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Engineering Systems

Engineering systems are 
characterized by a high 
degree of technical and 
social complexity and they 
aim at fulfilling important 
functions in society.

de Weck OL, Roos D, Magee CL. Engineering 

systems: Meeting human needs in a complex 

technological world. MIT Press; 2011.



4

19th Century

Timeline

20th Century

21st Century

22nd Century ?

Industrial Revolution

Great Inventions

Automobile
(1880)

Telephone
(1876)
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Flights / Aircraft 
flows

Latent Demand

Infrastructure

Passenger Flows

Wide Body Jets Narrow Body Jets Regional Jets

Business Jets Turboprops Light Piston

Wide Body Jets Narrow Body Jets Regional Jets

Business Jets Turboprops Light Piston

Spatial Decomposition 

Air Transportation: A typical Engineering System

Adapted from: Bonnefoy P. , "Scalability of the Air Transportation System and Development of Multi-Airport Systems: 

A Worldwide Perspective ", PhD Thesis, MIT, Engineering Systems Division, 2008

System Performance and Other Issues
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Capacity 
Inadequacy

Passenger Traffic
- RPMs, RPKs, 
-Passenger counts
- Piggyback cargo (tons)

Aircraft Traffic
-Flight counts
-Airport operations

Infrastructure
-Airport count
-Airport capacity
- Enroute capacity

Intermodal
Transportation

Transportation Demand
- Price of fuel ($/gal)
- Competition (car, train)
-- Seasonal variations

Airline Competition

Emissions

Safety Accidents

Value to
Society

Highway and
Rail Renewal

Delays

Pollution

Bankruptcies
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Impact of COVID-19 on Aviation
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COVID-19 as a Complex System

https://onlinelibrary.wiley.com/doi/full/10.1002/sys.21557

https://onlinelibrary.wiley.com/doi/full/10.1002/sys.21557
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COVID-19 as a Complex System

de Weck O, Krob D, Lefei L, Lui PC, Rauzy A, Zhang X. Handling the COVID-19 Crisis: Towards 

an Agile Model-Based Systems Approach., Systems Engineering, Sept 2020
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Classical Compartment Models: SIRD

Scenario 0:

Population is modeled as a 

single compartment with a 

homogenous population where 

statistically everyone is equally 

likely to interact:

S �±susceptible

I �±infected

R �±recovered

D �±dead

Nominal Population Size:

100,000

10 average daily contacts

2.5 % propagation probability

Disease duration: 14 days

Lethality: 4% 

No government intervention


