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close to execution units on microprocessors
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Refers to assigning physical memory nodes to memory structures

The virtual address space does nto change with placement. What changes is
B Where the physical memory is located.

Latency of a memory access depends on placement in a NUMA system

Multiple strategies in hardware and software how to assign memory from
the available NUMA nodes.
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» Ignoring NUMA effects
- No OS changes needed. Random placement.
» Striping Memory accesses over all nodes
- Possible with firmware changes. Balanced access.
* Heuristic memory placement
> OS modifications to optimize placement
» Special configurations for applications
> System Administrator sets application parameters
* Direct Application control of NUMA allocations
> Developer adds NUMA support to the application
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* Numa_maps allows to see what memory
has been allocated to a process.

* Node allocation
* File backed vs. Anonymous pages

# cat /proc/1/numa_maps

7f830c175000 default anon=1 dirty=1 active=0 N1=1

71830c177000 default file=/lib/x86_64-linux-gnu/ld-2.15.s0 anon=1 dirty=1 active=0 N1=1
71830c178000 default file=/lib/x86_64-linux-gnu/ld-2.15.s0 anon=2 dirty=2 active=0 N1=2
/7f830c17a000 default file=/sbin/init mapped=18 N1=18

7f830c39f000 default file=/sbin/init anon=2 dirty=2 active=0 N1=2

71830c3a1000 default file=/sbin/init anon=1 dirty=1 active=0 N1=1

71830dc56000 default heap anon=223 dirty=223 active=0 NO=52 N1=171

7fffb6395000 default stack anon=5 dirty=5 active=1 N1=5

S~
~~



Reclaim first
Allocate now Allocate on

Reclaim later the desired
node
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e reclaim allows tuning OS behavior for what is wanted.
abling zone reclaim means more reclaim but less NUMA
isses.

Kernel autoconfigures based on the NUMA distances in the SLIT
table.

e Reclaim




» A physical page can be mapped into
multiple address spaces

» The policy of the process that touches the
page first determines where the page will
be allocated.

» Pages may be cached from past use.
Memory policies do not relocate pages.

» Numa_maps may show allocation on
unexpected nodes.
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» Memory is moved between NUMA nodes

» Can be used to clean up misallocated
pages

» Improves performance

o T
S

ne virtual addresses visible from user
pace do not change.

o L

ses the command migratepages. This

can be run while the application is
accessing the pages.



» Problem of the scheduler not being aware
of where the pages of a process have been
allocated.

» It is customary to pin processes to avoid
scheduler interference.

» Recently NUMA scheduling features are
being added to the Linux kernel but that
work is not yet fully mature.






