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Introduction

Current threads and memory placement: minimizing hop-count
(e.g. in Linux).

Contributions:

» Connections are asymmetric, bandwidth is more important
than hops.

» AsymSched algorithm that dynamically places threads and
memory.
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Inter-node bandwidths for 4 AMD Opteron 6272 processors
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Measurements

Applications running on 3 nodes, with different node placements.
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More Measurements

streamcluster running on 2 nodes, with different node placements.
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AsymSched

» User-level thread+memory placement manager
» Continuously measures communication

» Decides every second whether threads/memory should be
migrated
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AsymSched — Measurement

» Reads some hardware counter (data accesses from CPU to
node)

» No counter for CPU to CPU available

» Assumes for decision making:

» Threads on same node share data
» Between nodes with 'high" communication threads of same
application share data.
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AsymSched — Decision

» Puts threads of same application that share data into clusters.

» Each cluster gets weight
Cw = log (#remote memory accesses).

» For each placement (mapping of clusters to nodes), compute
Pw = > ccclusters Cw - (max bandwidth for C).

» Select placements whose P,, > 90% of maximal P,,. Of those
choose that with least page migrations.

» If cost for memory migration (assuming 0.3s per GB) is too
high, do not apply placement.

» Because of symmetry, not all placements need to be tested.
Also “obviously bad” placement are ignored.
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AsymSched — Migration

» Uses dynamic (lazy) migration.

» If after 2 seconds > 90% of accesses go to old node, do full
migration.

» Full migration uses special system call, that is faster than
migrate_pages, because it stops the application and needs

less locks.
cgB | ft.C is.D sp.A | streamcluster | graph500 | specJBB
Migrated memory (GB) 0.17 2.5 20 0.1 0.15 0.3 10
Average time - Linux syscall (ms) | 860 | 12700 | 101000 | 490 750 1500 50500
Average time - fast migration (ms) | 51 380 3050 30 45 90 1500
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Evaluation — 1 application on 3 nodes
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Evaluation — 3 applications
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Discussion

» What's the matter with memory migration?
» How well would this work without the magic constants?

» What if #threads is not a multiple of #cores in
NUMA-domain?
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