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OpenMP Allocators: The core of OpenMP memory management

Allocator: an OpenMP object that fulfills requests to allocate and deallocate storage
for program variables
◦ OpenMP allocators are of type omp_allocator_handle_t (C/C++) /
omp_allocator_handle_kind (Fortran)
OpenMP 5.0 supports a set of predefined memory allocators
◦ Different kinds of memory mapped by the implementation to the underlying hardware
◦ Ready to use out-of-the-box

OpenMP 5.0 supports custom allocators
◦ Provides the programmer the opportunity to request specific combinations of properties
◦ Programmer must define using the omp_init_allocator function

Quality of implementation will be important
◦ May need to push vendors to support these features well
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Predefined Allocators (Ready to Use)
1
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• interleaved: allocated memory parts are distributed in a round-robin fashion across the
storage resources.
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Table 2.10 shows the list of predefined memory allocators and their associated memory spaces. The
predefined memory allocators have default values for their allocator traits unless otherwise
specified.

How implementation maps to available hardware

TABLE 2.10: Predefined Allocators
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Choose 1

Allocator name

Associated memory space

Non-default trait
values

omp_default_mem_alloc

omp_default_mem_space

(none)

omp_large_cap_mem_alloc omp_large_cap_mem_space

(none)

omp_const_mem_alloc

omp_const_mem_space

(none)

omp_high_bw_mem_alloc

omp_high_bw_mem_space

(none)

omp_low_lat_mem_alloc

omp_low_lat_mem_space

(none)

omp_cgroup_mem_alloc

Implementation defined

access:cgroup

omp_pteam_mem_alloc

Implementation defined

access:pteam

omp_thread_mem_alloc

Implementation defined

access:thread

Fortran
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If any operation of the base language causes a reallocation of an array that is allocated with a
memory allocator then that memory allocator will be used to release the current memory and to
allocate the new memory.

Which threads can access the memory
Fortran
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Cross References
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• omp_init_allocator routine, see Section 3.7.2 on page 409.
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• omp_destroy_allocator routine, see Section 3.7.3 on page 410.

• omp_set_default_allocator routine, see Section 3.7.4 on page 411.
• omp_get_default_allocator routine, see Section 3.7.5 on page 412.

4

OpenMP memory spaces represent storage resources where variables can be stored and retrieved.
Table 2.8 shows the list of predefined memory spaces. The selection of a given memory space
expresses an intent to use storage with certain traits for the allocations. The actual storage resources
that each memory space represents are implementation defined.
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Custom Allocators (You Choose the Memory Space + Traits)
TABLE 2.8: Predefined Memory Spaces

Where to
put it
[Choose 1]

Memory space name

Storage selection intent

omp_default_mem_space

Represents the system default storage.

omp_large_cap_mem_space

Represents storage with large capacity.

omp_const_mem_space

Represents storage optimized for variables with
constant values. The result of writing to this storage
is unspecified.

omp_high_bw_mem_space

Represents storage with high bandwidth.

omp_low_lat_mem_space
Represents storage with low latency.
The behavior of the allocation process can be affected by the allocator traits that the user specifies.
Table 2.9 shows the allowed allocators traits, their possible values and the default value of each trait.
Note – For variables allocated in the omp_const_mem_space memory space OpenMP
TABLE 2.9:
Allocator
Traitsmemory either by means of the firstprivate clause or through
supports
initializing
constant
initialization with compile time constants for static and constant variables. Implementation-defined
Allocator to
trait
values
value
mechanisms
provide theAllowed
constant value
of these variables may also be Default
supported.
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sync_hint

Cross References
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Configure
as desired
3
[or use
15 2.11.2
defaults]
16
17
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contended, uncontended,
serialized, private

alignment
A positive integer value that is a power of
• omp_init_allocator
2 routine, see Section 3.7.2 on page 409.

contended
1 byte

access

all, cgroup, pteam, thread

all

pool_size

Positive integer value

Implementation
defined

Memory Allocators

fallback
default_mem_fb, null_fb,
default_mem_fb
abort_fb,
OpenMP memory allocators
can be usedallocator_fb
by a program to make allocation requests. When a
memory
allocator receivesan
a request
to handle
allocate storage of a certain size, an
allocation of logically
fb_data
allocator
(none)
consecutive memory in the resources of its associated memory space of at least the size that was
pinnedwill be returned true,
false
false
requested
if possible.
This allocation will not overlap with
any other existing
allocation
from
an
OpenMP
memory
allocator.
partition
environment, nearest, blocked,
environment
interleaved
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Init. using
compile-time
constants or
firstprivate

152

The sync_hint trait describes the expected manner in which multiple threads may use the
OpenMP API – Version 5.0 November 2018
allocator. The values and their description are:

What
happens
if not
available
NUMA
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Using OpenMP Allocators to Allocate Memory

New clause on constructs with data sharing clauses:
◦ allocate([allocator:] list)
C/C++ allocation and deallocation functions:
◦ omp_alloc(size_t size, omp_allocator_handle_t allocator)
◦ omp_free(void *ptr, const omp_allocator_handle_t allocator)
◦ Example: int *mydata = omp_alloc(N*sizeof(int), omp_high_bw_mem_alloc);

New allocate directive:
◦ #pragma omp allocate(list) [allocator(allocator)]
◦ C/C++/Fortran: use as a standalone directive for allocation
◦ Fortran only: use with the base language allocate statement

If no allocator specified, default allocator is used

◦ Environment variables and runtime functions provided to set/get default allocator
◦ Separate target default allocator only for allocate clause on target directive

