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The Power Ranger Framework
Look-up table (LUT) generated with a variety of power values:

• Several asm-level microbenchmark kernels
• Vary runtime characteristics (grid/block dim, sparsity, etc.)
• Measure steady-state power value for each variation
• Log each kernel and corresponding power value

LUT is generated once per reference device (2-5 hours runtime)

Validation
• We conduct experiments on NVIDIA A100 GPU
• We use Power Ranger to recreate workloads and compare 

recreations to original target
• MAPE of 5% or less for all traces

Case Study: DVFS Testing
• We use Power Ranger to create a synthetic workload for evaluating 

the effect of fixed clock frequency setting and power capping on 
instantaneous GPU power

• We find that power capping allows for more energy-efficient 
computation, but it has a much noisier instantaneous power trace

• This noisy power trace is due to the dynamic changes in clock 
frequency used to enforce the power cap
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Power Ranger can:
1. Create workloads with a desired power profile given only a target 

profile and reference device as input

2. Reproduce both real and synthetic power profiles with a high 
degree of accuracy, enabling the modeling of both current and 
emerging workloads

3. Create lightweight workloads with minimal software overhead that 
can be run on RTL models 

4. Benchmark GPU power behavior in unusual runtime situations 
using custom synthetic traces

Introduction
• High demand for GPUs has driven increased interest in power 

consumption concerns:
• Unsustainable energy consumption of large workloads
• High frequency, high magnitude power fluctuations cause 

soft errors and reduce hardware lifetimes
• Accurate power evaluation for GPUs and GPU clusters is crucial
• Problem: design phase power modelling is difficult because 

large software stacks prevent easy replication of workloads
• Solution: Power Ranger, a framework for generating workloads 

the replicate power behavior

Power Ranger can generate any workload utilizing the generated LUT, 
given only the original power trace as input:
For each point in the input power trace:
• Select a LUT kernel with matching power value at matching temperature
• Append kernel to replication workload
• Run whole replications workload and log final replication power value
• If power matches, append kernel and move to the next data point
• Else, repeat process with a different LUT kernel, using binary search to 

locate the kernel

Synth. Step Up/Down Synth. Stalagmite Deepseek Single Inf.

Synth. Square Wave Synth. Stalactite Gemma Single Inf.
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Discussion: Region of Interest Replication
• What if we are only interested in power behavior at a specific area 

of a workload?

• We can use Power Ranger to isolate areas of interest and replicate 
those areas only

Power Ranger can create real workloads from any arbitrary power trace. This 
means it can be used to create a real workload from a desired, imaginary 
power trace. This makes it a great tool for creating power stressmarks.


