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Introduction 
Modern life depends on complex systems. Modern systems are everywhere. 

Every time you unlock a phone with your face, board an aircraft, transfer money through a bank, 

drive a modern vehicle, access a cloud application, or interact with an artificial intelligence 

system, you are relying on technologies that must work together safely, reliably, securely, and 

predictably. 

Making that happen is the purpose of systems engineering. 

Systems engineering is the discipline of bringing together people, processes, technology, 

hardware, software, data, security, operations, logistics, and management to create solutions to 

complex problems. While individual engineering disciplines may concentrate on particular 

components, systems engineering focuses on the whole system - how the pieces interact, 

whether the solution satisfies its intended mission, and whether it can continue doing so 

throughout its lifecycle. 

A systems engineer asks questions such as: 

• What problem are we actually trying to solve? 

• What do stakeholders need the system to accomplish? 

• How should the system be structured? 

• How do the components interact? 

• What happens when something fails? 

• Can the system be built, integrated, tested, operated, and maintained? 

• Is it secure and resilient? 

• What are the cost, schedule, performance, and technical tradeoffs? 

• Will the system continue to meet its mission as requirements and technologies change? 

These questions are increasingly important because modern systems are more interconnected, 

software-dependent, data-driven, and complex than ever before. 

Whether the system is a spacecraft, defense platform, autonomous vehicle, enterprise network, 

cloud environment, critical infrastructure platform, or AI-enabled application, the fundamental 

objective remains the same: 

Engineer the whole system—not just the individual pieces. 

That is what this book will teach you. 

Let's get started. 
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Part I — Systems Thinking 

Chapter 1 - What Is Systems Engineering? 

"Systems engineering is an interdisciplinary approach and means to enable the realization of 

successful systems." 

— INCOSE Systems Engineering Handbook 

Chapter Objectives 

After completing this chapter, you should be able to: 

• Define what a system is.  

• Explain the characteristics of complex systems.  

• Distinguish between open and closed systems.  

• Describe a System of Systems (SoS).  

• Understand emergent behavior.  

• Identify stakeholders.  

• Define system boundaries.  

• Explain the system lifecycle.  

• Recognize why systems fail.  

• Understand the role of the systems engineer.  

Introduction 

Every modern product is part of a larger system. 

A smartphone isn't just hardware—it's an ecosystem of software, cloud services, cellular 

networks, applications, cybersecurity, artificial intelligence, manufacturing, logistics, and 

customer support. 

An aircraft isn't simply an airplane. It is an integrated collection of propulsion systems, avionics, 

communications, navigation, cybersecurity, maintenance systems, supply chains, trained 

personnel, airports, satellites, and regulatory agencies. 

The same is true for autonomous vehicles, hospitals, manufacturing plants, power grids, cloud 

computing environments, financial systems, and military weapon systems. 

Each consists of hundreds—or even thousands—of interconnected components working 

together to achieve a common objective. 

Designing these systems requires more than simply building individual parts. Someone must 

ensure that every component functions together as a cohesive whole. 




