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I. INTRODUCTION

Power is a first-order constraint for GPU systems due
to increasing GPU power limits and growing workload
demands across datacenters and supercomputers [1]–[3].
Therefore, architectural simulators such as gem5 [4],
[5] are important to study power–performance trade-offs
and develop power-efficiency optimizations. However,
this requires high-fidelity power and frequency scal-
ing support in simulation. Unfortunately, gem5’s GPU
models [6] do not support Dynamic Voltage and Fre-
quency Scaling (DVFS), limiting power-related research.
In this work, we implement CRISP [7], a state-of-the-
art analytical GPU DVFS model, across gem5’s AMD
GPU models. CRISP classifies execution cycles as elastic
cycles that scale with Compute Unit (CU) frequency,
and inelastic cycles that are bound by off-chip memory
latency. CRISP uses this breakdown to accurately pre-
dict workload performance at various clock frequencies
without having to re-run the workload. However, CRISP
was originally designed for GPU architectures that have
evolved since, and its approach does not translate cleanly
to modern designs. We bridge this gap by designing
CRISPIER, an algorithmic modification of CRISP that
adapts its core principles to modern GPU architectures
where CRISP’s original assumptions no longer hold.

II. IMPLEMENTATION & METHODOLOGY

CRISP operates over a fixed interval of cycles called a
window, collecting execution statistics to drive the next
frequency decision. Beyond elastic and inelastic cycles,
CRISP tracks a third category, overlapped cycles, where
compute runs concurrent to the outstanding memory
accesses. Because multiple misses may be in flight
simultaneously, CRISP attributes inelastic cycles using
the critical path [8], the longest chain of dependent
misses that actually bounds the execution time.

CRISPIER adapts this classification to three architec-
tural changes in modern GPUs. First, CRISP assumed a

fixed issue width of two, while modern GPUs have multi-
ple heterogeneous pipelines, each issuing independently.
CRISPIER therefore classifies a cycle as busy based on
concurrent activity across all execution resources. Sec-
ond, CRISP tracks store-stall cycles, idle cycles caused
by the store queue filling up. However, modern AMD
GPUs do not have a dedicated store buffer, so CRISPIER
removes this category. Third, CRISP assumed that the
last level cache sat in a separate clock domain. However,
in modern GPUs the L1 and L2 share a clock domain
with the CUs, so CRISPIER uses the last level cache
miss as the point of inelasticity.

On top of this classifier, we build a per-CU DVFS
infrastructure where each CU is assigned its own clock
and voltage domain. At every window boundary, a ded-
icated controller evaluates the CRISP statistics collected
over that window and selects the P-state minimizing the
chosen objective, either EDP or ED2P. We extend gem5’s
native CPU DVFSHandler to GPUs with a wrapper
that decides when and what to transition, and extend
gem5’s MathExprPowerModel [9] to enable GPU
power estimation.

We evaluate CRISPIER using three micro-benchmarks
spanning compute-heavy (MaxFlops), mixed (Square),
and memory-heavy (MemBandwidth) workloads [10],
[11]. In steady state, MaxFlops produces 97% elastic
classification, MemBandwidth produces 80% inelastic
classification, and Square produces a mixed profile with
65% elastic and 36% inelastic cycles, all consistent with
expected behavior. The controller correctly differentiates
P-state selection across workloads, with MaxFlops pre-
dominantly running at high frequency and MemBand-
width at low frequency, and shows consistent shifts
within a single kernel as execution characteristics change
across windows.



III. CONCLUSION & FUTURE WORK

We present CRISPIER, a CRISP-based GPU DVFS
implementation in gem5, adapted to AMD CDNA
architectures with per-CU clock and voltage do-
mains, timestamp-based critical path tracking, and an
occupancy-based cycle classifier that handles heteroge-
neous execution pipelines. Going forward, we plan to
upstream this infrastructure to the gem5 community,
replace the current power model with a more modern
model such as AccelWattch [12], and fine-tune classi-
fication thresholds and DVFS policy through evaluation
on standard benchmark suites.
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