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Deep Memory Hierarchies
Deeper memory
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Introduction to CAMP (Configurable App for Memory Probing)
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Algorithm 1 CAMP custom kernel (pseudocode)

CAM P " EXtenSIonS procedure CAMP_PREPROCESS
#pragma omp parallel default(none) shared(a, b) {

More fine-grained Ol (from 0.08 to 0.02) it tid = omp_gel._thread_num();

a[tid] = malloc(size);
b[tid] = malloc(size);

Energy consumption analysis for i in range(1. size) do

a[ud][1] = 1.0;

bl[td][1] = 2.0;

Support for custom kernels: dot product e o

end procedure

New way to configure runs via a config file d
. . . procedure CAMP_KERNEL
and USI ng an Outer-level d rlver Scrl pt #pragma omp parallel default(none) shared(a, b) reduc-

tion(+:sum) {
int tid = omp_get_thread_num();

160 for 1 in range(l, size) do
. sum += a[tid][i1] * b[tid][1];
end for
1 120 A }
é 100 4 end procedure
'E’ 80
E procedure CAMP_POSTPROCESS
S 60 #pragma omp parallel default(none) shared(a, b) {
o int tid = omp_get_thread_num();
free(a[tid));
201 free(b[tid]);
—8— Dot product }
0

™ & © ]
e s SIS R S (s el B end procedure
nthreads




Experimental Setup

ARCHER2: AMD Rome,
node hierarchy on the right*

LUMI: AMD Milan
NEXTGenlO: Intel Ice Lake

CAMP cyclic distribution
(similar to OpenMP spread)

data size >> L3 cache size
optimisation on, vectorisation on
best of 10 runs (raw data kept)
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* from Velten et al.,”"Memory Performance on AMD Rome and Intel Cascade Lake SP Server Processors”, ICPE'22
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Systems Overview: ARCHERZ2, LUMI-C,

Hardware
Architecture
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OS
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Python
numpy
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matplotlib
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ARCHERZ2 Results: Stride4 (1.50 GHz vs 2.25 GHz CPU freq.)
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Effect of sub-optimal hierarchy setting (ARCHER2 Stride4 2 GHz)
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ARCHER2 Results: Stencil5 (1.50 GHz vs 2.25 GHz CPU freq.)
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Energy (J)

ARCHERZ2: Energy Consumption and Absolute Bandwidth
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LUMI Results: Contiguous, Stride4, Stencil5 (default CPU freq)
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NEXTGenlO Results: Contiguous, Stride4, Stencil5
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Conclusions

CAMP is an open-source tool complementing existing benchmarks
with focus on assessing intra-node memory hierarchy and support
for different access patterns with tunable operational intensity

We observe underpopulation effects (up to 11% and 15%
Increased bandwidth on ARCHER2 and LUMI-C respectively,
when using only 16 threads rather than 128); the effect appears
stronger for higher CPU frequency settings

Using lower CPU frequency setting on ARCHER?2 results In
Increased runtime and energy consumption

Underpopulation may help reduce energy consumption
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Future Work
Next we plan to extend CAMP by adding GPU support

Increase the number of supported access patterns

Grow the library of kernels and compare to efficient
Implementations (e.g. BLAS, FFT)

Apply CAMP to cost modelling for applications
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