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Overview
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PIM for ‘Memory Wall’ Problem
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Computation accuracy is directly 
impacted by various errors



Bit/XBAR-Slicing-based ACC Evaluation

2025/9/26 NICS-efc Lab Page 5

Ø Absolute Acc of NN on analog PIM arch. can be accurately evaluated by slicing paradigm

MNSIM 2.0



Bit/XBAR-Slicing-based ACC Evaluation
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Ø Slicing-based evaluation paradigm incurs additional intolerable overhead 
• Inference latency increases more than 100 times
• E.g. 10,000 seconds for an end-to-end accuracy evaluation process
• NN-based predictor / a methematically derived metric only support relative acc evaluation
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Ø Slicing-based evaluation paradigm incurs additional intolerable overhead 
• Inference latency increases more than 100 times
• E.g. 10,000 seconds for an end-to-end accuracy evaluation process
• NN-based predictor / a methematically derived metric only support relative acc evaluation

Key Target: Propose an effective and efficient relative & absolute accuracy 
evaluation method for non-ideal PIM architectures 



Challenges Arise in Error Analysis
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First Challenge: Errors are injected across different dimensions

Multi-device dim
Single-device dim

Psum dim



Challenges Arise in Error Analysis
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Second Challenge: Complex coupling effects exist among various errors



Methodology Overview
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Error-Injected Robustness Model
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Ø Fundamental Insight: Errors injected in different dims can be mapped to weight dim through 
distribution and weighted summation 



Error-Injected Robustness Model
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Ø Oracle Exp: Explore the relationship between weight error E and model accuracy



NIPA: Non-Ideal PIM Acc Metric
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Ø Mathematically derive the NIPA metric based on robustness Model



Non-Slicing Absolute Acc Evaluation
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Ø Unified error is directly injected to pre-trained NN weight values

Without the need of time-consuming bit/crossbar slicing process

The calculation and injection of error in the absolute accuracy evaluation part is performed layer by layer. 



Comparison with existing work
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Evaluations
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Ø Experiment Setup
• Models: 

• Basic CNN: ResNet18
• Lightweight CNNs: MobileNetv2, EfficientNetv2m
• Attention-free LLMs: Mamba-130M, RWKV-169M
• Attention-based LLM: OPT-125M

• Datasets: CIFAR10/100, PIQA, Arc-Easy
• Metrics: KenDall Rankng Correlation for rel. acc. Evaluation, Mean Absolute Error (MAE) for abs. acc. Evaluation
• Ground Truth: DNN+NeuroSim
• Parameter Space: 

weight bit-width {4,6,8}, device conductance variation factor {0,0.1,0.2}, 
ADC resolution {4,5,6,7,8}, crossbar size {128,256}



Evaluations
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Ø Performance of NIPA Metric

High correlations between NIPA and ground truth accuracy provided by bit-and-crossbar slicing simulations.



Evaluations
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Ø Non-Slicing Absolute Accuracy Evaluation Performance

MAE between ground truth accuracy and results of our non-slicing absolute accuracy evaluation method.



Evaluations
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Ø Co-Exploration Results Embedded with NIPA Metric

NIPA helps to achieve a better 
trade-off between algorithm 
and hardware performance.
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Thanks for your attention!
Q&A

Lidong Guo1*, Zhenhua Zhu1*, Qiushi Lin1, Xuefei Ning1, Yuan Xie2, 
Huazhong Yang1, Wangyang Fu1, Yu Wang1

1Tsinghua University, 2HKUST
E-mail: gld21@mails.tsinghua.edu.cn, zhenhuazhu@mails.tsinghua.edu.cn, yu-wang@tsinghua.edu.cn

mailto:gld21@mails.Tsinghua.edu.cn
mailto:zhenhuazhu@mails.tsinghua.edu.cn
mailto:yu-wang@tsinghua.edu.cn
mailto:yu-wang@tsinghua.edu.cn
mailto:yu-wang@tsinghua.edu.cn

