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Cel karty

Uczen sktada kompletna aplikacje FreeRTOS C i uzasadnia kazdy uzyty mechanizm przez
payload, wtasnos¢, fan-in albo czas, a nastepnie dowodzi calego kontraktu jednym determini-
stycznym $ladem.

Zakres karty

Prawdziwy external TRQ budzi acquisition. Dwie kolejki prowadza Sample przez obli-
czenie sumy kwadratow do publikacji. Timer daemon dodaje heartbeat; event group
i mutex tworzag spojny snapshot. Wszystkie obiekty aplikacji maja pamieé statyczna.
Lekcja Task Najwazniejsza

idea

’ FC15 ‘ TaskO1 ‘ real IRQ, typed pipeline, heartbeat rendezvous and bounded diagnostics

Prior
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czedé¢ 1/1 - rlcl

A1 — End-to-end responsibility boundary

A1 COMTEXT — and-to-end responsibility

01 Input register bank
status + sequence + value

(2 External ISR
clEar spurce & ni

olify, no payload

one-10-0ne wake

L J

03 Data pipeling 05 Timer daeman
ane-shat heartbeat at tick 5

acquire -> prooess -= publish
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! 04 Shared publication
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|
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06 Suparasor
ALL-bits + spapshot + diagnostics

Rysunek 1: A1 CONTEXT — device, ISR, pipeline, heartbeat and supervision. — czesé¢ 1/1

(rl cl).
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A2 — Typed objects and static ownership

AZ STRUCTURE — typed objects and static ownership

@ FclSsample

sequence :uint3Z_t
value juint32_t

bounded algorithm

@ Fc15Result

sequence finput
sUmM_squares
checksum

publish

@ Static application storage

5 TCBs + stacks[256]

2 queue buffers

avent + mutex + timer controls
Idle + timer service TCB/stacks

owns all objects

Y

@ IntegrationExperiment

5 task handles

2 queues + event + mutex + timer
7 stack pointers + 6 HWM

4 ticks + heap metrics

counters fflags / PASS /digest

1

@ Fci5PublishedState

revision
heartbeat

result: Fc15Result

cze$é¢ 1/1 - rlcl

Rysunek 2: A2 STRUCTURE — typed messages, kernel objects and static storage. — czes¢

1/1 (11 cl).
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A3 — Two asynchronous bindings czes¢ 1/1 - rlcl

A3 DISPATCH — reeg agymchronous bindings

device external 1SR acguisition timer ssryics SUpEryisar

IRQS ¢ machine sxternal int=rrupt
ciear source
notify Fromisk + yield

read paylosd in Lask context

indeperdant trme path

one-shol expiry at tick 5
heartheat callpack under dasmon stack

set HEARTBEAT bit
pipeling aveniually sats RESULT bit

wail ALL then snapshot

device external 158 acuisition timer service supervisar

Rysunek 3: A3 DISPATCH — external IRQ to acquisition and timer expiry to daemon. —
czesé 1/1 (rl cl).
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A4 — Task and primitive topology czes¢ 1/1 - rlcl

A4 APPLICATION — tasks, priorbes and bransports

stirmulus M
inpEcr ane Fpul

Puir e gvenit

4

1R/ motification

wake only

L)

arguksbon P
read nput; send Sampls

Sarple qusise
L J
processor FS
sum squares; send Result

Resul queise

L)

publisher P4
ke write; RESULT bit

& \
shared Slate via mutex |
\

timer daemaon F2
mutex heartbeat; HEARTBEAT bit |

LY )
\ J
\ !
i /
\ r
b | ¥
superyisor F2

wiait ALL; mubex snapshot

Rysunek 4: A4 APPLICATION — priorities, transports and one rendezvous. — czesé 1/1 (rl

cl).
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LT LT
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e
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Rysunek 5: A5 FLOW — E01-E14 from static configuration to PASS. — czeé¢ 1/1 (rl cl).
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Rysunek 6: A6 STATE — device, queues, shared state and ALL-bit rendezvous. — czesé 1/1

(rl cl).
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A7 — Deadline, memory and context proof czes¢ 1/1 - rl cl

AT RUNMTIME — terminal proof chain

M Real external trap
meause (A000000b; source 0

L)

02 Immediate priarity chain
EOYF -= EQ -= E09 -= E10 -= E11

03 Deadline
heartheat tick % terminal == tick 8

L J

04 SLatic memary
heap before = after = terminal

L)

DE Exact C artifact
required symbols + source/ELF image hashes

e

07 Deterministic terminal
14 events; BIRIE7299 x3

05 Stack diagrostics
B task HWR = 0: 1SR stack distinct

Rysunek 7: A7 RUNTIME — cause, timing, heap, stacks and artifact identity. — cze$¢ 1/1
(rl cl).
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A8 — Smallest justified mechanism czed¢ 1/1 - rlcl

AE PATTERNS — smallest mechanism for each problem

01 @ne [5R <= one task
NO FAYLOAD
Task notification

acquisition starts data path

L 4

02 Typed ownership transfar
PAYLOAD BY VALUE

Queue
processed result is published
Y
03 Multiswriter consistent snapshot 05 Waork triggered by time
EXCLUSIVE ACCESS DAEBAOIN CONTEXT
Mutex Software timer

|I ,.f"l

| F,
!
stable state before ready bit f"inrlr:rlrnr]rrﬂ heartbeat bit
ry

A

K
04 Join independent canditions
FAN-IN f ALL
Event group

both conditions satisfied

L)

DE Cross-cutting acceprance
DEADLINE / MEMORY / STACK
Diagnostics

Rysunek 8: A8 PATTERNS — choose by payload, fan-in, ownership and time. — cze$¢ 1/1
(rl cl).
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1 Task01l — integrated deterministic application

TASK TASKO1 - Prove one complete FreeRTOS C architecture
fe92efeb-3c38-5975-86d8-ed630elad3bb

BLOCK A - architektura
Przypisz kazdemu prymitywowi doktadnie jedna role.

STEP owners - Zapisz tabele wtasnosci.
Payload, wake, shared snapshot, fan-in i time trigger nie sg tym samym.

STEP predict - Przewidz EQ7-E12.
Uzyj priorytetéw 6, 5, 4, 3, 21 1 do wyznaczenia kolejnosci.

BLOCK B - replay
Zbierz jeden spojny dowdd od sprzetu do diagnostyki.

STEP startup - Sprawdz EO1-E06.
Statyczna pamieé, taski zablokowane i input gotowy.

STEP pipeline - Sprawdz EO7-E11.
IRQ, notification, dwie kolejki, wynik i natychmiastowy chain.

STEP health - Sprawdz E12-Ei14.
Timer daemon, mutex, ALL-mask, deadline, HWM, heap i digest.

BLOCK Cwiczenie - Cwiczenie - zmiana polityki

Zmien wejscie z 7 na 9 bez zmiany topologii. Wyznacz nowa sume kwadratow i checksum,
zachowaj heartbeat oraz wszystkie kontrakty pamieci i kolejnosci.

Evidence: Nowy typed payload, przewidywany Result, E06/E09/E10/E14 oraz niezmie-
nione heap, HWM i deadline gates.

Acceptance: Zmienia si¢ wytacznie polityka danych; architektura, wtasnosé, liczba zdarzen
i bramki bezpieczenstwa pozostaja spdjne.

Task acceptance: PASS; real MEI; pipeline before stimulus resume; sum 140; result and
heartbeat ALL-mask; completion by tick 8; zero application heap delta; positive stack HWM;
deterministic digest.

[WNTOSEK

Poprawna architektura RTOS nie maksymalizuje liczby prymitywéw. Kazdy obiekt ma
rozwiazywac inng granice wtasnosci lub synchronizacji, a caty wybér musi byé¢ widoczny w
jednym mierzalnym sladzie.
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