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Cel karty

Uczen buduje ograniczong Sciezke UART RX: ISR przenosi bajty do ringa i budzi zadanie, a
zadanie sktada ramki i jako jedyne posiada TX.

Zakres karty

Dwa prawdziwe external IRQ pokazuja poprawna ramke OK oraz przepetnienie: ring o oSmiu

slotach udostepnia siedem, ISR odrzuca trzy najnowsze bajty, a zadanie kasuje niepelng ramke.

Lekcja Task Najwazniejsza Priorytet
idea

’ FC13 ‘ TaskO1 bounded RX ISR, SPSC ring, task notification and frame ownership | gtéwny
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cze$é¢ 1/1 - rlcl

A1 — Peripheral-to-task boundary
A1 CONTEXT — bounded UART responsibility

01 UART register bank
R¥ status + bytes + [RQ enable

[ROS

L)

02 External 1RQ) + part
full context save on xISRStack

machine external intermupt

b J

03 application 158
read == 10; dear; notify; yield

T

Y
\

s
/' boytes, then head |
Iy

!
= I
R o notification
[5R ownis head; task owns tail | Hieation
B, /
!

'\ drain bytes |
z

N ¥

05 Receiver task
frame parser + overflow policy

explicht cwner

hd

06 Task-onky TX
ACK after a valid frame

Rysunek 1: A1 CONTEXT — peripheral, ISR, ring, notification and receiver. — czes$é 1/1 (rl

cl).
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A2 — Register, ring and task state czes¢ 1/1 - rl cl

AZ STRUCTURE — bounded UART storage

@ Fel3lartRegisters @ Fe13Ring

volatile status f control bytes[8]

r¥_cata[12] head : [SR-owned

rE_count Jf re_index tail : task-owned

tx_data[8] / tx_count dropped : drop-newest count
1

1

@ UartExperiment

receiver / stimulus / verifier
frame[8] / frame_length
good_frames / overflow_frames
processed[2] f wake_requested[2]
SP values / pass / digest

11

@ Fc13Evidence

sequence / event / tick
actor / value / committed

Rysunek 2: A2 STRUCTURE — register bank, seven usable ring slots and frame state. —
czesé 1/1 (rl cl).
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A3 — ISR-to-notification binding cze$é¢ 1/1 - rlcl
A3 DISPATCH — one bounded interrupt handoff
LIART + IROS FreeRTOS port application ISR receiver task

I
I I
external IRQ _ i
%—I I
I
I

: save task context; use xISR5tack
L
'« |

application handler

I
I
|
|
E
I

read at most 10 bytes

publish bytes before head

w

clear source

I
I
I
[}
I
I
I
o [}
o |
- |
< wTaskMotifyGive FromIsh .
I
- portYIELD_FROM_ISR{truea) !
I |
| restore higher-priority task l "
I T -
I I , )
| | drain ring; parse frame
I I B
I I
| | |
UART + IRQ5S FreeRTOS port application 1SR receiver task

Rysunek 3: A3 DISPATCH — MEI, bounded drain, notify and immediate task restore. —
czesé 1/1 (rl cl).
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A5 — Two-frame replay czes¢ 1/1 - rl cl

A5 FLOW — valid frame, overflow, PASS

stimulus LIART ISR ring receiver evidence

T
|
| 02 ready; wait

I I I I
I I I I
I I I I
I I I i >
' 03inject OK 4 newline ! ! !
1 1 1 1 }’EI
I I I I
I TR I I I I
N I I I
I I I I I
| ;04 MET + ISR 5P | | |
I I I I 7
I I . I I I
3 d;0d ed
| , 3queue ropp > | |
I I I I I
I I 05 notify + yield I I I
I I I I e
! ! ! drain 3 ! !
I I I >»! I
I I I I
! ! ! I 06 valid frame; ACK !
| I | [ |
I I I I I
| 07 inject 10 Xbytes | | I
i i i i >,
I I I I I
IL..I I I I
I I I I I
I I 7 queued; 3 drop-newest . I I
| i ol | |
I I I I I
| i 08 notify + yield | | |
I I I I 7
I I I : I I
I I LEHEELI_;,| I
I I I I I
I I I 1 09 discard partial frame _ 1
I I I i |
: 10 receiver ﬁil" ished first : : !
}I
I I I I I
! ! ! ! I 11 PASS; digest BOB9CFT
I I I I
I I I I
I I I I I
stimulus LIART ISR ring receiver evidence

Rysunek 4: A5 FLOW — E01-E11 from configuration to verified PASS. — czesé¢ 1/1 (r1 cl).
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A6 — Ring and receiver states cze$é¢ 1/1 - rlcl

i STATE — ming occupancy and receiver

EMPTY_BLOCKED
T
T

—T .

.»"'-.. | \

-~
-
" IRGZ arcepts seven [IRQ writes OK = newling
o N,
" |
..x-’ v
F g . '\'\
__| Eight physical slats, i3 AL 3 Y
] seven usable shats. 'lI
L. N b T —— |
[
next three are rejected ratify + yield Il.'-l.'K: wait again
|
L4 L4 /
P — \ p—— /
THREE_DROPPED MOTIFIED_1 )
\___ /
!
||II
neaify + yield \ recesver drains all three |
N /
A
y ¢
v N
ROTIHED 2 WALIDATE D
S e,

[rain; ohserve drop counter

Rysunek 5: A6 STATE — empty, filling, notified, draining and overflow recovery. — czesé 1/1

(rl cl).
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A7 — Runtime and artifact proof

AT RUNTIME — exact proof chain

01 Real trap
mcause = DxE000000E0

) J

02 Three contexts
ISR 5P != receiver SF |= stimulus 5P

Y

03 Bounded indices
head, tail = B ring empty at berminal

h

04 Qwverflow evidence
processad 10; queued 7, dropped 3

05 C ABI identity
ISR + notification + task symbols

06 Deterministic replay
11 events; digest GBI x3

czedé¢ 1/1 - rlcl

Rysunek 6: A7 RUNTIME — cause, stacks, indices, symbols and deterministic identity. —

czesé 1/1 (rl cl).
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1 Task01l — UART ISR to frame task

TASK TASKO1 - Build and prove a bounded UART RX pipeline
6a838fd1-ablb-52b6-baaf-659120a4d60a

BLOCK A - kontrakt
Rozdziel wtascicieli rejestrow, indeksow, parsera i TX.

STEP owners - Zapisz tabele wtasnosci.
ISR zapisuje head; zadanie zapisuje tail i stan ramki.

STEP predict - PrzewidZz dwa przebiegi.
Wyznacz zajetos¢ ringa dla trzech i dziesieciu bajtéow.

BLOCK B - replay
Powiaz kazdy RUN z jednym zatwierdzonym eventem.

STEP valid - Sprawdz E03-EO06.
Trzy bajty, wake request, ACK i natychmiastowy receiver.

STEP overflow - Sprawdz EO7-E10.
Siedem zaakceptowanych, trzy odrzucone i reset ramki.

STEP identity - Sprawdz E11.
ABI, trzy stosy, kolejnosé i digest.

BLOCK Cwiczenie - Cwiczenie - polityka przepeinienia
Zmien wytacznie polityke z drop-newest na drop-oldest. Zapisz nowy kontrakt indeksow i

przewidz, ktore siedem z dziesieciu bajtow odczyta zadanie.
Evidence: Tabela bajtow wejsciowych, head/tail przed i po IRQ, drop counter oraz §lad

zadania.
Acceptance: Uczen zachowuje bounded ISR, nie publikuje indeksu przed bajtem i potrafi

wskazaé utracone dane.

Task acceptance: PASS; two real IRQs; ISR budget <= 10; valid ACK; seven accepted
and three dropped on overflow; no index or TX ownership violation; deterministic digest.

[WNTOSEK
Notyfikacja przenosi informacje o pracy, nie bajty. Dane maja osobny ograniczony ring;

kolejnos$¢ publikacji, budzet ISR i jawna polityka przepelnienia sa cze$cia kontraktu.
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