FESOI.I rce
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Kaanteisprioriteettiongelma (priority inversion)

3 - Task 2 attempts to take the mutex, but the mutex is still held
by Task 1 so Task 2 enters the Blocked state, allowing Task 1 to
execute again.

5 - Task 2 writes out its string, gives back the K
semaphore, then enters the Blocked state to wait

for the next execution time. This allows Task 1 to

run again - Task 1 also enters the Blocked state to

2 - Task 1 takes the mutex and starts to [\
write out its string. Before the entire string
has been output Task 1 is preempted by the

higher priority Task 2. wait for its next execution time leaving only the Idle
task to run. _
Task 2
Task 1
ldle L

t’I Time

1 - The delay period for Task 1 expires so 4 - Task 1 completes writing out its string, and gives
Task 1 pre-empts the idle task. back the mutex - causing Task 2 to exit the Blocked

state. Task 2 preempts Task 1 again.
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Kaanteisprioriteettiongelma (priority inversion)

2 - The HP task attempts to take the mutex

LP task. The HP task enters the Blocked
state to wait for the mutex to become
available.

but can't because it is still being held by the |

4 - The MP task is now running. The HP [\
task is still waiting for the LP task to return
the mutex, but the LP task is not even
executing!

High priority task [HP]
Medium priority task [MP]

_ow priority task [LP]

Time

oreempted by the HP task. gets preempted by the MP task before it

1 - The LP task takes a mutex before being l 3 - The LP task continues to execute, but ﬁ

gives the mutex back.
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Prioriteetin perinta (prioririty inheritance)

4 - The LP task returning the mutex causes the HP task to
exit the Blocked state as the mutex holder. When the HP
task has finished with the mutex it gives it back. The MP
task only executes when the HP task returns to the Blocked
state so the MP task never holds up the HP task.

2 - The HP task attempts to take the mutex but can't
because it is still being held by the LP task. The HP task
enters the Blocked state to wait for the mutex to become
available.

High priority task [HP]
Medium priority task [MP]

Taman ajan LP suoritetaan HP:n prioriteetilla

Low priority task [LP]

1-The LP task takes a mutex before being AN 3 - The LP task is preventing the HP task from executing so inherits
preempted by the HP task. the priority of the HP task. The LP task cannot now be preempted by
the MP task, so the amount of time that priority inversion exists is
minimized. When the LP task gives the mutex back it returns to its
original priority.

Mikali mutexia odottavan taskin prioriteetti on korkeampi kuin mutexin haltijan prioriteetti,
niin haltijan prioriteetti nostetaan odottajan kanssa samalle tasolle.
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Taskin ja keskeytyksen synkronointi

]

The semaphore is not
available...

...50 the task is blocked
waiting for the semaphore

Interrupt!
xSemaphoreGiveFromlS

—

xSemaphoreTake()
An interrupt occurs...that
‘gives’ the semaphore....
ask
Interrupt!
xSemaphoreGiveFromISR() - Dj xSemaphoreTake()

...which unblocks the task
(the semaphore is now
available)...
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Taskin ja keskeytyksen synkronointi

]

ask

xSemaphoreTake()

...that now successfully
takes' the semaphore, so it
is unavailable once more.

Interrupt!

xSemaphoreGiveFromISR()

i1

ﬁsk

Another interrupt occurs while the task is still
processing the first event. The ISR ‘gives’
the semaphore again, effectively latching the

event so the event is not lost.

o

The task is still processing
the first event.

@]

\rﬂask
S

,xkemaphore'l'ake()

When processing of the original event completes the task calls xSemaphoreTake()
again. Because another interrupt has already occurred the semaphore is already
available so the task takes the semaphore without ever entering the Blocked state.
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Laskevat semaforit

The semaphore count is 0]

MY o, R, IR Ty
Ysemannora | akeg
‘ JEHHIap v 1

The task is blocked waiting
for a semaphore

Interrupt! [The Semaphore count is 1] ask
xSemaphoreGiveFromISR()—) | I [ ‘m ‘ eScrERERETRE

An interrupt occurs....that
gives’ the semaphore....

k
Interrupt! The semaphore count is 1] %
xSemaphoreGiveFromiISR)—Y[ [ [ [ @] xSemaphoreTake()

...which unblocks the task
(the semaphore is now
available)...
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Laskevat semaforit

The semaphore count is 0]

ask

xSemaphoreTake()

...that now successfully
takes' the semaphore, so it
Is unavailable once more.

Interrupt!
xSemaphoreGiveFromISR()

[The semaphore count is 2]

L | @/@]

Another two interrupts occurs while the task
is still processing the first event. The ISR

‘gives’ the semaphore each time, effectively
latching both events so neither event is lost.

ask

The task is still processing
the first event.

[The semaphore count is 1]| v

/ﬁask

‘ H H ' ‘E.j xSemaphoreTake()
=

i~

When processing of the original event completes the task calls xSemaphoreTake()
again. Another two semaphores are already ‘available’, one is taken without the task
ever entering the Blocked state, leaving one more ‘latched’ semaphore available.




