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Abstract

Dropout is a widely used regularization technique in deep learning. It prevents overfitting by
randomly blocking some neurons during training. However, the traditional Dropout method uses a
uniform probability for random discarding, ignoring the importance differences of each feature
under a specific input. This paper draws on the core idea of individual contribution distribution in
the Harsanyi aggregation theorem and proposes a new adaptive Dropout mechanism, which
dynamically adjusts the discard probability according to the importance of neuron activation.
Experimental results show that this method shows better accuracy and F1 score than the traditional
Dropout model in multiple repeated training. In addition, we emphasize that this mechanism has
good versatility and can be extended to various neural network architectures.

Keywords: adaptive dropout; harsanyi's aggregation theorem; neural network regularization;
contribution-based masking; generalizable regularization mechanism

1. Introduction

Against the backdrop of the rapid development of deep learning, neural network models have
made great progress in many fields such as image recognition, natural language processing, and
speech recognition [1-4]. However, as the model structure continues to grow, the number of
parameters also increases dramatically. How to effectively improve the generalization ability of the
model and reduce the overfitting problem during training remains an important challenge [5-8]. To
solve this problem, researchers have proposed various regularization methods. Among them,
dropout is widely used in various neural networks because it is easy to implement and has significant
practical effects [9-15].

The core idea of the dropout mechanism is to simulate the uncertainty of the neural structure by
randomly setting the output of some neurons to zero during the learning process of the model [16—
19]. This "random clipping" method helps the network avoid over-reliance on a few features and
enhances the adaptability of the model when facing unknown data [20-22]. However, the standard
dropout strategy usually uses a globally fixed dropout probability, ignoring the differences in the
role of each neuron in a specific input context [23-26]. In fact, the contribution of a single neuron may
vary significantly between different samples and stages. Uniform random dropout may even
mistakenly delete important information and hinder the convergence of the model [27-30].

At the same time, the Harsanyi aggregation theorem in the field of economics provides new
inspiration [31-36]. This theorem emphasizes that in the process of collective decision-making, fair
value distribution should be based on the marginal contribution of each participant to the collective
utility. This idea can also be naturally applied to the dropout strategy in neural networks. We regard
neurons as "individuals in collective decision-making", and their activation values reflect the
"contribution” of each neuron in the current task. By evaluating this contribution and adjusting the
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dropout probability accordingly, it may be more reasonable to retain the information flow that is
more important to the task result.

Based on this idea, this paper proposes a "contribution-based dropout method". The core of this
method is to introduce the statistical information of neuron activation values as a measure of feature
importance and construct an adaptive dropout probability mechanism. In specific implementation,
the average value of the absolute value of each dimension of the activated feature in the current batch
is used as the benchmark, normalized, and formed into an importance index, and then the dropout
probability is adjusted inversely, so that "features with high importance are less likely to be discarded,
and features with low importance are more likely to be discarded". This mechanism can not only
explicitly introduce information selectivity at a low computational cost, but also has high structural
compatibility, and can directly replace the standard dropout in various neural networks.

The starting point of this study is not only to improve dropout itself, but also to explore the
relationship between the regularization strategy of deep learning and the collective rationality model
in economics. We believe that this interdisciplinary thinking shift will not only bring rich ideas to the
design of neural networks, but also expand the scope of application of Hasani's aggregation theorem
in the field of artificial intelligence.

2. Related Work

Since its proposal, the dropout mechanism in neural networks has been widely used in various
deep learning models and has become a standard means to solve overfitting and improve the
generalization ability of models. The basic idea is to randomly "shield" some neurons in each learning
iteration. This makes the model rely on different substructures in different learning processes,
thereby reducing the interdependence between parameters. The advantage of this technology is that
it is simple and efficient. It only needs to add a random sampling step in the forward propagation
process to play a regularization role without significantly increasing the computational overhead.

However, traditional dropout techniques usually adopt a uniform dropout probability, that is,
the same retention/dropout strategy is applied to all neurons, regardless of their importance in the
current task. Although this "equal probability" strategy is unified and easy to implement, it has
structural blind spots because it ignores the differences between input samples and the dynamic
performance of neurons themselves. In practical applications, this indiscriminate dropout operation
may block the activation channels that play a key role in model prediction, resulting in information
loss and hindering the further improvement of model performance.

In recent years, researchers have been aware of this problem and are committed to proposing
more "intelligent" dropout techniques. One direction is to introduce an attention mechanism to
selectively discard neurons after weighting their importance. Another direction is to analyze the
impact of each neuron on the loss function through the back-propagation stage based on gradient
information and decide whether to retain them in the next round of forward propagation. Although
these methods have achieved certain improvements in accuracy, they generally have problems such
as complex implementation, high computational cost, and poor scalability, especially in large models
and resource-constrained environments, which limits their application scenarios.

Unlike these improvement methods that rely on backward gradients or external attention
mechanisms, the Dropout improvement strategy proposed in this paper is only based on the
statistical information of the activation values in the forward propagation stage. In each training
batch, we only need to calculate the average absolute value of the neuron activation value to evaluate
its "importance" or "contribution" in the current sample set, and adjust the Dropout probability
accordingly. This process does not require gradient information, has good interpretability, and does
not incur additional training overhead. In other words, neurons with larger activation values are
considered more important in the current task and are more likely to be retained. On the contrary,
blocking these neurons more boldly can improve the robustness of the model.

More importantly, the design concept of this method incorporates the core concept of the Hasani
aggregation theorem in economics. The theorem emphasizes that in collective decision-making, the
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value of each participant should be evaluated and allocated based on its marginal contribution.
Introducing this idea into neural network regularization means that we no longer treat all neurons
equally, but dynamically adjust them according to the marginal performance of neurons in the
"collective task", thereby achieving fairer and more efficient resource allocation. This research method
can be said to be a regularization strategy with a philosophical basis, which introduces the idea of
micro-control of social decision-making mechanisms into deep learning models.

In summary, the contribution-based adaptive dropout mechanism proposed in this paper has
made many improvements on the basis of existing research. First, we simplify the implementation
process by introducing importance evaluation in the forward propagation stage. Second, we improve
the explanatory power and rationality of the dropout mechanism by introducing the core principles
of social choice theory. Third, we provide a more targeted neural network regularization method
without sacrificing efficiency, and hope to further expand its application scope and theoretical depth
in future research.

3. Method Design

The "Haisani Dropout" mechanism proposed in this study is inspired by the Harsanyi
aggregation theorem, which has important theoretical value in economics. The theorem emphasizes
that the marginal role played by individuals in collective decision-making should be evaluated
accordingly. On this basis, we construct a new dropout strategy for neural network regularization,
which aims to dynamically adjust the possibility of neurons being retained according to their actual
performance in the current input, thereby achieving more selective structural sparsification.

Specifically, during the training process, when the model is in the state of enabling dropout, we
first perform absolute value processing on the activation value of the current neuron, and then
calculate the average activation level of each neuron in the entire batch of samples. This value is
regarded as the "contribution" or "importance index" of the neuron in the current task. Next, we
normalize the contribution of all neurons and map them to a relatively reasonable weight distribution
with a uniform range. Based on this distribution, we further construct a set of adaptive Dropout
discarding probabilities: the higher the contribution of neurons, the higher the retention probability;
and the probability of Dropout is higher for neurons with overall low activation values and judged
to have no significant contribution at present.

This probability control method based on neuron activation response is in sharp contrast to the
traditional fixed drop rate strategy. Traditional Dropout usually presets a uniform drop rate for each
layer, ignoring the individual differences between input samples and neuron responses, which may
lead to "mistaken killing" of key neurons or "retention" of redundant channels. The Harsanyi Dropout
achieves more refined regularization control through lightweight statistics of activation values, so
that model training can retain the core paths in the information flow more specifically while
maintaining the advantages of decorrelation, thereby more effectively promoting model convergence
and enhancing generalization ability.

In addition, the biggest advantage of this method lies in its structural independence and
simplicity in implementation. Specifically, Harsanyi Dropout does not rely on a specific network
structure, nor does it require special adjustments to the connection method of the previous and next
layers. It can be used as a modular Dropout alternative and can be inserted into any existing neural
network framework. Therefore, it can be seamlessly embedded and deployed in traditional multi-
layer perceptrons (MLPs) or in modern deep learning architectures such as convolutional neural
networks (CNNs), recurrent neural networks (RNNs), graph neural networks (GNNs) and even
Transformers. Such versatility gives it good expansion prospects and migration potential, and is
particularly suitable for widespread application in large-scale, heterogeneous network systems.

Furthermore, from an explanatory perspective, this mechanism provides a theoretical basis for
Dropout based on "neuron importance”. With the definition of "marginal contribution" in Harsanyi's
theorem, we can regard neurons as "participants” in a collective prediction task, and the size of their
role directly affects their "survival probability". This view not only improves the transparency and
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controllability of the Dropout mechanism, but also provides model designers with more theoretical
tools to analyze the internal behavior of the network.

In summary, "Haisani Dropout" is an innovative regularization mechanism that integrates
theory and practice. It takes into account efficiency, explanatory power and versatility, is applicable
to various mainstream neural network structures, and can effectively improve model performance
without introducing significant computational burden. This method not only injects a new
ideological core into the Dropout mechanism, but also opens up a possible research direction for
future neural network control strategies based on "individual contribution perception".

4. Experimental Design

To verify the effectiveness of the proposed method, we designed a comparative experiment on
the standard image classification task CIFAR-10 (5000 images are used for the training set and the
test set respectively). Two neural network models are constructed: one is a multi-layer perceptron
(MLP) with a conventional fixed Dropout, and the other is an improved MLP with Harsanyi Dropout,
keeping other network structures and training strategies completely consistent. The experiment
evaluates the average performance of the model under multiple indicators by repeating the training
ten times.

The complete python code used for the experiment is as follows:

import torch

import torch.nn as nn

import torch.optim as optim

import torchvision

import torchvision.transforms as transforms

from torch.utils.data import Subset, DataLoader

from sklearn.metrics import accuracy_score, precision_score, recall_score, f1_score, roc_auc_score
import numpy as np

import time
device = torch.device("cuda" if torch.cuda.is_available() else "cpu")

transform = transforms.Compose([
transforms.ToTensor(),
transforms.Normalize((0.4914, 0.4822, 0.4465), (0.247, 0.243, 0.261))

train_full = torchvision.datasets.CIFAR10(root="./data’, train=True, download=True,
transform=transform)

test_full = torchvision.datasets.CIFAR10(root="./data’, train=False, download=True,
transform=transform)

train_subset = Subset(train_full, list(range(5000)))

test_subset = Subset(test_full, list(range(5000)))

train_loader = Datal.oader(train_subset, batch_size=128, shuffle=True, num_workers=2)

test_loader = Datal.oader(test_subset, batch_size=128, shuffle=False, num_workers=2)
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num_classes =10

class BaselineMLP(nn.Module):
def __init__(self):

super().__init__()
self.flatten = nn.Flatten()
self.fcl = nn.Linear(3*32*32, 256)
self.relul = nn.ReLU()
self.dropoutl = nn.Dropout(0.5)
self.fc2 = nn.Linear(256, 128)
self.relu2 = nn.ReLU()
self.dropout2 = nn.Dropout(0.5)

self.fc3 = nn.Linear(128, num_classes)

def forward(self, x):
x = self.flatten(x)
x = self.relul(self.fc1(x))
x = self.dropout1(x)
x = self.relu2(self.fc2(x))
x = self.dropout2(x)
x = self.fc3(x)

return x

class HarsanyiDropout(nn.Module):
def __init__ (self, base_p=0.5):
super().__init_ ()

self.base_p =base_p

def forward(self, x):

if not self.training or self.base_p == 0:

return x
with torch.no_grad():

abs_x = torch.abs(x)

importance = abs_x.mean(dim=0)

importance_norm = (importance - importance.min()) / (importance.max() -

importance.min() + 1e-8)

adaptive_p = self.base_p * (1 - importance_norm)
adaptive_p_expand = adaptive_p.unsqueeze(0).expand_as(x)
mask = torch.bernoulli(1 - adaptive_p_expand).to(x.device)
out =x * mask / (1 - adaptive_p_expand + le-8)

return out
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class HarsanyiMLP(nn.Module):
def __init__(self):

super().__init__ ()
self.flatten = nn.Flatten()
self.fc1 = nn.Linear(3*32*32, 256)
self.relul = nn.ReLU()
self.harsanyi_dropoutl = HarsanyiDropout(base_p=0.5)
self.fc2 = nn.Linear(256, 128)
self.relu2 = nn.ReLU()
self.harsanyi_dropout2 = HarsanyiDropout(base_p=0.5)

self.fc3 = nn.Linear(128, num_classes)

def forward(self, x):
x = self.flatten(x)
x = self.fc1(x)
x = self.relul(x)
x = self.harsanyi_dropoutl(x)
x = self.fc2(x)
x = self.relu2(x)
x = self.harsanyi_dropout2(x)
x = self.fc3(x)

return x

def train_model(model, dataloader, criterion, optimizer, epochs=5):
model.train()
for epoch in range(epochs):
running_loss = 0.0
for inputs, labels in dataloader:
inputs, labels = inputs.to(device), labels.to(device)
optimizer.zero_grad()
outputs = model(inputs)
loss = criterion(outputs, labels)
loss.backward()

optimizer.step()

def evaluate_model(model, dataloader, compute_roc_auc=False):
model.eval()
all_preds =]
all_labels =]
all_probs =]
with torch.no_gradJ():

for inputs, labels in dataloader:
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inputs, labels = inputs.to(device), labels.to(device)
outputs = model(inputs)
probs = nn.Softmax(dim=1)(outputs)
preds = outputs.argmax(dim=1)
all_preds.append(preds.cpu())
all_labels.append(labels.cpu())
all_probs.append(probs.cpu())

all_preds = torch.cat(all_preds).numpy()

all_labels = torch.cat(all_labels).numpy()

all_probs = torch.cat(all_probs).numpy()

accuracy = accuracy_score(all_labels, all_preds)
precision = precision_score(all_labels, all_preds, average="macro', zero_division=0)
recall = recall_score(all_labels, all_preds, average='macro’, zero_division=0)

f1=1f1_score(all_labels, all_preds, average='macro', zero_division=0)

if compute_roc_auc:
try:
from sklearn.preprocessing import label_binarize
all_labels_bin = label_binarize(all_labels, classes=list(range(num_classes)))
roc_auc = roc_auc_score(all_labels_bin, all_probs, average="macro’, multi_class='ovr")
except Exception:
roc_auc = float('nan’)
else:

roc_auc = float('nan')

return [accuracy, precision, recall, f1, roc_auc]

def summarize_results(name, all_metrics):

all_metrics = np.array(all_metrics)
means = np.mean(all_metrics, axis=0)
stds = np.std(all_metrics, axis=0)
metric_names = ['Accuracy’, 'Precision’, 'Recall’, 'F1-Score', ROC-AUC']
print(f"\n===== {name} - Final Summary over 10 Runs =====")
for i, metric in enumerate(metric_names):

if np.isnan(means]i]):

print(f"{metric}: Skipped (ROC-AUC)")
else:

print(f"{metric}: Mean = {means[i]:.4f}, Std = {stds[i]:.4f}")

print(" \n")

def run_experiment():
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epochs =5
criterion = nn.CrossEntropyLoss()

runs = 10

baseline_all_metrics = []

harsanyi_all_metrics =[]

for i in range(runs):
print(f'=======Run {i+1} / {runs} ====—===")
# Baseline MLP
baseline_model = BaselineMLP().to(device)
baseline_optimizer = optim. Adam(baseline_model.parameters(), 1r=0.001)
train_model(baseline_model, train_loader, criterion, baseline_optimizer, epochs=epochs)
metrics = evaluate_model(baseline_model, test_loader, compute_roc_auc=False)
baseline_all_metrics.append(metrics)
print(f"[Baseline MLP] Acc: {metrics[0]:.4f}, Prec: {metrics[1]:.4f}, Recall: {metrics[2]:.4f}, F1:

{metrics[3]:.4f}")

# Harsanyi MLP

harsanyi_model = HarsanyiMLP().to(device)

harsanyi_optimizer = optim.Adam(harsanyi_model.parameters(), 1r=0.001)

train_model(harsanyi_model, train_loader, criterion, harsanyi_optimizer, epochs=epochs)

metrics = evaluate_model(harsanyi_model, test_loader, compute_roc_auc=False)

harsanyi_all_metrics.append(metrics)

print(f'[Harsanyi MLP] Acc: {metrics[0]:.4f}, Prec: {metrics[1]:.4f}, Recall: {metrics[2]:.4f}, F1:
{metrics[3]:.4f}")

# Summary

summarize_results("Baseline MLP", baseline_all_metrics)

summarize_results("Harsanyi MLP", harsanyi_all_metrics)
if _name =="_main_":

run_experiment()

The output results of the experimental code are as follows:
===== Baseline MLP - Final Summary over 10 Runs =====
Accuracy: Mean = 0.3882, Std = 0.0076

Precision: Mean = 0.3872, Std = 0.0063

Recall: Mean = 0.3882, Std = 0.0076

F1-Score: Mean = 0.3772, Std = 0.0101

ROC-AUC: Skipped (ROC-AUC)
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Accuracy: Mean = 0.4075, Std = 0.0052
Precision: Mean = 0.4109, Std = 0.0050
Recall: Mean = 0.4077, Std = 0.0055
F1-Score: Mean =0.3991, Std = 0.0041
ROC-AUC: Skipped (ROC-AUC)

The results show that the Harsanyi Dropout model is superior to the traditional Dropout model
in accuracy, precision, recall and F1 score, and the standard deviation of each indicator is lower,
showing a more stable training effect. This shows that the method of introducing feature importance
as the basis for Dropout adjustment is more expressive and robust.

5. Generality and Scalability Analysis

One of the biggest advantages of the Harsanyi Dropout mechanism proposed in this study is its
high generality and flexibility. The mechanism is designed based on the statistical characteristics of
neuron activation values in the forward propagation phase and is completely independent of the
specific network structure. Therefore, it can be easily transplanted and applied to various neural
network architectures without complex modifications or reconstruction of the underlying network.

Specifically, in convolutional neural networks (CNNs), the concept of neurons is usually
extended to feature maps (channels) in the convolution layer or activation units at spatial positions.
The Harsanyi Dropout mechanism can calculate the overall activation contribution of each feature
map and adaptively adjust the drop probability of the corresponding channel. This drop strategy that
is dynamically adjusted for each channel is more targeted than the traditional fixed probability
Dropout, and can more effectively avoid the loss of important features, thereby improving the
performance and generalization ability of the model.

In the more complex Transformer architecture, the core part of the network is the multi-head
attention mechanism and the feedforward neural network. Hasani Dropout can be extended to
adaptive sparse processing of attention weights, dynamically adjusting the drop probability
according to the "contribution" of each attention head or attention weight vector. This technology not
only effectively suppresses the redundant information that may exist in the attention mechanism, but
also improves the model's information selection ability in sequence modeling and improves the
model's ability to capture long-distance dependencies and contextual information.

In addition, the idea of Hasani Dropout is not limited to the traditional Dropout module. As an
adaptive regularization strategy based on neuron activation statistics, it is highly scalable in nature.
For example, the mechanism can be combined with regularization techniques such as batch
normalization and layer normalization to dynamically adjust the parameters and weight decay rates
of these regularization modules, thereby further improving training stability and model robustness.
In some scenarios, designing a contribution-based weight pruning mechanism can help optimize the
neural network structure using neural architecture search (NAS) to make the model lighter and more
efficient.

Overall, the design concept of the Harsanyi Dropout mechanism is to dynamically evaluate and
select model components based on their "individual contributions". This concept is universal
regardless of the architecture or task. With the increasing diversification of the structure and
application scenarios of deep learning models, this versatility will provide a broad space for future
research and application of Harsanyi Dropout.

6. Conclusion and Future Work

This paper proposes an innovative adaptive dropout method. Based on the concept of individual
contribution in Harsanyi aggregation theorem, we transform the statistics of neuron activation into
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dynamically adjusted dropout probability, thus realizing a more flexible and effective regularization
mechanism than the traditional fixed dropout rate. Through experimental verification using the
standard multi-layer perceptron (MLP) architecture, the proposed method has achieved significant
improvements in multiple indicators such as accuracy, precision, recall and F1 score, demonstrating
its excellent performance in improving the generalization ability of the model.

More importantly, this paper not only verifies the effectiveness of the proposed method in MLP,
but also highlights its excellent versatility and scalability. Due to its lightweight and structure-
independent design, our method can be directly applied to various mainstream deep learning
architectures such as convolutional neural networks, recurrent neural networks and Transformer,
and can adapt to a wide range of application scenarios. The concept of "contribution evaluation”
proposed in our method provides a theoretical basis and technical path for designing smarter and
more adaptive neural network regularization strategies in the future.

Future research will be conducted in depth around the following core directions. First, we will
further explore the application effect of this mechanism in large-scale Transformer models, especially
in long sequence modeling tasks in natural language processing and computer vision, and verify its
ability to improve the efficiency and accuracy of the attention mechanism. Secondly, we will combine
Hasani's contribution concept and gradient information to design a more fine-grained Dropout
control method, dynamically adjust the Dropout strategy during the learning process, and further
explore the multi-layer structure of network internal information and its dependencies. Finally, we
plan to combine the neural architecture search (NAS) technology with contribution evaluation to
automatically optimize the Dropout strategy and its parameter settings to improve its generalization
ability and adaptability in multi-task learning and transfer learning scenarios.

In other words, the introduction of the Harsanyi Dropout mechanism not only enriches the
theory and practice in the field of neural network regularization, but also provides a new research
perspective for dynamic model control combined with subsequent contributions. With the
continuous development of related technologies, we believe that this mechanism will play an
increasingly important role in the learning and application of deep learning models in the future.
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