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Design rule violation (DRV) evaluation and optimization constitute a critical challenge in modern VLSI physi-
cal design. Fast and accurate assessment of routability and DRV have gained significant research attention due
to its pivotal role in improving design closure efficiency. Traditional detailed routing and design rule check-
ing (DRC) are computationally expensive. To address the above challenges, this work leverages AI models for
the specific location prediction of DRVs at the pre-detailed routing and the checking of DRVs during detailed
routing, which achieves fast and precise DRV evaluation. By integrating the crisscross attention mechanism
and channel transformer within a ResNet backbone, our proposed DRV prediction and checking model gains
the capability to learn non-local and cross-layer relationships across different features and mitigates the
negative impact of data imbalance. Experiments demonstrate the effectiveness of our prediction model and
checking model, with area under curve (AUC) of 0.987 and F1-score of 0.934, respectively. Remarkably, being
integrated into an open-source detailed routing tool, our DRV prediction model achieves 16× acceleration,
while our DRV checking model achieves a 293× acceleration over the conventional DRC engine. By applying
the predicted DRVs to the detailed routing tool, our framework eliminates an average of 44% DRVs of the
initial detailed routing results, effectively bridging the gap between data-driven predictions and rule-based
detailed routing workflows.
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1 INTRODUCTION
The physical design of very large scale integration (VLSI) circuits and systems has become increas-
ingly challenging. As chip sizes continue to shrink, the intricacy of chip design has significantly
increased. Additionally, advanced process nodes aimed at improving yield and avoiding manu-
facturing issues have led to the continuous expansion of design rules, creating a bottleneck [1].
Routing is one of the most critical and complicated steps in the physical design of VLSI circuits
[2]. Due to the intricacy of design rules, the routing process is typically divided into global routing
(GR) and detailed routing (DR), with track assignment (TA) serving as the connection. After the
routing task is completed, design rule checking (DRC) will be executed to accurately validate the
circuit. The number of violations is expected to remain below a certain limit before the final timing
closure. When numerous design rule violations (DRVs) occur in the circuit, designers must effec-
tively adjust routing settings to resolve the violations and re-run the routing [3, 4]. DRC-based
routing is an iterative process that is frequently executed during design to minimize violations [5].
However, time-consuming DRC checks can lead to slow routing convergence.
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Fig. 1. Coarse-grained and fine-grained DRV predictions.

To address this challenge, numerous experts have proposed faster DRC solutions, introducing
predictivemodels based onmachine learning and artificial intelligence techniques to identify DRVs
[6–8]. In this context, significant research has been conducted to predict DRVs in the early physical
design [9]. The objective is to detect potential violations as early as possible and provide accurate
corrective solutions. This approach helps reduce physical design time and improve the efficiency
of chip design. In general, as shown in Fig. 1, DRV predictions can be classified into two types.

• The first is coarse-grained prediction, which mainly predicts the number of DRVs or deter-
mines the existence of DRVs within a GCell. The GCell-level DRV prediction is generally
conducted before detailed routing (mainly placement or global routing). This prediction esti-
mates DRV based on congestion and then provides feedback for quick routability evaluation
before detailed routing.
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• The second is fine-grained prediction, which identifies the specific locations and types of
DRC violationswithin aGCell.This detailed level of prediction can offermore precise routabil-
ity evaluation and interact with detailed routing.This prediction can accelerate detailed rout-
ing and improve the quality of detailed routing.

In Fig. 2, we summarize the current state of DRV prediction models and solutions [10–14]. Tra-
ditional approaches primarily extract relevant features from the placement or global routing stage
for DRV prediction. Since the placement stage involves fewer elements, DRV prediction and design
optimization can be executed more quickly [11]. Additionally, some studies have focused on pre-
dicting DRVs during the global routing stage. Global routing is commonly used to predict routabil-
ity, as it provides a comprehensive congestion map [15]. Most of these studies have concentrated
on the binary classification of GCells, emphasizing feature extraction. Liang et al. investigated the
complex effects of pin accessibility and routing congestion on DRV prediction, while Hung et al.
considered the influence of the surrounding environment [12, 16].

However, as the technology node size decreases, DRVs predicted solely from the GR congestion
map no longer correlate well with those that appear after detailed routing. This is due to the many
complex design rules applied to the layout to ensure manufacturability [17]. These DRVs, most of
which are not visible in the GR routing model, significantly limit the performance of the detailed
router. Therefore, GR-based methods are no longer reliable prediction tools for assessing overall
design routability or for identifying potential DRVs before DR [18]. Moreover, the approaches
mentioned above typically use a coarse-grained solution, relying on grid-based data structures
that divide the design into grid cells (GCells). These DRV prediction models generally determine
whether a violation will occur within a fixed-size grid [12]. However, this coarse-grained method
is ineffective at accurately predicting the spatial distribution of DRVs during the DR stage. DR is
generally the most time-consuming stage in the physical design process, as it must account for all
design rules to generate precise interconnections. For current commercial tools, the runtime of GR
is typically 10% or less of the runtime of detailed routing [13].Therefore, while significant progress
has been made in predicting DRVs, early-stage quick predictions offer limited acceleration for the
overall physical design. Furthermore, little research has been conducted on how to effectively use
these predictions to resolve DRVs [19].
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To accelerate detailed routing and improve the quality of detailed routing, developing an effec-
tive, fast, and accurate predictionmethod is essential.This work introduces a fine-grained DRV pre-
diction model based on ResNet and a customized feature fusion module, aiming to offer in-depth
routability evaluation and optimize detailed routing. Specifically, this prediction model quickly es-
timates potential DRVs that could arise after routing is completed, without performing the detailed
routing process. Unlike existing models that predict GCell violations during the placement stage,
our approach evaluates DRV based on track assignment results within each GCell. This provides
a finer level of granularity and enables more accurate predictions. The proposed DRV prediction
method directly outputs location-based distribution information at a finer resolution. This distinc-
tion allows it to accurately locate violations during the design iteration process, effectively pro-
viding feedback to the detailed routing stage. In addition, we utilize AI-based DRV checking for
detailed routing iterations. Note that we do not intend to replace the traditional DRC verification;
our goal is to accelerate the tedious iterative checking process using the AI model. To the best of
our knowledge, the pre-detailed routing DRV prediction model proposed in this paper is the first
to utilize track assignment results for predicting DRC conditions. The unique contributions of the
proposed AiDRC are summarized as follows:

• To the best of our knowledge, this is the first work that predicts the specific location of intra-
GCell design rule violations at detailed routing using AI model. On one hand, unlike existing
DRV prediction works, which focus on the coarse-grained prediction of the number of DRVs
or the existence of DRVs, AiDRC can provide more refined prediction and checking at de-
tailed routing, thereby more accurately reflecting potential violations. On the other hand,
compared to traditional complex DRC check methods, this AI-based prediction method can
greatly reduce the design rule check time and further improve the overall design efficiency.

• We propose a novel network architecture for our AiDRC framework that employs ResNet
as its backbone, integrating crisscross attention and channel transformer mechanism. This
architecture is specifically developed to learn non-local and cross-channel feature relation-
ships from the diverse set of pre-detailed routing features we extracted, which precisely
describe the intra-GCell states. Experimental results show an AUC of 0.987, and an FPR of
0.5%, indicating that our model is effective in identifying true violations while minimizing
false positives.

• Compared to the traditional DRC tool, experiment results show that our AiDRC prediction
achieves 16× speed-up on DRV estimation, and our AiDRC checking achieves 293× speed-
up on DRV checking. Furthermore, we integrate AiDRC into detailed routing to iteratively
guide the subsequent detailed routing and avoid unnecessary DRVs. Experimental results
show that our AiDRC achieves 44% violation reduction at the initial detailed routing. This
outcome demonstrates the significant effect of our AiDRC on reducing the number of DRVs
during detailed routing.

The remainder of this paper is organized as follows: Section 2 introduces the problem, some basic
knowledge, and our AiDRC framework. Subsequently, Section 3 provides a detailed description of
selected features. Section 4 shows our neural network model. In Section 5, a series of experiments
are introduced to validate the feasibility and efficacy of the proposed methods. Finally, Section 6
summarizes the core contributions of the paper and offers perspectives on future research direc-
tions.
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Fig. 3. (a) The runtime proportion of steps in physical design. (b) Diagram of the trade-off between accuracy
and time of routability evaluation in the routing process.

2 PROBLEM AND FRAMEWORK
2.1 Problem and Motivation
With the continuous advancement of VLSI circuit design technologies, routability in physical de-
sign has become increasingly critical. Routability refers to the ability to complete all interconnec-
tions within a design area while satisfying various design constraints, and it remains one of the
major challenges in VLSI backend design. In IC physical design, metal wires are used not only
to connect nodes for optimal circuit performance but also to strictly adhere to design rules, as
violations may lead to unmanufacturable designs. It is widely recognized that the quality of cell
placement directly impacts routing feasibility. A well-optimized placement can reduce routing dif-
ficulties, whereas poor placement may compromise overall routability or even lead to circuit fail-
ures. Therefore, predicting routability quickly in the design process and avoiding numerous DRC
conflicts during detailed routing is a critical problem for accelerating physical design efficiency.

In current EDA backend design flows, placement and routing are the most complex steps, with
routing further divided into global routing and detailed routing stages. Fig. 3 shows ourmotivation.
As shown in the left diagram, the iterative process in DR is the most time-consuming and resource-
intensive phase. To mitigate the runtime losses associated with design modifications, traditional
flows typically generate a congestion map during placement using a rapid global routing test. This
approach combines congestion information from the global router with layout data, attempting to
transform global routing results into predictions that better correlate with the actual distribution of
DRVs, thereby aiding placement optimization and reducing subsequent DRC issues during routing.

On the one hand, as shown in Fig. 3(b), while traditional global routing–based routability evalu-
ation strikes a balance between time and accuracy, it is essentially a compromise. Before the time-
consuming detailed routing is completed, the actual DRVs in the chip layout remain unknown.
Accurate DRC checks can only be performed after a full global-plus-detailed routing process. Re-
cent studies have found that the gap between congestion maps generated by global routers and
the actual conditions during detailed routing is widening [18]. Some DRVs are not reflected in the
global routing stage, resulting in an overall less accurate routability evaluation. This discrepancy
can mislead routability optimization engines that rely on such information, forcing designers to
repeatedly modify the layout and thereby extending the design cycle.

On the other hand, DR is typically themost time-consuming stage in the physical design process,
as it must account for all design rules across numerous nets to ensure accurate interconnections.
In contrast, GR is significantly faster, and predictions based solely on GR provide limited benefits
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for accelerating iterations at this stage. Predicting DRVs before DR is crucial, as it can significantly
reduce design time and resource consumption. In addition, during the design process, routing re-
quires frequent feedback iterations with the DRC engine. As shown in Fig. 3(a), initial iterations
often experience a high number of violations, leading to slow DRC checks that dominate the rout-
ing iteration time. Therefore, accelerating the DR phase is essential for shortening the overall
physical design cycle and improving chip design efficiency.

To address this issue, an alternative approach is to use the design layout before and during
the DR stage as an image input and leverage the inherent patterns of DRVs with machine learn-
ing techniques for prediction, and further DRV checking. Machine learning methods have shown
promising prospects in this field, potentially extending routability evaluation from the early global
routing stage to the more precise detailed routing phase, and achieving more accurate predictions
to support routability assessment and more efficient routing iteration optimization.

In light of these challenges, this paper proposes a machine learning–based approach integrated
into the routing flow to enhance prediction accuracy and avoid the time-consuming detailed rout-
ing process. The proposed model takes as input key information available before detailed routing
and predicts potential DRVs that may occur during detailed routing, thereby assisting in the eval-
uation of layout routability. At the same time, fast and accurate DRC checks based on AI can sig-
nificantly save design time and resources for DR iterations. As depicted in the diagram, compared
to traditional flows, the AI-based prediction method establishes a new optimal balance between
time and accuracy, providing an effective evaluation of routing feasibility without the need for
executing the resource-intensive DR process. This, in turn, enables more informed layout design
decisions. Additionally, the model can accurately check DRV locations, offering feedback during
routing iterations and accelerating the convergence of the physical design process.

2.2 Preliminaries
In chip design, DRVs refer to regions that violate established design rules or

layout constraints. These rules are formulated to ensure the chip’s functionality, manufacturabil-
ity, and long-term reliability. Each technology node defines a specific set of design rules imposed
on the circuit layout to constrain the geometric properties of the patterns. Violations of these de-
sign rules can result in the failure of the design tape-out. DRC rules cover several critical aspects,
including circuit layout, interconnection structures, size constraints, spacing limitations, and re-
lationships between different layers. These rules arise from the limitations imposed by semicon-
ductor manufacturing processes and physical constraints, acting as an interface and agreement
between designers and process engineers. By executing DRC, design engineers can identify and
correct potential violations in time, ensuring that the chip design meets manufacturing require-
ments [20].
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Fig. 5. Illustration of the different stages in the routing process.

When considering routing optimization to address DRVs, common approaches include adjusting
the distribution of nets, primarily to resolve violations related to shorts and spacing. To provide a
more focused and effective analysis and optimization, this work selects several key DRC rules from
the 28nm standard CMOS process’s process design kit (PDK). As shown in Fig. 4, the related DRC
rules include: metal-to-metal shorts, spacing rules corresponding to parallel run lengths, forbidden
regions extending from line ends, and minimum spacing requirements around the edges.

In the physical design process, routing is a crucial step.The specific routing flow is
illustrated in Fig. 5. In the GR stage, the global router assigns routing paths for each net onto a grid
structure composed of GCells, based on the macro layout of the chip, ensuring that all pins in each
net are covered [21]. GR primarily uses a coarse grid graph and guides subsequent detailed routing.
To make better use of GR information and bridge the gap between global and detailed routing, the
core idea of track assignment is to plan long-distance routing paths across GCells during global
routing.This reduces the search space for detailed routing and confines it within individual GCells,
accelerating the DR process and improving overall routing efficiency. Once the track assignment
is completed, DR is carried out within each GCell to interconnect all the pins [22].

During DR, the nets within the same GCell are connected. In Fig. 5(c), the pink global routing
guidance areas illustrate four track assignment (TA) wires. Two orange and two yellow wires
belong to different nets.The routing results for different nets can cause DRVs, such as short circuits,
which are highlighted in red in the figure.The initial routing introduces DRVs.Therefore, these two
nets need to be rerouted. In routing iterations, an A*-based routing algorithm guides the path based
on cost.TheCostDRCmetric quantifies DRVs, and routing paths can be strategically adjusted based
on this to mitigate DRVs during the detailed routing stage. Fig. 5(d) shows the routing solution
as adjusted in the next iteration. The paths of the orange and yellow nets have been modified,
effectively eliminating the previous DRV.

DRVs are typically calculated at the grid level, which closely resembles pixel-level
classification problems in image segmentation, where classic convolutional neural networks (CNNs)
are often used as the backbone for machine learning models in these tasks. In the domain of im-
age segmentation, ResNet [23] has emerged as one of the most influential architectures since its
introduction in 2016. The core innovation of ResNet lies in its residual learning framework, which
addresses the vanishing gradient problem through skip connections while enabling the training
of substantially deeper networks. These characteristics make ResNet particularly suitable for seg-
mentation tasks, as it can effectively preserve spatial information through its hierarchical feature
extraction process. Building upon this foundation, we adopt ResNet-34 as the backbone architec-
ture for our DRV prediction model.

Fig. 6 illustrates the ResNet-34 architecture for image classification and consists of several key
components: an initial convolutional layer followed by max pooling, and several main residual
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blocks with varying numbers of residual units (e.g. 2-6). The structure of ResNet used in image
segmentation also adheres to the deep convolutional neural network design, while eliminating
the final fully connected layer and incorporating the integration of upsampling layers in the latter
part of the network to restore spatial dimensions. Each residual block contains 2-6 residual units,
where each unit implements skip connections that bypass two or three convolutional layers.These
skip connections enable the network to learn residual functions rather than direct mappings, effec-
tively addressing the vanishing gradient problem. The architecture maintains spatial information
through its hierarchical feature extraction process while progressively increasing the number of
filters in deeper layers.This design allows ResNet to capture both low-level and high-level features
effectively. As a result, ResNet is particularly well-suited for DRV prediction tasks in chip physi-
cal design, as it can effectively model complex spatial patterns while maintaining computational
efficiency through its depth and residual learning framework.

The recurrent crisscross attention (RCCA)module enhances long-range dependency
modeling through a bidirectional attention mechanism that computes orthogonal affinities in hori-
zontal and vertical directions in feature space [24].This dual-path architecture enables each spatial
position to interact with all others through attention chains, overcoming the locality constraints of
traditional convolutions. Its recurrent nature further strengthens this capability through iterative
attention computations, making RCCA particularly effective in capturing complex spatial patterns,
which has been demonstrated in previous research on PCB thermal distribution prediction [25]. For
DRV prediction, RCCA proves particularly valuable bymodeling the sparse yet spatially correlated
nature of DRVs. It effectively detects distributed violation patterns beyond standard convolutional
receptive fields, addressing a key limitation in traditional DRV prediction approaches.

Transformer architectures, originally developed for natural language
processing, have shown remarkable success in capturing long-range dependencies and modeling
complex relationships through self-attention mechanisms [26]. Building upon this foundation, the
channel transformer introduces a novel approach to model cross-channel feature interaction by es-
tablishing dynamic relationships across different feature channels through attention-based mech-
anisms. In contrast to conventional methods that process information across different channels
either independently or through linear weighting, the Channel Transformer employs the multi-
head attention mechanism to compute global dependencies among all channels, enabling compre-
hensive and cross-channel information exchange. The multi-head attention mechanism captures
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Fig. 7. The overall flow framework of AiDRC, which composes of two parts: 1) AiDRC prediction at initial
detailed routing; 2) AiDRC checking during detailed routing.

both local and global channel interactions, while the parallel processing architecture ensures ef-
ficient computation of complex relationships. This capability has been demonstrated in various
studies, such as time-series forecasting [27], medical image segmentation [28], and 3D Object De-
tection [29]. It is also crucial for DRV prediction, where diverse features from layout and net need
to be effectively synthesized. By facilitating comprehensive information fusion across different
feature representations, the channel transformer overcomes the limitations of incomplete feature
integration in traditional DRV prediction approaches.

2.3 AiDRC Framework
Our overall framework is illustrated in Fig. 7. The AiDRC framework consists of two modules:
1) AiDRC prediction at initial detailed routing; and 2) AiDRC checking during detailed routing.
For the AiDRC prediction module, we feed some features extracted from pre-detailed routing into
AiDRC, and then we predict the DRV results of the first round of detailed routing. The predicted
DRV results can be used to guide the first round of detailed routing or offer routability evaluation
for the design steps before detailed routing. For the AiDRC checking module, we feed the features
extracted from the results of the previous round of detailed routing, and then we can obtain the
DRV checking results from AiDRC checking module. The DRV results obtained by the AiDRC
checking module can be used to guide the next round of detailed routing instead of calling the
traditional DRC engine.

In the data preparation phase, we first use an open-source routing tool (the routing tool in
iEDA [30]) to perform automated routing on the collected designs. The LEF and DEF files are
processed as inputs for the tool. Initially, the entire layout area is divided into a grid of GCells. In
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this work, we focus on the DRV prediction during the detailed routing, and the features used in this
work are extracted from the track assignment (TA) results after global routing (GR).These features
are directly obtained from the post-TA layout results. Some basic features among GCell can be
directly obtained, such as pin shapes, pin access points, routing blockages, TA wires, and routing
tracks. Furthermore, to achieve a better prediction result, we extract more features, including the
bounding box of each net, the overlap region between two different bounding boxes, and the points
and lines of the Hanan grid. Details of the feature extraction process are discussed in Section 3. In
addition, the DRVs reported by the traditional DRC tool are used as labels, which correspond to
the extracted feature images. In summary, some information extracted from the TA stage and the
post-routing DRC results serves as the input features and labels, respectively, for the predictive
model.

In the model construction and training phase, the obtained labels and corresponding features
are processed to create the specified dataset. The whole training flow is divided into two stages:
the classification problem of the DRV existence, and the fitting problem of the DRV location. Since
binary classification for DRV existence is a well-established technique, the focus here is on select-
ing data with violations, allowing the model to concentrate on predicting their spatial distribution
[10]. This improves model accuracy while reducing training time. The labeled dataset is randomly
split into training and validation datasets. The training set is used for model learning, guiding the
training process of the DRV predictor, while the validation set is used to evaluate the performance
of the trained predictor. The model parameters are iteratively adjusted and optimized until the
model performance reaches an acceptable level and meets the expected convergence criteria.

During the inference process, the same features are extracted from the target design and fed
into a fine-grained model trained to focus on violation locations. The model predicts the specific
distribution of DRVs, allowing designers to estimate DRC status before detailed routing. On one
hand, the trained AiDRC model can be used to predict accurate routability before detailed routing.
On the other hand, integrating the trained AiDRC model into routing iterations enhances detailed
routing. Using the trained AiDRC model in detailed routing can improve the routing quality and
reduce time spent on subsequent routing iterations.

3 FEATURE SELECTION
Different features capture various aspects of the design layout, such as size and spacing, each of
which may have varying impacts on DRV prediction results. Therefore, extracting and selecting
proper features related to DRV is critical, which provides better insightful information within the
design layout [31]. To apply the prediction model for DRV detection, we preprocess the extracted
features into feature images. High-resolution feature images capture the exact location and shape
of each pattern. These features within the GCells are represented using a 2D-pixel matrix with
values of 0, 1. If a pattern falls within theGCell area, the corresponding pixels are set to 1; otherwise,
they remain 0. For DRV labels, similarly, the violation areas within the GCell are marked with
pixels set to 1, while other regions remain 0. Designing effective features significantly influences
prediction accuracy. The key idea is to extract as much valuable information as possible from the
layout results. In addition to directly extracted features like pins or blockages, the status of routing
paths has a strong correlation with DRVs.

However, the TA stage alone does not provide comprehensive net information, making addi-
tional feature extraction necessary. Therefore, we incorporate more pre-routing information into
our features. To account for the correlation between wiring layers, the lower metal layer serves as
the foundation for upper metal layer routing. For example, in M2 layer prediction and check, the
characteristics of M1 and M2 layers are taken into account. All extracted and selected features are
shown in Fig. 8, and the detailed descriptions are listed as follows:
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in a GCell (corresponding to net No. 2).

(1) : We traverse and retrieve the pins contained within the GCell, generating a pin feature
map. The distribution and shape of the pins are crucial for determining access points and
potential routing blockages. The complex joint effects of pin shapes and nearby blockages is
an important cause of DRVs.

(2) : PA point refers to the coordinate generated by the pin access
tool. We create a square centered on each PA point, with the side length of the square deter-
mined by the minimum width of the metal line, as shown in Fig. 8(a). Each square is then
mapped to its corresponding GCell.

(3) : Blockages refer to obstacles in the environment that are key factors in causing
DRVs during routing. The generation of blockage feature maps follows the same method
as the pin feature maps described above, which helps identify areas where routing is con-
strained.

(4) : After track assignment, pre-routed wires across GCells are de-
termined, directly affecting the number of available routing tracks. It actively participates
in subsequent routing processes and directly impacts the quality of the routing results.

(5) : During the routing process, a track is a path on which routing must occur. Routing
must be performed along the track, meaning the track serves as a routing resource.

(6) : The bounding box of a net represents the minimum enclosing rect-
angular area containing all pins of this net. The BBox of a net outlines its local routing area,
providing potential areas where routing may lead to violations.

(7) : Overlap of bounding boxes refers to the overlapping part of bounding boxes cor-
responding to different nets. Multiple routing paths from different nets may overlap in this
region, indicating a high-risk violation region.

(8) : Hanan points represent potential corner points, which are likely locations
for vias. The six points in Fig. 8(c) are the Hanan points of net 2 in Fig. 8(a).

(9) : The Hanan lines connect various points within the routing area, forming the
basis for future routing. Hanan line is either horizontal or vertical, and we extend it into a
rectangle that meets the minimum line width requirement. Both Hanan points and Hanan
lines provide clues for potential routing.

To address the specific needs of our AiDRC prediction model, we examine the factors that lead
to DRVs during the DR stage. To further investigate the importance of different features on recog-
nition of DRVs, we calculate the absolute gradient values of model outputs for each input channel
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Fig. 9. Comparison of the impact of all features.(a) Case of first metal layer. (b) Case of second metal layer.

to measure the contribution of each channel of feature to DRV recognition. We accumulate and
average gradients across all batches of GCell data to obtain overall importance scores, and normal-
ization is also performed. As shown in Fig. 9, the contribution ratio of different input features is
reflected. It can be observed that the features of both M1 and M2 layers contribute to DRV predic-
tion. In contrast, the information on the M2 layer itself is more important. From the comparison of
different feature types, it can be found that the influence of the features extracted from the layout
itself is significantly higher than the further expanded features. This is because, compared with
the inherent features, the expanded features are an estimate of the possible location of the wire.
Among them, the pin of a net is the most important feature causing DRV.

Furthermore, to train our AiDRC checking model during detailed routing, two features of the
routed wires and vias are extracted and fed into the model. Geometric attributes, such as wire
width, spacing, jogs, and bends, can lead to issues like shorts, spacing violations, and width-related
constraints. The intricate metal traces within the constrained layout plane play a crucial role in
determining design rule compliance. Additionally, vias typically expand in both directions along
the routing path due to enclosure rules, which define the required metal overlap around the via
for reliable electrical connectivity. This expansion, while necessary for manufacturability, can lead
to spacing violations when vias are placed too close to adjacent interconnects or other vias.

4 MODEL ARCHITECTURE
4.1 Network Overview
For the DRV prediction model in Fig. 10, we employ a modified ResNet as the backbone of our
model and combine it with the feature fusion block, including the recurrent crisscross attention
module (RCCA) and channel transformer (CT), to build the prediction network. It receives 18 chan-
nels of different GCell features as input, while the output is a single-channel map indicating the
positions of the predicted DRV region. To retain more accurate spatial details of feature maps from
the GCell, we only apply one down-sampling layer and one up-sampling layer in the ResNet back-
bone. Every two residual blocks are grouped in one pair. Using 5 × 5 convolution, the input layer
first expands the 18-dimensional features to 32 channels, then progressively increases the channels
to 256 by doubling at each residual block, thereby encoding rich information from the input fea-
tures. After four pairs of residual blocks, a convolutional layer is applied to obtain the feature map
- of dimension reduction.Then,- is fed into the feature fusion block, which consists of one RCCA
module and one CT module. In the RCCAmodule,- is fed into two sequential crisscross attention
(CCA) modules to generate a new feature map . , aggregating non-local spatial information. In
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