
technical skills required for software
engineer
technical skills required for software engineer are essential for anyone aspiring to
excel in the dynamic field of software development. These skills encompass a broad range
of technical knowledge and practical abilities that enable software engineers to design,
develop, test, and maintain software systems effectively. Mastery of programming
languages, understanding of software development methodologies, proficiency in database
management, and familiarity with version control systems are some of the foundational
competencies. Additionally, expertise in debugging, problem-solving, and software
architecture plays a critical role. This article explores the comprehensive set of technical
skills necessary for software engineers, providing insights into each area to help
professionals stay competitive in the evolving tech landscape. The following sections detail
the core technical skills required for software engineers and their significance in the
development lifecycle.

Programming Languages

Software Development Methodologies

Database Management and SQL

Version Control Systems

Debugging and Problem-Solving Skills

Understanding of Software Architecture

Familiarity with Development Tools and Environments

Programming Languages
Programming languages form the backbone of the technical skills required for software
engineer roles. Proficiency in multiple languages allows engineers to work on diverse
projects and adapt to different technology stacks. Commonly used programming languages
include Java, Python, C++, JavaScript, and C#. Each language serves distinct purposes,
ranging from web development to system programming and application development.

Popular Programming Languages
Java is widely used for enterprise applications, backend development, and Android apps.
Python is favored for its simplicity and versatility in web development, data science, and
automation. C++ excels in system programming and performance-critical applications.



JavaScript dominates client-side web development and increasingly server-side through
Node.js.

Importance of Language Versatility
Being versatile in programming languages enhances a software engineer's ability to choose
the best tool for a given problem. It also facilitates collaboration with cross-functional teams
and integration of various software components, making this skill indispensable.

Software Development Methodologies
Understanding software development methodologies is a crucial technical skill required for
software engineer roles. These methodologies provide structured approaches to software
creation, ensuring quality, efficiency, and adaptability throughout the project lifecycle.

Agile and Scrum
Agile methodologies emphasize iterative development, collaboration, and flexibility. Scrum,
a popular Agile framework, divides work into sprints and promotes continuous feedback.
Familiarity with Agile practices enables software engineers to deliver incremental value and
respond to changing requirements effectively.

Waterfall and DevOps
The Waterfall model follows a linear and sequential approach, suitable for projects with
well-defined requirements. DevOps integrates development and operations to streamline
deployment and improve software stability. Knowledge of these methodologies helps
software engineers adapt to different project needs and organizational cultures.

Database Management and SQL
Database management skills are fundamental technical skills required for software
engineer positions, as most applications rely on data storage and retrieval. Proficiency in
Structured Query Language (SQL) and understanding of database concepts are critical for
managing relational databases.

Relational Databases
Relational databases like MySQL, PostgreSQL, and Oracle use tables to organize data.
Software engineers must know how to design schemas, write efficient queries, and optimize
database performance to ensure data integrity and accessibility.



NoSQL Databases
NoSQL databases such as MongoDB, Cassandra, and Redis offer flexible data models
suitable for unstructured or semi-structured data. Understanding when to use NoSQL versus
relational databases is an important skill for modern software engineers.

Version Control Systems
Version control systems are indispensable technical skills required for software engineer
professionals, enabling efficient code management and collaboration. These tools track
changes, facilitate teamwork, and prevent code conflicts.

Git and GitHub
Git is the most widely used version control system, supporting distributed workflows.
Platforms like GitHub provide repositories for code hosting and collaboration. Mastery of Git
commands, branching strategies, and pull requests is essential for modern software
development.

Other Version Control Tools
Subversion (SVN) and Mercurial are alternative version control systems that some
organizations still use. Familiarity with multiple tools broadens a software engineer's
adaptability in different environments.

Debugging and Problem-Solving Skills
Strong debugging and problem-solving skills are critical technical skills required for
software engineer success. These abilities enable engineers to identify, diagnose, and fix
software defects efficiently, ensuring reliable and high-quality applications.

Debugging Techniques
Effective debugging involves using integrated development environment (IDE) tools, log
analysis, and systematic testing to trace errors. Understanding common bugs such as
memory leaks, race conditions, and null pointer exceptions improves troubleshooting
efficiency.

Analytical Thinking
Problem-solving in software engineering demands analytical thinking to break down
complex issues into manageable parts. Employing algorithms, data structures, and logical
reasoning supports the development of optimal solutions.



Understanding of Software Architecture
A solid grasp of software architecture is among the technical skills required for software
engineer excellence. Software architecture defines the high-level structure of a software
system, guiding development and maintenance.

Architectural Patterns
Common architectural patterns include layered architecture, microservices, client-server,
and event-driven designs. Knowledge of these patterns enables engineers to design
scalable, maintainable, and efficient systems aligned with project goals.

Design Principles
Principles such as SOLID, DRY (Don't Repeat Yourself), and KISS (Keep It Simple, Stupid)
help software engineers create robust and flexible architectures. Applying these principles
reduces technical debt and enhances code quality.

Familiarity with Development Tools and
Environments
Proficiency with development tools and environments complements other technical skills
required for software engineer roles, streamlining coding, testing, and deployment
processes.

Integrated Development Environments (IDEs)
IDEs like Visual Studio, IntelliJ IDEA, and Eclipse provide comprehensive features including
code editing, debugging, and version control integration. Familiarity with these tools
enhances productivity and code quality.

Build and Continuous Integration Tools
Tools such as Jenkins, Travis CI, and Docker automate build, test, and deployment
workflows. Knowledge of these systems supports continuous integration and continuous
delivery (CI/CD), accelerating development cycles and improving software reliability.

Containerization and Virtualization
Understanding containerization platforms like Docker and orchestration tools such as
Kubernetes is increasingly important. These technologies facilitate consistent development
environments and scalable deployments.



Mastery of multiple programming languages

Strong understanding of software development methodologies

Proficiency in relational and NoSQL databases

Expertise in version control systems

Advanced debugging and problem-solving capabilities

Knowledge of software architecture principles and patterns

Experience with development tools, IDEs, and CI/CD pipelines

Frequently Asked Questions

What are the essential programming languages a
software engineer should know?
A software engineer should be proficient in languages such as Python, Java, C++, and
JavaScript, as these are widely used across various domains and projects.

How important is knowledge of data structures and
algorithms for a software engineer?
Understanding data structures and algorithms is crucial for software engineers as it enables
them to write efficient code, solve complex problems, and perform well in technical
interviews.

What role does version control play in software
engineering, and which tools are most commonly used?
Version control is essential for managing code changes collaboratively and maintaining
project history. Git is the most commonly used version control system, often paired with
platforms like GitHub or GitLab.

Why should software engineers be familiar with
databases, and which types are important to learn?
Software engineers should understand databases to efficiently store, retrieve, and manage
data. Both relational databases (like MySQL, PostgreSQL) and NoSQL databases (like
MongoDB, Cassandra) are important to learn.



How significant are software development
methodologies for a software engineer's workflow?
Knowledge of methodologies such as Agile, Scrum, and DevOps is significant because they
help engineers collaborate effectively, manage projects efficiently, and deliver high-quality
software in iterative cycles.

What technical skills are important for software
engineers to ensure software quality and testing?
Software engineers should be skilled in writing unit tests, integration tests, and using
testing frameworks like JUnit, Selenium, or pytest. Familiarity with continuous
integration/continuous deployment (CI/CD) pipelines also enhances software quality.

Additional Resources
1. Clean Code: A Handbook of Agile Software Craftsmanship
This book by Robert C. Martin emphasizes the importance of writing clean, readable, and
maintainable code. It covers best practices, coding principles, and provides numerous
examples of bad and good code. Software engineers learn how to improve their coding
habits and produce high-quality software.

2. Design Patterns: Elements of Reusable Object-Oriented Software
Authored by Erich Gamma, Richard Helm, Ralph Johnson, and John Vlissides, this classic
book introduces key design patterns that solve common software design problems. It helps
software engineers understand how to create flexible and reusable object-oriented designs.
The patterns described are foundational knowledge for building scalable systems.

3. The Pragmatic Programmer: Your Journey to Mastery
Written by Andrew Hunt and David Thomas, this book offers practical advice and
techniques for software development. It covers a broad range of topics from coding,
debugging, testing, to career development. The book encourages a pragmatic approach to
problem-solving and continuous learning.

4. Introduction to Algorithms
This comprehensive textbook by Thomas H. Cormen and others is essential for
understanding algorithms and data structures. It provides detailed explanations,
pseudocode, and analysis of algorithm complexity. Mastery of this book helps software
engineers design efficient and optimized solutions.

5. Refactoring: Improving the Design of Existing Code
Martin Fowler’s book focuses on the process of refactoring code to improve its structure
without changing its functionality. It teaches engineers how to identify code smells and
apply systematic transformations. This skill is key to maintaining and evolving large
codebases effectively.

6. Effective Java
Joshua Bloch’s book is a must-read for Java developers, offering best practices and



guidelines for writing robust, maintainable Java code. It covers topics such as object
creation, generics, concurrency, and serialization. The advice in this book helps engineers
avoid common pitfalls and write high-quality Java applications.

7. Continuous Delivery: Reliable Software Releases through Build, Test, and Deployment
Automation
By Jez Humble and David Farley, this book explains how to automate the software delivery
process to achieve faster and more reliable releases. It covers build pipelines, testing
strategies, and deployment techniques. Software engineers gain insights into DevOps
practices that improve productivity and product quality.

8. Cracking the Coding Interview
Gayle Laakmann McDowell’s book is designed to prepare software engineers for technical
interviews. It contains programming problems, solutions, and interview tips. This resource is
invaluable for mastering data structures, algorithms, and problem-solving skills needed to
succeed in software engineering job interviews.

9. Site Reliability Engineering: How Google Runs Production Systems
This book, compiled by Google engineers, explores the principles and practices of site
reliability engineering (SRE). It discusses monitoring, incident response, capacity planning,
and automation to maintain large-scale systems. Learning from this book helps engineers
build and operate highly reliable and scalable software services.
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Computer science graduates often find software engineering knowledge and skills are more in
demand after they join the industry. However, given the lecture-based curriculum present in
academia, it is not an easy undertaking to deliver industry-standard knowledge and skills in a
software engineering classroom as such lectures hardly engage or convince students. Overcoming
Challenges in Software Engineering Education: Delivering Non-Technical Knowledge and Skills
combines recent advances and best practices to improve the curriculum of software engineering
education. This book is an essential reference source for researchers and educators seeking to
bridge the gap between industry expectations and what academia can provide in software
engineering education.
  technical skills required for software engineer: Computer Systems and Software
Engineering: Concepts, Methodologies, Tools, and Applications Management Association,
Information Resources, 2017-12-01 Professionals in the interdisciplinary field of computer science
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Methodologies and tools of engineering are utilized alongside computer applications to develop
efficient and precise information databases. Computer Systems and Software Engineering:
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Concepts, Methodologies, Tools, and Applications is a comprehensive reference source for the latest
scholarly material on trends, techniques, and uses of various technology applications and examines
the benefits and challenges of these computational developments. Highlighting a range of pertinent
topics such as utility computing, computer security, and information systems applications, this
multi-volume book is ideally designed for academicians, researchers, students, web designers,
software developers, and practitioners interested in computer systems and software engineering.
  technical skills required for software engineer: Software Engineering Research,
Management and Applications Roger Lee, 2009-01-29 The 6th ACIS International Conference on
Software Engineering, Research, Management and Applications (SERA 2008) was held in Prague in
the Czech Republic on August 20 – 22. SERA ’08 featured excellent theoretical and practical
contributions in the areas of formal methods and tools, requirements engineering, software process
models, communication systems and networks, software quality and evaluation, software
engineering, networks and mobile computing, parallel/distributed computing, software testing,
reuse and metrics, database retrieval, computer security, software architectures and modeling. Our
conference officers selected the best 17 papers from those papers accepted for presentation at the
conference in order to publish them in this volume. The papers were chosen based on review scores
submitted by members or the program committee, and underwent further rounds of rigorous review.
  technical skills required for software engineer: Project Management: Concepts,
Methodologies, Tools, and Applications Management Association, Information Resources,
2016-06-09 Organizations of all types are consistently working on new initiatives, product lines, or
implementation of new workflows as a way to remain competitive in the modern business
environment. No matter the type of project at hand, employing the best methods for effective
execution and timely completion of the task at hand is essential to project success. Project
Management: Concepts, Methodologies, Tools, and Applications presents the latest research and
practical solutions for managing every stage of the project lifecycle. Emphasizing emerging
concepts, real-world examples, and authoritative research on managing project workflows and
measuring project success in both private and public sectors, this multi-volume reference work is a
critical addition to academic, government, and corporate libraries. It is designed for use by project
coordinators and managers, business executives, researchers, and graduate-level students
interested in putting research-based solutions into practice for effective project management.
  technical skills required for software engineer: Education and Training for the Information
Technology Workforce , 2003
  technical skills required for software engineer: Experience and Knowledge
Management in Software Engineering Kurt Schneider, 2009-06-05 Nowadays, there is software
everywhere in our life. It controls cars, airplanes, factories, medical implants. Without software,
banking, logistics and transportation, media, and even scientific research would not function in the
accustomed way. Building and maintaining software is a knowledge-intensive endeavour and
requires that specific experiences are handled successfully. However, neither knowledge nor
experience can be collected, stored, and shipped like physical goods, instead these delicate
resources require dedicated techniques. Knowledge and experience are often called company assets,
yet this is only part of the truth: it is only software engineers and other creative employees who will
effectively exploit an organisation's knowledge and experience. Kurt Schneider’s textbook is written
for those who want to make better use of their own knowledge and experience – either personally or
within their group or company. Everyone related to software development will benefit from his
detailed explanations and case studies: project managers, software engineers, quality assurance
responsibles, and knowledge managers. His presentation is based on years of both practical
experience, with companies such as Boeing, Daimler, and Nokia, and research in renowned
environments, such as the Fraunhofer Institute. Each chapter is self-contained, it clearly states its
learning objectives, gives in-depth presentations, shows the techniques’ practical relevance in
application scenarios, lists detailed references for further reading, and is finally completed by
exercises that review the material presented and also challenge further, critical examinations. The



overall result is a textbook that is equally suitable as a personal resource for self-directed learning
and as the basis for a one-semester course on software engineering and knowledge management.
  technical skills required for software engineer: Information Technology and Systems Álvaro
Rocha, Carlos Ferrás, Abel Méndez Porras, Efren Jimenez Delgado, 2022-03-01 This book is
composed by the papers written in English and accepted for presentation and discussion at The
2022 International Conference on Information Technology & Systems (ICITS'22), held at
Tecnológico de Costa Rica, in San Carlos, Costa Rica, between the 9th and the 11th of February
2022. ICIST is a global forum for researchers and practitioners to present and discuss recent
findings and innovations, current trends, professional experiences and challenges of modern
information technology and systems research, together with their technological development and
applications. The main topics covered are: information and knowledge management; organizational
models and information systems; software and systems modelling; software systems, architectures,
applications and tools; multimedia systems and applications; computer networks, mobility and
pervasive systems; intelligent and decision support systems; big data analytics and applications;
human–computer interaction; ethics, computers & security; health informatics; information
technologies in education, and Media, Applied Technology and Communication.
  technical skills required for software engineer: Software Engineer's Reference Book
John A McDermid, 2013-10-22 Software Engineer's Reference Book provides the fundamental
principles and general approaches, contemporary information, and applications for developing the
software of computer systems. The book is comprised of three main parts, an epilogue, and a
comprehensive index. The first part covers the theory of computer science and relevant
mathematics. Topics under this section include logic, set theory, Turing machines, theory of
computation, and computational complexity. Part II is a discussion of software development
methods, techniques and technology primarily based around a conventional view of the software life
cycle. Topics discussed include methods such as CORE, SSADM, and SREM, and formal methods
including VDM and Z. Attention is also given to other technical activities in the life cycle including
testing and prototyping. The final part describes the techniques and standards which are relevant in
producing particular classes of application. The text will be of great use to software engineers,
software project managers, and students of computer science.
  technical skills required for software engineer: Understanding the Educational and Career
Pathways of Engineers National Academy of Engineering, Committee on Understanding the
Engineering Education-Workforce Continuum, 2019-01-26 Engineering skills and knowledge are
foundational to technological innovation and development that drive long-term economic growth and
help solve societal challenges. Therefore, to ensure national competitiveness and quality of life it is
important to understand and to continuously adapt and improve the educational and career
pathways of engineers in the United States. To gather this understanding it is necessary to study the
people with the engineering skills and knowledge as well as the evolving system of institutions,
policies, markets, people, and other resources that together prepare, deploy, and replenish the
nation's engineering workforce. This report explores the characteristics and career choices of
engineering graduates, particularly those with a BS or MS degree, who constitute the vast majority
of degreed engineers, as well as the characteristics of those with non-engineering degrees who are
employed as engineers in the United States. It provides insight into their educational and career
pathways and related decision making, the forces that influence their decisions, and the implications
for major elements of engineering education-to-workforce pathways.
  technical skills required for software engineer: Growing Software Louis Testa, 2009-03-15
As the technology leader at a small software company, you need to focus on people, products,
processes, and technology as you bring your software to market, while doing your best to put out
fires and minimize headaches. Growing Software is your guide to juggling the day-to-day challenges
of running a software company while managing those long-term problems and making sure that your
business continues to grow. With practical, hands-on advice, Growing Software will teach you how to
build and lead an effective team, define and sell your products, work with everyone from customers



to CEOs, and ensure high-quality results. Instead of learning by trial and error, you'll benefit from
author Louis Testa's 20+ years of management experience. Testa combines big-picture advice,
specific solutions, and real-life anecdotes to teach you how to: –Work effectively with your CEO and
executive team –Improve development team efficiency and enthusiasm –Evaluate your software
methodology to improve effectiveness and safeguard against failure –Use product prototypes to
bridge the gap between marketing and engineering –Defuse technology time bombs Whether you're
new to managing software or newly lost, Growing Software will help you and your growing company
thrive.
  technical skills required for software engineer: Career Guide to Industries , 2006
  technical skills required for software engineer: The Offshoring of Engineering National
Academy of Engineering, Committee on the Offshoring of Engineering, 2008-08-14 The engineering
enterprise is a pillar of U.S. national and homeland security, economic vitality, and innovation. But
many engineering tasks can now be performed anywhere in the world. The emergence of offshoring-
the transfer of work from the United States to affiliated and unaffiliated entities abroad - has raised
concerns about the impacts of globalization. The Offshoring of Engineering helps to answer many
questions about the scope, composition, and motivation for offshoring and considers the implications
for the future of U.S. engineering practice, labor markets, education, and research. This book
examines trends and impacts from a broad perspective and in six specific industries - software,
semiconductors, personal computer manufacturing, construction engineering and services,
automobiles, and pharmaceuticals. The Offshoring of Engineering will be of great interest to
engineers, engineering professors and deans, and policy makers, as well as people outside the
engineering community who are concerned with sustaining and strengthening U.S. engineering
capabilities in support of homeland security, economic vitality, and innovation.
  technical skills required for software engineer: Product-Focused Software Process
Improvement Davide Taibi, Marco Kuhrmann, Tommi Mikkonen, Jil Klünder, Pekka Abrahamsson,
2022-11-13 This book constitutes the refereed proceedings of the 23rd International Conference on
Product-Focused Software Process Improvement, PROFES 2022, which took place in Jyväskylä,
Finland in November 2022. The 24 full technical papers, 9 short papers, and 6 poster papers
presented in this volume were carefully reviewed and selected from 75 submissions. The book also
contains and 8 doctoral symposium papers and 7 tutorial and workshop papers. The contributions
were organized in topical sections as follows: Keynote; Cloud and AI; Empirical Studies; Process
Management; Refactoring and Technical Dept; Software Business and Digital Innovation; Testing
and Bug Prediction; Posters; Tutorials; Workshop on Engineering Processes and Practices for
Quantum Software (PPQS’22); 1st Workshop on Computational Intelligence and Software
Engineering (CISE 2022); Doctoral Symposium.
  technical skills required for software engineer: Graduate Work Gerbrand Tholen,
2017-10-06 The expansion of Higher Education has been one of the most important changes to affect
Western labour markets. More than a third of all British workers are now degree holders. The
graduate labour market is often understood as that part of the labour market characterized by high
skills and high knowledge intensity and that is perceived to be needed and used in an increasingly
complex economy. Higher education is presumed to be the developer of these advanced skills. Yet
with the graduatisation of the workforce, comes growing concerns about, as well as
misunderstanding, of what jobs graduates occupy, how they utilise their skills, and what the role of
education is within graduate work and the competition for jobs. The book examines some of the
assumptions placed on graduate work, graduate jobs, graduate skills, and graduate careers. It
provides valuable insights how we can understand the meaning of graduate work within a rapidly
changing economic, technological, and organizational context. Based on in-depth qualitative case
studies of software developers, financial analysts, laboratory scientists, and press officers, the book
shows that the graduate labour market is more heterogeneous than often is understood. What
counts as graduate work remains contested and under constant reinterpretation and re-negotiation.
Access to work, job performance, and career advancement are not necessarily driven by university



qualifications and skills associated with Higher Education. The book begins to explore how and to
what extent, those workers with university degrees are defined by their educational experiences,
status, and qualifications.
  technical skills required for software engineer: Computerworld , 2001-02-26 For more than
40 years, Computerworld has been the leading source of technology news and information for IT
influencers worldwide. Computerworld's award-winning Web site (Computerworld.com),
twice-monthly publication, focused conference series and custom research form the hub of the
world's largest global IT media network.
  technical skills required for software engineer: Computerworld , 1999-05-03 For more than
40 years, Computerworld has been the leading source of technology news and information for IT
influencers worldwide. Computerworld's award-winning Web site (Computerworld.com),
twice-monthly publication, focused conference series and custom research form the hub of the
world's largest global IT media network.
  technical skills required for software engineer: Computerworld , 1996-07-08 For more
than 40 years, Computerworld has been the leading source of technology news and information for
IT influencers worldwide. Computerworld's award-winning Web site (Computerworld.com),
twice-monthly publication, focused conference series and custom research form the hub of the
world's largest global IT media network.
  technical skills required for software engineer: Computerworld , 2000-08-14 For more
than 40 years, Computerworld has been the leading source of technology news and information for
IT influencers worldwide. Computerworld's award-winning Web site (Computerworld.com),
twice-monthly publication, focused conference series and custom research form the hub of the
world's largest global IT media network.
  technical skills required for software engineer: InfoWorld , 2002-03-18 InfoWorld is
targeted to Senior IT professionals. Content is segmented into Channels and Topic Centers.
InfoWorld also celebrates people, companies, and projects.
  technical skills required for software engineer: Equipment Management in the
Post-Maintenance Era Kern Peng, 2021-11-08 Recent advancements in information systems and
computer technology have led to developments in equipment and robotic technology that have
permanently changed the characteristics of manufacturing equipment. Equipment Management in
the Post-Maintenance Era: Advancing in the Era of Smart Machines introduces a new way of
thinking to help high-tech organizations manage an increasingly complex equipment base. It also
facilitates the fundamental understanding of equipment management those in traditional industries
will need to prepare for the emerging microchip era in equipment. Kern Peng shares insights gained
through decades of managing equipment performance. Using a systems model to analyze equipment
management, he introduces alternatives in equipment management that are currently gaining
momentum in high-tech industries. The book highlights the fundamental internal flaw in
maintenance organizational setup, presents new approaches to replace maintenance functional
setup, and illustrates a time-tested transformation and implementation process to help transition
your organization from the maintenance era to the new post-maintenance era. Fundamentally, it:
Breaks down the history of equipment into five phases, Provides a clear understanding of equipment
management fundamentals, and Introduces alternatives in equipment management beyond the
mainstream principles of maintenance management. More specifically, the book examines
maintenance management logistics, including planning and budgeting; training and people
development; customer services and management; vendor management; and inventory management.
Supplying a comprehensive look at the history of equipment management, it analyzes current
maintenance practice and details approaches that can significantly improve the effectiveness and
efficiency of your equipment management well into the future. This second edition addresses the
role of the development of the Internet of Things (IoT) and significant advancements in artificial
intelligence (AI) and machine learning (ML) in enabling a new generation of smart machines, which
have in turn laid the foundation for Industry 4.0. Equipment utilizing IoT and sensors can monitor



components and allow them to be serviced at an exact time without the need for a preventive
maintenance schedule. Moreover, equipment replacement rarely occurs at the end of the piece of
equipment’s natural life; rather, replacement is driven by the introduction of new technologies and
products, all of which lead to less maintenance activities and reduces the importance of the
traditional maintenance function. Maintenance departments today operate with fewer employees
and smaller budgets. At a point when machines are smart enough to keep themselves running or
equipment is rendered obsolete by better equipment in a short time, such as with computers and
cellphones, companies do not need a maintenance department. This updated edition reiterates the
importance of transitioning to the post-maintenance era to effectively manage today’s sophisticated,
smart yet expensive equipment. Many changes the author predicted a decade ago are accelerating
in the IoT era. Equipment management is moving further away from the maintenance era and
advancing deeper into the post-maintenance era. The trend for smart machines is very clear and
companies that do not upgrade their equipment will lose their competitiveness. As equipment and
factories become smarter, companies must change their practices and organizational structures to
manage the new generation of equipment for Industry 4.0.
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