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1 Cel

Ta karta zaczyna serie FreeRTOS od heap_4, poniewaz ten plik jest naturalnym pomostem
po kartach z jezyka C. Wymaga wskaznikow, tablic, struktur, listy jednokierunkowej, static,
typedef, makr oraz arytmetyki adresow, ale nie wymaga jeszcze schedulera, przerwan ani
uruchamiania taskow.

Przyktady sa malym modelem edukacyjnym mechaniki heap_4.c. Nie sa kopia pliku
upstream FreeRTOS. Na RV32I wyniki sg zapisywane w globalnych zmiennych volatile;
printf jest dostepny wylacznie w wariancie hostowym przez flage -DHOST_PRINTF=1.

W tej karcie stowo ,sterta” oznacza obszar pamieci, ktorym zarzadza alokator. W heap_4 taki
obszar jest zwykle statyczng tablica bajtow, wiec linker moze umiesci¢ go w sekcji .bss. Sama
sekcja .bss nie jest jednak alokacja dynamiczna: dopiero kod pvPortMalloc/vPortFree albo
model z tej karty dzieli bajty tego bufora na bloki, prowadzi liste wolnych blokéw i wykonuje
scalanie. W Task 03 wida¢ ten moment przejscia od zwyktego statycznego bufora do sterty
zarzadzanej przez algorytm.

Listingi C i ASM maja numerowane linie. Opisy w sekcjach taskéw odnosza sie do numerow
widocznych po lewej stronie listingéw C.

#ifndef HEAP4_COMMON_H
#define HEAP4_COMMON_H

#include <stddef.h>
#include <stdint.h>
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#ifdef HOST_PRINTF

#include <stdio.h>

#define TRACE_PRINTF(...) printf(__VA_ARGS__)
#else

#define TRACE_PRINTF(...) ((void)O0)

#endif

#define HEAP4_ARRAY_LEN(a) ((int) (sizeof(a) / sizeof((a)[0])))

#define HEAP4_ALIGNMENT ((size_t)8)

#define HEAP4_ALIGNMENT_MASK (HEAP4_ALIGNMENT - 1U)

#define HEAP4_ALLOCATED_BIT ((size_t)1U << (sizeof(size_t) * 8U - 1U))

typedef struct HeapBlock {
struct HeapBlock *next;
size_t size;

} HeapBlock;

static inline size_t heap4_align_up(size_t value)

{
if ((value & HEAP4_ALIGNMENT_MASK) !'= 0U)
value += HEAP4_ALIGNMENT - (value & HEAP4_ALIGNMENT_MASK) ;
return value;
}

static inline uintptr_t heap4_align_address(uintptr_t address)

{

uintptr_t mask;

mask = (uintptr_t)HEAP4_ALIGNMENT_MASK;
if ((address & mask) != 0U)

address += (uintptr_t)HEAP4_ALIGNMENT - (address & mask);
return address;

static inline size_t heap4_clear_allocated(size_t size)

{
return size & “HEAP4_ALLOCATED_BIT;

static inline size_t heap4_mark_allocated(size_t size)

{
return size | HEAP4_ALLOCATED_BIT;

}
static inline int heap4_is_allocated(size_t size)
{
return (size & HEAP4_ALLOCATED_BIT) != QU;
}

static inline int heap4_blocks_touch(HeapBlock *left, HeapBlock *right)
{

return (uint8_t *)left + heap4_clear_allocated(left->size) == (uint8_t *)right;
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#endif

Listing 1: Wspolny naglowek dla karty heap_4

1.1 static inline w nagléwku

Helpery z Listingu 1 sa zapisane jako static inline, bo kazdy task jest osobnym progra-
mem i dotgcza ten sam nagtéwek. static daje prywatng kopie funkcji w kazdym pliku .c, a
inline pozwala kompilatorowi wstawi¢ krotkie obliczenia, takie jak wyrownanie rozmiaru lub
sprawdzenie bitu alokacji, bez kosztu zwyktego wywotania funkcji.

2 Mapa karty

Task Temat

Mapa pojeé: obszar sterty, nagtowek bloku i bit alokacji.

Lista wolnych blokéw jako lista jednokierunkowa.

Inicjalizacja sterty, pierwszy wolny blok i wartownik konca listy.
Wyréwnanie rozmiaréow zadan i adresu poczatku sterty.

Pierwszy pasujacy blok, czyli zasada first fit.

Podziat duzego bloku na czesé przydzielong i pozostaty blok wolny.
Zwracanie bloku i wstawianie go do listy wedlug adresu.

Scalanie sasiednich wolnych blokow.

Makra konfiguracyjne oraz hostowy TRACE_PRINTF.
Mini-demonstracja sekwencji malloc/free.

O 0| || T x| W[ DO —

—_
)

3 Task 01: mapa heap_4

Algorytm i zakresy linii
e Linie 3-7 definiuja zmienne volatile, czyli obserwowalne wyniki taska.
e Linie 11-16 tworza pojedynczy blok i zapisuja w jego polu size rozmiar z bitem alokacji.

e Linie 18-22 rozbijaja nagléwek bloku na warto$ci pomocnicze: rozmiar nagtéwka, rozmiar
wyrownany, bit zajetosci, rozmiar catego bloku i czes¢ uzytkownika.

e Linie 24-27 wypisuja te same wartosci tylko w wariancie hostowym; na RV32I makro
TRACE_PRINTF znika.

e Wynik sprawdzaj w g_header_size, g_allocated_bit_set, g_total_block_bytes i
g_user_bytes.

#include "heap4_common.h"

volatile size_t g_header_size;
volatile size_t g_aligned_header_size;
volatile size_t g_allocated_bit_set;
volatile size_t g_user_bytes;
volatile size_t g_total_block_bytes;
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int

{

Co

main(void)

HeapBlock block;
size_t requested;

requested = 13U;
block.next = 0;
block.size = heap4_mark_allocated(heap4_align_up(requested + sizeof (HeapBlock)));

g_header_size = sizeof (HeapBlock);

g_aligned_header_size = heap4_align up(sizeof (HeapBlock));
g_allocated_bit_set = heap4_is_allocated(block.size);
g_total_block_bytes = heap4_clear_allocated(block.size);
g_user_bytes = g_total_block_bytes - sizeof (HeapBlock) ;

TRACE_PRINTF ("header=Yu aligned=ju allocated=)u total=ju user=ju\n",
(unsigned)g_header_size, (unsigned)g_aligned_header_size,
(unsigned)g_allocated_bit_set, (unsigned)g_total_block_bytes,
(unsigned)g_user_bytes);

return O;

Listing 2: Task 01: mapa heap_4

sprawdzi¢ w ASM

W ASM szukaj operacji ustawiania najwyzszego bitu rozmiaru oraz zapiséw do symboli global-
nych g_*. Dostep do pd6l block.next i block.size powinien by¢ zwyklym zapisem pod adres
bazowy stosu z przesunieciem.

main:

.file "taskO1_heap_map.c"

.option nopic

.attribute arch, "rv32i2pl_zicsr2p0_zifencei2p0"
.attribute unaligned_access, 0

.attribute stack_align, 16

.text

.align 2

.globl main

.type main, @function

1i ab,8

swW ab,g_header_size,a4

swW ab,g_aligned_header_size,a4
1i ab,1

sw ab,g_allocated_bit_set,ad
1la ab,g_total_block_bytes

1i ad,24

sw a4,0(ab)

1w a5,0(ab)

addi ab,ab,-8

sw ab,g_user_bytes,a4

1i a0,0

ret

.size main, .-main

.globl g_total_block_bytes

.globl g_user_bytes

.globl g_allocated_bit_set

.globl g_aligned_header_size

.globl g_header_size

.section .sbss,"aw",@nobits
.align 2

.type g_total_block_bytes, Qobject
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.size g_total_block_bytes, 4
g_total_block_bytes:

.zero 4

.type g_user_bytes, Qobject

.size g_user_bytes, 4
g_user_bytes:

.zero 4

.type g_allocated_bit_set, Qobject

.size g_allocated_bit_set, 4
g_allocated_bit_set:

.zero 4

.type g_aligned_header_size, Qobject

.size g_aligned_header_size, 4
g_aligned_header_size:

.zero 4

.type g_header_size, Qobject

.size g_header_size, 4
g_header_size:

.Zero 4
.ident "GCC: (15.2.0-23) 15.2.0"
.section .note.GNU-stack,"",@progbits

Listing 3: ASM dla task 01

4 Task 02: lista wolnych blokéw

Algorytm i zakresy linii

e Linie 7-16 implementuja sumowanie rozmiaréw blokéw na liscie.

Linie 18-28 przechodza po tej samej liscie i zapamietuja najwiekszy blok.

Linie 30-39 licza liczbe wezlow listy.

Linie 43-55 buduja recznie liste start -> a -> b -> ¢ -> NULL.

Linie 57-59 uruchamiaja trzy funkcje pomiarowe i zapisuja wyniki w volatile.

#include "heap4_common.h"

volatile size_t g_free_total;
volatile size_t g_largest_free;
volatile int g_node_count;

static size_t list_total(HeapBlock *start)

{
HeapBlock *block;
size_t total;

total = OU;

for (block = start->next; block != 0; block = block->next)
total += block->size;

return total;

static size_t list_largest(HeapBlock *start)

{
HeapBlock *block;
size_t largest;
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largest = 0U;

for (block = start->next; block != 0; block = block->next)

if (block->size > largest)
largest = block->size;
return largest;

static int list_count(HeapBlock *start)

{

HeapBlock *block;
int count;

count = 0;

for (block = start->next; block != 0; block = block->next)

count++;
return count;

int main(void)

{

HeapBlock start;
HeapBlock a;
HeapBlock b;
HeapBlock c;

start.next = &a;

start.size = 0U;
a.next = &b;
a.size = 32U;
b.next = &c;
b.size = 80U;
c.next = 0;
c.size = 24U;

g_free_total = list_total(&start);
g_largest_free = list_largest(&start);
g_node_count = list_count(&start);

TRACE_PRINTF ("free=Yu largest=u count=%d\n",

(unsigned)g_free_total, (unsigned)g_largest_free, g_node_count);

return O;

Listing 4: Task 02: lista wolnych blokow

Co sprawdzi¢ w ASM

W ASM zwr6é uwage na petle po wskazniku block = block->next. To jest podstawowy idiom
przechodzenia po liscie jednokierunkowej, widoczny jako tadowanie pola next i skok warunkowy.

.file "task02_free_list.c"

.option nopic

.attribute arch, "rv32i2pl_zicsr2pO_zifencei2pO"
.attribute unaligned_access, 0
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.attribute stack_align, 16

.text
.align 2
.globl main
.type main, @function
main:
addi sp,sp,-32
addi ab,sp,16
sW ab,24(sp)
1i ab,32
sw ab5,28(sp)
addi ab,sp,8
sw a5,16(sp)
1i ab,80
sw ab5,20(sp)
sw zero,8(sp)
1i ab,24
sW ab,12(sp)
1i a4,0
add ab,sp,ab
olL28
1w a3,4(ab)
add a4d,a4d,a3
1w ab,0(ab)
bne ab,zero, .L2
sw a4,g_free_total,ab
1i a3,0
addi ab,sp,24
j L4
.L3%
1w ab,0(ab)
beq ab,zero, .L10
L4:
1w a4,4(ab)
bgeu a3,a4,.L3
mv a3,ad
j .L3
.L10:
sSwW a3,g_largest_free,ab
addi ab,sp,24
1i a4,0
BIEE
addi ad,a4d,1
1w a5,0(ab)
bne ab,zero, .L5
swW a4,g_node_count,ab
1i a0,0
addi sp,sp,32
jr ra
.size main, .-main
.globl g_node_count
.globl g_largest_free
.globl g_free_total
.section .sbss,"aw",@nobits
.align 2
.type g_node_count, Qobject
.size g_node_count, 4
g_node_count:
.Zero 4
.type g_largest_free, Qobject
.size g_largest_free, 4
g_largest_free:
.zero 4
.type g_free_total, Qobject
.size g_free_total, 4
g_free_total:
.Zero 4
.ident "GCC: (15.2.0-23) 15.2.0"
.section .note.GNU-stack,"",@progbits

Listing 5: ASM dla task 02

commit 62fb0f88499f

7/35

uuid 4654524c-73f2-46df-83a3-d448babd6cHa



7

8

9

10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

FreeRTOS: heap 4

M. Pabiszczak, 2026

5 Task 03: inicjalizacja sterty

Algorytm i zakresy linii

e Linie 37 definiuja bufor sterty, wezel startowy listy i wskaznik koncowego wartownika.

Linie 20-23 wyréwnuja poczatek sterty i obcinaja dostepna diugosé do wielokrotnosci wy-

rownania.

Linie 25-28 ustawiaja adres i pola koncowego wartownika.

Linie 30-34 tworza pierwszy wolny blok i podpinaja go za start.

Linie 39-43 wykonuja inicjalizacje i zapisuja trzy wartosci kontrolne.

#include "heap4_common.h"

#define HEAP_BYTES 160U

static uint8_t heap_area[HEAP_BYTES + HEAP4_ ALIGNMENT];

static HeapBlock start;
static HeapBlock *end_marker;

volatile size_t g_initial_free_size;
volatile uintptr_t g_aligned_offset;
volatile int g_end_is_last;

static void heap_init(void)

{

uintptr_t raw;
uintptr_t aligned;
size_t available;
HeapBlock *first;

raw = (uintptr_t)&heap_areal0];

aligned = heap4_align_address(raw) ;

available = HEAP_BYTES - (size_t) (aligned - raw);
available &= "HEAP4_ALIGNMENT_MASK;

first = (HeapBlock *)aligned;

end_marker = (HeapBlock #*)(aligned + available - sizeof (HeapBlock));

end_marker->next = 0;
end_marker->size = 0U;

first->next = end_marker;

first->size

start.next first;

0oU;

start.size

int main(void)

{

heap_init();

commit 62fb0f88499f 8/35
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g_aligned_offset = (uintptr_t)start.next - (uintptr_t)&heap_areal0];
g_initial_free_size = start.next->size;
g_end_is_last = (start.next->next == end_marker) && (end_marker->next == 0);

TRACE_PRINTF ("offset=Y,u free=Yu end_last=%d\n",

(unsigned)g_aligned_offset, (unsigned)g_initial_free_size,
g_end_is_last);

return O;

Listing 6: Task 03: inicjalizacja sterty

Co sprawdzi¢ w ASM

W ASM szukaj maskowania dolnych bitow adresu i rozmiaru. Warto tez poréwnaé zapisy do
first->next, first->size, start.next i start.size; kazdy z nich jest dostepem do pola

struktury.

.file

"task03_heap_init.c"

.option nopic

.attribute arch, "rv32i2pl_zicsr2p0_zifencei2p0"
.attribute unaligned_access, 0O

.attribute stack_align, 16

.text
.align
.globl
.type
main:

1la
andi

mv

beq
andi
addi

.L2:

1la
sub
addi
andi
add

sw

sW

sw

sW

sub

sW
1la

sW

sW

sub

sW

sw

1w
seqz
sW

1i

ret
.size
.globl
.globl
.globl
.bss
.align
.set
.type
.size

heap_area:

.Zero

2
main
main, @function

a2, .LANCHORO
a4,a2,7
ab,a2
a4,zero,.L2
ab,a2,-8
ab,ab,8

a3, .LANCHORO+160
a3,a3,ab

a4,ab,-8

a3,a3,-8

ad,ad,a3
a4,end_marker,a3
zero,0(ad)
zero,4(ad)

a4,0(ab)

a3,a4,ab

a3,4(ab)

al,start

a5,0(al)

zero,4(al)

ab,ab,a2
ab,g_aligned_offset,a2
a3,g_initial_free_size,ab
a5,0(a4d)

ab,ab
ab,g_end_is_last,a4
a0,0

main, .-main
g_end_is_last
g_aligned_offset
g_initial_free_size

2

.LANCHORO, . + O
heap_area, @object
heap_area, 168

168
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.section .sbss,"aw",@nobits

.align 2

.type g_end_is_last, Qobject

.size g_end_is_last, 4
g_end_is_last:

.zero 4

.type g_aligned_offset, @object

.size g_aligned_offset, 4
g_aligned_offset:

.zero 4

.type g_initial_free_size, Q@object

.size g_initial_free_size, 4
g_initial_free_size:

.zero 4

.type end_marker, Qobject

.size end_marker, 4
end_marker:

.zero 4

.type start, Qobject

.size start, 8

start:
.zero 8
.ident "GCC: (15.2.0-23) 15.2.0"
.section .note.GNU-stack,"",@progbits

Listing 7: ASM dla task 03

6 Task 04: wyréwnanie

Algorytm i zakresy linii

e Linie 3-6 definiuja wyniki pokazujace wpltyw wyrdéwnania.

e Linie 14-16 licza rzeczywiste rozmiary blokéw dla zadan 1, 9 i 17 bajtéw, po dodaniu

nagtowka.

e Linie 18-20 biorg celowo nie-wyréwnany adres &bytes[1] i wyliczaja przesuniecie do kolej-

nej granicy wyréwnania.

e Linie 22-24 sa hostowym wypisem kontrolnym.

#include "heap4_common.h"

volatile size_t g_request_1;
volatile size_t g_request_9;
volatile size_t g_request_17;
volatile uintptr_t g_address_delta;

int main(void)

{
uint8_t bytes[32];
uintptr_t raw;
uintptr_t aligned;

g_request_1 = heap4_align_up(1U + sizeof (HeapBlock))
g_request_9 = heap4_align_up(9U + sizeof (HeapBlock))

3

b

g_request_17 = heap4_align_up(17U + sizeof (HeapBlock));

raw = (uintptr_t)&bytes[1];
aligned = heap4_align_address(raw);

commit 62fb0f88499f 10/35
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g_addres

TRACE_PRINTF ("ri1=%u r9=%u ri17=%u delta=%u\n",

s_delta = aligned - raw;

(unsigned)g_request_1, (unsigned)g_request_9,
(unsigned)g_request_17, (unsigned)g_address_delta);

return O;

Listing 8: Task 04: wyroéwnanie

Co sprawdzi¢ w ASM

W ASM znajdz operacje and uzywane do testowania dolnych bitéw oraz dodawanie brakujace;
liczby bajtow do wyréwnania. To jest ten sam mechanizm, ktorego uzywa alokator dla rozmiaru
bloku i poczatku sterty.

.file
.option

"task04_alignment.c"
nopic

.attribute arch, "rv32i2pl_zicsr2pO_zifencei2pO"
.attribute unaligned_access, 0
.attribute stack_align, 16

.text

.align 2

.globl main

.type main, @function
main:

addi sp,sp,-32

1i ab,16

sw ab,g_request_1,a4

1i ab,24

sw ab,g_request_9,a4

1i ab,32

sw ab,g_request_17,a4

1i ab,7

sw ab,g_address_delta,ad

1i a0,0

addi sp,sp,32

jr ra

.size main, .-main

.globl g_address_delta

.globl g_request_17

.globl g_request_9

.globl g_request_1

.section .sbss,"aw" ,@nobits

.align 2

.type g_address_delta, Qobject

.size g_address_delta, 4
g_address_delta:

.zero 4

.type g_request_17, Qobject

.size g_request_17, 4
g_request_17:

.zero 4

.type g_request_9, Qobject

.size g_request_9, 4
g_request_9:

.zero 4

.type g_request_1, Qobject

.size g_request_1, 4
g_request_1:

.zero 4

.ident "GCC: (15.2.0-23) 15.2.0"

.section .note.GNU-stack,"",@progbits

commit 62fb0f88499f

Listing 9: ASM dla task 04
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7 Task 05: first fit

Algorytm i zakresy linii
e Linie 13-30 inicjalizuja sterte z jednym wolnym blokiem oraz wartownikiem koica.

e Linie 38-40 zamieniaja zadanie uzytkownika na catkowity rozmiar bloku i ustawiaja pocza-
tek przeszukiwania listy.

e Linie 42-51 realizuja algorytm first fit: ida po lidcie do pierwszego bloku o wystarcza-
jacym rozmiarze.

e Linie 44-47 zdejmuja znaleziony blok z listy wolnych, oznaczaja go jako zajety i zwracaja
adres danych uzytkownika.

e Linie 61-67 wykonuja alokacje i zapisuja, czy sie udala, jaki rozmiar dostat blok i ile wolnego
miejsca zostalo na liscie.

#include "heap4_common.h"
#define HEAP_BYTES 128U

static uint8_t heap_area[HEAP_BYTES + HEAP4_ALIGNMENT];
static HeapBlock start;
static HeapBlock *end_marker;

volatile size_t g_allocated_size;
volatile size_t g_remaining_ free;
volatile int g_allocation_ok;

static void heap_init_one_block(void)
{

uintptr_t raw;

uintptr_t aligned;

HeapBlock *first;

raw = (uintptr_t)&heap_areal0];

aligned = heap4_align_address(raw) ;

first = (HeapBlock *)aligned;

end_marker = (HeapBlock *)(aligned + 120U);

end_marker->next = 0;

end_marker->size = 0U;

first->next = end_marker;

first->size (uint8_t *)end_marker - (uint8_t *)first;
start.next first;

start.size = 0U;

static void *heap_malloc_whole_block(size_t wanted)
{

HeapBlock *previous;
HeapBlock *block;
size_t total;

commit 62fb0f88499f 12/35 uuid 4654524c-73f2-46df-83a3-d448babd6cHa



37

38

39

40

41

42

43

44

60

61

62

63

64

66

67

68

69

70

71

72

73

© 0 N O U W N

10

-
-

12

FreeRTOS: heap 4 M. Pabiszczak, 2026

total = heap4_align_up(wanted + sizeof (HeapBlock));
previous = &start;
block = start.next;

while (block !'= end_marker) {

if (block->size >= total) {
previous->next = block->next;
block->next = 0;
block->size = heap4_mark_allocated(block->size);
return (uint8_t *)block + sizeof (HeapBlock);

}

previous = block;

block = block->next;

return O;

int main(void)
{
void *p;
HeapBlock *allocated;

heap_init_one_block();
p = heap_malloc_whole_block(24U);
allocated = (HeapBlock *) ((uint8_t *)p - sizeof (HeapBlock));

g_allocation_ok = p != O;
g_allocated_size = heap4_clear_allocated(allocated->size);
g_remaining_free = start.next->size;

TRACE_PRINTF ("ok=%d allocated=%u remaining=%u\n",
g_allocation_ok, (unsigned)g_allocated_size,
(unsigned)g_remaining_ free);

return O;

Listing 10: Task 05: first fit

Co sprawdzi¢ w ASM

W ASM obserwuj poréwnanie block->size >= total, zmiane previous->next oraz dodanie
sizeof (HeapBlock) do adresu bloku przed zwréceniem wskaznika uzytkownika.

file "taskO5_malloc_first_fit.c"
.option nopic
.attribute arch, "rv32i2pl_zicsr2pO_zifencei2pO"
.attribute unaligned_access, 0O
.attribute stack_align, 16
.text
.align 2
.globl main
.type main, @function
main:
1la a4, .LANCHORO
andi ab,ad,7

commit 62fb0f88499f 13/35 uuid 4654524c-73f2-46df-83a3-d448babd6cHa
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beq ab,zero, .L2
andi a4d,ad,-8
addi a4,a4,8

.L2:
mv ab,ad
addi a3,a4,120
sw a3,end_marker,a2
sw zero,120(a4)
sw zero,4(a3)
sW a3,0(a4d)
1i a2,120
sw a2,4(ad)
1la a2,start
sw a4,0(a2)
sw zero,4(a2)
1i al,31
j .L5
.L6:
mv ab,ad
.L5:
1w a4,4(ab)
bgtu a4,al,.L7
1w a4,0(ab)
mv a2,ab
bne a4,a3, .L6
1i a5,0
j L4
oI/ 8
1w a4,0(ab)
sw a4,0(a2)
sw zero,0(ab)
1w a4,4(ab)
1i a3,-2147483648
or ad,ad,a3
sw a4,4(ab)
addi ab,ab,8
L4:
snez a4,ab
sSwW a4,g_allocation_ok,a3
1w ab,-4(ab)
s1li ab,ab,1
srli ab,ab,1
swW ab,g_allocated_size,a4d
1w ab,start
1w a5,4(ab)
swW ab,g_remaining_free,ad
1i a0,0
ret
.size main, .-main
.globl g_allocation_ok
.globl g_remaining free
.globl g_allocated_size
.bss
.align 2
.set .LANCHORO,. + O
.type heap_area, Qobject
.size heap_area, 136
heap_area:
.Zero 136
.section .sbss,"aw",@nobits
.align 2

.type g_allocation_ok, Q@object

.size g_allocation_ok, 4
g_allocation_ok:

.zero 4

.type g_remaining free, Qobject

.size g_remaining free, 4
g_remaining_free:

.zero 4

.type g_allocated_size, Qobject

.size g_allocated_size, 4
g_allocated_size:

.zero 4

.type end_marker, Qobject

.size end_marker, 4
end_marker:

commit 62fb0f88499f 14/35
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.zero 4

.type start, Qobject

.size start, 8
start:

.Zero 8
.ident "GCC: (15.2.0-23) 15.2.0"
.section .note.GNU-stack,"",@progbits

Listing 11: ASM dla task 05

8 Task 06: podzial bloku

Algorytm i zakresy linii
e Linie 3-12 definiuja rozmiar sterty, minimalny sensowny rozmiar reszty i zmienne wynikowe.
e Linie 14-28 tworza jeden duzy wolny blok.
e Linie 38-44 szukaja bloku pasujacego do zadania i zapamietuja jego pierwotny rozmiar.

e Linie 45-50 wykonuja podziat: nowy blok remainder zaczyna si¢ pod adresem block +
total.

e Linie 51-56 obstuguja przypadek bez podziatu, oznaczaja blok jako zajety i zwracaja adres
uzytkownika.

e Linie 6573 licza pozostate wolne bloki, a linie 81-87 zapisuja wynik demonstracji.

#include "heap4_common.h"

#define HEAP_BYTES 192U
#define MIN_SPLIT_SIZE ((size_t) (sizeof (HeapBlock) * 2U))

static uint8_t heap_area[HEAP_BYTES + HEAP4_ALIGNMENT];
static HeapBlock start;
static HeapBlock *end_marker;

volatile size_t g_allocated_size;
volatile size_t g_split_free_size;
volatile int g_free_nodes;

static void heap_init_one_block(void)
{

uintptr_t aligned;

HeapBlock *first;

aligned = heap4_align_address((uintptr_t)&heap_areal0]);
first = (HeapBlock *)aligned;

end_marker = (HeapBlock *)(aligned + 176U);
end_marker->next = 0;

end_marker->size = 0U;

first->next = end_marker;

first->size = (uint8_t *)end_marker - (uint8_t *)first;
start.next = first;

start.size = 0U;

commit 62fb0f88499f 15/35 uuid 4654524c-73f2-46df-83a3-d448babd6cHa
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static void *heap_malloc_split(size_t wanted)
{

HeapBlock *previous;

HeapBlock *block;

HeapBlock *remainder;

size_t total;

size_t original;

total = heap4_align_up(wanted + sizeof (HeapBlock));
previous = &start;
block = start.next;

while (block != end_marker) {
if (block->size >= total) {

original = block->size;

if (original - total > MIN_SPLIT_SIZE) {
remainder = (HeapBlock *) ((uint8_t *)block + total);
remainder->size = original - total;
remainder->next = block->next;
previous->next = remainder;
block->size = total;

} else {
previous->next = block->next;

}

block->next = 0;

block->size heap4_mark_allocated(block->size);

return (uint8_t *)block + sizeof (HeapBlock);

¥

previous = block;
block = block->next;

return O;

static int count_free_nodes(void)

{
HeapBlock *block;
int count;

count = 0;

for (block = start.next; block != end_marker; block = block->next)
count++;

return count;

int main(void)
{
void *p;
HeapBlock *allocated;

commit 62fb0f88499f 16/35 uuid 4654524c-73f2-46df-83a3-d448babd6cHa
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81 heap_init_one_block();

82 p = heap_malloc_split(320);

83 allocated = (HeapBlock *) ((uint8_t *)p - sizeof (HeapBlock));
84

85 g_allocated_size = heap4_clear_allocated(allocated->size);
86 g_split_free_size = start.next->size;

87 g_free_nodes = count_free_nodes();

88

89 TRACE_PRINTF("allocated=%u split=ju nodes=%d\n",

90 (unsigned)g_allocated_size, (unsigned)g_split_free_size,
91 g_free_nodes) ;

92 return O;

93 }

Listing 12: Task 06: podzial bloku

Co sprawdzi¢ w ASM

W ASM szukaj arytmetyki adreséw dla remainder: adres bloku plus total. To najwazniejszy
fragment pokazujacy, ze dzielenie bloku jest tylko przesunieciem wskaznika i zapisaniem nowego
nagtowka.

1 .file "task06_split_block.c"
2 .option nopic

3 .attribute arch, "rv32i2pl_zicsr2p0_zifencei2p0"
4 .attribute unaligned_access, 0O
5 .attribute stack_align, 16
6 .text
7 .align 2

8 .globl main

9 .type main, @function

10 main:

11 1la a4, .LANCHORO

12 andi ab,ad,7

13 beq ab,zero, .L2

14 andi a4,a4,-8

15 addi a4,ad,8

16 .L2:

17 mv ab,ad

18 addi a3,a4,176

19 sw a3,end_marker,a2

20 sw zero,176(a4)

21 sw zero,4(a3)

22 sw a3,0(ad)

23 1i a2,176

24 sw a2,4(ad)

25 1lla a2,start

26 sw a4,0(a2)

27 sw zero,4(a2)

28 1i al,39

29 j L7

30 .L10:

31 mv ab,ad

32 | .L7:

33 1w a4,4(ab)

34 bgtu ad,al,.L13

35 1w a4,0(ab)

36 mv a2,ab

37 bne a4,a3,.L10

38 1i a5,0

39 j .L6

40 .L13:

41 addi a4,a4,-40

42 1i al,16

43 bleu a4,al,.L4

44 sw a4,44(ab)

45 1w a4,0(ab)

commit 62fb0f88499f 17/35 uuid 4654524c-73f2-46df-83a3-d448babd6cHa
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sW ad,40(ab)
addi a4,ab,40
sW ad,0(a2)
1i a4,40
sw a4,4(ab)
.L5:
sw zero,0(a5)
1w a4,4(ab)
1i a2,-2147483648
or a4d,ad,a2
sw a4,4(ab)
addi ab,ab,8
.L6:
1w a5,-4(ab)
slli ab,ab,1
srli ab,ab,1
sw ab,g_allocated_size,ad
1w ab,start
1w ad,4(ab)
sSW a4,g_split_free_size,a2
beq ab,a3,.L11
1i a4,0
.L9:
addi ad,a4,1
1w a5,0(ab)
bne ab,a3,.L9
.L8:
sw a4,g_free_nodes,ab
1i a0,0
ret
L4:
1w ad,0(ab)
sW ad,0(a2)
j .L5
olilil g
1i a4,0
j L8
.size main, .-main
.globl g_free_nodes
.globl g_split_free_size
.globl g_allocated_size
.bss
.align 2
.set .LANCHORO,. + O
.type heap_area, Qobject
.size heap_area, 200
heap_area:
.zero 200
.section .sbss,"aw",@nobits
.align 2
.type g_free_nodes, Qobject
.size g_free_nodes, 4
g_free_nodes:
.zero 4
.type g_split_free_size, Q@object
.size g_split_free_size, 4
g_split_free_size:
.zero 4
.type g_allocated_size, @object
.size g_allocated_size, 4
g_allocated_size:
.Zero 4
.type end_marker, Qobject
.size end_marker, 4
end_marker:
.zero 4
.type start, Qobject
.size start, 8
start:
.zero 8
.ident "GCC: (15.2.0-23) 15.2.0"
.section

.note.GNU-stack,"",@progbits

Listing 13: ASM dla task 06
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9 Task 07: free 1 wstawianie

Algorytm i zakresy linii

e Linie 11-20 wstawiaja blok do listy w miejscu wynikajacym z porzadku adresow.

alokacji i wywoluja wstawianie.

#include "heap4_common.h"

static uint8_t heap_area[192];
static HeapBlock start;
static HeapBlock *end_marker;

volatile int g_order_ok;
volatile int g_free_count;
volatile size_t g_total_free;

static void insert_block(HeapBlock *block)
{

HeapBlock *iterator;

Linie 22-32 modeluja free: z adresu uzytkownika wracaja do nagtowka bloku, czyszcza bit

Linie 34-54 zawieraja funkcje kontrolne liczace wezty oraz taczny rozmiar wolnej pamieci.
Linie 63-76 buduja uktad a, b, c, gdzie b jest zajetym blokiem miedzy dwoma wolnymi.

Linie 78-83 zwalniaja b i sprawdzaja, czy lista ma kolejnos¢ a -> b -> ¢ -> end.

for (iterator = &start; iterator->next < block; iterator = iterator->next)

s

block->next = iterator->next;
iterator->next = block;

}
static void heap_free_model(void *p)
{
HeapBlock *block;
if (p == 0)
return;
block = (HeapBlock *)((uint8_t *)p - sizeof (HeapBlock));
block->size = heap4_clear_allocated(block->size);
insert_block(block);
}
static int count_free(void)
{
HeapBlock *block;
int count;
count = 0;

commit 62fb0f88499f 19/35
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for (block = start.next; block
count++;
return count;

!'= end_marker; block

static size_t total_free(void)

{

int

commit 62fb0f88499f

HeapBlock *block;
size_t total;

total = 0OU;

for (block = start.next; block != end_marker; block
total += block->size;

return total;

main(void)

HeapBlock *a;
HeapBlock *b;
HeapBlock *c;
void *payload;

a = (HeapBlock *)&heap_areal[0];
b = (HeapBlock *)&heap_areal64];
¢ = (HeapBlock *)&heap_area[128];

end_marker =

(HeapBlock *)&heap_areal[176];

start.next = a;

a->next = c;

c->next = end_marker;
end_marker->next = 0;

a->size = 40U;

b->size = heap4_mark_allocated(32U);
c->size = 48U;

end_marker->size = 0U;

payload = (uint8_t *)b + sizeof (HeapBlock) ;
heap_free_model (payload) ;

g_order_ok =
end_marker;

g_free_count =
g_total_free

count_free();
total_free();

TRACE_PRINTF ("order=%d count=%d total=%u\n",

= block->next)

= block->next)

start.next == a && a->next == b && b->next == c && c->next ==

g_order_ok, g_free_count, (unsigned)g_total_free);

return O;

Listing 14: Task 07: free i wstawianie
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Co sprawdzi¢ w ASM

W ASM zwr6é uwage na porownywanie adresow w petli z linii 15. To porzadkowanie po adresie

jest przygotowaniem do scalania blokéw w nastepnym tasku.

.file "task07_free_insert.c"
.option nopic
.attribute arch, "rv32i2pl_zicsr2p0_zifencei2p0"
.attribute unaligned_access, 0
.attribute stack_align, 16
.text
.align 2
.globl main
.type main, @function
main:
1la a5, .LANCHORO
1la a4, .LANCHORO+176
sSwW a4,end_marker,a3
sw ab,start,a3
1la a3, .LANCHORO+128
sw a3,0(ab)
sw a4,128(ab)
sw zero,176(ab)
1i a4,40
sw a4,4(ab)
1i a4,48
sw a4,132(ab)
sW zero,180(a5)
1i a4,32
sw a4,68(ab)
1la ab,start
1la a3, .LANCHORO+64
SIED}:
mv a4,ab
1w a5,0(ab)
bltu ab,a3,.L2
1la a3, .LANCHORO
sw ab,64(a3)
1la ab, . LANCHORO+64
sw a5,0(a4d)
1w ab,start
beq ab,a3,.L16
sw zero,g_order_ok,a4
1la a4, .LANCHORO+176
beq ab,a4,.L5
BIEGJ
mv a4,ab
1i a3,0
1la a2, .LANCHORO+176
.L6:
addi a3,a3,1
1w a4,0(ad)
bne a4,a2,.L6
swW a3,g_free_count,a4
1i a4,0
1la a2, .LANCHORO+176
L7
1w a3,4(ab)
add ad,ad,a3
1w ab,0(ab)
bne ab,a2,.L7
olL{3)8
swW a4,g_total_free,ab
1i a0,0
ret
.L16:
1la a3, .LANCHORO+64
1w a2, .LANCHORO
1i a4,0
beq a2,a3,.L17
L4:
swW a4,g_order_ok,a3
j .L9
LL17:
1la a3, .LANCHORO+128
1w a2, .LANCHORO+64
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bne a2,a3,.L4
1la a3, .LANCHORO+176
1w a4, .LANCHORO+128
sub ad,ad,a3
seqz ad,ad
j L4
CL5%
swW zero,g_free_count,ab
1i a4,0
j .L8
.size main, .-main

.globl g_total_free

.globl g_free_count

.globl g_order_ok

.bss

.align 2

.set .LANCHORO,. + O

.type heap_area, Qobject

.size heap_area, 192
heap_area:

.zero 192

.section .sbss,"aw",@nobits

.align 2

.type g_total_free, Qobject

.size g_total_free, 4
g_total_free:

.zero 4

.type g_free_count, Qobject

.size g_free_count, 4
g_free_count:

.zero 4

.type g_order_ok, Qobject

.size g_order_ok, 4
g_order_ok:

.zero 4

.type end_marker, Qobject

.size end_marker, 4
end_marker:

.zero 4

.type start, Qobject

.size start, 8

start:
.zero 8
.ident "GCC: (15.2.0-23) 15.2.0"
.section .note.GNU-stack,"",@progbits

Listing 15: ASM dla task 07

10 Task 08: scalanie blokéw

Algorytm i zakresy linii

e Linie 11-17 znajduja miejsce w lidcie, w ktérym powinien znalezé sie¢ zwracany blok.

e Linie 19-25 sprawdzaja sasiedztwo z prawym blokiem; jesli adres korica zwracanego bloku

jest adresem nastepnego, rozmiary sa laczone.

e Linie 27-32 sprawdzaja sasiedztwo z lewym blokiem i ewentualnie dotaczaja scalony wynik

do lewej strony.

e Linie 35-44 licza koncows liczbe wolnych blokéw.

e Linie 52-65 buduja trzy sasiednie bloki w pamieci, a linia 67 uruchamia scalanie $rodkowego

bloku.

e Linie 69-71 zapisuja, czy po scaleniu zostat jeden blok i jaki ma rozmiar.
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#include "heap4_common.h"

static uint8_t heap_area[192];
static HeapBlock start;
static HeapBlock *end_marker;

volatile int g_free_count;
volatile size_t g_merged_size;
volatile int g_merged_with_right;

static void insert_block_merge(HeapBlock *block)

{

HeapBlock *iterator;
uint8_t *block_end;

for (iterator = &start; iterator->next < block; iterator = iterator->next)

b

block_end = (uint8_t *)block + block->size;
if (block_end == (uint8_t *)iterator->next) {
block->size += iterator->next->size;

block->next = iterator->next->next;
} else {
block->next = iterator->next;

if (iterator != &start && heap4_blocks_touch(iterator, block)) {

iterator->size += block->size;
block->next;

iterator->next
} else {
iterator->next

block;

static int count_free(void)

{

int

commit 62fb0f88499f

HeapBlock *block;
int count;

count = 0;

for (block = start.next; block != end_marker; block = block->next)

count++;
return count;

main(void)
HeapBlock *left;
HeapBlock *middle;
HeapBlock *right;

left = (HeapBlock *)&heap_areal[0];
middle = (HeapBlock *)&heap_area[48];
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right = (HeapBlock *)&heap_areal[96];
(HeapBlock *)&heap_areal[160];

end_marker

start.next = left;
left->next = right;
right->next = end_marker;

end_marker->next = 0;

left->size = 48U;
middle->size = 48U;
right->size = 64U;
end_marker->size = 0U;

insert_block_merge(middle) ;

g_free_count = count_free();
g_merged_size = start.next->size;

g_merged_with_right = start.next->next == end_marker;

TRACE_PRINTF ("count=%d size=u merged_right=Jd\n",

g_free_count, (unsigned)g merged_size, g _merged_with_right);

return O;

Listing 16: Task 08: scalanie blokow

Co sprawdzi¢ w ASM

W ASM szukaj testu (uint8_t *)block + block->size == iterator->next. To jest sedno
scalania: alokator nie poréwnuje indeksow, tylko rzeczywiste adresy konca i poczatku blokow.

.file "task08_coalescing.c"
.option nopic

.attribute arch, "rv32i2pl_zicsr2pO_zifencei2pO"

.attribute unaligned_access, 0
.attribute stack_align, 16

.text

.align 2

.globl main

.type main, @function
main:

1la a5, .LANCHORO

1la a4, .LANCHORO+160

sw a4,end_marker,a3

sw ab,start,a3

1la a3, .LANCHORO+96

sw a3,0(ab)

sw a4,96(ab)

sw zero,160(ab)

1i a4,48

sw a4,4(ab)

sW a4,52(ab)

1i a4,64

sw a4,100(ab)

sw zero, 164 (ab)

1la ab,start

1la a3, .LANCHORO+48
SIED}:

mv a4,ab

1w a5,0(ab)

bltu ab,a3,.L2

1la a3, .LANCHORO+96

beq ab,a3,.L12
CL3%

commit 62fb0f88499f
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sw ab, .LANCHORO+48,a3
1lla ab,start
1la a3, .LANCHORO+48
beq a4,ab,.L4
1w a2,4(ad)
slli ab,a2,1
srli ab,ab,1
add ab,a4,ab
beq ab,a3,.L13
L4:
sw a3,0(ad)
1w a2,start
1la ab, .LANCHORO+160
beq a2,ab,.L9
mv ab,a2
1i a4,0
1la a3, .LANCHORO+160
.L6:
addi a4d,a4d,1
1w a5,0(ab)
bne ab,a3,.L6
.L5:
swW a4,g_free_count,ab
1w ab,4(a2)
sw ab,g_merged_size,ad
1w ab5,0(a2)
1la a4, .LANCHORO+160
sub ab,ab,ad
seqz ab,ab
sw ab,g_merged_with_right,ad
1i a0,0
ret
.L12:
1i ab,112
sw a5, .LANCHORO+52,a3
1w a5,0(a4)
1w ab,0(ab)
j ollE)
.L13:
1la a3, .LANCHORO
1w a5,52(a3)
add ab,ab,a2
sw ab5,4(ad)
1w a3,48(a3)
j L4
.LYk
1i a4,0
j .L5
.size main, .-main
.globl g_merged_with_right
.globl g_merged_size
.globl g_free_count
.bss
.align 2
.set .LANCHORO,. + O
.type heap_area, Qobject
.size heap_area, 192
heap_area:
.zero 192
.section .sbss,"aw",@nobits
.align 2
.type g_merged_with_right, Qobject
.size g_merged_with_right, 4

g_merged_with_right:

.zero
.type
.size
g_merged_size:
.Zzero
.type
.size
g_free_count:
.Zero
.type
.size
end_marker:

4
g_merged_size, Qobject
g_merged_size, 4

4
g_free_count, Qobject
g_free_count, 4

4
end_marker, Qobject
end_marker, 4

commit 62fb0f88499f 25/35
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.zero 4

.type start, Qobject

.size start, 8
start:

.Zero 8
.ident "GCC: (15.2.0-23) 15.2.0"
.section .note.GNU-stack,"",@progbits

Listing 17: ASM dla task 08

11 Task 09: makra konfiguracyjne

Algorytm i zakresy linii

e Linie 3-9 definiuja wartosci domyslne tylko wtedy, gdy nie zostaly podane z zewnatrz przez
kompilator.

e Linia 11 tworzy wartos¢ pochodna od konfiguracji i wyréwnania.

e Linie 20-22 zapisuja wartosci makr do zmiennych volatile, zeby byly widoczne w debu-
gerze.

e Linie 24-28 pokazuja kompilacje warunkowa: host ustawia g_trace_is_host_only na 1,

RV32I na 0.

e Linie 30-32 wypisuja wynik tylko w wariancie hostowym.

#include "heap4_common.h"

#ifndef CONFIG_TOTAL_HEAP_SIZE
#define CONFIG_TOTAL_HEAP_SIZE 256U
#endif

#ifndef CONFIG_SUPPORT_DYNAMIC_ALLOCATION
#define CONFIG_SUPPORT_DYNAMIC_ALLOCATION 1
#endif

#define CONFIG_ADJUSTED_HEAP_SIZE (CONFIG_TOTAL_HEAP_SIZE - HEAP4_ ALIGNMENT)

volatile size_t g_total_heap;
volatile size_t g_adjusted_heap;
volatile int g_dynamic_enabled;
volatile int g_trace_is_host_only;

int main(void)

{
g_total_heap = CONFIG_TOTAL_HEAP_SIZE;
g_adjusted_heap = CONFIG_ADJUSTED_HEAP_SIZE;
g_dynamic_enabled = CONFIG_SUPPORT_DYNAMIC_ALLOCATION;

#ifdef HOST_PRINTF

g_trace_is_host_only = 1;
#else

g_trace_is_host_only = O;
#endif
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TRACE_PRINTF ("heap=/u adjusted=Yu dynamic=}d host_trace=}d\n",

(unsigned)g_total_heap, (unsigned)g_adjusted_heap,
g_dynamic_enabled, g_trace_is_host_only);

return O;

Listing 18: Task 09: makra konfiguracyjne

Co sprawdzi¢ w ASM

W ASM dla RV32I nie powinno by¢ wywotania printf. Sprawdz tez, ze makra konfiguracyjne
nie sa zmiennymi w pamieci, tylko statymi wstawionymi do kodu przez preprocesor.

.file
.option

"task09_config_macros.c"
nopic

.attribute arch, "rv32i2pl_zicsr2pO_zifencei2pO"
.attribute unaligned_access, 0
.attribute stack_align, 16

.text

.align 2

.globl main

.type main, @function
main:

1i ab,256

sw ab,g_total_heap,a4

1i ab,248

sw ab,g_adjusted_heap,ad

1i ab,1

swW ab,g_dynamic_enabled,ad

sw zero,g_trace_is_host_only,ab

1i a0,0

ret

.size main, .-main

.globl g_trace_is_host_only

.globl g_dynamic_enabled

.globl g_adjusted_heap

.globl g_total_heap

.section .sbss,"aw" ,@nobits

.align 2

.type g_trace_is_host_only, Qobject

.size g_trace_is_host_only, 4
g_trace_is_host_only:

.zero 4

.type g_dynamic_enabled, Qobject

.size g_dynamic_enabled, 4
g_dynamic_enabled:

.zero 4

.type g_adjusted_heap, Qobject

.size g_adjusted_heap, 4
g_adjusted_heap:

.zero 4

.type g_total_heap, Qobject

.size g_total_heap, 4
g_total_heap:

.zero 4

.ident "GCC: (15.2.0-23) 15.2.0"

.section .note.GNU-stack,"",@progbits

Listing 19: ASM dla task 09

12 Task 10: mini heap_4

Algorytm

i zakresy linii

e Linie 18-38 to funkcje diagnostyczne przechodzace po liscie wolnych blokow.

commit 62fb0f88499f 27/35 uuid 4654524c-73f2-46df-83a3-d448babd6cHa



10

12

13

14

15

16

17

18

20

21

22

23

24

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

FreeRTOS: heap 4

M. Pabiszczak, 2026

e Linie 40-62 wstawiaja blok i scalaja go z prawym oraz lewym sasiadem.

e Linie 64-88 inicjalizuja sterte: wyréwnuja poczatek, ustawiaja wartownika, pierwszy wolny
blok i liczniki wolnej pamieci.

e Linie 90-131 implementuja alokacje: sprawdzaja rozmiar zadania, szukaja bloku, dziela go
lub zdejmuja w calosci z listy, oznaczaja jako zajety i aktualizuja minimum wolnej pamieci.

e Linie 133-149 implementuja zwalnianie: wracaja z adresu uzytkownika do nagtéowka, spraw-
dzaja bit alokacji, przywracajg rozmiar i scalaja blok.

e Linie 157-169 wykonuja sekwencje malloc/free i zapisuja stan koncowy alokatora.

#include

"heap4_common.h"

#define HEAP_BYTES 256U
#define MIN_SPLIT_SIZE ((size_t) (sizeof (HeapBlock) * 2U))

static uint8_t heap_area[HEAP_BYTES + HEAP4_ALIGNMENT] ;
static HeapBlock start;
static HeapBlock *end_marker;

volatile
volatile
volatile
volatile

int g_allocations_ok;

int g_final_free_nodes;
size_t g_final free_total;
size_t g_minimum_ever_free;

static size_t free_bytes_remaining;
static size_t minimum_ever_free;

static size_t list_total(void)

{
HeapBlock *block;
size_t total;
total = 0U;
for (block = start.next; block != end_marker; block = block->next)
total += block->size;
return total;
}
static int list_count(void)
{
HeapBlock *block;
int count;
count = 0;
for (block = start.next; block != end_marker; block = block->next)
count++;
return count;
}

static void insert_block_merge(HeapBlock *block)

{

commit 62fb0f88499f 28/35
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42 HeapBlock *iterator;

43 uint8_t *block_end;

44

45 for (iterator = &start; iterator->next < block; iterator = iterator->next)
46 5

47

48 block_end = (uint8_t *)block + block->size;

49 if (block_end == (uint8_t *)iterator->next) {
50 block->size += iterator->next->size;

51 block->next = iterator->next->next;

52 } else {

53 block->next = iterator->next;

54 }

56 if (iterator != &start && heap4_blocks_touch(iterator, block)) {
57 iterator->size += block->size;

58 iterator->next = block->next;

59 } else {

60 iterator->next = block;

61 }

62 }

63

62 static void heap_init(void)

65 {

66 uintptr_t raw;

67 uintptr_t aligned;

68 size_t available;

69 HeapBlock *first;

70

71 raw = (uintptr_t)&heap_areal[0];

72 aligned = heap4_align_address(raw);

73 available = HEAP_BYTES - (size_t)(aligned - raw);
74 available &= “HEAP4_ALIGNMENT_MASK;

75

76 first = (HeapBlock *)aligned;

77 end_marker = (HeapBlock #*)(aligned + available - sizeof (HeapBlock));
78 end_marker->next = 0;

79 end_marker->size = 0U;

80

81 first->next = end_marker;

82 first->size = (uint8_t *)end_marker - (uint8_t *)first;
83 start.next = first;

84 start.size = 0U;

85

86 free_bytes_remaining = first->size;

87 minimum_ever_free = free_bytes_remaining;

88 }

89

90 static void *heap_malloc_model(size_t wanted)

91 {

92 HeapBlock *previous;

93 HeapBlock *block;

94 HeapBlock *remainder;
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size_t total;
size_t original;

if (wanted == 0U)
return O;

total = heap4_align_up(wanted + sizeof (HeapBlock));
previous = &start;
block = start.next;

while (block !'= end_marker) {
if (block->size >= total) {
original = block->size;
if (original - total > MIN_SPLIT_SIZE) {

remainder = (HeapBlock *) ((uint8_t *)block + total);

remainder->size = original - total;
remainder->next = block->next;
previous->next = remainder;
block->size = total;

} else {
previous->next = block->next;
total = original;

block->next 0;

block->size = heap4_mark_allocated(block->size);

free_bytes_remaining -= total;

if (free_bytes_remaining < minimum_ever_free)
minimum_ever_free = free_bytes_remaining;

return (uint8_t *)block + sizeof (HeapBlock);

}

previous = block;
block = block->next;

return O;

static void heap_free_model (void *p)

{

commit 62fb0f88499f 30/35

HeapBlock *block;
size_t size;

if (p == 0)
return;

block = (HeapBlock *) ((uint8_t *)p - sizeof (HeapBlock));
if ('heap4_is_allocated(block->size))
return;

size = heap4_clear_allocated(block->size);
block->size = size;
free_bytes_remaining += size;
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insert_block_merge(block) ;

int main(void)
{
void *a;
void *b;
void *c;

heap_init();

a = heap_malloc_model (240U) ;
b = heap_malloc_model (40U) ;
heap_free_model(a);
¢ = heap_malloc_model (16U);
heap_free_model (b) ;
heap_free_model(c);

g_allocations_ok = a != 0 && Db
list_count();
list_total();

g_final_free_nodes
g_final free_total

'= 0 && c

g_minimum_ever_free = minimum_ever_free;

TRACE_PRINTF ("ok=%d nodes=%d free=Yu min=%u\n",
g_allocations_ok, g_final free_nodes,

(unsigned)g_final_free_total, (unsigned)g _minimum_ever_free);

return O;

Listing 20: Task 10: mini heap_4

Co sprawdzi¢ w ASM

W ASM pordéwnaj trzy fragmenty: inicjalizacje listy, petle szukania wolnego bloku oraz wy-
wolanie insert_block_merge. To pokazuje, ze pelny model sktada sie z prostych operacji

wskaznikowych poznanych w poprzednich taskach.

.file "task10_heap4_demo.c"
.option nopic

.attribute arch, "rv32i2pl_zicsr2pO_zifencei2pO"

.attribute unaligned_access, 0
.attribute stack_align, 16
.text

.align 2

.type heap_malloc_model, @function

heap_malloc_model:
beq a0,zero, .L1
addi a4,a0,8
andi a0,a0,7
beq a0,zero,.L3
andi ad,ad,-8
addi a4,a4,8

.L3:
1w a0, start
1w a3,end_marker
beq a0,a3,.L10
1lla a2,start
j .18

.L11:
mv a0,ab

L8}

commit 62fb0f88499f
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1w ab5,4(a0)
bgeu ab,a4,.L12
1w a5,0(a0)
mv a2,a0
bne ab,a3,.L11
1i a0,0
ret
SISO
sub a3,ab,ad
1i al,16
bleu a3,al,.L5
add ab,a0,a4d
sw a3,4(ab)
1w a3,0(a0)
sw a3,0(ab)
sw a5,0(a2)
sW ad,4(a0)
.L6:
sw zero,0(a0)
1w ab5,4(a0)
1i a3,-2147483648
or ab,ab,a3
sw ab,4(a0)
1la a3,free_bytes_remaining
1w a5,0(a3)
sub ab,ab,ad
sw a5,0(a3)
1w a4 ,minimum_ever_free
bgeu ab,a4,.L7
sw ab,minimum_ever_free,ad
o738
addi a0,a0,8
ret
.L5:
1w a4,0(a0)
sW a4,0(a2)
mv a4,ab
j L6
.L10:
1i a0,0
olhilg
ret
.size heap_malloc_model, .-heap_malloc_model
.align 2
.type heap_free_model, @function
heap_free_model:
beq a0,zero, .L13
1w a5,-4(a0)
blt ab,zero,.L19
oILILE]
ret
.L19:
addi a3,a0,-8
slli ab,ab,1
srli a2,ab,1
sW a2,-4(a0)
1lla a4,free_bytes_remaining
1w a5,0(ad)
add ab,ab,a2
sw ab,0(ad)
1la ab,start
.L15:
mv a4,ab
1w a5,0(ab)
bgtu a3,ab,.L15
add al,a3,a2
beq ab,al,.L20
.L16:
sw a5,-8(a0)
1la ab,start
beq a4,ab, .L17
1w a2,4(ad)
s1li ab,a2,1
srli ab,ab,1
add ab,ad,ab
beq a3,ab,.L21
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L7
sw
ret
.L20:
1w
add
sw
1w
1w

.L21:
1w
add
sw
1w
sw
ret
.size
.align
.globl
.type
main:
addi
sW
sw
sw
sW
sw
sW
1la
andi
mv
beq
andi
addi
SIE23K
1la
sub
andi
addi
add
sw
sW
sw
sW
sub
sW
1la
sW
sw
sw
sW
1i
call
mv

call

beq
mv

a3,0(ad)

a5,4(ab)
ab,ab,a2
a5,-4(a0)
ab,0(a4d)
a5,0(ab)
.L16

a5,-4(a0)
ab,ab,a2
a5,4(ad)
a5,-8(a0)
a5,0(ad)

heap_free_model, .-heap_free_model
2

main

main, @function

sp,sp,-32
ra,28(sp)
s0,24(sp)
s1,20(sp)
s2,16(sp)
s3,12(sp)
s4,8(sp)

a4, .LANCHORO
a3,a4,7
ab,ad
a3,zero, .L23
ad,ad,-8
ab,a4,8

s0, . LANCHORO+256
s0,s0,ab

s0,s0,-8

a4,ab,-8

s0,s0,a4
s0,end_marker,a4d
zero,0(s0)

zero,4(s0)

s0,0(ab)

a4,s0,ab

a4,4(ab)

s4,start

ab5,0(s4)

zero,4(s4)
a4,free_bytes_remaining,ab
a4 ,minimum_ever_free,ab

a0,24
heap_malloc_model
s2,a0

a0,40
heap_malloc_model
s3,a0

a0,s2
heap_free_model
a0,16
heap_malloc_model
s1,a0

a0,s3
heap_free_model
al,s1
heap_free_model
s2,s2

s3,s3

s2,s2,s3

sl,sl

sl,s1,s2
sl,g_allocations_ok,ab
a5,0(s4)

s0,ab, .L24

a4,ab
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1i a3,0
.L25:
addi a3,a3,1
1w a4,0(ad)
bne s0,a4,.L25
swW a3,g_final_free_nodes,a2
1i a3,0
.L26:
1w a2,4(ab)
add a3,a3,a2
1w a5,0(ab)
bne ab,a4,.L26
LL27:
sw a3,g_final_free_total,ab
1w ab,minimum_ever_free
swW ab,g_minimum_ever_free,ad
1i a0,0
1w ra,28(sp)
1w s0,24(sp)
1w s1,20(sp)
1w s2,16(sp)
1w s3,12(sp)
1w s4,8(sp)
addi sp,sp,32
jr ra
.L24:
sSwW zero,g_final_free_nodes,ab
1i a3,0
j .L27
.size main, .-main
.globl g _minimum_ever_free
.globl g_final_free_total
.globl g_final_free_nodes
.globl g_allocations_ok
.bss
.align 2
.set .LANCHORO,. + O
.type heap_area, Qobject
.size heap_area, 264
heap_area:
.zero 264
.section .sbss,"aw",@nobits
.align 2

.type minimum_ever_free, Q@object

.size minimum_ever_free, 4
minimum_ever_free:

.zero 4

.type free_bytes_remaining, Qobject

.size  free_bytes_remaining, 4
free_bytes_remaining:

.zero 4

.type g_minimum_ever_free, Qobject

.size g_minimum_ever_free, 4
g_minimum_ever_free:

.zero 4

.type g_final_free_total, Qobject

.size g_final_free_total, 4
g_final_free_total:

.zero 4

.type g_final_free_nodes, Qobject

.size g_final_free_nodes, 4
g_final_free_nodes:

.zero 4

.type g_allocations_ok, Qobject

.size g_allocations_ok, 4
g_allocations_ok:

.zero 4

.type end_marker, Qobject

.size end_marker, 4
end_marker:

.zero 4

.type start, Qobject

.size start, 8
start:

.zero 8

.ident "GCC: (15.2.0-23) 15.2.0"
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253 .section .note.GNU-stack,"",@progbits

Listing 21: ASM dla task 10

13 Polecenia

1. Zbuduj karte dla RV32I poleceniem make tasks.

2. Zbuduj wariant hostowy poleceniem make host; wypisywanie dziata tylko przez
HOST_PRINTF.

3. W tasku 6 zmien prog MIN_SPLIT_SIZE i sprawdz, kiedy blok nie jest dzielony.
4. W tasku 8 zmieri rozmiary blokéw tak, aby scalanie dziatato tylko z prawym sasiadem.

5. W tasku 10 dodaj wieksza alokacje, ktéra ma sie nie udaé, i zapisz status w nowej zmienne;j
volatile.
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