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Managing heap

malloc ()
free ()
In 1libc

To manage the
memory in a

heap

Code
(Text)

Data

Heap

(free)

Stack




 Finding a free chunk of memory that can satisfy the request
and splitting it into two.
« When request for memory allocation is smaller than the size of free

chunks

30-byte heap: free used free
0 10 20 30

. addr:0 addr:20
free listt head —» len:10 —> len:10 — NULL



Splitting (Cont.)

« Two 10-bytes free segment with 1-byte request

30-byte heap: free used free
0 10 20 30

. addr:0 addr:20
free list. head —® 1...10 — > 1en:10 > NULL

(splitting 10 — byte free segment ]
L J

30-byte heap: free used free
0 10 20 21 30
. addr:0 addr:21
free listt head = 1...10 — > 1en:9 > NULL



Coalescing (‘82

* If a user requests memory that is bigger than free chunk size,
the list will not find such a free chunk.

 Coalescing: Merge returning a free chunk with existing chunks
into a large single free chunk if addresses of them are nearby.

addr:10 addr:0 addr:20

head len:10 Len:10 len:10 NULL
[ coalescing free chunks ]
ddr:0
head — So.a9 —> NULL

len:30



Tracking The Size of Allocated Regions

* The interface to free (void *ptr) does not take a size
parameter.

« How does the library know the size of memory region that will be
back into free list?

ptr = malloc (20);

— The header used by malloc library

ptr >

— The 20 bytes returned to caller

An Allocated Region Plus Header



The Header of Allocated Memory Chunk

typedef struct _ header t ({
int size;
int magic;

} header t;

Actual chuck size of malloc(N) = N + size of header
Here, 28 Byte

h g
ptr size: 20

magic: 1234567
ptr —> -

The 20 bytes
returned to caller




The Header of Allocated Memory Chunk(Cont.)

void free (void *ptr) {

header t *hptr = (void *)ptr - sizeof (header t);

assert (hptr->magic==1234567) ;



Embedding A Free List

typedef struct _ node t {
int size;
struct _ node t *next;

} nodet t;



Heap Initialization

// mmap () returns a pointer to a chunk of free space
node t *head = mmap (NULL, 4096, PROT READ|PROT WRITE,
MAP_ANON | MAP_PRIVATE , =1, 0);

head->size = 4096 - sizeof (node t);

head->next = NULL;
) 4 Byte
) [virtual address: 16KB]
_ header: size field
head —>{ size: 4088
next: 0 header: next field(NULL is 0)
mee - the rest of the 4KB chunk
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Embedding A Free List: Allocation

* If a chunk of memory is requested, the library will first find a
chunk that is large enough to accommodate the request.

* The library will

« Split the large free chunk into two.
« One for the request and the remaining free chunk

e Shrink the size of free chunk in the list.
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Embedding A Free List: Allocation(Cont.)

« Example: a request for 100 bytes by ptr = malloc (100)
- 108 byte Is returned.

A 4KB Heap With One Free Chunk A Heap : After One Allocation

head > size: 100

size: 4088
. magic: 1234567
next: 0 ptr —>

} the 100 bytes now allocated

|

head —>

size: 3980
next: 0
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Free Space With Chunks Allocated

size: 100 [virtual address: 16KB]
8 bytes header { magic: 1234567

] 100 bytes still allocated

size: 100

sptr > magic: 1234567
100 bytes still allocated
(but about to be freed)

size: 100

magic: 1234567

] 100 bytes still allocated
head —>

size: 3764
next; 0]

The free 3764-byte chunk

Free Space With Three Chunks Allocated
13



Free Space With free ()

O free (sptr)

void* tmp = head ; size: 100
magic: 1234567

[virtual address: 16KB]

head = sptr - 8 ;
head->next = tmp ; 100 bytes still allocated
head —>

size: 100
next: 16708

sptr —>»
(now a free chunk of
memory)

size: 100
magic. 1234567

] 100 bytes still allocated

size: 3764 | <
next: 0

The free 3764-byte chunk
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Free Space With Freed Chunks

O free(ptr)
e [virtual address: 16KB]

—>
head size: 100
otr 5 Lnext: 16492@
(now free)
size: 100 | «
next: 16708
(now free)
size: 100
Magic1234567.
(now free)
size: 3764 | <
next: 0
The free 3764-byte chunk
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Free Space With Freed Chunks

o free(iptr)

o Coalescing is needed

in the list.

[virtual address: 16KB]

size: 100 |«
next: 16492@
(now free)
size: 100 | <
next: 16708 @
(now free)
head —» size: 100
ptr —> next: 16384@
(now free)
size: 3764 |«
next: 0
The free 3764-byte chunk
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O free(iptr)

Double free

void* tmp = head ;

head = iptr - 8 ;
head->next = tmp ;

o Free(iptr): dangling

[virtual address: 16KB]

size: 100 |« size: 100
next: 16492@ next: 16492@
(now free) nes (now free)
size: 100 | < size: 100 | <
next: 16708 @ free (sptr) next: 16708 @
: (now free) > nes (now free)
head —% size: 100 head —» size: 100
ptr —>(0ext 16384@ iptr > et 163846—L
—k
(now free) . (nbw free)
size: 3764 | < size: 3764 | <
next: 0] next: 0
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Growing The Heap

* Most allocators start with a small-sized heap and then
request more memory from the OS when they run out.
* e.g., sbrk (), brk () In most UNIX systems.

(not in use) (not in use)
Heap Heap Heap Heap
l <—break  sbrk()/, ;
\
break — 1 (not in use)
(not in use)
Address Space Address Space Heap

Physical Memory
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Managing Free Space: Basic Strategies

* Best Fit;

 Finding free chunks that are big or bigger than the request

 Returning the one of smallest in the chunks in the group of
candidates

 Worst Fit;

 Finding the largest free chunks and allocation the amount of the
request

« Keeping the remaining chunk on the free list.
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Managing Free Space: Basic Strategies(Cont.)

* First Fit:
* Finding the first chunk that is big enough for the request
 Returning the requested amount and remaining the rest of the chunk.

* Next Fit:
» Finding the first chunk that is big enough for the request.

 Searching at where one was looking at instead of the beginning of
the list.
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Examples of Basic Strategies

» Allocation Request Size 15

head — 10 ——> 30 ——> 20 ——> NULL

e Result of Best-fit

head —™> 10 ——>» 30 ——> S —> NULL

e Result of Worst-fit

head —™> 10 ——>» 15 —> 20 —> NULL
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Segregated List: McKusick-Karels Allocator (4.3 BSD)

Freelistarr[ ] Free buffers

FreeliAllocated blocks

32 —
64 —
128 —
256 —
512 — e

Kemsizes[ ]

A 4 A 4 A\ 4
32 |512 |64 |F |32|128 |F |32|32]125 |64 |F | 2K F | 128
A

z& A Ar
freepages
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McKusick-Karels Allocator

o Used in 4.3BSD and Digital UNIX.
o Management
+ Contiguous set of pages
+ Same buffer size within a page
o Manage pages by page usage array(kmemsizes(]).

+ Element of kmemsizes: free | size of buffer
o malloc () allocates the requested sized buffer from the free list.
o malloc () Iinvoke a routine that acquires free page and splits by a requested size if free list is empty.

o How much memory should dedicate to the pool of memory that serves specialized requests of a given size?
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Buddy System

o Create the small buffers by repeatedly halving a large buffer and coalesce the adjacent

free buffers.
o When a buffer is split, each half is called the buddy of the other.
o Minimum size is 32byte.

o Use a bitmap to monitor each 32-byte chunk of the block.
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Detailed step

o Allocate 256 byte
¢ Split the block into A and A’. Puts A" in the 512 byte free list.
¢ Split Ainto B and B'. Put B’ in the 256 byte free list.
¢ Return B to the client
o Allocate 128 Byte
¢ Split B"into C and C'. Put C' in the free list.
+ Return C to the client.
o Allocate 64 byte.
+ Split ¢’ into D and D'. Put D' in the free list.
¢ Return D to the client.
o Allocate 128
¢ Split A"into E and E'. Put E’ in the free list of 256 byte

¢ Split Einto F and F. Put F' in the free list of 128 byte
+ AllocateF. 25



O

Maintain freelist for every buffer size(32-512).

Ml &EH LEEHE (Oll: 1024B/32B=3201)

Bitmap: &Y & of
11 1

111 111 111111y 1f{1f{0l0|lO0|J0O|OfOfO|O|O]O|]O[O[O|O|O]O0O]0]O
Allocate(256)
Allocate(128)
Free list headers | 32 64 128 | 256 |512
Allocate(64)
0 256 384 448 512 1023
B C D| D’ A
\ (ol
\ I'p ] free
|

in use
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bitmap

111111 i{ojo|loOfO|l1f1j0f[0O|1|1|1l1|j0|0]|O0 0|0 0| 0] 0|0
Allocate(128)
Free list headers | 32 64 128 | 256 | 512
0 256 384 448 512 640 768 1023
B C D| D F F’ E’
Ycl
‘ Y l |
B’ E
\ Y | '
A A
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bitmap

1j1f1f1y1f1y1y1,0/0(040f{12{1{0[01)1f1|1]0f{0|0|0|jO|jOlO|jO[0OjO]O]|O

Release(C, 128)
Free list headers |32 |64 128 | 256 | 512
0 256 384 448 512 640 768 1023
B C D| D F F’ E’
‘_YF A

\ Y | Y J
\ B E Y )

! A A
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bitmap

if1y1y1{141y1y1/0f0j00fOfO|O{O|1)2|2[1|0[0O[OfO|O|jOfOf0O|0O|OfO0O]O

Release(D, 64)

Free list headers | 32 64 128 | 256 |512

0 256 384 448 512 640 768 1023

B B’ F F’ E’
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Analysis

o Characteristic
B 20 AHEN& 272 &Yst7| IZ0] Internal FragmentationO] 2t = S
B Buddy 555 Fa% A7|U2=z & A= = US
B Coalescing (2gh=2 ®l8l bitmap2 AHE
o Advantage
m QTS free buffee2 FEIXOZ Coalescing® = US
B Easy exchange of memory between the allocator and the paging system
o Disadvantage
B Performance degrade: HIH7} S{X| 2 MOLCEH Z7hsot ©F BEO| coalescingE A|=5H7| M0 QLHFE EH
m SiA M= HEHS| T4 37| B ER (7|EN = free(ptr))

B Partial release’t MCHE X 2|/ X[ %= (> Internal Fragmentation)
g
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