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Abstract—This paper introduces an innovative design for
Enhanced Knowledge Graph Attention Networks (EKGAT), fo-
cusing on improving representation learning for graph-structured
data. By integrating TransformerConv layers, the proposed
EKGAT model excels in capturing complex node relationships
compared to traditional KGAT models. Additionally, our EKGAT
model integrates disentanglement learning techniques to segment
entity representations into independent components, thereby cap-
turing various semantic aspects more effectively. Comprehensive
experiments on the Cora, PubMed, and Amazon datasets reveal
substantial improvements in node classification accuracy and
convergence speed. The incorporation of TransformerConv layers
significantly accelerates the convergence of the training loss
function while either maintaining or enhancing accuracy, which is
particularly advantageous for large-scale, real-time applications.
Results from t-SNE and PCA analyses vividly illustrate the supe-
rior embedding separability achieved by our model, underscoring
its enhanced representation capabilities. These findings highlight
the potential of EKGAT to advance graph analytics and network
science, providing robust, scalable solutions for a wide range of
applications, from recommendation systems and social network
analysis to biomedical data interpretation and real-time big data
processing.

Index Terms—Knowledge Graph Attention Networks, Trans-
formerConv, Disentanglement Learning, Representation Learn-
ing.

I. INTRODUCTION

Knowledge Graph Attention Networks (KGATSs) are ad-
vanced machine learning models that utilize attention mech-
anisms to process and analyze graph-structured data effec-
tively [13]], [16], [22]. The attention mechanism is particularly
valuable in knowledge graphs due to the inherently rich and
heterogeneous nature of the relationships within knowledge
graphs. These graphs represent entities and their interrelations
with a high degree of granularity and complexity, making
the identification and weighting of the most relevant connec-
tions crucial for accurate and meaningful representation [21].
Moreover, KGATs are inherently scalable, allowing them to
efficiently handle large datasets on servers and provide real-
time results. This scalability is achieved through distributed
computing and parallel processing techniques, ensuring that
KGATsS can be supported well in high-performance computing
environments [7]], [22].

The attention mechanism allows KGAT models to assign
varying levels of importance to a node’s neighbors during the
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information aggregation process [[13]]. This is especially useful
in knowledge graphs where not all relationships between enti-
ties are equally relevant. For example, in a social network, the
relationship between close friends could be more significant
than a distant acquaintance [16]. Similarly, in a biological
knowledge graph [21], certain protein interactions might be
critical for a specific biological function, while others may be
less relevant.

From a specialized perspective, the choice to use the atten-
tion mechanism in knowledge graphs is grounded in several
key considerations:

Heterogeneity and Relational Complexity: Knowledge
graphs contain a variety of types of relationships and entities.
The attention mechanism enables the model to focus on
the most relevant relationships, enhancing the quality of the
learned representation and the model’s ability to handle data
heterogeneity [16], [20].

Scalability and Efficiency: Compared to other aggrega-
tion methods that treat all relationships uniformly, attention
mechanisms are more computationally efficient and can scale
better with graph size. This is critical when working with
large knowledge graphs containing millions of nodes and
relationships [7]], [13].

Adaptability and Personalization: The attention mech-
anism offers flexibility to dynamically adapt to different
contexts and applications. In recommendation systems, for
instance, KGAT models can adjust attention weights to cap-
ture both explicit and implicit relationships, providing more
personalized and accurate recommendations [14]], [16].

Improved Interpretability: The ability to visualize and
understand how attention weights are assigned to different
relationships enhances model interpretability. This is particu-
larly valuable in critical applications like biomedicine, where
understanding model decisions is important for validating
predictions and generating new scientific hypotheses [4], [21].

The major contributions of this paper include:

1) Presenting a novel design of Enhanced Knowledge
Graph Attention Networks (EKGAT), which integrates
TransformerConv layers and disentanglement techniques
to speed up convergence and improve graph representa-
tion accuracy.



2) Providing comprehensive experimental results on multi-
ple datasets to demonstrate the practical performance of
the proposed EKGAT model.

II. MATHEMATICAL FOUNDATION OF EKGAT MODEL
A. Standard Knowledge Graph Attention Network - KGAT

KGAT employs convolutional layers [5] and an attention
mechanism to assign different importance to different nodes’
neighbors during the information aggregation process [7], [[13]].
This mechanism helps focus on the most relevant neighbors,
thereby enhancing the representation of each node.

For a node ¢ with neighbors 7 € N (7):

Linear Transformation: Each node’s feature vector h; is
linearly transformed as follows:

hi = Wh; (D

where h; is the input feature vector of node i, and W is a
learnable weight matrix [3].

Attention Coefficients: The attention coefficients between
a node and its neighbors are computed as:

ei; = LeakyReLU(a” [Wh; || Wh;]) )
where a is a learnable weight vector, and || denotes concate-
nation [[13]].

Normalization using Softmax: The attention coefficients
are normalized using the softmax function:

_ exp(e;;)
Zke/\/(i) exp(eix)
Weighted Aggregation: The node features are updated by

aggregating the features of its neighbors, weighted by the
attention coefficients:
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where ¢ is a non-linear activation function such as ELU
(Exponential Linear Unit) [13]].

B. TransformerCony

The TransformerConv layer extends the KGAT by incorpo-
rating multi-head attention and global information aggregation
mechanisms.

Multi-Head Attention: Multi-head attention is defined as:

MultiHead(Q, K, V) = Concat(heady, . . ., head, )W (5)
where each head is computed as:
head; = Attention(QW <, KW, vwY) (6)

Scaled Dot-Product Attention: Scaled dot-product atten-
tion is computed as:

Attention(Q, K, V') = softma (QKT) Vv @)
i LK, V)=s e

Vdy
where (), K, and V are the query, key, and value matrices,
respectively, and WiQ, WHE, WY, WO are learnable weight
matrices.

C. Kind of layer
KGATConv

hgl) = KGATConv(h;, N (i))
TransformerConv
h§2) = TransformerConv(hEl),N(i))

Disentanglement Layer

hl(-disemang]ed) = DisentangleLayer(hZ(-S))

Fully Connected Layer:

7

h(oulpul) _ FC(h(disentangled) )

D. Layer Configuration for KGAT with Transformer - KGAT-
Trans

First Layer (KGATConv):Captures local structure using
the KGAT mechanism.

Second Layer (TransformerConv):Captures global depen-
dencies using the Transformer mechanism.

Third Layer (KGATConv):Refines node embeddings with
another KGATConv layer [21].

E. Model Architecture EKGAT

First Layer (KGATConv):Captures local structure.

Second Layer (TransformerConv):Captures global depen-
dencies.

Third Layer (KGATConv): Refines node embeddings.

Disentanglement Layer: Segments representations into in-
dependent components.

Fully Connected Layer: Produces final node embeddings
for classification [8]], [21]].

F. Loss Function

The loss function used for training the EKGAT model is
the negative log likelihood loss (cross-entropy loss) for node
classification, defined as:

L==> yilog(y) ®)
i€V
where y; is the true label and ¢; is the predicted probability
for node .
G. Accuracy
The accuracy of the model is computed as:

Number of Correct Predictions
Accuracy =

9
Total Number of Predictions ©)

The KGAT model [13], [16] is a graph attention network
that utilizes two KGATConv [5] layers to perform node
classification tasks. The KGAT-Trans model enhances this ar-
chitecture by integrating Transformer Conv layers [21]], which
improve representation learning by capturing more complex
relationships and dependencies within the graph. Both models
are trained and evaluated on multiple benchmark datasets,
including Cora, PubMed, and Amazon. Their performance is



visualized and compared using dimensionality reduction tech-
niques such as t-SNE and PCA, which help in understanding
how well the models have learned to separate different classes.
The incorporation of attention mechanisms and transformer
layers in these KGAT models allows for a more effective
capture of intricate graph structures, thereby improving the
models’ performance and interpretability in node classification
tasks. The EKGAT model further advances this architec-
ture by incorporating disentanglement techniques alongside
TransformerConv layers. This combination allows EKGAT to
not only capture complex relationships but also to segment
entity representations into independent components, enhancing
the model’s ability to learn nuanced and semantically rich
embeddings. The EKGAT model has demonstrated superior
performance across the Cora, PubMed, and Amazon datasets,
achieving lower validation loss and higher accuracy metrics
in various scenarios. This enhanced capacity for representa-
tion learning makes EKGAT particularly effective for tasks
requiring detailed semantic understanding and generalization
across different graph structures. Compared to KGAT and
KGAT-Trans, EKGAT offers several advantages: improved
representation learning through disentanglement techniques,
leading to better separation of node classes as demonstrated
by PCA and t-SNE visualizations; enhanced generalization,
as evidenced by lower validation loss and higher accuracy on
datasets like PubMed; and scalability and efficiency, with com-
petitive validation loss and accuracy on large-scale datasets
such as Amazon. These advantages position EKGAT as a
robust and effective model for learning graph representations,
outperforming traditional KGAT and KGAT-Trans models
in various graph-based learning and recommendation system
applications.

III. EXPERIMENTS
A. Datasets

We constructed graphs for the Cora, PubMed, and Amazon
datasets, which are widely recognized benchmarks in machine
learning and graph neural networks, providing diverse and
complex graph-structured data for model evaluation.

The Cora dataset is commonly used for evaluating node
classification algorithms. It involves predicting the category of
each paper based on its content and citation links.

The PubMed dataset consists of scientific publications
from the PubMed database. The classification task involves
predicting the subject area of each paper based on its word
vector and citation links.

The Amazon dataset is derived from the Amazon co-
purchase network. It is used to evaluate recommendation
systems and graph neural networks, involving tasks such
as node classification, link prediction, and recommendation.
Nodes represent products, and edges indicate co-purchases,
with feature vectors generated from product reviews.

B. Implementation

The implementation of EKGAT aims to enhance the model’s
ability to learn complex relationships within graph-structured

data. The models are implemented using the PyTorch frame-
work and the PyTorch Geometric library.

1) Model Architecture: KGAT Model: This baseline model
employs two KGATConv layers. The first layer captures
the local graph structure, while the second refines the node
embeddings for improved representational quality [[16].

KGAT-Trans Model: To capture more complex dependen-
cies, TransformerConv layers are introduced between the two
KGATConv layers. This addition allows the model to leverage
both local and global graph dependencies.

EKGAT Model: These techniques are applied to segment
entity representations into independent components, capturing
various semantic aspects. A DisentangleLayer is added after
the final KGATConv layer in both standard and transformer-
enhanced models, reshaping the output into multiple disen-
tangled components processed by a fully connected layer to
produce the final node embeddings.

2) Training and Evaluation: The models are trained using
the Adam optimizer with a learning rate of 0.005 and a weight
decay of 0.001. The training process minimizes the negative
log-likelihood loss (cross-entropy loss) for node classification
tasks. Additionally, a contrastive loss function is incorporated
to enhance the quality of learned embeddings by distinguishing
between similar and dissimilar node pairs.

Evaluation is conducted on the Cora, PubMed, and Amazon
datasets, focusing on node classification accuracy and conver-
gence speed. Visualization techniques such as t-SNE and PCA
are employed to illustrate the embedding separability achieved
by the models, confirming their enhanced representation learn-
ing capabilities. The datasets are split into training, validation,
and test sets with a 70-15-15 split, and early stopping is used to
prevent overfitting, monitoring validation loss with a patience
of 10 epochs.

3) Experimental Setup: Experiments were conducted on a
MacBook Pro with an 8-Core Intel Core i9 processor (2.4
GHz) and 32 GB of RAM. The implementation utilized Python
libraries including PyTorch, scikit-learn, numpy, and mat-
plotlib. The Python code for the implementation is available
in the GitHub Reposito

4) Further Optimization: To evaluate the performance of
our models in parallel computing environments, we imple-
mented several optimization and scalability techniques in
WULVER NIJIT HPC. We used CUDA and PyTorch libraries
to parallelize computing across multiple GPUs and lever-
age the capabilities of SLURM to handle jobs on a high-
performance cluster. Additionally, we employed techniques
such as mixed precision and distributed data parallel (DDP)
training to maximize model efficiency. Experiments performed
in an environment with nodes equipped with NVIDIA V100
GPUs showed that our models not only improve in terms
of accuracy but also benefit significantly from horizontal
scalability, considerably reducing training times.

Uhttps://github.com/fernandistico/EKGAT/



C. Focused Experiment Study

Based on the definitions in [3[], [1]], and [6], the following
metrics are crucial for evaluating model performance:

Loss Function: This metric indicates the efficiency of a
model in learning, optimization, and training. It provides a
measure of model performance, allowing for comparison with
other models.

Train Accuracy (train acc): This metric indicates the
model’s performance on the training data. It is computed as the
ratio of the number of correct predictions to the total number
of training samples. High training accuracy generally signifies
that the model has effectively learned the training data.

Validation Accuracy (val acc): This metric assesses the
model’s performance on the validation set, a subset of the
dataset not used during the training phase. It provides an
estimate of the model’s likely performance on unseen data.

Test Accuracy (test acc): This metric evaluates the model’s
performance on the test data, which is another subset of the
dataset that the model has not encountered during training or
validation. High test accuracy indicates good generalization,
implying that the model performs well on new, unseen data.

D. Experimental Results on Convergence and Accuracy

In Fig. [I] we show the experimental results of loss func-
tions and three different accuracies on Cora, PubMed, and
Amazon datasets using three models: the KGAT (blue), the
KGAT-Trans (orange), and the EKGAT (green). The EKGAT
model consistently demonstrates lower loss values across all
datasets, indicating a better fit to the training data and higher
optimization efficiency. See Fig[2] with a zoom-in of the graph.
The expanded figure of the CORA dataset highlights the
behavior of accuracy between epochs 200 and 500. It provides
a comparative analysis of the standard KGAT model, the
KGAT-Trans model, and the EKGAT model. The test accuracy
results indicate that EKGAT models exhibit similar behaviors
and fluctuate between the values of KGAT and KGAT-Trans
for training and validation cases but show lower performance
in test accuracy.

E. Performance Improvements

Our experiments showed notable performance improve-
ments with advanced models across the Cora, PubMed, and
Amazon datasets. The EKGAT model with TransformerConv
and disentanglement layers achieved superior training and val-
idation accuracies on the Cora dataset, reflecting its enhanced
ability to learn complex relationships. On the PubMed dataset,
this model demonstrated better convergence rates and higher
validation accuracy than both the standard KGAT and the
KGAT-Trans models, indicating improved generalization. For
the Amazon dataset, the EKGAT model surpassed standard
models in training efficiency and accuracy, with the Trans-
formerConv layers capturing intricate data dependencies and
the disentanglement layer refining representations for higher
accuracy.
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Fig. 1. Loss function and test accuracy results on Cora, PubMed, and Amazon
datasets with KGAT, KGAT-Trans and EKGAT model.
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Fig. 2. A part of Fig. |I| is enlarged to highlight its intricate details.

F. Experimental Results of PCA and t-SNE

Principal Component Analysis (PCA) and t-Distributed
Stochastic Neighbor Embedding (t-SNE) [12] were used to
visualize node embeddings from the KGAT and EKGAT mod-
els. These techniques reduce high-dimensional embeddings
to 2D or 3D, allowing for visual evaluation of the quality
and separability of the learned embeddings. The visualizations
effectively demonstrate how the models capture the graph’s
structure and differentiate between node classes.

In Fig. 3] the PCA and t-SNE results show well-clustered
embeddings, indicating good representation learning. Specifi-
cally, the improved embedding separability observed with PCA
and t-SNE confirms the enhanced representation capabilities of
our models, particularly when incorporating TransformerConv



layers and disentanglement techniques. These insights are
critical for understanding the effectiveness of our approach in
enhancing graph-based learning and recommendation systems.

The EKGAT model, shows a clear distinction between
node classes, indicating its superior ability to capture complex
relationships. The integration of disentanglement techniques
further refines embeddings, capturing various semantic aspects
independently.

These PCA and t-SNE visualizations validate our model
improvements, supporting the effectiveness of the proposed
EKGAT model for better graph representation.

IV. DISCUSSION
A. Validation Loss

Minimizing high validation loss is crucial for improving
model generalization. Effective strategies include regulariza-
tion techniques, learning rate tuning, and cross-validation for
model selection [6]]. Methods like L2 (Ridge) and L1 (Lasso)
regularization mitigate overfitting by penalizing large coef-
ficients, thus enhancing generalization. Proper learning rate
adjustment ensures effective convergence, while techniques
such as dropout and batch normalization further improve
model robustness. High validation loss typically indicates poor
generalization, which is critical in fields like biomedicine
where accurate predictions are essential [3]]. Our experiments
indicate that using a dropout rate of 0.7 helps stabilize vali-
dation loss without altering other hyperparameters.

In our experiments on the Cora dataset, three models were
evaluated: KGAT, KGAT-Trans, and EKGAT. The KGAT
model demonstrated the best generalization with the lowest av-
erage validation loss of 0.352, highlighting the effectiveness of
traditional graph attention mechanisms in node classification.
The KGAT-Trans model, with an average validation loss of
0.425, captures complex dependencies via Transformer layers,
making it ideal for scenarios requiring an understanding of
global graph structure. The EKGAT model, despite a higher
validation loss of 0.573, employs advanced disentanglement
techniques for nuanced semantic understanding. Each model’s
distinct strengths emphasize their potential for various appli-
cations, showcasing the versatility and promise of these graph
attention network architectures.

B. Performance Metrics Analysis

Experimental results demonstrate significant performance
improvements of the EKGAT model across the Cora, PubMed,
and Amazon datasets. On the Cora dataset, although EKGAT
exhibits a higher average validation loss (0.643) compared
to KGAT and KGAT-Trans, its accuracy remains competitive
(0.871). This behavior suggests increased model complexity
and the ability to learn useful representations despite the higher
loss.

In the PubMed dataset, EKGAT achieves the lowest vali-
dation loss (0.356) and the highest accuracy (0.869), under-
scoring its superior generalization capacity and effectiveness
in capturing complex relationships.

KGAT- t-SNE

EKGAT- t-SNE

CORA

Fig. 3. Embedding representations of the Cora, PubMed and Amazon dataset
using KGAT and EKGAT models. Left column: t-SNE visualization (top) and
PCA representation (bottom) for the KGAT model, for each dataset. Right
column: t-SNE visualization (top) and PCA representation (bottom) for the
EKGAT model. Both models show optimal embedding representation, for
each datasets. The t-SNE visualizations capture local neighborhood structures,
while the PCA representations show the major directions of variance in the
embeddings.



On the Amazon dataset, EKGAT surpasses standard models
in accuracy (0.919) while maintaining a competitive validation
loss (0.304), highlighting its efficiency and accuracy in recom-
mendation applications.

These findings validate EKGAT as a robust and effective
model for learning graph representations, demonstrating its
potential for various applications in graph-based learning and
recommendation systems.

C. Balancing Performance Metrics

It is important to recognize that the F1 score and visual rep-
resentations like PCA and t-SNE serve different but comple-
mentary purposes. While the F1 score measures task-specific
performance, PCA and t-SNE are used to understand the struc-
ture and quality of the learned representations. Although the
accuracy and F1 scores on the Cora and Amazon datasets are
not the highest, the PCA and t-SNE visualizations demonstrate
that the EKGAT model produces well-separated embeddings,
indicating good representation learning. Achieving better clus-
tering results may justify slightly lower F1 scores, as the
overall goal of the proposed model is to ensure robust graph
representation learning and meaningful embeddings.

V. RELATED WORK

Related works have demonstrated that KGAT models sur-
pass traditional approaches in various applications due to
their advantages. For instance, in recommendation systems,
KGAT models improve accuracy by leveraging both explicit
and implicit relationships within the data, providing a more
personalized user experience [16]. In social network anal-
ysis, KGAT models better capture network dynamics and
structure, enabling deeper and more detailed analyses [11].
These capabilities make KGAT models particularly effective
in handling complex and relational data, leading to more
accurate and insightful outcomes. Recent research has inte-
grated Transformer layers and disentanglement techniques into
KGAT models to address challenges related to the complexity
and interpretability of knowledge graphs. These enhancements
enable models not only to capture global dependencies within
the graph but also to segment entity representations into
independent components, further improving the model’s ability
to learn rich and meaningful representations [8]], [21]]. The in-
tegration of these advanced mechanisms significantly enhances
the flexibility, scalability, and inferential power of KGAT
models, making them more robust and effective in diverse
applications. KGAT represents a significant advancement in
applying machine learning methods to the study of knowl-
edge graphs, particularly in dynamic and complex domains
such as relation prediction [10]], recommendation [16]], and
other classification tasks [[15]]. However, KGAT models often
encounter challenges related to data sparsity and efficiency,
especially with large datasets. The integration of transformers
addresses these limitations by improving the ability to capture
complex relationships within networks [17]. Enhancements
in the convolutional layers of KGAT aim to achieve greater
accuracy and performance, as evidenced in applications such

as social media [2] and medical fields [4], [9]. In related
research on disentangled technologies in knowledge graphs,
notable work ranges from embedding to KGAT model [20].
DisenCite, for example, enhances prediction accuracy by gen-
erating context-specific citation text through integrating paper
text and citation graphs [19], using Dynamic Graph-based
Disentangled Representation [18]]. This approach significantly
improves the interpretability and performance of knowledge
graph embeddings by isolating distinct relational aspects.

VI. CONCLUSION

Our study demonstrates that incorporating Transformer
layers and disentanglement techniques into KGAT signifi-
cantly enhances both convergence and accuracy. By integrating
these advanced mechanisms into the convolutional layers, we
achieve more efficient and effective training, directly con-
tributing to the algorithm’s optimization. The improvements
observed in model performance, particularly in terms of rapid
convergence and accuracy, underscore the potential of these
enhancements.

Incorporating Transformer layers and disentanglement tech-
niques not only optimizes the training process but also signif-
icantly improves the overall performance of graph represen-
tation. This advancement marks a substantial step forward in
developing more robust and interpretable graph-based learning
models. Furthermore, the scalability of EKGAT through dis-
tributed computing and parallel processing highlights its suit-
ability for high-performance computing environments. These
findings validate the effectiveness of our approach and high-
light its potential for broader adoption in various graph-
based applications, paving the way for more precise and
reliable recommendation systems, social network analyses, and
biomedical data interpretations.

Future work will focus on further optimization techniques,
exploring different architectures and hyperparameters, and
expanding the application of EKGAT to other domains and
more extensive datasets.
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