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Systems Engineer / Systems Architect
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What do you know about product design?

How would you develop a new wearable drug delivery system?
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Learning Outcomes

• Acquire a « systems thinking » mindset

• Be aware of the systems engineering approach for new product development

• Learn the fundamental principles and their systematic application



What Students Are Used To…
Subject of interest is technical

Well-defined problems

Questions have a right answer

Well-defined methods, techniques, formalisms
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What You Should Be Aware Of…
To make students aware of…

• The impact of working in a large organisation, e.g. processes, organisations, roles, responsibilities…

• The communication challenges between various technical disciplines and less technical stakeholders

• The ill-defined and multi-dimensional nature of system problems, uncertainties, unknowns, ambiguities, dynamics, conflicting 
needs and goals

• The impact of external conditions on the system and its design

• System life cycle to provide insight in available methods, techniques, and concepts
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Engineered Systems
A man-made integrated set of elements (hardware, software, people, procedures, facilities etc.), created, and utilized to provide 

services in a defined operating environment (or context) for the benefit of users and other stakeholders.

• Systems have a purpose

• All parts must be present (for a system to carry out its purpose)

• The order and arrangement of the parts affect performance

• All systems have a boundary and operate within an environment

7



Do you observe an evolution in the system/product?
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Merging of transportation and 
energy networks (electrical cars 
network)
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Evolution of Engineering and Engineered Systems
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Abstraction
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• The design of the ITER reactor started well before any construction 
began

• It began with a concept for a reactor

• Considering all the machinery and software that goes into such a 
complex system, can you imagine how the concept initially developed

• Well, scientists and engineers didn’t just start by making a longlist of 
parts to go and buy – the project is massively complex

• To handle this design complexity, they had to ABSTRACT the concept 
into easily manageable parts



Abstraction
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• The Tokamak Reactor is the heart of the ITER

• Over 23,000 Tons

• Over 10,000,000 parts (just the reactor)

• This is a very complex design requiring many design teams 
from around the world coordinating their contributions to 
this massive effort

• When beginning to conceptualize a solution (a design), these 
teams had to ABSTRACT away the details in order to develop 
the top-level concept for how the whole system is going to 
work



Abstraction
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• In addition to the reactor itself, MAJOR supporting 
infrastructure has to be designed and built

• The total engineering effort on this project is absolutely 
staggering

• One can imagine that all this design effort does not happen 
all at once

• The entire system needs to be abstracted and decomposed 
in an organized way to ensure the entire project comes 
together in the end (is integrated) as smoothly as possible
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What design approach do you know?
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Some examples…

Design Thinking

C-K Theory Set-Based Design

Axiomatic Design
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Design Philosophy

A design approach is often built on top of a design philosophy, including the axioms, postulates, assumptions, and convictions

taken to be true to serve as a premise or starting point for further reasoning and arguments. For instance, the "Design

Thinking" approach relies on the "Human Centered Design" philosophy.



Design Approach VS. Process VS. Method

A process is a set of activities that tells you “What” to do and “When” to deliver it, and “Who is responsible for it” – e.g. new

product development process:
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A method tells you “How” to practically perform the activities in order to get the expected results (e.g. How to capture needs?

How to write good requirements? How to create modular architectures?). A method often comes with its own limited

“process”. You will not find any method that covers all activities of your design process but someone will have to work-out

methodological elements to reliably perform them. There is no clear boundary between sub-processes and methods.

In the 6-activity Design Thinking process, the bullet points are sub-activities that tells you « How » to perform the main

activities. In this course, we will consider the set of sub-activities (e.g., Conduct interviews, Uncover emotions, Seek stories) as

a sub-process and not a method as there is no clear procedure to perform the activity “Empathize”.

Design Approach VS. Process VS. Method
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Design Approach VS. Process VS. Method

18

One approach “Design Thinking” and two processes (6-activity or 7-activity). We can’t talk about the Design Thinking process!

We can only discuss the 6-activity or 7-activity Design Thinking process.



Design Approach VS. Process VS. Method
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Design Approach VS. Process VS. Method
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Each method contains detailed instructions (materials, procedure, template, etc.). Below is an example of the method to define

a customer journey map.
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So, what is the nature of systems engineering?
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Systems Engineering VS. Design Thinking

https://www.youtube.com/watch?v=M66ZU2PCIcM&ab_channel=AlfonsoNeri

https://www.youtube.com/watch?v=M66ZU2PCIcM&ab_channel=AlfonsoNeri
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How would you choose between several design approaches?
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The role of convictions (firmly held belief or opinion)

Convictions play an important role in the adoption (e.g., by the top management of a company or targeted practitioners) of a

design approach. Indeed, the reputation of the organisation (company or research lab) in which the approach has been

pioneered serves as a proxy for justifying the choice of one design approach over another. Looking for successful applications

in well-known companies published by well-known academics explains how the uptake of a design approach can behave like

fashions, where many companies take up a design approach at the same time and then also discard it at the same time.
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Systems Engineering

Systems engineering is a methodical, disciplined approach for the design, realization, technical management, operations, and

retirement of a system. […] It is a way of looking at the “big picture” when making technical decisions. It is a way of achieving

stakeholder functional, physical, and operational performance requirements in the intended use environment over the

planned life of the systems. In other words, systems engineering is a logical way of thinking. (NASA, 2007)

Systems engineering is an interdisciplinary approach and means to enable the realization of successful systems. It focuses on

defining customer needs and required functionality early in the development cycle, documenting requirements, and then

proceeding with design synthesis and system validation while considering the complete problem: operations, cost and

schedule, performance, training and support, test, manufacturing, and disposal. Systems engineering integrates all the

disciplines and specialty groups into a team effort forming a structured development process that proceeds from concept to

production to operation. Systems engineering considers both the business and the technical needs of all customers with the

goal of providing a quality product that meets the user needs. (INCOSE, 2004)
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My Systems Engineering Definition

Systems Engineering cannot be a method or a process as there is no single recipe to do it. Each company has its own set of

processes and methods for implementing Systems Engineering. Consequently, Systems Engineering is a design approach.

In this course, a design approach is a logical way of thinking that relies upon several elements - convictions, processes,

methods, tools... - establishing a design discipline among New Product Development (NPD) team members.

Systems Engineering is a methodical and interdisciplinary design approach that mainly concentrates on five main activities:

requirements definition, requirements validation and architecture design performed recursively in a top-down process, plus

integration and verification of design and implementation performed recursively in a bottom-up process.
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Genesis

The Systems Engineering body of knowledge started to emerge during the world war II and the cold war with the development

of missiles and missile-defense systems by the Department Of Defense of the USA. The main motivation was to work out a set

of best practices to better manage the quality and costs of new complex military systems. Then, the NASA continued to

improve the Systems Engineering approach, especially during the Apollo program, and published the NASA Systems

Engineering Handbook. In the 90’s, large systems integrators adopted the systems engineering approach.
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Standardised Approach – What’s a standard?



Compared to other design approaches, SE is standardised by international standard development organisations (e.g., ISO,

IEEE...) and is tailored to industries by more specific recommended practices (e.g., ARP in the aerospace industry). Systems

According to ISO 15288:2015, SE is not all about technical processes but also enterprise, project, and agreement processes.

Although it is relevant to consider both the product "le système à faire" and the project "le système pour faire (le system à

faire)", systems engineering is not about project management. It is recommended to separate the systems engineer/architect

role from the project manager role. In this course, we will concentrate on the core activities of the technical processes.

29

A Standardised Approach
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Systemic Complexity
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Systems Thinking, blah blah blah
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Systems Thinking

https://www.incose.org/docs/default-source/los-angeles/libraryresources/systems-thinking.pdf?sfvrsn=7a4c97c6_2

https://www.incose.org/docs/default-source/los-angeles/libraryresources/systems-thinking.pdf?sfvrsn=7a4c97c6_2
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Systems Thinking

https://www.incose.org/docs/default-source/los-angeles/libraryresources/systems-thinking.pdf?sfvrsn=7a4c97c6_2

https://www.incose.org/docs/default-source/los-angeles/libraryresources/systems-thinking.pdf?sfvrsn=7a4c97c6_2
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SE Fundamentals for Managing this Complexity

How can the systems engineering approach (or other engineering design approaches) methodically implement those three

theoretical systems thinking concepts?
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SE Fundamentals for Managing this Complexity

How can the systems engineering approach (or other engineering design approaches) methodically implement those three

theoretical systems thinking concepts?
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External « Black Box » VS. Internal « White Box »

DOI: 10.1002/j.2334-5837.2015.00089.x

http://dx.doi.org/10.1002/j.2334-5837.2015.00089.x
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SE Fundamentals for Managing this Complexity

How can the systems engineering approach (or other engineering design approaches) methodically implement those three

theoretical systems thinking concepts?
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Top-Down

DOI: 10.1002/j.2334-5837.2015.00089.x

http://dx.doi.org/10.1002/j.2334-5837.2015.00089.x
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Top-Down

IFIS S1

ISR S2
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Top-Down
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SE Fundamentals for Managing this Complexity

How can the systems engineering approach (or other engineering design approaches) methodically implement those three

theoretical systems thinking concepts?
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Causal Approach

« What
we want

to 
achieve »

« How 
we want

to 
achieve
them »

Specification = 
Problem domain

Design =
Solution domain
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SE Fundamentals for Managing this Complexity
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Zigzagging

Zigzagging from Axiomatic Design theory (Suh, 02)
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Zigzagging

Zigzagging from Axiomatic Design theory (Suh, 02)
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Zigzagging

Zigzagging from Axiomatic Design theory (Suh, 02)
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Zigzagging

Zigzagging from Axiomatic Design theory (Suh, 02)
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System function

To hoist a load

Requirement

When [pilot_cmd] received, to 

hoist a load [50 ; 300 kg]

Requirement

When [pilot_cmd] received, to 

hoist a load [100 ; 800 kg]

Logical architecture

EGDS

Structure
Avionic

sub-system

Hoisting

Sub-system

Cmd

Position

Mechanical 
load

Electric 
power

Problem Domain Solution Domain

Stakeholder

Load

Stakeholder

Pilot

Technical function

To transform electric 

power into mechanical 

power

LG

Cmd

Pilot 
cmd

Zigzagging
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Well, what do we deliver?
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