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union tiny

{
int *x ptr;

uintptr_t flag;

}

tiny X;
// initialize
X.ptr = new 1int;

// set flag true
X.flag |= 1;
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17% heap size reduction

< 1% performance overhead
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Pages meshable when they:

 Hold objects of same size class
 Have non-overlapping object offsets



Meshing

[
-
e
—
>

Physical




Meshing
Mark virtual
4"’ page read-only

........................ ll

Physical




Meshing

........................ ll

Physical

Copy y
(maintaining -
offsets)




Meshing

Virtual

Physical

.. Update
page tables
with mmap,

memfd,
MAP SHARED




Meshing
Mark virtual
4"’ page read/write

l Virtual

Physical




Meshing

l Virtual

== == == "] Physical

|
| Physical page
| 4" ‘returned to OS

_ — =




Meshing

No virtual
~..-addresses
- changed!

l Virtual

== == == "] Physical




Worst Case:



Worst Case:

lOw occupancy,
non-meshaple
nages




WorSt Case: llllllllllllllllllll
many SEEE EEEN EEEE EEEE maEe

oW occupancy, SEEE EEEN EEEE EEEE EAEES

non-meshable i oo imoon

DAJES  suwss wews sess swss wuss



Standard
allocators




malloc (250)

Standard
allocators




malloc (250)

Standard
allocators




malloc (250)

Standard
allocators




Mesh uses randomization to
ensure live objects are uniformly
distributeo
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Random probing:

while true:
1f rand off () .1s free:

return rand off
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malloc (250)

Random probing:

while true:
1f rand off () .1s free:
return rand off

(DieHard [Berger & Zorn 2006])
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Random probing fast In
expectation /ff page
occupancy Is low

but this Is at odds with
minimizing heap size!
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FProblem: Find meshing that releases
maximum numlber of pages



FProblem: Find meshing that releases
maximum numlber of pages

Run In free () slowpath

At most once every 100 ms
Ireat each size class independently



FProblem: Find meshing that releases
the maximum number of pages
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MinCliqueCover

(NP-Complete)

BUI! Randomness ensures we can get
away with solving simpler graph problem
(Matching)



Wrinkle: building this graph would
require RAM + time
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loop, comparing ali] to b[(i1+1)%len]
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loop fixed number of times,
comparing ali] to b[(i+1)%len]

%
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O(n/q) time

(g I1s the global probability of spans meshing)



SplitMesher: approximates Matching
without materializing meshing grapn

O(n/q) time

(g I1s the global probability of spans meshing)

1/2* approximation w.h.p.
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pullt using Heap Layers

github.com/emeryberger/Heap-Layers
(used to build Hoard, DieHard, DieHarder...)

fast framework for building custom allocators!
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17% heap size reduction

< 1% performance overhead
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Compaction without relocation!
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