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What is NUMA?

Mapping pages?
Copy-on-write and others...

Freeze pages in 
fast access global 
memory

Invalidate copies 
when they are 
written to



So Many Policies...

Example Policies in Duke Study:

Wrm: Always migrate / replicate warm pages

LTDt: Defrost long frozen pages

... and 28 more policies

In many cases, page mapping policies hurt performance   →



Moving Threads Between Cores

Pages and threads can be mapped to cores simultaneously



Thread Communication Maps

Bitmaps of threads that 
use the same pages

← Static 
pattern means 
lots of thread 
interaction. 
Inevitably runs 
poorly on 
NUMA



Divide and Conquer            Dual Recursive Bipartitioning

← Leaves represent individual processors



Divide and Conquer            Dual Recursive Bipartition

Threads are split at each level →                     ←

D is the parent of D0 and D1



Side Track: Asymmetric NUMA 

← This link carries more 
bits one way than the other

Bold links have     
higher bandwidth



Specifying splits

- - - - = split at the root
- - - - = split at 2nd level
- - - - = split at 3rd level

The machine - represented as a binary tree



Collecting Program Data

dijkstra heat simulation

heat simulation trace
...
59 S: 0x7ffda2aae868
3 L: 0x7ffda2aabb20
0 S: 0x7ffda2aad870
50 S: 0x7ffda2aaf0e0
16 L: 0x7ffda2aabb20
22 S: 0x7ffda2aadc30
49 L: 0x7ffda2aabb20
3 S: 0x7ffda2aae0e0
11 L: 0x7ffda2aabb20
17 L: 0x7ffda2aabb20
5 S: 0x7ffda2aae588
...

Trace of heat 
simulation with 
64 threads
- - - - - - - - - - →



Divide and Conquer                Results

Divide and Conquer

asym_0  (symmetric)      to       asym_5  (very asymmetric)*             *as asymmetric as the one in the paper

Random mappings

Same random mappings as left diagram
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