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Abstract: This comprehensive report presents 'a survey on machine learning
techniques for source code analysis,' examining the various approaches
employed, their strengths and weaknesses, and the impact on software
development. We delve into the application of machine learning across
different stages of the software development lifecycle, focusing on key tasks
such as bug detection, code completion, vulnerability identification, and
code summarization. The survey analyzes existing research, highlighting
promising techniques and future research directions within the context of a
rapidly evolving field.

1. Introduction: The Rise of Machine Learning in
Source Code Analysis

Software development is a complex process prone to errors and
vulnerabilities. Traditional methods for source code analysis, often relying
on manual inspection or static analysis rules, struggle to scale with the



increasing size and complexity of modern software systems. This is where
machine learning (ML) offers a powerful alternative. 'A survey on machine
learning techniques for source code analysis' reveals a significant shift
towards leveraging the power of ML algorithms to automate various aspects of
code analysis, leading to improved efficiency, accuracy, and overall software
quality.

This survey will investigate the current state-of-the-art in applying machine
learning techniques to source code analysis, encompassing various
applications and challenges.

2. Data Representation and Feature Extraction: The
Foundation of Effective Analysis

A critical aspect of any machine learning model's success lies in how the
source code is represented as input. Raw source code is not directly usable
by ML algorithms; it needs transformation into a suitable format. Common
techniques include:

Abstract Syntax Trees (ASTs): ASTs represent the code's structure
hierarchically, capturing the relationships between different code elements.
This provides a structured and semantically rich representation suitable for
various ML models.

Control Flow Graphs (CFGs): CFGs represent the flow of execution within a
program, revealing potential control-flow vulnerabilities.

Data Flow Graphs (DFGs): DFGs capture the flow of data within a program,
allowing for the identification of data-related vulnerabilities.

Token sequences: Simpler approaches represent code as sequences of tokens
(keywords, identifiers, operators), effectively treating it as a text
sequence. This approach, while simpler, may lose some structural information.
Embedding techniques: Word2Vec and similar techniques are used to create
vector representations of code elements, capturing semantic similarities
between different code parts.

Feature extraction from these representations is crucial. Features can range
from simple counts of specific tokens or code structures to more complex
features capturing program complexity, code style, or control flow
characteristics. The choice of features significantly impacts the model's
performance. A robust 'survey on machine learning techniques for source code
analysis' emphasizes the importance of feature engineering in achieving high
accuracy.

3. Machine Learning Models for Source Code Analysis

A wide range of machine learning models have been applied to source code
analysis. These include:

Supervised Learning: This approach uses labeled data (e.g., code snippets
labeled as buggy or bug-free) to train models for tasks like bug detection,



vulnerability prediction, and code classification. Common algorithms include
Support Vector Machines (SVMs), Random Forests, and Neural Networks
(especially Convolutional Neural Networks (CNNs) and Recurrent Neural
Networks (RNNs)).

Unsupervised Learning: This approach is used for tasks like code clustering,
anomaly detection, and code summarization, where labeled data may be scarce
or expensive to obtain. Clustering algorithms like K-means and DBSCAN, as
well as autoencoders, are often employed.

Reinforcement Learning: This relatively new approach in the context of source
code analysis shows promise in tasks such as automated code generation and
program repair.

4. Applications of Machine Learning in Source Code
Analysis

Machine learning has found applications across various stages of the software
development lifecycle:

Bug Detection: ML models can identify potential bugs by analyzing code
patterns, identifying anomalies, and predicting potential failures. This
proactive approach can significantly reduce debugging time and costs.
Numerous papers within 'a survey on machine learning techniques for source
code analysis' highlight the success of ML in this area.

Vulnerability Detection: ML algorithms can effectively identify security
vulnerabilities such as SQL injection, cross-site scripting (XSS), and buffer
overflows by learning patterns associated with these vulnerabilities. This
helps in building more secure software.

Code Completion and Suggestion: ML models can predict the next code element a
programmer might type, aiding in faster and more efficient coding.

Code Summarization: ML can automatically generate concise and human-readable
summaries of code blocks, improving code readability and comprehension.

Code Clone Detection: Identifying duplicated code sections is crucial for
maintaining software quality and reducing redundancy. ML techniques can
effectively find code clones, even those that have undergone minor
modifications.

Software Quality Assessment: ML models can predict software quality metrics,
such as maintainability and complexity, providing valuable insights for
software developers.

5. Challenges and Future Directions in Machine
Learning for Source Code Analysis

Despite the significant progress, several challenges remain:

Data Scarcity and Bias: Obtaining large, high-quality labeled datasets for
training ML models can be challenging and expensive. Existing datasets may
also exhibit biases, leading to inaccurate or unfair predictions.

Generalization and Transfer Learning: ML models trained on one codebase may



not generalize well to others. Transfer learning techniques are crucial to
address this challenge.

Explainability and Interpretability: Understanding why a ML model makes a
specific prediction is crucial for building trust and debugging errors.
Improving the explainability of ML models in source code analysis is an
active area of research.

Handling Evolution of Programming Languages and Frameworks: ML models need to
adapt to the ever-changing landscape of programming languages and frameworks.

6. Conclusion

'A survey on machine learning techniques for source code analysis' clearly
indicates that machine learning is rapidly transforming the field of software
development. While challenges remain, the advancements in data
representation, model development, and applications are significant. Future
research should focus on addressing data scarcity, improving model
explainability, and developing more robust and generalizable models. The
integration of ML into software development tools promises to improve
software quality, security, and developer productivity.

FAQs

1. What are the main types of machine learning used in source code
analysis? Supervised, unsupervised, and reinforcement learning are all
employed, with supervised learning dominating for tasks like bug
detection and vulnerability prediction.

1. What are the limitations of using machine learning for source code
analysis? Data scarcity, bias in training data, lack of model
explainability, and the need for adaptation to evolving programming
languages are key limitations.

1. How does feature engineering affect the performance of ML models in code
analysis? Careful feature engineering is crucial. Well-chosen features
significantly improve the accuracy and efficiency of ML models.

1. What are some examples of real-world applications of ML in source code
analysis? Bug detection, vulnerability identification, code completion,
and code summarization are prominent real-world applications.



1. What are some popular datasets used in research on ML for source code
analysis? There isn't a single universally popular dataset. Researchers
often use publicly available projects from GitHub or create their own
datasets tailored to specific tasks.

1. What are the ethical considerations of using machine learning in source
code analysis? Bias in training data can lead to unfair or
discriminatory outcomes. Addressing bias and ensuring fairness is a
crucial ethical consideration.

1. How can we improve the explainability of ML models used in code
analysis? Techniques like LIME and SHAP can help explain individual
predictions. Developing more inherently interpretable models is an
active area of research.

1. What is the role of deep learning in source code analysis? Deep learning
models, especially CNNs and RNNs, have shown excellent performance in
various code analysis tasks, particularly those involving sequential or
structural data.

1. What are the future trends in machine learning for source code analysis?
The field is rapidly evolving, with anticipated advancements in transfer
learning, few-shot learning, and the development of more robust and
generalizable models.

Related Articles:

1. "Deep Learning for Software Vulnerability Detection: A Survey": This
article provides a comprehensive overview of deep learning techniques
specifically applied to software vulnerability detection.

1. "Machine Learning for Bug Prediction: A Systematic Review": This review



summarizes existing research on using machine learning to predict
software bugs.

"A Comparative Study of Machine Learning Algorithms for Code Clone
Detection": This study compares various machine learning algorithms'
effectiveness in identifying code clones.

"Applying Natural Language Processing Techniques to Source Code
Analysis": This article explores the use of NLP techniques in
understanding and analyzing source code.

"Reinforcement Learning for Automated Program Repair: A Novel Approach":
This article investigates the use of reinforcement learning to automate
the process of fixing software bugs.

"Improving Software Maintainability with Machine Learning: A Case
Study": This case study demonstrates how machine learning can be applied
to enhance software maintainability.

"A Survey on the Application of Graph Neural Networks to Source Code
Analysis": This survey explores the applications of GNNs, a powerful
deep learning architecture for graph-structured data like ASTs and CFGs.

. "Explainable Machine Learning for Software Engineering: Opportunities
and Challenges": This article focuses on the crucial aspect of
interpretability in machine learning models for software analysis.

"The Role of Transfer Learning in Improving the Generalizability of
Machine Learning Models for Source Code Analysis": This article
discusses the use of transfer learning to overcome the challenge of
generalization in source code analysis.



a survey on machine learning techniques for source code analysis: Machine Learning
Techniques for Cybersecurity Elisa Bertino, Sonam Bhardwaj, Fabrizio Cicala, Sishuai Gong,
Imtiaz Karim, Charalampos Katsis, Hyunwoo Lee, Adrian Shuai Li, Ashraf Y. Mahgoub, 2023-04-08
This book explores machine learning (ML) defenses against the many cyberattacks that make our
workplaces, schools, private residences, and critical infrastructures vulnerable as a consequence of
the dramatic increase in botnets, data ransom, system and network denials of service, sabotage, and
data theft attacks. The use of ML techniques for security tasks has been steadily increasing in
research and also in practice over the last 10 years. Covering efforts to devise more effective
defenses, the book explores security solutions that leverage machine learning (ML) techniques that
have recently grown in feasibility thanks to significant advances in ML combined with big data
collection and analysis capabilities. Since the use of ML entails understanding which techniques can
be best used for specific tasks to ensure comprehensive security, the book provides an overview of
the current state of the art of ML techniques for security and a detailed taxonomy of security tasks
and corresponding ML techniques that can be used for each task. It also covers challenges for the
use of ML for security tasks and outlines research directions. While many recent papers have
proposed approaches for specific tasks, such as software security analysis and anomaly detection,
these approaches differ in many aspects, such as with respect to the types of features in the model
and the dataset used for training the models. In a way that no other available work does, this book
provides readers with a comprehensive view of the complex area of ML for security, explains its
challenges, and highlights areas for future research. This book is relevant to graduate students in
computer science and engineering as well as information systems studies, and will also be useful to
researchers and practitioners who work in the area of ML techniques for security tasks.

a survey on machine learning techniques for source code analysis: 2021 4th
International Conference on Artificial Intelligence and Big Data , 2021

a survey on machine learning techniques for source code analysis: Computer Vision -
ACCV 2022 Lei Wang, Juergen Gall, Tat-Jun Chin, Imari Sato, Rama Chellappa, 2023-02-22 The
7-volume set of LNCS 13841-13847 constitutes the proceedings of the 16th Asian Conference on
Computer Vision, ACCV 2022, held in Macao, China, December 2022. The total of 277 contributions
included in the proceedings set was carefully reviewed and selected from 836 submissions during
two rounds of reviewing and improvement. The papers focus on the following topics: Part I: 3D
computer vision; optimization methods; Part II: applications of computer vision, vision for X;
computational photography, sensing, and display; Part III: low-level vision, image processing; Part
IV: face and gesture; pose and action; video analysis and event recognition; vision and language;
biometrics; Part V: recognition: feature detection, indexing, matching, and shape representation;
datasets and performance analysis; Part VI: biomedical image analysis; deep learning for computer
vision; Part VII: generative models for computer vision; segmentation and grouping; motion and
tracking; document image analysis; big data, large scale methods.

a survey on machine learning techniques for source code analysis: Artificial
Intelligence and Security Xingming Sun, Zhaoqing Pan, Elisa Bertino, 2019-07-18 The 4-volume
set LNCS 11632 until LNCS 11635 constitutes the refereed proceedings of the 5th International
Conference on Artificial Intelligence and Security, ICAIS 2019, which was held in New York, USA, in
July 2019. The conference was formerly called “International Conference on Cloud Computing and
Security” with the acronym ICCCS. The total of 230 full papers presented in this 4-volume
proceedings was carefully reviewed and selected from 1529 submissions. The papers were organized
in topical sections as follows: Part I: cloud computing; Part II: artificial intelligence; big data; and
cloud computing and security; Part III: cloud computing and security; information hiding; [oT
security; multimedia forensics; and encryption and cybersecurity; Part IV: encryption and
cybersecurity.

a survey on machine learning techniques for source code analysis: Security and Trust
Management Gabriele Lenzini, Weizhi Meng, 2023-04-03 This book constitutes the post proceedings
of the 18th International Workshop on Security and Trust Management, STM 2022, co-located with



the 27th European Symposium on Research in Computer Security, ESORICS 2022, which took place
in Copenhagen, Denmark, in September 2022. The 7 full papers together with 4 short papers
included in this volume were carefully reviewed and selected from 18 submissions. The workshop
presents papers with topics such as security and trust access control, cryptographic protocols,
identity management, security metrics, and privacy.

a survey on machine learning techniques for source code analysis: Progress in Artificial
Intelligence Nuno Moniz, Zita Vale, José Cascalho, Catarina Silva, Raquel Sebastiao, 2024-01-15
The two-volume set LNAI 14115 and 14116 constitutes the refereed proceedings of the 22nd EPIA
Conference on Progress in Artificial Intelligence, EPIA 2023, held in Faial Island, Azores, in
September 2023. The 85 full papers presented in these proceedings were carefully reviewed and
selected from 163 submissions. The papers have been organized in the following topical sections:
ambient intelligence and affective environments; ethics and responsibility in artificial intelligence;
general artificial intelligence; intelligent robotics; knowledge discovery and business intelligence;
multi-agent Systems: theory and applications; natural language processing, text mining and
applications; planning, scheduling and decision-making in Al; social simulation and modelling;
artifical intelligence, generation and creativity; artificial intelligence and law; artificial intelligence
in power and energy systems; artificial intelligence in medicine; artificial intelligence and IoT in
agriculture; artificial intelligence in transportation systems; artificial intelligence in smart
computing; artificial intelligence for industry and societies.

a survey on machine learning techniques for source code analysis: Malware Detection
Mihai Christodorescu, Somesh Jha, Douglas Maughan, Dawn Song, Cliff Wang, 2007-03-06 This book
captures the state of the art research in the area of malicious code detection, prevention and
mitigation. It contains cutting-edge behavior-based techniques to analyze and detect obfuscated
malware. The book analyzes current trends in malware activity online, including botnets and
malicious code for profit, and it proposes effective models for detection and prevention of attacks
using. Furthermore, the book introduces novel techniques for creating services that protect their
own integrity and safety, plus the data they manage.

a survey on machine learning techniques for source code analysis: Malware Analysis
Using Artificial Intelligence and Deep Learning Mark Stamp, Mamoun Alazab, Andrii
Shalaginov, 2020-12-20 This book is focused on the use of deep learning (DL) and artificial
intelligence (AI) as tools to advance the fields of malware detection and analysis. The individual
chapters of the book deal with a wide variety of state-of-the-art Al and DL techniques, which are
applied to a number of challenging malware-related problems. DL and Al based approaches to
malware detection and analysis are largely data driven and hence minimal expert domain knowledge
of malware is needed. This book fills a gap between the emerging fields of DL/AI and malware
analysis. It covers a broad range of modern and practical DL and Al techniques, including
frameworks and development tools enabling the audience to innovate with cutting-edge research
advancements in a multitude of malware (and closely related) use cases.

a survey on machine learning techniques for source code analysis: Application of Large
Language Models (LLMs) for Software Vulnerability Detection Omar, Marwan, Zangana,
Hewa Majeed, 2024-11-01 Large Language Models (LLMs) are redefining the landscape of
cybersecurity, offering innovative methods for detecting software vulnerabilities. By applying
advanced Al techniques to identify and predict weaknesses in software code, including zero-day
exploits and complex malware, LLMs provide a proactive approach to securing digital environments.
This integration of Al and cybersecurity presents new possibilities for enhancing software security
measures. Application of Large Language Models (LLMs) for Software Vulnerability Detection offers
a comprehensive exploration of this groundbreaking field. These chapters are designed to bridge the
gap between Al research and practical application in cybersecurity, in order to provide valuable
insights for researchers, Al specialists, software developers, and industry professionals. Through
real-world examples and actionable strategies, the publication will drive innovation in vulnerability
detection and set new standards for leveraging Al in cybersecurity.



a survey on machine learning techniques for source code analysis: Proceedings of the
Seventh International Conference on Mathematics and Computing Debasis Giri, Kim-Kwang
Raymond Choo, Saminathan Ponnusamy, Weizhi Meng, Sedat Akleylek, Santi Prasad Maity,
2022-03-05 This book features selected papers from the 7th International Conference on
Mathematics and Computing (ICMC 2021), organized by Indian Institute of Engineering Science and
Technology (IIEST), Shibpur, India, during March 2021. It covers recent advances in the field of
mathematics, statistics, and scientific computing. The book presents innovative work by leading
academics, researchers, and experts from industry.

a survey on machine learning techniques for source code analysis: Artificial
Intelligence, Machine Learning and User Interface Design Abhijit Banubakode, Sunita Dhotre,
Chhaya S. Gosavi, G. S. Mate, Nuzhat Faiz Shaikh, Sandhya Arora, 2024-05-10 Artificial Intelligence,
Machine Learning and User Interface Design is a forward-thinking compilation of reviews that
explores the intersection of Artificial Intelligence (AI), Machine Learning (ML) and User Interface
(UI) design. The book showcases recent advancements, emerging trends and the transformative
impact of these technologies on digital experiences and technologies. The editors have compiled 14
multidisciplinary topics contributed by over 40 experts, covering foundational concepts of Al and
ML, and progressing through intricate discussions on recent algorithms and models. Case studies
and practical applications illuminate theoretical concepts, providing readers with actionable
insights. From neural network architectures to intuitive interface prototypes, the book covers the
entire spectrum, ensuring a holistic understanding of the interplay between these domains. Use
cases of Al and ML highlighted in the book include categorization and management of waste, taste
perception of tea, bird species identification, content-based image retrieval, natural language
processing, code clone detection, knowledge representation, tourism recommendation systems and
solid waste management. Advances in Artificial Intelligence, Machine Learning and User Interface
Design aims to inform a diverse readership, including computer science students, Al and ML
software engineers, UI/UX designers, researchers, and tech enthusiasts.

a survey on machine learning techniques for source code analysis: Redefining Security
With Cyber Al Omar, Marwan, Zangana, Hewa Majeed, 2024-07-17 In the rapidly evolving digital
landscape, the importance of cybersecurity has never been more critical. With the increasing
sophistication of cyber threats, traditional security measures often fall short in providing adequate
protection. Cyber artificial intelligence (Al) offers advanced capabilities to detect, prevent, and
respond to attacks in real time. As cyber threats continue to grow in complexity and frequency, the
integration of Al into cybersecurity frameworks is not just advantageous but essential for
maintaining robust and resilient defenses. Redefining Security With Cyber AI delves into the
profound transformation of security paradigms brought about by the advent of Al. This book
explores the intricate dance between the ever-expanding frontiers of digital technology and the
Al-driven mechanisms that aim to safeguard them. Covering topics such as artificial neural
networks, intrusion detection, and large language models, this book is an excellent resource for
cybersecurity professionals, Al and machine learning researchers, IT executives and managers,
policy makers and regulators, postgraduate students and educators, academicians, and more.

a survey on machine learning techniques for source code analysis: Internet of Things,
Smart Spaces, and Next Generation Networks and Systems Yevgeni Koucheryavy, Sergey Balandin,
Sergey Andreev, 2022-03-15 This book constitutes the joint refereed proceedings of the 21st
International Conference on Next Generation Teletraffic and Wired/Wireless Advanced Networks
and Systems, NEW2AN 2021, and the 14th Conference on Internet of Things and Smart Spaces,
ruSMART 2021. The conference was held virtually due to the COVID-19 pandemic. The 41 revised
full papers presented were carefully reviewed and selected from 118 submissions.

a survey on machine learning techniques for source code analysis: Space-Air-Ground
Integrated Network Security Jianwei Liu, Lin Bai, Chunxiao Jiang, Wei Zhang, 2023-06-19 This book
focuses on security science and technology, data and information security, and mobile and network
security for space-air-ground integrated networks (SAGINs). SAGIN are expected to play an



increasingly important role in providing real-time, flexible, and integrated communication and data
transmission services in an efficient manner. Today, SAGINs have been widely developed for a range
of applications in navigation, environmental monitoring, traffic management, counter-terrorism, etc.
However, security becomes a major concern, since the satellites, spacecrafts, and aircrafts are
susceptible to a variety of traditional/specific network-based attacks, including eavesdropping,
session hijacking, and illegal access. In this book, we review the theoretical foundations of SAGIN
security. We also address a range of related security threats and provide cutting-edge solutions in
the aspect of ground network security, airborne network security, space network security, and
provide future trends in SAGIN security. The book goes from an introduction to the topic’s
background, to a description of the basic theory, and then to cutting-edge technologies, making it
suitable for readers at all levels including professional researchers and beginners. To gain the most
from the book, readers should have taken prior courses in information theory, cryptography,
network security, etc.

a survey on machine learning techniques for source code analysis: Internet of Things
and Connected Technologies Rajiv Misra, Nishtha Kesswani, Muttukrishnan Rajarajan, Veeravalli
Bharadwaj, Ashok Patel, 2021-05-29 This book presents the recent research adoption of a variety of
enabling wireless communication technologies like RFID tags, BLE, ZigBee, etc., and embedded
sensor and actuator nodes, and various protocols like CoAP, MQTT, DNS, etc., that has made
Internet of things (IoT) to step out of its infancy to become smart things. Now, smart sensors can
collaborate directly with the machine without human involvement to automate decision making or to
control a task. Smart technologies including green electronics, green radios, fuzzy neural
approaches, and intelligent signal processing techniques play important roles in the developments of
the wearable healthcare systems. In the proceedings of 5th International Conference on Internet of
Things and Connected Technologies (ICIoTCT), 2020, brought out research works on the advances in
the Internet of things (IoT) and connected technologies (various protocols, standards, etc.). This
conference aimed at providing a forum to discuss the recent advances in enabling technologies and
applications for IoT.

a survey on machine learning techniques for source code analysis: Multifaceted
approaches for Data Acquisition, Processing & Communication Chinmay Chakraborty, Manisha
Guduri, B Sandhya, K Shyamala, 2024-06-24 The objective of the conference is to bring to focus the
recent technological advancements across all the stages of data analysis including acquisition,
processing, and communication. Advancements in acquisition sensors along with improved storage
and computational capabilities, have stimulated the progress in theoretical studies and
state-of-the-art real-time applications involving large volumes of data. This compels researchers to
investigate the new challenges encountered, where traditional approaches are incapable of dealing
with large, complicated new forms of data.

a survey on machine learning techniques for source code analysis: New Trends in
Intelligent Software Methodologies, Tools and Techniques H. Fujita, Y. Watanobe, T. Azumi,
2022-10-11 The integration of applied intelligence with software has been an essential enabler for
science and the new economy, creating new possibilities for a more reliable, flexible and robust
society. But current software methodologies, tools, and techniques often fall short of expectations,
and are not yet sufficiently robust or reliable for a constantly changing and evolving market. This
book presents the proceedings of SoMeT 22, the 21st International Conference on New Trends in
Intelligent Software Methodology Tools, and Techniques, held from 20 - 22 September 2022 in
Kitakyushu, Japan. The SoMeT conference provides a platform for the exchange of ideas and
experience in the field of software technology, with the emphasis on human-centric software
methodologies, end-user development techniques, and emotional reasoning for optimal performance.
The 58 papers presented here were each carefully reviewed by 3 or 4 referees for technical
soundness, relevance, originality, significance and clarity, they were then revised before being
selected by the international reviewing committee. The papers are arranged in 9 chapters: software
systems with intelligent design; software systems security and techniques; formal techniques for



system software and quality assessment; applied intelligence in software; intelligent decision
support systems; cyber-physical systems; knowledge science and intelligent computing; ontology in
data and software; and machine learning in systems software. The book assembles the work of
scholars from the international research community to capture the essence of the new
state-of-the-art in software science and its supporting technology, and will be of interest to all those
working in the field.

a survey on machine learning techniques for source code analysis: Intelligent Security
Solutions for Cyber-Physical Systems Vandana Mohindru Sood, Yashwant Singh, Bharat
Bhargava, Sushil Kumar Narang, 2024-04-22 A cyber-physical system (CPS) is a computer system in
which a mechanism is controlled or monitored by computer-based algorithms and involves
transdisciplinary approaches, merging theories of cybernetics, mechatronics, design, and process
science. This text mainly concentrates on offering a foundational theoretical underpinning, and a
comprehensive and coherent review of intelligent security solutions for cyber-physical systems.
Features: Provides an overview of cyber-physical systems (CPSs) along with security concepts like
attack detection methods, cyber-physical systems failures, and risk identification and management
Showcases cyber-physical systems (CPSs) security solutions, lightweight cryptographic solutions,
and CPS forensics, etc Emphasizes machine learning methods for behavior-based intrusion detection
in cyber-physical systems (CPSs), resilient machine learning for networked CPS, fog computing
industrial CPS, etc Elaborates classification of network abnormalities in Internet of Things-based
cyber-physical systems (CPSs) using deep learning Includes case studies and applications in the
domain of smart grid systems, industrial control systems, smart manufacturing, social network and
gaming, electric power grid and energy systems, etc

a survey on machine learning techniques for source code analysis: Deep Learning
Techniques for Music Generation Jean-Pierre Briot, Gaétan Hadjeres, Francois-David Pachet,
2019-11-08 This book is a survey and analysis of how deep learning can be used to generate musical
content. The authors offer a comprehensive presentation of the foundations of deep learning
techniques for music generation. They also develop a conceptual framework used to classify and
analyze various types of architecture, encoding models, generation strategies, and ways to control
the generation. The five dimensions of this framework are: objective (the kind of musical content to
be generated, e.g., melody, accompaniment); representation (the musical elements to be considered
and how to encode them, e.g., chord, silence, piano roll, one-hot encoding); architecture (the
structure organizing neurons, their connexions, and the flow of their activations, e.g., feedforward,
recurrent, variational autoencoder); challenge (the desired properties and issues, e.g., variability,
incrementality, adaptability); and strategy (the way to model and control the process of generation,
e.g., single-step feedforward, iterative feedforward, decoder feedforward, sampling). To illustrate
the possible design decisions and to allow comparison and correlation analysis they analyze and
classify more than 40 systems, and they discuss important open challenges such as interactivity,
originality, and structure. The authors have extensive knowledge and experience in all related
research, technical, performance, and business aspects. The book is suitable for students,
practitioners, and researchers in the artificial intelligence, machine learning, and music creation
domains. The reader does not require any prior knowledge about artificial neural networks, deep
learning, or computer music. The text is fully supported with a comprehensive table of acronyms,
bibliography, glossary, and index, and supplementary material is available from the authors' website.

a survey on machine learning techniques for source code analysis: Intelligent Systems
Design and Applications Ajith Abraham,

a survey on machine learning techniques for source code analysis: Deep Learning
Techniques for 10T Security and Privacy Mohamed Abdel-Basset, Nour Moustafa, Hossam
Hawash, Weiping Ding, 2021-12-05 This book states that the major aim audience are people who
have some familiarity with Internet of things (IoT) but interested to get a comprehensive
interpretation of the role of deep Learning in maintaining the security and privacy of [oT. A reader
should be friendly with Python and the basics of machine learning and deep learning. Interpretation



of statistics and probability theory will be a plus but is not certainly vital for identifying most of the
book's material.

a survey on machine learning techniques for source code analysis: Quality of
Information and Communications Technology Martin Shepperd, Fernando Brito e Abreu,
Alberto Rodrigues da Silva, Ricardo Pérez-Castillo, 2020-08-31 This book constitutes the refereed
proceedings of the 13th International Conference on the Quality of Information and Communications
Technology, QUATIC 2020, held in Faro, Portugal*, in September 2020. The 27 full papers and 12
short papers were carefully reviewed and selected from 81 submissions. The papers are organized in
topical sections: quality aspects in machine learning, Al and data analytics; evidence-based software
quality engineering; human and artificial intelligences for software evolution; process modeling,
improvement and assessment; software quality education and training; quality aspects in quantum
computing; safety, security and privacy; ICT verification and validation; RE, MDD and agile. *The
conference was held virtually due to the COVID-19 pandemic.

a survey on machine learning techniques for source code analysis: Advancing Technology
Industrialization Through Intelligent Software Methodologies, Tools and Techniques H. Fujita, A.
Selamat, 2019-09-17 Software has become ever more crucial as an enabler, from daily routines to
important national decisions. But from time to time, as society adapts to frequent and rapid changes
in technology, software development fails to come up to expectations due to issues with efficiency,
reliability and security, and with the robustness of methodologies, tools and techniques not keeping
pace with the rapidly evolving market. This book presents the proceedings of SoMeT 19, the 18th
International Conference on New Trends in Intelligent Software Methodologies, Tools and
Techniques, held in Kuching, Malaysia, from 23-25 September 2019. The book explores new trends
and theories that highlight the direction and development of software methodologies, tools and
techniques, and aims to capture the essence of a new state of the art in software science and its
supporting technology, and to identify the challenges that such a technology will have to master. The
book also investigates other comparable theories and practices in software science, including
emerging technologies, from their computational foundations in terms of models, methodologies,
and tools. The 56 papers included here are divided into 5 chapters: Intelligent software systems
design and techniques in software engineering; Machine learning techniques for software systems;
Requirements engineering, software design and development techniques; Software methodologies,
tools and techniques for industry; and Knowledge science and intelligent computing. This
comprehensive overview of information systems and research projects will be invaluable to all those
whose work involves the assessment and solution of real-world software problems.

a survey on machine learning techniques for source code analysis: Sustainable Science
and Intelligent Technologies for Societal Development Mishra, Brojo Kishore, 2023-09-18 In today's
world, the pressing challenges of sustainable development and societal progress demand innovative
solutions that harness the power of science and technology. From climate change to resource
depletion and social inequalities, the urgency to find sustainable, intelligent, and ethical approaches
has never been greater. Academic scholars and researchers play a crucial role in driving these
advancements but often struggle to find comprehensive resources that bridge the gap between
theory and real-world applications. The need of the hour is a definitive guide that unites expertise
from diverse disciplines and offers practical insights into leveraging sustainable science and
intelligent technologies to create meaningful societal development. Sustainable Science and
Intelligent Technologies for Societal Development, edited by Brojo Kishore Mishra of GIET
University, India, is the much-awaited solution to the challenges faced by academic scholars and
researchers. This persuasive book brings together an esteemed collection of leading experts,
academics, and industry professionals, all dedicated to addressing global challenges through the
lens of applied sciences and intelligent technology applications. By presenting a wide range of
innovative topics, such as renewable energy, smart healthcare, sustainable finance, and more, the
book serves as a comprehensive resource that empowers scholars with actionable knowledge and
innovative ideas. The book not only covers the theoretical aspects but also delves into the ethical



considerations essential in shaping the future. In a world increasingly dependent on technology, it is
vital to ensure that societal development aligns with principles of inclusivity, fairness, and
environmental responsibility. With a focus on the United Nations Sustainable Development Goals
(SDGs), the book provides a clear roadmap for scholars to contribute meaningfully to global
progress. By offering concrete examples and real-world case studies, the book enables researchers
to grasp the potential impact of their work, fostering collaborations that transcend traditional
disciplinary boundaries. Sustainable Science and Intelligent Technologies for Societal Development
is the go-to resource for academic scholars, scientists, researchers, innovators, industry
professionals, and students who seek to be effective in the world. As a comprehensive guide that
blends sustainable science and intelligent technologies with ethical considerations, this book equips
its readers to create tangible solutions that address pressing global challenges. Through collective
knowledge and interdisciplinary collaboration, this book stands as a beacon of hope and inspiration
for driving meaningful societal development, paving the way for a more sustainable and prosperous
future.

a survey on machine learning techniques for source code analysis: Artificial Intelligence,
Blockchain, Computing and Security Volume 1 Arvind Dagur, Karan Singh, Pawan Singh Mehra,
Dhirendra Kumar Shukla, 2023-10-23 This book contains the conference proceedings of ICABCS
2023, a non-profit conference with the objective to provide a platform that allows academicians,
researchers, scholars and students from various institutions, universities and industries in India and
abroad to exchange their research and innovative ideas in the field of Artificial Intelligence,
Blockchain, Computing and Security. It explores the recent advancement in field of Artificial
Intelligence, Blockchain, Communication and Security in this digital era for novice to profound
knowledge about cutting edges in artificial intelligence, financial, secure transaction, monitoring,
real time assistance and security for advanced stage learners/ researchers/ academicians. The key
features of this book are: Broad knowledge and research trends in artificial intelligence and
blockchain with security and their role in smart living assistance Depiction of system model and
architecture for clear picture of Al in real life Discussion on the role of Artificial Intelligence and
Blockchain in various real-life problems across sectors including banking, healthcare, navigation,
communication, security Explanation of the challenges and opportunities in Al and Blockchain based
healthcare, education, banking, and related industries This book will be of great interest to
researchers, academicians, undergraduate students, postgraduate students, research scholars,
industry professionals, technologists, and entrepreneurs.

a survey on machine learning techniques for source code analysis: Machine Learning
for Cyber Security Xiaofeng Chen, Xinyi Huang, Jun Zhang, 2019-09-11 This book constitutes the
proceedings of the Second International Conference on Machine Learning for Cyber Security,
MLACS 2019, held in Xi’an, China in September 2019. The 23 revised full papers and 3 short papers
presented were carefully reviewed and selected from 70 submissions. The papers detail all aspects
of machine learning in network infrastructure security, in network security detections and in
application software security.

a survey on machine learning techniques for source code analysis: Advances in Smart
Communication Technology and Information Processing Soumen Banerjee, Jyotsna Kumar Mandal,
2021-02-15 This book is a collection of best selected research papers presented at the 6th
International Conference on Opto-Electronics and Applied Optics (OPTRONIX 2020) organized by
the University of Engineering & Management, Kolkata, India, in June 2020. The primary focus is to
address issues and developments in optoelectronics with particular emphasis on communication
technology, [oT and intelligent systems, information processing and its different kinds. The theme of
the book is in alignment with the theme of the conference “Advances in Smart Communication
Technology and Information Processing.” The purpose of this book is to inform the scientists and
researchers of this field in India and abroad about the latest developments in the relevant field and
to raise awareness among the academic fraternity to get them involved in different activities in the
years ahead - an effort to realize knowledge-based society.



a survey on machine learning techniques for source code analysis: Proceedings of the
International Conference on Applied CyberSecurity (ACS) 2021 Hani Ragab Hassen, Hadj
Batatia, 2022-02-01 Cybersecurity has gained in awareness and media coverage in the last decade.
Not a single week passes without a major security incident that affects a company, sector, or
governmental agencies. This proceedings of the International Conference on Applied CyberSecurity
2021 (ACS21), held in Dubai on 13 and 14 November, contains thirteen original contributions. More
than half of the contributions are about applications of machine learning to accomplish several
cybersecurity tasks, such as malware, phishing email detection, and Botnet detection. This was
consistent with the current research and market trends. We divided this book into two parts; the
first is focused on machine learning applications to cybersecurity, whereas the second groups the
other approaches. This book is suitable for cybersecurity researchers and practitioners as well as
fresh graduates. It is also suitable for artificial intelligence researchers interested in exploring
applications in cybersecurity.

a survey on machine learning techniques for source code analysis: Research Anthology
on Machine Learning Techniques, Methods, and Applications Management Association,
Information Resources, 2022-05-13 Machine learning continues to have myriad applications across
industries and fields. To ensure this technology is utilized appropriately and to its full potential,
organizations must better understand exactly how and where it can be adapted. Further study on the
applications of machine learning is required to discover its best practices, challenges, and
strategies. The Research Anthology on Machine Learning Techniques, Methods, and Applications
provides a thorough consideration of the innovative and emerging research within the area of
machine learning. The book discusses how the technology has been used in the past as well as
potential ways it can be used in the future to ensure industries continue to develop and grow.
Covering a range of topics such as artificial intelligence, deep learning, cybersecurity, and robotics,
this major reference work is ideal for computer scientists, managers, researchers, scholars,
practitioners, academicians, instructors, and students.

a survey on machine learning techniques for source code analysis: Modeling and
Optimization of Signals Using Machine Learning Techniques Chandra Singh, Rathishchandra
R. Gatti, K.V.S.S.S.S. Sairam, Manjunatha Badiger, Naveen Kumar S., Varun Saxena, 2024-08-23
Explore the power of machine learning to revolutionize signal processing and optimization with
cutting-edge techniques and practical insights in this outstanding new volume from Scrivener
Publishing. Modeling and Optimization of Signals using Machine Learning Techniques is designed
for researchers from academia, industries, and R&D organizations worldwide who are passionate
about advancing machine learning methods, signal processing theory, data mining, artificial
intelligence, and optimization. This book addresses the role of machine learning in transforming vast
signal databases from sensor networks, internet services, and communication systems into
actionable decision systems. It explores the development of computational solutions and novel
models to handle complex real-world signals such as speech, music, biomedical data, and
multimedia. Through comprehensive coverage of cutting-edge techniques, this book equips readers
with the tools to automate signal processing and analysis, ultimately enhancing the retrieval of
valuable information from extensive data storage systems. By providing both theoretical insights and
practical guidance, the book serves as a comprehensive resource for researchers, engineers, and
practitioners aiming to harness the power of machine learning in signal processing. Whether for the
veteran engineer, scientist in the lab, student, or faculty, this groundbreaking new volume is a
valuable resource for researchers and other industry professionals interested in the intersection of
technology and agriculture.

a survey on machine learning techniques for source code analysis: Recent Trends in
Intensive Computing M. Rajesh, K. Vengatesan, M. Gnanasekar, 2021-12-22 In a world where
computer science is now an essential element in all of our lives, a new opportunity to disseminate
the latest research and trends is always welcome. This book presents the proceedings of the first
International Conference on Recent Trends in Computing (ICRTC 2021), which was held as a virtual



event on 21 - 22 May 2021 at Sanjivani College of Engineering, Kopargaon, India due to the
restrictions of the COVID-19 pandemic. This online conference, aimed at facilitating academic
exchange among researchers, enabled experts and scholars around from around the globe to gather
for the discussion of the latest advanced research in the field despite the extensive travel
restrictions still in place. The book contains 134 papers selected from 329 submitted papers after a
rigorous peer-review process, and topics covered include advanced computing, networking,
informatics, security and privacy, and other related fields. The book will be of interest to all those
eager to find the latest trends and most recent developments in computer science.

a survey on machine learning techniques for source code analysis: Artificial Intelligence
for Sustainable Applications K. Umamaheswari, B. Vinoth Kumar, S. K. Somasundaram, 2023-08-22
ARTIFICAL INTELLIGENCE for SUSTAINABLE APPLICATIONS The objective of this book is to
leverage the significance of artificial intelligence in achieving sustainable solutions using
interdisciplinary research through innovative ideas. With the advent of recent technologies, the
demand for Information and Communication Technology (ICT)-based applications such as artificial
intelligence (AI), machine learning (ML), Internet of Things (IoT), health care, data analytics,
augmented reality/virtual reality, cyber-physical systems, and future generation networks, has
increased drastically. In recent years, artificial intelligence has played a more significant role in
everyday activities. While Al creates opportunities, it also presents greater challenges in the
sustainable development of engineering applications. Therefore, the association between Al and
sustainable applications is an essential field of research. Moreover, the applications of sustainable
products have come a long way in the past few decades, driven by social and environmental
awareness, and abundant modernization in the pertinent field. New research efforts are inevitable in
the ongoing design of sustainable applications, which makes the study of communication between
them a promising field to explore. This book highlights the recent advances in Al and its allied
technologies with a special focus on sustainable applications. It covers theoretical background, a
hands-on approach, and real-time use cases with experimental and analytical results. Audience Al
researchers as well as engineers in information technology and computer science.

a survey on machine learning techniques for source code analysis: Artificial Intelligence,
Machine Learning and Blockchain in Quantum Satellite, Drone and Network Thiruselvan
Subramanian, Archana Dhyani, Adarsh Kumar, Sukhpal Singh Gill, 2022-10-14 Quantum computing
is a field in which advanced technologies like quantum communication, artificial intelligence and
machine learning can be used to secure and speed up connectivity using quantum computers,
quantum drones or quantum satellites. This book serve as a foundation for researchers and
scientists in this field. Future technologies, such as quantum drone delivery systems, quicker
internet and climate change mitigation, will need quantum information processing and quantum
computation. This book deeply explores the importance of quantum computing in real-time
applications. It may be used as a reference book for students in higher education, including
undergraduate and graduate students, as well as researchers. Key features: Provides a clear insight
into the Internet of Drones for academicians, postdoc fellows, research scholars, graduate and
postgraduate students, industry fellows and software engineers Useful to professionals who seek
information about the Internet of Drones, including experts in quantum computing and physics and
post-quantum cryptography, as well as data scientists and data analysts Covers quantum computing
and security for Unmanned Aerial Vehicles (UAV) or drones which are widely useful for applications
such as military, government, and non-government systems Explores futuristic aspects of the Intenet
of Drones to improve everyday living for ordinary people

a survey on machine learning techniques for source code analysis: The Essence of
Software Engineering Volker Gruhn, Rudiger Striemer, 2018-06-13 This open access book includes
contributions by leading researchers and industry thought leaders on various topics related to the
essence of software engineering and their application in industrial projects. It offers a broad
overview of research findings dealing with current practical software engineering issues and also
pointers to potential future developments. Celebrating the 20th anniversary of adesso AG, adesso




gathered some of the pioneers of software engineering including Manfred Broy, Ivar Jacobson and
Carlo Ghezzi at a special symposium, where they presented their thoughts about latest software
engineering research and which are part of this book. This way it offers readers a concise overview
of the essence of software engineering, providing valuable insights into the latest methodological
research findings and adesso’s experience applying these results in real-world projects.

a survey on machine learning techniques for source code analysis: Advances in
Information, Communication and Cybersecurity Yassine Maleh, Mamoun Alazab, Noreddine
Gherabi, Lo’ai Tawalbeh, Ahmed A. Abd El-Latif, 2022-01-12 This book gathers the proceedings of
the International Conference on Information, Communication and Cybersecurity, held on November
10-11, 2021, in Khouribga, Morocco. The conference was jointly coorganized by The National School
of Applied Sciences of Sultan Moulay Slimane University, Morocco, and Charles Darwin University,
Australia. This book provides an opportunity to account for state-of-the-art works, future trends
impacting information technology, communications, and cybersecurity, focusing on elucidating the
challenges, opportunities, and inter-dependencies that are just around the corner. This book is
helpful for students and researchers as well as practitioners. ICI2C 2021 was devoted to advances in
smart information technologies, communication, and cybersecurity. It was considered a meeting
point for researchers and practitioners to implement advanced information technologies into various
industries. There were 159 paper submissions from 24 countries. Each submission was reviewed by
at least three chairs or PC members. We accepted 54 regular papers (34\%). Unfortunately, due to
limitations of conference topics and edited volumes, the Program Committee was forced to reject
some interesting papers, which did not satisfy these topics or publisher requirements. We would like
to thank all authors and reviewers for their work and valuable contributions. The friendly and
welcoming attitude of conference supporters and contributors made this event a success!

a survey on machine learning techniques for source code analysis: Malware Detection
on Smart Wearables Using Machine Learning Algorithms Fadele Ayotunde Alaba,

a survey on machine learning techniques for source code analysis: Machine Learning
and Knowledge Extraction Andreas Holzinger, Peter Kieseberg, A Min Tjoa, Edgar Weippl,
2020-08-19 This book constitutes the refereed proceedings of the 4th IFIP TC 5, TC 12, WG 8.4, WG
8.9, WG 12.9 International Cross-Domain Conference, CD-MAKE 2020, held in Dublin, Ireland, in
August 2020. The 30 revised full papers presented were carefully reviewed and selected from 140
submissions. The cross-domain integration and appraisal of different fields provides an atmosphere
to foster different perspectives and opinions; it will offer a platform for novel ideas and a fresh look
on the methodologies to put these ideas into business for the benefit of humanity. Due to the Corona
pandemic CD-MAKE 2020 was held as a virtual event.

a survey on machine learning techniques for source code analysis: Machine Learning in
VLSI Computer-Aided Design Ibrahim (Abe) M. Elfadel, Duane S. Boning, Xin Li, 2019-03-15 This
book provides readers with an up-to-date account of the use of machine learning frameworks,
methodologies, algorithms and techniques in the context of computer-aided design (CAD) for
very-large-scale integrated circuits (VLSI). Coverage includes the various machine learning methods
used in lithography, physical design, yield prediction, post-silicon performance analysis, reliability
and failure analysis, power and thermal analysis, analog design, logic synthesis, verification, and
neuromorphic design. Provides up-to-date information on machine learning in VLSI CAD for device
modeling, layout verifications, yield prediction, post-silicon validation, and reliability; Discusses the
use of machine learning techniques in the context of analog and digital synthesis; Demonstrates how
to formulate VLSI CAD objectives as machine learning problems and provides a comprehensive
treatment of their efficient solutions; Discusses the tradeoff between the cost of collecting data and
prediction accuracy and provides a methodology for using prior data to reduce cost of data
collection in the design, testing and validation of both analog and digital VLSI designs. From the
Foreword As the semiconductor industry embraces the rising swell of cognitive systems and edge
intelligence, this book could serve as a harbinger and example of the osmosis that will exist between
our cognitive structures and methods, on the one hand, and the hardware architectures and



technologies that will support them, on the other....As we transition from the computing era to the
cognitive one, it behooves us to remember the success story of VLSI CAD and to earnestly seek the
help of the invisible hand so that our future cognitive systems are used to design more powerful
cognitive systems. This book is very much aligned with this on-going transition from computing to
cognition, and it is with deep pleasure that I recommend it to all those who are actively engaged in
this exciting transformation. Dr. Ruchir Puri, IBM Fellow, IBM Watson CTO & Chief Architect, IBM
T. ]J. Watson Research Center

a survey on machine learning techniques for source code analysis: Data Science and
Applications Satyasai Jagannath Nanda,

a survey on machine learning techniques for source code analysis: Information Systems
Architecture and Technology: Proceedings of 39th International Conference on
Information Systems Architecture and Technology - ISAT 2018 Leszek Borzemski, Jerzy
Swiatek, Zofia Wilimowska, 2018-08-28 This three-volume set of books highlights major advances in
the development of concepts and techniques in the area of new technologies and architectures of
contemporary information systems. Further, it helps readers solve specific research and analytical
problems and glean useful knowledge and business value from the data. Each chapter provides an
analysis of a specific technical problem, followed by a numerical analysis, simulation and
implementation of the solution to the real-life problem. Managing an organisation, especially in
today’s rapidly changing circumstances, is a very complex process. Increased competition in the
marketplace, especially as a result of the massive and successful entry of foreign businesses into
domestic markets, changes in consumer behaviour, and broader access to new technologies and
information, calls for organisational restructuring and the introduction and modification of
management methods using the latest advances in science. This situation has prompted many
decision-making bodies to introduce computer modelling of organisation management systems. The
three books present the peer-reviewed proceedings of the 39th International Conference
“Information Systems Architecture and Technology” (ISAT), held on September 16-18, 2018 in Nysa,
Poland. The conference was organised by the Computer Science and Management Systems
Departments, Faculty of Computer Science and Management, Wroclaw University of Technology and
Sciences and University of Applied Sciences in Nysa, Poland. The papers have been grouped into
three major parts: Part I—discusses topics including but not limited to Artificial Intelligence
Methods, Knowledge Discovery and Data Mining, Big Data, Knowledge Based Management, Internet
of Things, Cloud Computing and High Performance Computing, Distributed Computer Systems,
Content Delivery Networks, and Service Oriented Computing. Part [I—addresses topics including
but not limited to System Modelling for Control, Recognition and Decision Support, Mathematical
Modelling in Computer System Design, Service Oriented Systems and Cloud Computing, and
Complex Process Modelling. Part III—focuses on topics including but not limited to Knowledge
Based Management, Modelling of Financial and Investment Decisions, Modelling of Managerial
Decisions, Production Systems Management and Maintenance, Risk Management, Small Business
Management, and Theories and Models of Innovation.
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table areas from document images. ..
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