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70% of these off-chip loads block the ROB
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40% of the stalls caused by an off-chip load 
can be reduced by removing on-chip cache access 

latency from its critical path

Key Observations

On-chip cache access latency significantly 
contributes to total off-chip load latency

Observation 2
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Improve processor performance 
by removing on-chip cache access latency

from the critical path of off-chip loads

Our Goal





Predicts which load requests might go off-chip



Predicts which load requests might go off-chip

Starts fetching data directly from main memory 
while concurrently accessing the cache hierarchy
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POPET: Perceptron-Based Off-Chip Predictor

• Multi-feature hashed perceptron model[1]
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POPET: Perceptron-Based Off-Chip Predictor

• Multi-feature hashed perceptron model[1]

- Each feature has its own weight table
• Stores correlation between feature value and off-chip prediction
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Predicting using POPET
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Simulation Methodology
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Hermes+Pythia outperforms Pythia 
in a wide range of bandwidth configurations
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7.7%Hermes consistently improves performance 
on top of a wide range of baseline prefetchers
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Overhead of Hermes

4 KB storage overhead

1.5% power overhead

On top of an Intel Alder Lake-like performance-core [2] configuration

[2] https://www.anandtech.com/show/16881/a-deep-dive-into-intels-alder-lake-microarchitectures/3
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• Wide range of sensitivity studies by varying

- Cache hierarchy access latency
- Hermes request issue latency
- Activation threshold

• Comparison of POPET’s accuracy and coverage against HMP
and TTP

• Understanding usefulness of each program feature

• Hermes’s effect on stall cycle reduction

• Performance analysis in eight-core system
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More in the Paper 
• Wide range of sensitivity studies by varying

- Cache hierarchy access latency
- Hermes request issue latency
- Activation threshold

• Comparison of POPET’s accuracy and coverage against HMP
and TTP

• Understanding usefulness of each program feature

• Hermes’s effect on stall cycle reduction

• Performance analysis in eight-core system

https://arxiv.org/pdf/2209.00188.pdf

https://arxiv.org/pdf/2209.00188.pdf
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Summary

Hermes advocates off-chip load prediction, 
a different form of speculation than

load address predictions by prefetchers

Off-chip load prediction can be applied by itself 
or combined with load address prediction

to provide performance improvement



90

Summary

Hermes…



91

Summary

Hermes…

Identifies 74% off-chip loads,



92

Summary

Hermes…

Identifies 74% off-chip loads,

that misses a 4.5 MB cache hierarchy 

using only 4 KB storage overhead,



93

Summary

Hermes…

Identifies 74% off-chip loads,

with 77% accuracy,

that misses a 4.5 MB cache hierarchy 

using only 4 KB storage overhead,



94

Summary

Hermes…

Identifies 74% off-chip loads,

with 77% accuracy,

that misses a 4.5 MB cache hierarchy 

using only 4 KB storage overhead,

and provides 5.4% performance gain
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Hermes is Open Sourced

https://github.com/CMU-SAFARI/Hermes
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Hermes is Open Sourced

https://github.com/CMU-SAFARI/Hermes

All workload traces

13 prefetchers 9 off-chip predictors

https://github.com/CMU-SAFARI/Hermes
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Easy To Define Your Own Off-Chip Predictor

• Define your own train() and predict() functions

• Get statistics like precision (aka accuracy) and recall
(aka coverage) out of the box
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Off-Chip Prediction Can Further Enable…

Prioritizing loads that are likely go off-chip 
in cache queues and on-chip network routing

Better instruction scheduling
of data-dependent instructions

and many more…
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