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sans dream

avec dream

Implicit Lists: Can We Do Better?

The Dream: It would be nice if we could traverse just the free blocks, rather

than all of them, when searching for a fit.

The Idea: Let’s increase the header from 8 bytes to 24, using the additional 16
bytes to store prev and next pointers to other free blocks.

Restated, thread a doubly-linked list through just the free nodes.
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Implicit Lists: Can We Do Better?

The Dream: It would be nice if we could traverse just the free blocks, rather
than all of them, when searching for a fit.

The ldea: Let’s increase the'!
bytes to store prev ciiC i c CCiiicci o w0 other free blocks.

"D 24, using the additional 16

Better Idea: Since free blocks aren’t using their payloads anyway, we can
secretly stash the two pointers in the first 16 bytes.
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Note: This requires the
minimum payload size be

16 bytes (instead of 0 or 8).
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Case Study: Explicit Free List Allocator

The idea extends our implicit allocator but stores pointers to the next and
previous free blocks using the first 16 bytes of the free block’s payload.

* In response to eachmalloc call, we:
« search our list of free blocks—that is, the explicit free list—to find an appropriately sized one,
* update its header to note the block is now allocated,
 splice the now allocated block out of the free list, and potentially
» create a node out of any substantial excess payload and thread it back into the free list.

* In response to each free call, we:
* update its header to note the block is now free, and
* thread itinto the free list so it’s discoverable by malloc

Our list of free blocks is called an explicit free list, because there’s a doubly-
linked list structure literally weaving its way through all free nodes.



Case Study: Explicit Free List Allocator

How do you want to organize your explicit free list?

----------------------------------------------------------------------

A. address-order (each block’s address is less than that of its successor)

* This comes with better utilization scores, since first fit—the most commonly used
search heuristic—tends to select nodes at lower addresses.

 freerunsin linear time, since the block being freed may be at a higher address
and the search for its splice point typically starts at the front of the free list.

B. last-in first-out (push nodes onto a stack-like data structure, so recently
freed blocks appear at the front of the free list)

 freerunsin constant time—that’s a huge win.

« Utilization scores can suffer, since lower addresses
aren’t prioritized as they are with an address-order scheme.

Remember throughput and utilization fight each other n




Case Study: Explicit Free List Allocator

How do you want to organize your explicit free list?

A. address-order
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Case Studies: Implicit versus Explicit

Implicit Free List s  Explicit Free List

* Eight-byte header for size + o ‘ * Eight-byte header for size +
allocation status nm e allocation status

4 L M4 N

* Free block payloads store prev
and next free block pointers

* Allocation requests are worst-case * Allocation requests are worst-case
linear in total number of blocks linear in number of free blocks

* Implicitly address-order * Can choose block ordering



Heap Allocator Goals Revisited

Can we do better?

1. Can we avoid searching all blocks for free blocks to reuse?

_______________________________________________________________________________________________________

---------------------------------------------------------------------------------------------------------



Explicit Allocators and Coalescing

void *a = malloc(8);
void *b = malloc(8);
void *c = malloc(16);
free(b);
free(a);
void *xd = malloc(32);
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Explicit Allocators and Coalescing

void *a = malloc(8);
void *b = malloc(8);
void *c = malloc(16);
free(b);
free(a);
void *xd = malloc(32);
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Explicit Allocators and Coalescing

void *a = malloc(8);
void *b = malloc(8);
void *c = malloc(16); ~ We have the space, but it’s split across two |
£ . neighboring blocks. Because the second of the
ree ( b) ’ i two blocks being freed is the left neighbor of the
free ( 3 ) . first, the first can easily absorb the second to
g create a larger, more flexible block.
void *d = malloc(32);
Let’s rewind to the second free call to see
what can be done to right-coalesce.
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Explicit Allocators and Coalescing

void *a = malloc(8);
void *b = malloc(8);
void *c = malloc(16);
free(b);
free(a);

void *d = malloc (32
Hey, look! | have a free
right neighbor. Let’s

merge households.
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Explicit Allocators and Coalescing

void *a = malloc(8);
void *b = malloc(8);
void *c = malloc(16);
free(b);
free(a);

void *d = malloc (32
Hey, look! | have a free

right neighbor. Let’s
merge households.
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Explicit Allocators and Coalescing

void *a = malloc(8);

void *b = malloc(8);

void *c = malloc(16);

free(b);

free(a);

void *d = malloc(32);
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Heap Allocator Goals Revisited

Can we do better?

1. Can we avoid searching all blocks for free blocks to reuse?

_______________________________________________________________________________________________________

3. Can we avoid copying/moving data during realloc? T'X'Av'é"ﬁd'f'ciéht;s'{rif't'ﬁfs'E:'o'r%%é"""E
_________________________________________________________________________________________________________ : Monday, but if you |
! o . ° o vl derstand right lescing, !
- Sometimes! We’ll illustrate this next time. (4 00 e~
' " | ! what we do to support in-

5 place realloc.
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