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160 Neoverse N1 ARM cores on 2 sockets. 1 thread pinned to each core.
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We measured the latencies from each core to the DRAM on socket 0, and we can express it as a heat map.
We can see from this that there are essentially 2 NUMA regions, one for each socket.
We can also see the variation within each zone due to location on the chip.
On socket 0, the cores near the center of the chip have lower latency because the memory controllers are near the center of the chip.
On the other hand, on socket 1, we see the reverse pattern. Cores near the center of the chip have worse latency because the CCIX 
interconnects are located at the corners of the chip.
Important note: this are the uncongested latencies. (we’ll revisit that later)
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Introduce the “sleet graph” concept.
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To better understand this, let’s isolate just one of the threads, and zoom in on the indicated section.
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So, the vertical axis is just a count of how many times this thread has invoked the compute microkernel.
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Zooming back out…
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(simply because some threads are consistently doing a little bit more work than the other threads)
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If memory is not interleaved, then the operand matrices (A, B, & C) would most likely all live on socket 0’s DRAM, because that’s where 
the primary thread that created them most likely lives. But, that leads to an unfair asymmetry:  the cores on socket 1 are always 
experiencing longer latencies, while the cores on socket 0 are always experiencing shorter latencies.
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During A packing, a group of threads like that shown collaborate to pack their shared “packed A” buffer.
With NUMA-aware allocation, the buffer will be allocated to the address space of the socket 1 DRAM, since these threads all live on 
socket 1.
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With interleaved memory, the data is striped across both DRAMS. This means that part of the packed buffer is in the socket 0 address 
space and part is in the socket 1 address space.

For the part that lives on socket 0, because the global coherency point for those addresses is on socket 0, from the point of view of socket 
1 it lives somewhere else, and so local L2-to-L2 transfers are not allowed.
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Instead, for these cores to “trade” data with their neighbors, each cache line has to get written all the way out to DRAM or SLC on the 
other socket, and then read back.
This is very slow!
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But, this asymmetry means that all the threads on socket 0 finish and then sit idle.

Dynamic work distribution at the outermost loops would mean, that, for example, these last two iterations (shown by the green box) 
could be moved to the threads on socket 0.

18



19



20



Let’s zoom in to find out…
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I.e., the slopes of the “bars”.
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But put a pin in that “should be”. We’ll revisit that later.
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So, let’s talk about what’s involved with A packing…
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During A packing, the cores on socket 1 are reading data from the socket 0 DRAM which is far away, and writing to their own L2 cache 
which is very close by.
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Standard packing in BLIS today follows a “gather” model, that prioritizes contiguous writes.
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We’ve instead experimented with a “scatter” packing model, that prioritizes contiguous reads.

*Shout out to Tze-Meng. Since doing this work, I became aware that he has been independently pursuing the same idea. However, he has generalized 
the concept even further to what he calls “cacheline-aware” packing.
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The eagle-eyed among you may have noticed this and wondered…
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Note:  this event spans about a tenth of a millisecond, so ~300,000 cycles.

32



If we zoom back out, we see that this coincides with the start of the B packing phase on socket 0.
During this phase, all of the threads on socket 0 are streaming data from DRAM and back out to the SLC, producing massive congestion 
on the socket 0 mesh.
Since the work required for these BLIS L3 operations are of order N3, and data replication is of order N2, this means that this will always
be cost effective above a certain problem size (we just have to determine where that threshold lies).
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I’ve added this under memory control, because decoupling the sockets through data replication would also address the latency 
asymmetry.
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