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Architecture-Level Power Model

• Power efficiency is a critical design objective in microprocessor design

• A high demand for fast, yet high-fidelity architecture-level power modeling
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Architecture-Level Power Model

• Input:

• Hardware parameters, e.g. FetchWidth, DecodeWidth, DCacheWays

• Event parameters, e.g. the number of DCache Miss, Branch Misprediction

• Output:

• Power



Lack of Open-Source Dataset 
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Problem 1: 

• There is no open-source dataset ML-based architecture-level power models

• Existing works built their solutions on in-house datasets

Problem 2: 

• In-house datasets also have other limitations:

• Limitation 1: Do not include SRAM in their implementation

• Limitation 2: Do not adopt the clock-gating technique 

• Limitation 3: Only collected based on a single CPU architecture
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Problem 1: 

• There is no open-source dataset ML-based architecture-level power models

• Existing works built their solutions on in-house datasets

Problem 2: 

• In-house datasets also have other limitations:

• Limitation 1: Do not include SRAM in their implementation

• Limitation 2: Do not adopt the clock-gating technique 

• Limitation 3: Only collected based on a single CPU architecture

We propose ArchPower, the first open-source dataset 
for ML-based architecture-level power models
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Dataset Overview

• Consists of 25 × 8 = 200 data samples

• 25 CPU configurations

• 8 different workloads

• Providing both architecture-level features and power labels
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CPU Configurations

• 15 BOOM configurations (B1-B15) and 10 XiangShan configurations (X1-X10)

• Some representative CPU configurations:
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Architectural Power Modeling Feature

• Each sample has 14 + 87 = 101 features

• 14: hardware parameters

• 87: event parameters

• Provides a component mask to select the features for each component
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Architectural Power Modeling Feature

• Hardware parameters and event parameters of each component:
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Power Label

• Each sample has (1 + 11) × (1 + 4) = 60 fine-grained power labels

• 1 + 11: The whole CPU and 11 components

• 1 + 4: Further decouple the power into four power groups

• combinational logic power, sequential logic power, memory power, and clock power
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Power Label

• The power distributions across 11 components of 6 different CPU 
configurations with different scales:
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Benchmarked Models

• Evaluate six architecture-level power models

• Two analytical models:

• (a) McPAT

• (b) McPAT-Plus

• Four ML-based models:

• (c) McPAT-Calib

• (d) McPAT-Calib-Component

• (e) McPAT-Calib-CompGroup

• (f) PANDA
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Training-Testing Data Setup

• Set up three training-testing scenarios

• 1) Balance

• Evenly select configurations as training configurations based on the scale

• B1, B8, and B15 for BOOM, X1, X6, and X10 for XiangShan

• 2) Small

• Select the smallest configurations as available training configurations

• B1, B2, and B3 for BOOM, X1, X2, and X3 for XiangShan

• 3) Large 

• Select the largest configurations as available training configurations

• B13, B14, and B15 for BOOM, X8, X9, and X10 for XiangShan



• Accuracy comparison between our selected six models

Power Prediction Accuracy
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Conclusion

• ArchPower, the first open-source dataset for ML-based 
architecture-level power models 

• Includes 200 data samples collected from 25 CPU 
configurations and 8 workloads

• Consider the clock-gating and integrate realistic SRAM 
macros for power label collection
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