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Abstract

This paper presents a novel approach for source code similarity detection that integrates an
additional output feature into the classification process to improve model performance. Our ap-
proach is based on the GraphCodeBERT model, extended with a custom output feature layer and
a concatenation mechanism for improved feature representation. The model was trained and eval-
uated, achieving promising precision, recall, and f-measure results. The implementation details,
including model architecture and training strategies, are discussed. The source code that illus-
trates our approach can be downloaded from https://www.github.com/jorge-martinez-gil/

graphcodebert-feature-integration.
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1. Introduction

Accurate and efficient identification of similar source code fragments is essential for ensuring
software quality, improving developer productivity, and maintaining code integrity [I 22] 23].
With the advent of deep learning (DL) and natural language processing (NLP) techniques,
transformer-based models have emerged as promising strategies for understanding and processing
source code. Recent progress in transformer architectures, particularly models like BERT [3] and
its variants, has shown remarkable success in this context.

When pre-trained on large corpora, transformer models can effectively capture semantic and
syntactic information, making them highly suitable for source code-related tasks. In this research,
we are particularly interested in a transformer variant called GraphCodeBERT [6], specifically
designed to manage source code by processing the structural and semantic properties inherent in
programming languages.

To improve the capabilities of GraphCodeBERT for source code similarity detection, we

propose a novel extension that involves adding a custom output feature layer. This strategy also
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uses a concatenation mechanism to combine the pooled output from the transformer model with
additional processed features. This approach allows the model to represent the source code better
since it considers both structural and semantic information and can, therefore, be expected to
lead to better results. In this way, the major contributions of this research can be summarized

as follows:

e We present a novel approach that extends the capabilities of GraphCodeBERT by integrat-
ing additional output features into the sequence classification process. We aim to improve
the model’s ability to detect source code similarities by providing a richer feature represen-

tation.

e We evaluate our model’s performance through experiments using well-known datasets. The
results show some degree of improvement in precision, recall, and f-measure, validating the

effectiveness of our model extension.

The remainder of this paper is organized as follows: Section 2 reviews related work in source
code similarity detection and transformer-based models. Section 3 details the methodology,
including the model architecture and training strategies. Section 4 presents the experimental
setup and results and discusses our findings and their implications. Section 5 concludes the

paper and points out potential directions for future research.

2. State-of-the-art

Semantic similarity measurement [19, 13| [14] and in particular, code similarity detection has
seen significant advancements over the years, driven by the need to manage and maintain large
codebases efficiently. Below, we present the historical evolution and the recent progress that has

shaped the current state-of-the-art in this domain.

2.1. Historical OQverview

Early approaches to source code similarity detection primarily focused on syntactic analysis,
using methods like string matching, token-based comparison, and abstract syntax tree matching
[111 201 21], as well as source code metrics [7]. While useful [8], these techniques often struggled
with coding style and structure variations and faced scalability issues [5], limiting their effec-
tiveness in accurately capturing the semantic similarity between source code fragments. One
explored line was the aggregation of basic techniques through ensemble and stacking methods
[14] [15], but these showed strong results only on small datasets.

The emergence of machine learning (ML) brought more sophisticated methods [16]. Vector

space models and graph-based techniques introduced new ways to represent and compare code



fragments [2], incorporating structural properties of code for richer similarity detection [26]. De-
spite their advancements, ML approaches faced challenges in scaling large datasets and managing
diverse programming languages.

DL marked a transformative shift in source code similarity detection [27]. Diverse neural
networks were applied to model source code sequences, capturing syntactic and semantic infor-
mation [25] 28]. These models outperformed traditional methods but struggled to fully capture
long-range dependencies and complex code structures.

Transformer-based models, such as BERT and its variants, have significantly impacted NLP
and code-related tasks. Pre-trained on extensive datasets, these models have shown exceptional
capabilities in understanding context and semantics [9]. The application of transformer models
to source code has further evolved with the development of specialized models for programming
languages, such as CodeBERT [4] and GraphCodeBERT [6]. These models leverage source code’s
textual and structural properties, enabling more accurate similarity detection [I7]. However,
techniques to explain model operations remain an open area of research [I2], and more efforts

must be made in this direction.

2.2. Contribution Over the State-of-the-art

Our research aims to improve source code similarity detection by extending transformer-
based models and feature integration techniques. We extend these advancements by feeding an
additional output feature into a transformer-based model to detect code similarity. We aim to
improve the model’s representation capabilities and classification performance.

Therefore, our approach advances the use of transformer architectures and feature integration
for more effective code similarity detection. The primary motivation for this extension is to enrich
the representation of source code by incorporating both the structural and semantic properties.
While the transformer model effectively captures contextual information, the output feature layer

provides additional domain-specific features that the base model might not fully capture.

3. GraphCodeBERT and Additional Feature Integration

GraphCodeBERT is a graph-based pre-trained model based on the transformer architecture
for programming languages. It also considers data flow information along with source code se-
quences. The model is trained on a dataset with several million functions and document pairs for
several programming languages. It processes the source code structure for improved understand-
ing and generation. It combines techniques from graph neural networks and transformer-based
models like BERT. Below is a mathematical formulation of the key components and processes
involved in GraphCodeBERT.



3.1. Problem Statement

Let C = {C4,Cy,...,C,} denote the set of source code fragments. The goal is to determine
whether a given pair of these code fragments (C;,C;) € C x C are clones, i.e., functionally
equivalent, or similar. We frame the clone detection problem as a binary classification task. For
a pair of source code fragments (C;,C;), the task is to predict the label y;; € {0,1}, where
1 indicates that they are clones and 0 otherwise. We define the input to the classifier as the

concatenation of the embeddings of the code pairs:
Xij = [hi; hy]

3.2. Training Objective

The model can be trained using various objectives depending on the task, such as predicting
randomly masked tokens in the input sequence or generating summaries for given source code
fragments. In the context of this work, the overall loss £ is about matching source code fragments
such as the approach presented in [24]. However, our model is trained to minimize the binary

cross-entropy loss:

LO) =~ > (wijlog dij + (1 — i) log(1 — 6ij))
(¢,7)€D

where D is the training dataset, ¢;; is the predicted probability of C; and C; being clones, and

0 represents the model parameters.

3.8. Extension of the Model Architecture

The model is based on a transformer architecture, which is extended to include an additional
output feature for improved functionality. The primary components of this model are an out-
put feature layer and a classifier. The model processes the input data and generates hidden
representations. The output feature layer is a linear layer represented by W1, which maps the
additional output feature to the same dimension as the model’s hidden size. The classifier is
another linear layer, W5, which maps the concatenated features to the number of labels required
for the classification task.

During the forward pass, given inputs X = (input._ids, attention mask) and an addi-
tional output feature f,,;, the following computations occur: the model processes the inputs to
generate hidden states, represented as H = Model(input_ids, attention_mask). The pooled
output is Ppooled = Hpooler_outpus- 1he additional output feature is processed through the
linear layer, resulting in Fprocessed = W1 - fous. These two vectors are concatenated to form
C = [Ppooled; Fprocessed]. After applying dropout to C, the final logits are computed as logits =

W, - Caropout- For classification tasks, the cross-entropy loss is used to compute the loss:



L = CrossEntropyLoss(logits, labels). Each data point consists of a pair of code fragments
(codel, code2), a similarity score, and an additional output feature which consists of the execu-
tion of the two code fragments and the comparison of their outputs using some semantic textual

similarity technique.

4. Empirical Evaluation

In previous work [I8], we conducted a state-of-the-art study including unsupervised and

supervised strategies. We now proceed to extend the results shown above.

4.1. Ezxperimental Setup

The models have undergone a previous fine-tuning phase, beginning with the loading and
randomly splitting a dataset of code fragments into training, validation, and test sets. The
approach’s core involves training the model to discern source code clone pairs, guided by a trainer
configured with specific arguments such as epoch count, batch size, and learning rate adjustments.
Finally, performance metrics have been calculated to evaluate the model’s effectiveness as the
average value of a given number of executions. In our study, we have considered up to ten

independent executions.

4.2. Dataset

We use the IR-Plag datasetﬂ [10], designed for benchmarking source code similarity techniques
in detecting academic plagiarism. The dataset includes 467 code files, with 355 (77%) labeled as
plagiarized. It contains 59,201 tokens with 540 unique tokens, offering lexical and compositional
diversity. File sizes range from 40 to 286 tokens, averaging 126 tokens per file, making it suitable

for studying source code clones.

4.8. Ewvaluation Criteria

Although accuracy is commonly calculated in studies like this, it is discouraged for unbal-
anced datasets because it can be misleading; predicting the most frequent class can result in
deceptively high accuracy. Therefore, we have chosen to use precision and recall, as this method
is more appropriate to separately evaluate false positives (precision) and false negatives (recall).
This approach also penalizes models for missing positive instances and making incorrect positive
predictions. The f-measure, i.e., the harmonic mean of precision and recall, is then used to rank

the effectiveness of different techniques.

Ihttps://github.com/oscarkarnalim/sourcecodeplagiarismdataset
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4.4. Results

Table [I] presents a comparative evaluation of various approaches applied to the IR-Plag
dataset. The approaches evaluated include CodeBERT [4], Output Analysis [I8], Boosting
(XGBoost) [17], Bagging (Random Forest) [17], GraphCodeBERT [6], and our novel variant
of GraphCodeBERT. Among the approaches, the novel GraphCodeBERT variant achieved the
best performance, with the highest scores in both precision (0.98) and recall (1.00), resulting in

an f-measure of 0.99.

Approach precision | recall | f~-measure
CodeBERT [4] 0.72 1.00 0.84
Output Analysis [18] 0.88 0.93 0.90
Boosting (XGBoost) [17] 0.88 0.99 0.93
Bagging (Random Forest) [17] 0.95 0.97 0.96
GraphCodeBERT [6] 0.98 0.95 0.96
Our GraphCodeBERT variant 0.98 1.00 0.99

Table 1: Performance comparison of state-of-the-art techniques on the IR-Plag dataset, evaluated using precision,
recall, and f-measure. Our GraphCodeBERT variant outperforms other methods with the highest f-measure of
0.99

4.5. Discussion

Our experimental results reveal several key findings that demonstrate the effectiveness of our

approach. These key findings are:

e Firstly, adding an output feature layer has improved the model’s performance. Combin-
ing the pooled output with the processed output features has enriched the source code

representation, leading to better classification results.

e Secondly, the GraphCodeBERT model has demonstrated a strong capability in understand-
ing and representing source code fragments. Its architecture has effectively learned source

code similarity, and our custom extension has further improved this capability.

e Lastly, our training and evaluation processes have indicated that the model generalized well
to unseen data, achieving high precision, recall, and f-measure scores. This suggests that
our approach could be effectively applied to various software engineering tasks that require

source code similarity detection to improve the reliability of these applications.

Our results suggest that our approach could improve software maintenance and reduce tech-
nical debt. Integrating the additional output feature layer has led to performance improvements,
primarily due to the strengthened code understanding capabilities of GraphCodeBERT through

our custom extension.



5. Conclusion

In this work, we have extended the GraphCodeBERT model by integrating additional output
features to improve classification performance in code similarity detection. Our idea has been
to combine transformer-based models with additional features, providing a promising direction
for addressing the limitations of earlier methods. Our extended GraphCodeBERT model has
significantly improved the process of identifying and classifying similar source code fragments.

Adding an extra output feature layer has combined information from the pooled and processed
outputs, resulting in a more detailed representation of the source code. This improvement has
increased the model’s performance. Our experimental results consistently show that our approach
has outperformed the rest of the models regarding precision, recall, and f-measure.

Despite these positive results, future work could be focused on further improvements, such
as experimenting with diverse types of additional features, using advanced code augmentation
techniques, and applying the model to larger and more diverse datasets. Additionally, integrat-
ing the model into real-world applications and conducting user studies should provide valuable

information for further refinement and optimization.
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