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Cel karty

Uczen odréznia hardware timer interrupt od callbacku software timera: ISR tylko zatwierdza
zdarzenie i odktada prace, a timer daemon wykonuje ograniczong zmiane GPIO.

Zakres karty

Stimulus uzbraja tick +3. Machine timer ISR zapisuje mtime, mtimecmp,
mcause 1 stos, po czym wywoluje xTimerPendFunctionCallFromISR. Daemon
priority 3 przeltacza GPIO przed powrotem do przerwanego taska priority 2.
Lekcja Task Najwazniejsza

idea

’ FC14 ‘ TaskO1 mtime tick ISR, pended daemon callback and one bounded GPIO transition

P
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A1l — Hardware, ISR and daemon boundary czes¢ 1/1 - rlcl

A1 CONTEXT — hardware to deferred GPIO work

01 Hazard3 mtime / mtimecmp
machine timer intarrupt

L)

02 FreeRTOS tick path
reload compare + increment tick

L)

03 Application tick hook
record + pend; never block

«TimerPendFunctionCallFroml5R

L)

04 Tirmer command queue
copy callback = two arguments

L)

05 Timer daemon task
priority 3 task context

L)

06 GP1O register bank
one bounded transition

Rysunek 1: A1 CONTEXT — mtime, tick ISR, pend queue, daemon and GPI1O. — czesé 1/1
(rl cl).
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A2 — Event and register records czes¢ 1/1 - rlcl

AZ STRUCTURE — event, command and register evidence

@ Timer command

callback : PendedFunction_t
parameter : void pointer
parameter? : uint32 t

stable pointer

@ GpioTimerExperiment

stimulus / verifier / daemon
armed / pended / target_tick
mtime_at_arm / mtime_at_isr
mtimecmp_after_reload / mcause
stimulus_sp f isr_sp / callback_sp
pend_result / wake_requested
applied / pass f digest

callback applies

1
&
@ Fel4Evidence @Fcldﬁpmﬁeglsters
. volatile direction
sequence [ event [ tick . !
) volatile data
actor f value f committed , .
volatile transitions

Rysunek 2: A2 STRUCTURE — experiment, command, GPIO and evidence records. — czes¢
1/1 (rl cl).
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A3 — Pended-function dispatch cze$é¢ 1/1 - rlcl

A3 DISPFATCH — MTI to timer daemon

mtime / mtimecmp tick 158 + hook timer quass timer daemon stimulus

rmachine tirmer intermapl
reload next mtimeacmgp

Imcrement tick; target reached

pendicallback, experiment, event=1)
pdPASS: wake daemon

yield before interrupt return

receive command

callback toggles GPIO

daeman blocks, restore stimulus

tick ISR + hook | Lirmer quewe | tirmer dagman atirmual

Rysunek 3: A3 DISPATCH — MTI, tick hook, timer queue and daemon restore. — czesé 1/1
(rl cl).
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A5 — One hardware event replay

main

AS FLOW — one hardware event EQ1,.E0&

czed¢ 1/1 - rlcl

stimulus tick ISR daemon evidence

I I I I I
I I I I I
| 01 GPID output; dasmon priority 3 | | -
I T T T Eall|
: scheduler dispatch : : : :
I l I I I
! ''02 arm target tick + 3 ! !
1 1 1 1 -y |

-
I I I I I
| I CPU-bound wait | | |
I I I I
I 1 I I I
I I I I I
! ! ' 03 MTL mtime + mtimecmp ! .
I I L + 1
I I I I rl
I I I pend succeeds; yield requested | I
I I T o | I
I I I I I
| | | i callback argument = 1 |
I I I I I
I I I I I
1 1 1 1 04 GPIO O = 1: applied .‘_|
I I I I Eall|
: :j return to interr:upted task : :
I P I I I
: ' 05 applied already visible ! !
I I I I -’I
I delete self I ! ! !
[ i I I I
I I I I I
| 06 verify; PASS bfabhcdd | | .
I I I I Eall
] ] ] ] ]

stimulus tick ISR daemon evidence

Rysunek 4: A5 FLOW — E01-E06 from configuration to PASS. — czesé 1/1 (rl cl).
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A6 — Pending and applied states

Rysunek 5: A6 STATE — armed, pended, daemon-running, applied and verified. — czesé 1/1

(rl cl).
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N

r.

"
CONAGURED:

., A

arged = ferw + 3

y
e
AR
b,

!arl,,. ranget

| PTERILET ACCERTED |

., A

pend returm: paPASS

'u
o —_
COMMAND QUELED | ———
— " that I ma rangad

., A

"
DRERCIR UMK ING

dammon blocka

r.

“
STIMULLE RESLRED

. &

czedé¢ 1/1 - rlcl



https://zsl-gitea.mpabi.pl/edu-freertos-c/lab-rv32i-freertos-c-gpio-timer
https://zsl-gitea.mpabi.pl/edu-freertos-c/lab-rv32i-freertos-c-gpio-timer
https://zsl-gitea.mpabi.pl/edu-freertos-c/lab-rv32i-freertos-c-gpio-timer
https://dce7fb9d-7b2f-5d49-96a2-3a30d3070b84.mpabi.pl/0cc561df-bf81-5bba-9df1-c872d5b42eb8
https://dce7fb9d-7b2f-5d49-96a2-3a30d3070b84.mpabi.pl/0cc561df-bf81-5bba-9df1-c872d5b42eb8
https://dce7fb9d-7b2f-5d49-96a2-3a30d3070b84.mpabi.pl/0cc561df-bf81-5bba-9df1-c872d5b42eb8

TITLE

GPIO, hardware timer and deferred work

VER. DATETIME

v00.01

2026-07-19T00:00:00+02:00

PROJECT

Freestanding C nad FreeRTOS

FreeRTOS C

14/15

SHEET

7/8

B Proc jcore. _|scope _

Inf.

Lever

o | GARB*oBYE occsetas-beei-sbba-oar1-caraasbazens

i o T

GITEA https://zsl-gitea.mpabi.pl/edu-freertos-c/lab-rv32i-freertos-c-gpio-timer

HTML https://dce7£b9d-7b2f-5d49-96a2-3a30d3070b8:

4.mpabi.pl/Occ561df-bf81-5bba-9df1-c872d5b42eb8

A7 — Timer, stacks and artifact proof

AT RUNTIME — hardware, context and identity proof

0 Hardware cause

micause = MxE0000007

A J

02 Reloaded compare
mtimecmp > mtime at

hook

hd

03 Sarme target tick

ISR tick = callback tick

h 4

04 Three stack contexts
ISR = daemaon != stimulus

05 Exact C artifact
trap + tick + pend + daemon symbols

06 Deterministic terminal
& events; bfoGbedB k3

cze$é¢ 1/1 - rlcl

Rysunek 6: A7 RUNTIME — mtime, mtimecmp, cause, three stacks and identity. — cze$¢ 1/1

(rl cl).


https://zsl-gitea.mpabi.pl/edu-freertos-c/lab-rv32i-freertos-c-gpio-timer
https://zsl-gitea.mpabi.pl/edu-freertos-c/lab-rv32i-freertos-c-gpio-timer
https://zsl-gitea.mpabi.pl/edu-freertos-c/lab-rv32i-freertos-c-gpio-timer
https://dce7fb9d-7b2f-5d49-96a2-3a30d3070b84.mpabi.pl/0cc561df-bf81-5bba-9df1-c872d5b42eb8
https://dce7fb9d-7b2f-5d49-96a2-3a30d3070b84.mpabi.pl/0cc561df-bf81-5bba-9df1-c872d5b42eb8
https://dce7fb9d-7b2f-5d49-96a2-3a30d3070b84.mpabi.pl/0cc561df-bf81-5bba-9df1-c872d5b42eb8

rrrrrrr

"™ GPIO, hardware timer and deferred work|™ vO0.0l‘ 2026-07-19T00: 00: 00+02: 00

ppppppp ‘CARD

Freestanding C nad FreeRTO0S|™™* FreeRTOS C

‘ J—

14/15 8/8

_|scope Lever

= Tmln
| GARB*oBYE occsetas-beei-sbba-oar1-caraasbazens 7de92094-d£89-5cQU7HRA" ICERIAIZ0E | o N m

GITEA https://zsl-gitea.mpabi.pl/edu-freertos-c/lab-rv32i-freertos-c-gpio-timer

! HTML https://dce7£b9d-7b2f-5d49-96a2-3a30d3070b84 .mpabi.pl/0cc561df-bf81-5bba-9df1-c872d5b42eb8

1 Task01l — hardware timer to deferred GPIO

TASK TASKO1 - Prove one machine-timer event from ISR to daemon GPIO work

Occ561df-bf81-5bba-9df1-c872d5b42eb8

BLOCK A - kontrakt
Rozdziel hardware, ISR, daemon i rejestr GPIO.

STEP contexts - Przypisz konteksty i API.
Wskaz, co wolno zrobi¢ w tick hooku, a co dopiero w callbacku.

STEP predict - PrzewidZz kolejnoS€.
Zapisz oczekiwane E03, E04 i E05 dla daemon priority 3.

BLOCK B - replay
Zbierz dowdd hardware 1 task context.

STEP timer - Sprawdz E02-EO03.
Target tick, mtime, mtimecmp, mcause i pend result.

STEP daemon - Sprawdz E04-E05.
Daemon handle, callback SP, GPIO i kolejnos¢ restore.

STEP pass - Sprawdz EO06.
Counts, trzy stosy, ABI i digest.

BLOCK Cwiczenie : Cwiczenie - wybdér mechanizmu

Dla trzech prac wybierz notification, semaphore albo daemon deferral: inkrementacja
licznika, zapis bloku flash i obudzenie konkretnego taska. Uzasadnij wtasciciela, latency i
budzet.

Evidence: Tabela workload — mechanizm — odbiorca — dozwolone operacje — ryzyko
blokowania.

Acceptance: Wyboér wynika z wymaganej wtasnosci i kosztu; uczen nie przecigza timer
daemon taska nieograniczong praca.

Task acceptance: PASS; mcause=MTI; mtimecmp>mtime; one successful pend; daemon
callback in target tick; one GPIO transition; three distinct stacks; deterministic digest.

[WNTOSEK

Hardware timer okre$la moment przerwania; kolejka timer service okresla moment wykonania
odroczonej funkeji. Sa to dwa konteksty, dwa stosy i dwa rézne kontrakty API.
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