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The SPADE project focuses on advancing monitoring, optimization, evaluation, and decision-making capabilities for extreme-scale systems. In Year 2, the team has
focused on advancing several monitoring capabilities, with one key goal being the finalization of support for AMD’s new RocProfiler SDK to enable hardware
performance counter analysis on AMD APUs like the MI300A (used in El Capitan) and the upcoming MI350 series.

The SPADE team also continued extending the PAPI library to support heterogeneous CPUs. In Year 2, this work focused mainly on implementing and providing
access to Intel’s topdown Metrics---a structured interpretation of raw hardware performance counters---on supported heterogeneous Intel CPUs like Raptor Lake.

The SPADE team has also designed a compiler-based approach for detecting floating-point exceptions in GPU code. In addition, the team has investigated how using
alternative floating-point formats and reduced-precision floating-point arithmetic affects the accuracy and performance of applications.

NEW APU/GPU MONITORING SUPPORT

PAPI SUPPORT FOR AMD APUs:

NEW CPU MONITORING SUPPORT

SUPPORT FOR INTEL ‘Top-Down’ METRICs:

e Developed and finalized PAPI support for AMD’s RocProfiler-SDK to enable e Implemented Intel’s top-down metrics via a new PAPI component

performance counter analysis on AMD APUs, including MI300A (used in El
Capitan) and the upcoming MI350 series.

e Delivered new PAPI component “rocp sdk” through three PAPI releases:
o 7.2.0 Betal (August 2024)
o 7.2.0 Beta2 (March 2025)
o 7.2.0 Stable Release (June 2025)

e PAPI “rocp sdk” component supports two monitoring modes:
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PAPI PRESET SUPPORT FOR NVIDIA GPUs:

e Finalized development and integration of predefined events ("PAPI Presets")
for GPU components, starting with NVIDIA GPUs (introduced in PAPI 7.2.0)

e Goal of PAPI Presets for GPUs is to address the challenge of up to 200,000
exposed native events per GPU, as seen on architectures like NVIDIA Hopper.
-> Simplifies access to these events via a more user-friendly, functional format.

Snippet from “papi avail” Utility showing NVIDIA GPU Presets:

“topdown”, which has been released as part of PAPI 7.2.0 Stable (June 2025).

large number of performance counters.

e Challenge: Traditionally, using Intel’'s top-down metrics requires managing a

o Although newer Intel processors (Ice Lake, Sapphire Rapids, and newer)
can read up to 8 top-down metrics at once via the PERF_METRICS MSR,
configuring and interpreting these MSRs is complex and requires
deep knowledge of Intel’s performance monitoring architecture.
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PERFORMANCE AND ACCURACY OF
FLOATING-POINT COMPUTATIONS

Implemented compiler-based floating-point exception detection for GPUs

with the goal of integration with PAPI software-defined events (SDESs).

e Developed a tool to replace low-level

functions with user-defined imple-
mentations in Libtorch applications.
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Investigated the impact of automatic mixed precision on performance and

Implemented compiler-based transformation of FP64 to double-single
representations for platforms without FP64 support.
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NAME DESCRIPTION accutacyin GNNS for Results from running 250 epochs on Pt Cluster dataset
PAPI CUDA FP16 FMA  CUDA Half precision (FP16) FMA instructions scientific machine -WWWWWW
PAPI CUDA BF16 FMA  CUDA Half precision (BF16) FMA instructions learning.
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PAPI CUDA FP32 FMA
PAPI CUDA FP64 FMA
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Single precision (FP32) FMA instructions
Double precision (FP64) FMA i1nstructions
floating-point FMA instructions

8-bit precision flecating-point operations
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