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Outline 

 A brief history of things 
 Opportunities and challenges of the 
present 
 What is means to EECS education 



The Origins of Engineering 
  1638: Galileo’s “Two New 
Sciences” 
Advocates scientific approach to 
practical problems – beginning of 
structural analysis 

  1800-1850: First industrial revolution 
  Civil engineering (France) 
  Mechanical Engineering (Great-Britain) 

  1850 – 1930’s : Second industrial revolution 
  Chemical, Mining, Electrical Engineering (Also marine, 
aeronautical) 

 



The multiple faces of engineering 

 Use advances in basic sciences 
 To create novel components 
 That can be combined efficiently and 
reliably 
  Into increasingly complex systems 
 Addressing relevant societal problems 



The Origins of EE 

  400BC: Thales of Miletus discovers electrifying 
effects of amber 

  1601: William Gilbert invents the term “electricity” 
  1801: Volta develops the first “battery” 
  1826: Ohm formulates his famous law 
  1831: Faraday formulates the induction law (and 

hence lays the base for transformers) 
  1873: Maxwell publishes unifying theory of 

electricity and magnetism 
  1876: Bell develops the first telephone 



The Origins of EE 

  1882: Darmstadt University of Technology 
founds first chair and faculty in electrical 
engineering 
  1882: MIT offers first option of electrical 
engineering within a physics department 
  1883: Darmstadt offers first courses in 
electrical engineering 
  1886: University of Missouri creates first 
department of electrical engineering in the US 



From a frustation with physics’ 
incapability of solving practical problems 

  “It is a well known fact that alternating 
currents do not follow Ohm’s Law and that 
nobody knows what law they do follow”, 
Engineer George Prescott (1888) 
  “Maxwellian Theory does not exist in 
practice, but merely haunts as a phantom 
transformer in text-books and mathematical 
treatises,” Electrical engineer Charles 
Steinmetz (1893) 
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The 2nd Industrial Revolution 

(United States only) 



Electrical Engineering at Berkeley 
Frederick Hesse, the Dean of the College of 
Mechanic Arts in the 1890s, was farsighted enough 
to see the importance of the growing field of 
electrical engineering and was determined that such 
work be added to the curriculum of his College. He 
was fortunate indeed in choosing Clarence L. Cory 
from among many applicants to fill the chair of 
Electrical Engineering. 
 
 

College of Mechanic Arts, 1900 Faculty Composition, 1886-1887 



Clarence L. Cory 
Cory arrived in Berkeley in September, 1892, and at once 
organized courses in electrical engineering. His principal 
work during the first two years was connected with plans 
for the Electrical Laboratories which were to be installed in 
the new Mechanics Building, then being erected. When 
this building was finished in 1894, he was active in pushing 
through the work so that within a few years he had 
completed the installation of electrical equipment which 
was surpassed by few universities of the country. 

He also extended the electrical service outside of the Mechanics Building and 
supplied light and power to the entire campus from the laboratory plant. Cory 
was made Dean of the College of Mechanics in 1908. 



The Phases of Electrical Engineering 
(and Computer Science) 

1880 1920 1930s 1940s 1950s 1970s 

The Computer Age 
Driven by Moore’s Law 



Computer Science 

“The study of  theoretical foundations of information and 
computation, and of practical techniques for their 
implementation and application in computer systems. 
The systematic study of algorithmic processes that 
create, describe and transform information.” 

  1936: Allan Turing wrote “On Computable Numbers” 
  1940s: The dawning age of computers (ACM founded in 1947) 
  1945: John Von Neumann envisions the “Von Neumann Machine” 
  First Computer Science Departments emerge in early 1960s 
  Berkeley History: 

  In 1968, number of faculty left Berkeley EE Dept to from the CS Department in the 
School of Sciences and Letters 

  EE and CS merged back together in 1973 to form EECS 
(MIT established EECS Dept in 1975) 



Electrical Engineering End 20th Century 

Devices 

Systems 
Circuits/ 

Platforms Control 
Signal Processing 
Communications 
Networking 

Analog/Digital 
Computer 
Communications 
Networking 
Power 

Semiconductor 
Optical 
Sensors 
Antennas 

Power and Electromagnetism have shrunk to insignificant levels 
Many activities in EE have nothing to do with “electrical” 



Total EECS enrollment rose from 95,000 to 140,000 students  
between 1980 and 2000 (with net flow from EE to CS) 

US Engineering Enrollments, from Engineering Workforce Commission of the 
American Association of Engineering Societies 



Early 2000: Some warnings … 

These trends have continued: CS has shrunk 
        EE flat or declining 
        ME, Chem and BioE up 



Early 21st Century: 
What is changing ? 

 Moore’s law is waning 
 The foundations shifting from 
electromagnetism and solid-state physics to 
nano-technology, NEMS, chemistry and 
biology 
 Driving force shifting from computers and 
productivity enhancement to societal impact 
○  Energy, environment, health, mobility, etc 



A Turning Point for Information Technology 

  Conventional Model of Information Technology 
Automate Work, Improve Productivity 
(main-frame and desktop computers, “productivity” 

software, wireless voice and data, even the 
internet) 

  The Emerging Model 
Address Societal Problems, Inspire People 

CITRIS Center proposal at UC Berkeley (2001) was one of the first observations of this trend 



Public Perception of Engineering 
Engineers 

    14 % Saves lives 

    69% Creates economic growth 

    17% Protects the environment 

    22% Improves the quality of life 

    28% Sensitive to societal concerns 

    37% Cares about the community 

    56% Would make a strong leader 

82% 

25% 

71% 

77% 

61% 

51% 

32% 

Scientists Attributes  

From J. Cohn (ISSCC 2009 Keynote) – Information from Harris Poll 



Infrastructural 
core 

The IT Platform of Today: 
Mobiles at the Edge of the Cloud 

[J. Rabaey, ASPDAC’08] 

Mobile data growth 
[Source: Cisco VNI Mobile, 2011] 

Mobile traffic grew 2.6x in 2010 
(nearly tripling for 3rd year) 

Has changed the way we 
communicate and socialize 



Addressing the 
Challenge 

 
 

 Electrical Engineering at a Crossroad: 
 

Challenges and Opportunities 

Giovanni De Micheli 

 
 

 
 

The Integrated Systems Centre has organized a day of presentations and discussion about 
the future of Electrical Engineering as a discipline and profession with a group of world-
renowned leaders and innovators. Much of the future of this discipline depends on how we 
become aware of the current challenges and opportunities and react to them. 

This meeting is organized as a forum, with ample time for the audience to interact and ask 
questions. The forum is of interest to professors, research and teaching staff and graduate 
students in EE and neighbor disciplines, such as microtechniques, computer science and 
communication systems. 

The forum is open to everyone, but for planning reasons please send an e-mail to 
anil.leblebici@epfl.ch  to confirm your participation. 

 
 

The Future of Electrical Engineering 
17 December 2009, EPFL Polydôme 

10:00 Giovanni De Micheli 
EPFL Switzerland 

Electrical Engineering at a Crossroad: 
Challenges and Opportunities 

10:45 Jan Rabaey 
UC Berkeley, USA The “Meaning” of Electrical Engineering 

11:30 Heinrich Meyr 
RWTH Aachen, Germany A SWOT Analysis of Electrical Engineering 

12:30-14:00         L U N C H  B R E A K  
14:00 Mark Horowitz 

Stanford University, USA 
Electrical Engineering: Where the Physical 
World meets the Virtual World 

14:45 Satoshi Goto 
Waseda University, Japan Ambient SoC Initiative 

15:30 Lothar Thiele 
ETHZ Switzerland 

Towards Electrical Engineering - Again 

16:15-17:00 Discussion 

Please refer to http://si.epfl.ch for more info. 

Swiss Federal Institute 
of Technology, Lausanne 

http://si.epfl.ch/page-47800-en.html 



An Exciting Future for EE 

Visions of the Future 
  Energy Efficiency and Environmental Sustainability 

–  Efficient generation, transfer, and load control of energy 
–  Continuous analysis of interactions with the environment 
–  Dynamic influencing societal networks through incentives  
–  New manufacturing technologies that are greener  

  Human Healthcare 
–  Continuous monitoring and analysis of human health 
–  Intelligent devices to revolutionize treatment methods 

  Scalable Information Technology 
–  Reliable systems at nano and mega scales 
–  Computation, networking, & storage available anywhere  

•  At no cost 

What We Learned Riding Moore’s Law 
  The interface between physical and virtual  

–  Convert anything into bits; use bits to control anything   
•  Electronic, photonic, magnetic, and micro-mechanical 

  The science & technology of information 
–  Analyze and manipulate information 
–  From basic abstractions to dynamic control & optimization  

  Design and control of complex systems 
–  From basic foundations to materials, circuits, & systems 
–  Creating reliable & programmable systems  

•  Which exponentially grew in complexity  

  While keeping entrepreneurship and societal impact 
–   Societal needs => innovative research => widely-used stuff 

Mark Horowitz  - 8 -  Stanford University 

[Courtesy: M. Horowitz, Stanford, 
Future of EE Workshop] 



1997 Question: What happens if sensors become 
tiny, wireless, and self-contained? 

[Courtesy: K. Pister, UC Berkeley] 

Answer: Wireless Sensor Networks 



Feed forward: Vision 2025 

-  Integrated components will be approaching 
molecular limits and/or may cover complete walls 

-  Every object will have a wireless connection 
-  A thousand radios per person, or trillions of 

connected devices 
-  The ensemble is the function 

-  Function determined by availability of sensing, actuation, 
connectivity, computation, storage and energy 

The Birth of the Swarm 



Enabled by “More than 
Moore” and “Beyond Moore” 



Infrastructural 
core 

The Emerging IT Platform 

[J. Rabaey, ASPDAC’08] 



The Futuristic Swarm 



CyberPhysical Systems 
Linking the Cyber and Physical Words 

[H. Gill, NSF 2008] Aka: The Internet of Things, Societal IT Systems,   





The Age of the “UnPad” 
Computers and mobiles to completely disappear! 

The Immersed Human 
Always-available augmented real-life interaction between humans and 
cyberspace, enabled by enriched input (sensory) and output (actuation, 
stimulation) devices on (and in) the body and in the surrounding environment 



Wireless Sensor Nets 
What is holding them back? 

Source: On World  

What slows them down? 
(Source: On World) 
  Cost savings not yet 

disruptive 
  Reliability 
  Energy (battery life) 
  Ease of use 

 



Wireless Sensor Nets 
What REALLY slows them down: 
NO Economy of Scale 
Stovepipes, Fragmentation, Non-interoperability, Lack of 
Virtualization 

Industrial 
automation, smart 

buildings, renewable 
energy, data 
centers,   

802.11x (WiFi), 
802.15.4x (Zigbee), 
802.15.1 (Bluetooth

(LE)),  802.15.6 
(WPANs), NFC,  

TinyOS, eCOS, 
LiteOS, Contiki, 

Arch Rock 



The Swarm as a Platform 

SWARM-OS 

A mediation layer 

Home security/
emergency 

Unpad Energy-efficient 
home 

Health 
monitoring 

Apps 

Resources Sensors/ 
Input devs 

Actuators/ 
Output devs 

Networks 

Storage 

Computing 

Presenting a uniform API to Apps Developers (similar to trends in the Cloud) 



The Swarm Challenge(s) 

Complexity 

Energy 

Privacy/
Security 

Management Reliability 

Performance 
(Latency) 

Complex distributed control 
systems combining 
heterogeneous components 
under dynamically varying 
conditions  



Dealing with Complexity 

Complex systems: Cross-disciplinary research 

 
Definition of a complex system  

 

  The whole is more than the sum of its parts 
   The problem is too heterogeneous and too complex to 

be understood by an individual  

Conclusion 
 

  The solution of the problem ultimately requires the 
interaction of various disciplines 

[Courtesy: H. Meyer, Aachen University – Future of EE Workshop] 



The Swarm Opportunity 
It’s A Connected World 
Time to Abandon the “Component”-Oriented Vision 

Moore’s Law Feeds Metcalfe’s Law: 
Scaling is in number of connected devices, 
no longer in number of transistors/chip 

[J. Rabaey, MuSyC 2009] 

The functionality is in the swarm! 
•  There is power in numbers 
•  Resources can be dynamically 

provided based on availability 



Information Technology for “CyberPhysical 
and BioCyber” Systems 

Interfaces to the Physical and Biological World 

Distributed Platforms 

Services 

Computing, Storage, Connectivity 
Embedded systems 
Distributed computing 

Sciences (Biology, Physics, Chemistry, Materials) 

Societal Applications (Environment, Energy, Health, Mobility, Safety, ) 

Signal processing 
Machine learning, AI 
Distributed control 
Information management 

Engineering of innovative 
devices 



EECS in the 21st Century 

Devices 

Systems Platforms 

Sensors 
(ME, BioE) 

Health 
(BioE) 

Environ
ment 
(Civil, 
ChemE) 

Energy 
(Civil, 
ChemE) 

Nano 
(Physics, Chem, 

MS) 

Sensor Nets 
(ME, Civil) 

Compute 
 Cloud 
(CS) Mobiles 

(CS) 

Energy 
(MS, ChemE, 

BioE) 



Information 
Engineering 

EECS in the 21st Century 

Sensors 
(ME, BioE) 

Health 
(BioE) 

Environ
ment 
(Civil, 
ChemE) 

Energy 
(Civil, 
ChemE) 

Nano 
(Physics, Chem, 

MS) 

Sensor Nets 
(ME, Civil) 

Compute 
 Cloud 
(CS) Mobiles 

(CS) 

Energy 
(MS, ChemE, 

BioE) 

“Enable the development and deployment of 
complex systems that acquire and process 
information and act on it to address large societal 
problems”  



Core Skills 
  Development, modeling and realization of innovative 

devices (components) 
  Modeling and analysis 
  Manufacturing 
  Metrics 

  Designing, analyzing, deploying and managing complex 
hierarchical systems 
  Abstraction, analysis, verification and synthesis techniques 
  Hierarchical and heterogeneous composition 
  Metrics: Quantifying performance, energy, productivity, etc 

  Advanced services, providing signal interpretation, 
synthesis, recognition, classification and management 
  Information and computer theory, signal processing, control, robotics 

The elements, tools and methodologies of information engineering 



Re-engineering EE(CS) 
What does it mean from a curriculum perspective? 
  CREATE EXCITEMENT EARLY ON (FRESHMAN) 

  Exposure to development in sciences: nano, bio, (technology push) in 
addition to the traditional ones (physics, chem, math) 
  Exposure to application pull 
  Exposure to how engineering links the two through true hands-on 

  Generalize the three pillars: components, platforms, services 
so that they address the broad range of emerging information-
processing systems – FORGO THE EE-CS DIVISION 

  Narrow down the barriers with the other engineering 
disciplines 

  Rethink how much and how to introduce the traditional “core” 
skills 

  Do not forget the other aspect of engineering: building 
leadership 



Summary Reflections … 
  EECS can play a major role in 

the way future society is shaped 

  Need to react soon though to 
keep EECS at the forefront of 
human development 

  But  the axels of academic 
reform grind slowly 

  A full out strategy has little 
chance of success, hence need 
to start gradually – 
COLLABORATE! 

  Ultimately we should rethink 
engineering in its totally and rid 
ourselves of the remnants of the 
second industrial revolution 



A World without (EE-CS) 
Engineers 


