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Foundations Work 
Stream
Technical Complexity Workshop on Monday 30, Jan 2023

Oli de Weck

FuSE Foundations Lead
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Agenda. • Stream Intro (15 min)
General overview of the SE 

Foundations stream

• Technical Complexity (45 min) 
Definition of Organizational 

Complexity and Examples

• Case Study (45 min)
Aircraft Engines(1950-2020)

• Discussion (15 min)
Feedback and Q&A related to the 

topic
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central teams
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The SE Foundations stream aims to:

• Validate (or refute) the proposed First Law of Systems 

Science and Engineering: “Conservation of Complexity”

• Elaborate the drivers of technical complexity

• Elaborate the drivers of organizational complexity

• Create an inventory of existing SE Foundations and tag their 

status as: (i) proposed, (ii) validated or (iii) adopted in SE 

practice

The Foundations Stream’s 
objectives during IW.
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Three Dimensions of Complexity in Systems Engineering
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National Ignition Facility (NIF)

(Laser Induced Fusion) Source: 

DOI: 10.13182/FST09-697
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Dimensions of Complexity in System Development:

These dimensions of 

complexity in system 

development context are 

positively correlated [Riedl

2000, Lindemann 2009,10, 

Kreimeyer, 2011]. Technical 

Complexity reflects the 

functional and structural 

elements of the system.
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Complexity Typology for Engineered Systems

[Sheard and Mostashari, 2009]

Human Cognition 

aspects surface; 

depends on the actor / 

observer

System 

Development

Organization.

Engineering  System

Structural 

Complexity

Functional

Complexity

has

has

Components 

Interfaces

Topology

Interaction 

Structure

Interaction 

Uncertainty

Organizational

Complexity

has

created via



incose.org | 11

Relationship with Existing Complexity Literature

Complexity	and	Cogni on	

[Tang	and	Salminen,	2001,	
Hirschi,	2002;	Ramasesh	and	

Browning,	2012]	

Complexity	and	Systemic	
Proper es	

[Arthur,	1993;	Frey,	2004;	
Doyle	2002,	Lindemann,	

2009]	

Complexity	and	Development	
Cost	

[Rech n,	2002;	Meyer,	1997;	
McCabe	1989;	Sturtevant,	

2013]	

Complexity	Metric	

[Weyuker,	1998;	Jones,	2009;	Bashir	1999,	
Bearden	2000;	Lindemann	2011;	Dehmer,	

2009]	

Complexity	and	Emergence	
(Dynamic	Complexity)	

[Suh,	2005;	Doyle,	2002;	
Marczyk,	2008]	

Complexity	and	Cost	Growth	

[Augus ne,	1997;	Arena,	
2008]	

Complexity	and	Networks/DSM	

[Ulrich	and	Eppinger,	1995;	
Whitney,	1999;	McCormack,	

2011]	

Complexity	Quan fica on	
for	Engineered	Systems	

[Sinha,	2014]	
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Graph Energy stands out as both computable and satisfies Weyuker’s criteria and establishes itself as a theoretically valid measure 

(i.e., construct validity) of complexity.

Construct Validity: Weyuker’s Criteria
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System Hamiltonian and Structural Complexity
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C3 Topological Complexity: Important Properties
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Empirical Data: Complexity Increase of Engines



incose.org | 16

Discussion: Technical Complexity

1. How would you define technical complexity?

2. How do you currently quantify technical complexity? How should it be 

done?

3. Has technical complexity increased in your domain over time? How 

much? Why?

4. How would you actively  manage technical complexity?
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Aviation’s progress over the last 80+ years is impressive
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DC-3 Flight in 1936 = 21 pax x 1465 km = 30’765 RPK

A350 Flight in 2018 = 173 pax x 18000km = 3’114’000 RPK

Improvement Factor for RPK= A350/DC-3 = 101.21

We have achieved a 100-fold improvement in 82 years !

Apply Moore’s Law:   1.058^82 = 101.82

Commercial aircraft have improved at about 5.8% per year

20000
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Bréguet Range Equation

h : fuel energy per unit mass (specific energy) 

g: Earth’s average gravity at the surface g=9.81 m/s2. 

L/D: Lift over drag ratio at cruise. 

𝜂overall: Overall efficiency

Winital: Gross takeoff weight of the aircraft 

Wfinal: “Final” weight of the aircraft including the dry 

mass of the aircraft 

V: Cruise speed, also denoted as v∞ or uo.

SFC: Specific Fuel Consumption: this is the amount of 

fuel burned per unit time per unit of thrust, i.e. units of 

[kg/s/N].
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Progress in Engine Technology

Improvement in Fuel 

Consumption (SFC) was 

achieved by increasing 

complexity

2x improvement since 

1950’s through:

• Multi-stage compressors 

and turbines

• High BPR

• Fan-Drive Gear System
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PW-1500 Geared Turbofan (GTF) 

Engine

2020

James, D., K. Sinha, and Olivier de Weck. 

"Technology insertion in turbofan engine and 

assessment of architectural complexity." In DSM 

2011: Proceedings of the 13th International DSM 

Conference. 2011.
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Where do we go from here?

Is it worthwhile 

operating in this 

zone?
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Discussion: Case Study Engines

1. Do you think aircraft jet engines have reached the “maximum value” point of complexity?

2. How will electric propulsion or hydrogen change the equation (next S-Curve)?

3. What other case studies would you propose to map the evolution of technical complexity over time?

4. How can (MB)SE be used to better manage complexity?
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Session Wrap-up: Technical Complexity

• Part 1: Definition and quantification of technical complexity

• Part 2: Case Study: Aircraft Engines

• Inputs from all groups will be collected and summarized in a white paper, which will be provided to 

participants
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FuSE at IW 2023 overview

SAT SUN MON TUE

08:00

FuSE Stream Working Sessions 

4 rooms (in person only) 

FuSE Stream Working Sessions 

4 rooms (in person only) 

08:30
Wrap-up FuSE

(for participants)
09:00

09:30 Break

10:00
FuSE Kick-off

Break

10:30

11:00 Wrap-up FuSE

11:30

12:00
Lunch

12:30

13:00

13:30

14:00
FuSE Stream Working Session 

4 rooms (in person only)
14:30 Break

15:00 Break

15:30

FuSE Steam Working Session 

4 rooms (in person only)
16:00

16:30
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Systems Engineering Foundations Stream

Oli de Weck
Stream Lead “SE Foundations”

e deweck@mit.edu

In order to yield predictable results Systems 

Engineering methods and tools need to be built 

on foundational principles that are provably true 

and based on laws and axioms that can be 

tested for falsifiability similar to those in other 

well-established disciplines of science and 

engineering like Chemical Engineering, Electrical 

Engineering or Biological Engineering. This 

stream will formulate a set of candidates 

underlying Laws of Systemics, the science at the 

foundation of Systems Engineering. 

The IW 2023 goal is to assess the foundational 

value of the “Conservation of System 

Complexity,” which parallels the Conservation of 

Energy in the First Law of Thermodynamics and 

the Conservation of Mass in continuum 

mechanics. 

mailto:deweck@mit.edu


incose.org | 30

SAT SUN MON TUE

08:00

FuSE Interactive working session 

on technical complexity

FuSE Working Sessions on 

organizational complexity

08:30
Wrap-up FuSE

(for participants)
09:00

09:30 Break

10:00
FuSE Kick-off

Break

10:30

11:00 Wrap-up FuSE

11:30

12:00
Lunch

12:30

13:00

13:30

14:00 FuSE Interactive working session

Conduct complexity experiment

Frame SE Foundations
14:30

Break

15:00 Break

15:30 FuSE Interactive working session 

Conduct complexity experiment

Frame SE Foundations
16:00

16:30

Systems Engineering Foundations Stream

Oli de Weck
Stream Lead “SE Foundations”

e deweck@mit.edu

In order to yield predictable results Systems 

Engineering methods and tools need to be built 

on foundational principles that are provably true 

and based on laws and axioms that can be 

tested for falsifiability similar to those in other 

well-established disciplines of science and 

engineering like Chemical Engineering, Electrical 

Engineering or Biological Engineering. This 

stream will formulate a set of candidates 

underlying Laws of Systemics, the science at the 

foundation of Systems Engineering. 

The IW 2023 goal is to assess the foundational 

value of the “Conservation of System 

Complexity,” which parallels the Conservation of 

Energy in the First Law of Thermodynamics and 

the Conservation of Mass in continuum 

mechanics. 

mailto:deweck@mit.edu
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Let’s
connect.
Or find us on

www.incose.org/fuse

Bill Miller
FuSE Program Lead

e William.Miller@incose.net

Stephan Finkel
PMO Contractor | 3DSE

e Stephan.Finkel@incose.net

Martina Feichtner
PMO Contractor | 3DSE

e Martina.Feichtner@incose.net

Paul Schreinemakers
Stream Lead “SE Vision & Roadmaps”

e paul.schreinemakers@incose.net

Oli de Weck
Stream Lead “SE Foundations”

e deweck@mit.edu

Chris Hoffman
Stream Lead “SE Methodologies”

e christopher.hoffman@incose.net

Tom Strandberg
Stream Lead “SE Application Extensions”

e tom.strandberg@incose.net

http://www.incose.org/fuse
mailto:William.Miller@incose.net
mailto:William.Miller@incose.net
mailto:William.Miller@incose.net
mailto:paul.schreinemakers@incose.net
mailto:deweck@mit.edu
mailto:christopher.hoffman@incose.net
mailto:tom.strandberg@incose.net
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