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EXTENDED ABSTRACT

Introduction

In the increasingly complex field of multicore systems, designing and implementing advanced
processing circuits comes with numerous challenges, one of the most critical being crosstalk.
Crosstalk, which is electromagnetic interference between parallel signal paths, has been a major issue
in modern integrated circuits (ICs), especially in 3D on-chip networks where signal lines are closely
packed. Traditional methods of mitigating crosstalk, such as coding techniques and the use of
transistor repeaters, are associated with significant overhead, increased complexity, and higher power
consumption. These limitations have prompted the exploration of more innovative approaches,
particularly those incorporating artificial intelligence (Al).

This paper presents a novel approach to address crosstalk using convolutional neural networks
(CNNs). By leveraging the pattern recognition capabilities of CNNs, the proposed method aims to
detect and mitigate the effects of crosstalk, thereby improving performance in terms of processing
speed and power consumption. The CNN-based approach can dynamically analyze signal patterns,
identify interference, and adaptively filter out harmful patterns, providing a more efficient solution for
multicore system design. This article contributes to the growing body of knowledge on the application
of Al in hardware optimization, offering a promising solution to one of the most persistent problems in
modern chip design.

Methodology

The methodology employed in this study revolves around the use of CNNs to analyze signal patterns
within a 3D on-chip network and to detect crosstalk. CNNs, a type of deep learning architecture, are
particularly well-suited for tasks that involve recognizing patterns in grid-like structures, making them
ideal for processing the signal waveforms commonly found in chip interconnLects.

The first step in the methodology involves collecting data from simulated multicore systems, where
signals affected by crosstalk and unaffected signals are generated. This data is pre-processed and
labeled, with each signal categorized as either "clean" or "affected by crosstalk." The dataset is then
split into training, validation, and test sets to train the CNN model.

The CNN is designed with several layers: convolutional layers to extract features, pooling layers to
reduce the dimensionality of the data, and fully connected layers that output a classification indicating
whether crosstalk is present. The training process involves optimizing the network by adjusting
hyperparameters, such as the number of layers, filter sizes, and the learning rate. The aim is to
maximize the CNN'’s ability to classify the signals while minimizing computational overhead correctly.
After training, the CNN model is tested against the unseen test data to assess its performance. Metrics
such as accuracy, power consumption, and processing speed are used to compare the effectiveness of
the CNN-based method with traditional techniques, including coding methods and transistor
repeaters. The results from these tests are then used to fine-tune the model, ensuring optimal
performance in real-world applications.
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Figure 1. Layers of Convolutional Neural Networks.
Results and Discussion

The research presented in this article provides a novel approach to mitigating crosstalk in 3D on-
chip networks by leveraging convolutional neural networks (CNNs). The proposed method
demonstrates the potential for improving signal integrity by dynamically analyzing and filtering
harmful patterns that cause interference, ultimately enhancing the performance of multicore
systems.

Compared to traditional methods such as physical repeaters and coding techniques, this CNN-
based approach offers several advantages. It operates without the need for additional hardware
components, which can reduce the power consumption and overall complexity of the system.
Moreover, the scalability of CNNs allows this approach to adapt to increasingly complex multicore
environments, making it well-suited for future generations of chips.

The study emphasizes the importance of integrating Al-driven techniques in hardware design,
providing a foundation for further exploration in this field Future research could focus on
optimizing the CNN architecture for real-time applications and investigating its applicability to
other forms of signal interference beyond crosstalk. The adaptability of CNNs holds great promise
for transforming chip design, leading to more efficient and reliable systems in the years to come.
The discussion also touches on potential applications of the CNN-based method beyond crosstalk
mitigation. The underlying principles of this approach—dynamic pattern recognition and
adaptive filtering—could be applied to other types of signal interference, such as electromagnetic
interference (EMI) or noise in wireless communication systems. Furthermore, the adaptability of
CNNs means they could be used in dynamic environments where signal conditions fluctuate,
offering a robust solution for real-time hardware optimization.

Conclusions

The proposed method presented in this paper offers a promising new approach to mitigating
crosstalk in 3D on-chip networks using convolutional neural networks. By leveraging the
powerful pattern recognition capabilities of CNNs, the proposed method can accurately detect
and filter out crosstalk, leading to improved signal integrity, reduced power consumption, and
enhanced scalability.

Compared to traditional methods, the CNN-based approach not only increases accuracy but also
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offers a more energy-efficient solution that does not require additional hardware components.
This makes it particularly well-suited for the next generation of multicore systems, where power
efficiency and scalability are paramount. Furthermore, the adaptability of the CNN allows it to
handle increasingly complex systems, providing a versatile tool for future chip designs.

This article contributes to the growing field of Al-driven hardware optimization and paves the
way for further exploration into the use of machine learning in chip design. Future work could
focus on refining the CNN model to improve its performance further, exploring its applicability to
other forms of signal interference, and integrating it into real-time systems for dynamic, on-the-
fly optimization. As Al continues to evolve, its potential to transform hardware design will only
grow, making it an essential tool for engineers and designers.
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