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Introduction

- Energy-efficient computing: one of the top ten research challenges in HPC

* Insights from the state of the art

« Dynamic Voltage and Frequency Scaling (DVES) aims to reduce power
consumption by dynamically adjusting voltage and frequency

 hardware vendor-specific power management library

* e.g, LevelZero on Intel GPUs, NVML on NVIDIA GPUs, ROCm-SMI on AMD
GPUs

* no existing portable interface
 Energy characterization depends on the kernel and on the hardware
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Background: Energy Optimization by DVFS

= Energy optimization is a multi-objective problem

= There is no single frequency that achieves at vo
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Background: Energy Characterization on NVIDIA V100S and AMD MI100
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Background: Energy Characterization on Intel ARC A770 and Max 1100
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SYnergy: Challenges and Contributions

Frequency tuning must be N ) Fine-grained energy models that enable
done for each kernel

—>'\ SYnergy — per-kernel turning for user-defined
/

\ , energy targets
\ /
~ - _ 7
Privilege issue on

large clusters Energy-aware SLURM plugin
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SYnergy Overview

AP Compile time Runtime
SYCL / SYCL+MPI Per-kernel Target models SLURM energy plugin
Synengy : : queue q{gpu_selector}; feature extraction
q.submit (MINZEDP, [&] (handler&h){ I . prologue \
ﬁ.par‘allel_for‘(n,ker‘nell); kernel IR
a?éubmit(-, [&] (handler&h){ target frequency SYCL + MPI
ﬁ.parallel_for(m,kernelz);

= SYnergy application: either SYCL or SYCL + MPI

= using synergy::queue / specify energy target metric at queue or kernel level

= SYnergy program compilation

= extracts a feature vector from each kernel / features fed machine learning energy models

= MPI+SYCL: SLURM energy plugin to support GPU frequency scaling on cluster
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Synergy API.

.- AP]
= Capability
L SYCL / SYCL+MPI
u energy prOflllng Synergy: :queue q{gpu_selector};

q.submit (MINZEDR, [&] (handler&h){
h. parallel_for(n,kernell);

= energy target setting 3) Submit (ESHES, (8] (handlergh){

h. parallel_for(m,kernel2);

});\_/_

= frequency scaling
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SYnergy API: Energy Profiling

*  Energy semantics

- Energy-aware queue
 Fine-grained energy profiling

+ Coarse-grained energy profiling

synergy::queue q{gpu_selector_v};
buffer<float, 1> x_buf{x};
buffer<float, 1> y_buf{y};

event e = q.submit([&](handler& h) {
accessor<float, 1, read> x_acc{x_buf, h};
accessor<float, 1, read> y_acc{y_buf, h};
float a{alpha};

h.parallel for(range<1>{n}, [=](id<1> id) {
y acc[id] = a * x_acc[id];
1)

1)

double kernel_energy
double device_energy

q.kernel_energy consumption(e);
q.device energy consumption();

SYCL code with SYNERGY queue
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SYnergy APl Frequency Scaling

*  Frequency semantics
synergy::queue ql1{1215, 210, gpu_selector v};

- Energy-aware queue synergy::queue gq2{gpu_selector_v};
... // setup buffers

 Fine-grained frequency scaling

. . 1.submit([&](handler& h
° Coarse-gralned frequency scallng g N ;/(_E.e’lfjp accessori {

h.parallel for(n,kernell);
1)

g2.submit (877,810, [&](handler& h) {
... // setup accessors
h.parallel for(m,kernel2);

2 E

SYCL code with SYNERGY queue
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SYnergy API: Energy Targets

- Energy target semantics
synergy::queue q{gpu_selector v};

. Energy—aware queue buffer<float, 1> x_buf{x};
buffer<float, 1> y buf{y};
* Per-kernel energy target, e.g., MAX_PERF,

MIN_ ENERGY, MIN_ EDP, or MIN_ED2P event e = q.submit(MIN_EDP, [&](handler& h) {
accessor<float, 1, read> x_acc{x_buf, h};

accessor<float, 1, read> y acc{y buf, h};
float a{alpha};

h.parallel for(range<1>{n}, [=](id<1> id) {
y acc[id] = a * x_acc[id];
})s

1)

SYCL code with SYNERGY queue
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SYnergy API: Traditional Energy Targets

2.0
= Scalar metrics 1400
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SYnergy API: Novel Energy Targets
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New energy targets
3 -: the frequency configuration that delivers the x% relative energy savings
3 -: the frequency configuration that has x% relative performance loss

= Relative to the range [default, MIN_ENERGY]
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Synergy Compilation

API Compile time Runtime
SYCL / SYCL+MPI Per-kernel Target models SLURM energy plugin
synergy: :queue q{gpu_selector}; feature extraction
q.submit (MINZEDP, [&] (handler&h){ > . prologue \
ﬁ.par‘allel_for‘(n,ker‘nell); kernel IR
a?éubmit(-, [&] (handler&h){ target frequency SYCL + MPI
ﬁ.parallel_for(m,kernelz);

= Infer the optimal frequency configuration for user-defined energy target
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SYnergy Compilation: Energy Target Models

per-kernel
model selection

Training Inference
Micro-benchmarks New code (4]
kernel
1 SYNergy: : queue q{gpu_selector};
| ' (1) : - . submit (MENCEDR, [&] (handlergh){ feature vectors (6]
—’ e

Synergy: : queue h.parallel_for(n,kernell); i per-keme|
q{gpu_selector}; feature \ . - t t
q.submit (MINZEDP, . e s > 5 > arge

[&](handlergh) extraction q.submit(ESE2S, [&] (handler&h){ frequencies
{

| | 3 models h.parallel_for(m,kernel2);

h.parallel_for(n, T = ..

Kepae1l); U 2 2 § £ training - N

with different
core frequencies

.
1)
o - [ ‘ e
execution i

= Energy characterization depends on the code & target hardware
= kernel is characterized by static code features extracted by a LLVM pass

= Energy model based on machine learning

= Training on microbenchmarks, evaluation on 23 benchmarks (SYCL-Bench), leave-one-out cross validation, each target use different models
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Result: Prediction Error Analysis on Single Node
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= Best for performance-related targets: Linear Regression

= Best for energy-related targets: Random Forest Regression
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SYnergy on Multi-nodes Systems

API Compile time Runtime
SYCL / SYCL+MPI Per-kernel Target models SLURM energy plugin
synergy: :queue q{gpu_selector}; feature extraction
q;submit(-, [&] (handler&h){ - prologue \
h.parallel for(n,kernell); kernel IR

D
q.submit (ESI28, [&] (handler&h){
ﬁ.parallel_for(m,kernelz);

SYCL + MPI

1—

})3\_/_ kernel IR

epilogue )

= SLURM plugin enables energy features on large clusters

= SLURM job scheduler plugin extends the job execution policy with a specific prologue and
epilogue, enabling energy-efficient computing on all devices in the job

= evaluation on Marconi100 at CINECA, up to 64 GPU
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Strong Scaling Evaluation on Marconi100 / CINECA

= Applications: CloverLeaf and MiniWeather
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SYnergy on Industrial Applications

= Two industry applications within the LIGATE EuroHPC e
project <] o
1.75 3 >
. . , ;715 A e 1200§
= [iGen (Ligand Generator) by Dompé SpA 2
&5 ”"%;,g::@::.,.ﬂ 1000 &
. oy . 1.00
= in silico simulator that runs on HPC systems el 800
= binding of 16.5 billion molecules can be virtually tested on a °-5°}‘:O —
target protein in just 1h rme
= Cronos by PH3 Gmbh T,
13 Y R - . 1400
= a magnetohydrodynamics code developed for the solution of g ot e
plasma-dynamical problems in astrophysics and space science B he : g
glo '.- . -. t- 1000§
= optimized for general hyperbolic equations, compressible = R
hydrodynamics, special relativistic hydrodynamics "
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Lorenzo Carpentieri, Marco D'Antonio, Kaijie Fan, Luigi Crisci, Biagio Cosenza, Federico Ficarelli, Daniele Cesarini, Gianmarco Accordi, Davide Gadioli, Gianluca Palermo,
Peter Thoman, Philip Salzmann, Philipp Gschwandtner, Markus Wippler, Filippo Marchetti, Daniele Gregori, Andrea Rosario Beccari:
Domain-Specific Energy Modeling for Drug Discovery and Magnetohydrodynamics Applications. SC Workshops 2023: 1789-1800
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Summary & Conclusions

= SYnergy

= SYCL interface for energy profiling and frequency scaling

= Energy target and machine learning models

= Energy-aware SLURM plug-in for energy scalability on multiple GPUs

Next steps

. ®)
= Concurrent kernel executions for out-of-order queue - SC23

= Target embedded systems

SYnergy: Fine-grained Energy-Efficient Heterogeneous
Computing for Scalable Energy Saving
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