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New EECS Educational Initiatives

• Increase integration of life 
sciences and quantum 
concepts into EECS
– Similar to introduction of math 
in early ‘50s and solid-state 
physics in early ‘60s

• Integrate globalization into 
EECS educational 
experience

• Restructure/renovate the 
undergraduate curriculum 
– Current structure is 30 years old

– Reduce the size of the common 
core so as to increase depth 
and add flexibility

– Two core subjects rather than 
four



8 Humanities
Institute

Lab

EECS Undergraduate curriculum

MIT general requirement: 8 humanities 

and social science, 1 lab



6 Science Core 
(Calc, Phys, Chem, Bio)

2 Math

8 Humanities
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EECS Undergraduate curriculum

MIT general requirement:

• 6 science (calculus, physics, chemistry, biology, …)

• 2 more math
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EECS Core

EECS Undergraduate curriculum

EECS “core” required of everyone in the department:

• structure of computer programs

• circuits

• signals and systems

• computer architecture
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EECS Core

Areas

EECS Undergraduate curriculum
Choice of  3 subjects that introduce areas:

•Quantitative physiology
•Algorithms•Electromagnetic fields
•Microelectronics•Computer systems

•Artificial intelligence•Communication and control

Lab
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Depth

Lab

project

EECS Undergraduate curriculum
2 depth subjects and a project
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CIC Report on EECS1 & 2

Implementation timetable

• Pilots

• Spring 06 – 25 students

• Fall 06 – 25 students

• Spring 07 – 45 students

• Scale-up

• Fall 07 – 80 ? students

• Full scale

• Spring 08 – 200 ? students 

• Will be the required first 

EECS course beginning 

spring 08
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Innovative (and risky!) on two fronts

• Create a new framework 

introduction to electrical 

engineering and 

computer science

• Establish a new 

teaching/learning culture 

for MIT EECS.
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New Pedagogical Style

• Drastic decrease in lecture time 

in favor of supervised labs

• reduce from 5 hrs/wk of 

lecture-recitation to 1.5 hrs/wk

• 5 hours/wk  of supervised lab

• Labs are more open ended

• Most labs involve mobile robots

• Small student/staff ratio – we’re 

aiming for 4:1

• In steady state, a substantial 

fraction of undergrads will have 

had teaching experience.  This 

is a design goal of  the 

curriculum reform.
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New Intellectual Foundations

• Why do we need new 

intellectual 

foundations?

• What’s changed since 

the 80’s?
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Intellectual themes for a new introduction to 

EECS

• Coping with software complexity
• Abstraction and modularity, just as in before

• Functional programming model where possible

• Managing the interaction of computing artifacts with 
physical systems
• Transducer programming model

• Simple resistive networks (op-amps, feedback)

• Discrete-time linear systems and control (Z-transforms)

• Building and using models in the face of perceptual and 
control uncertainty
• Discrete state estimation

• Bayesian filtering
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Means of capturing 

common patterns

Means of abstraction

Means of combination

Primitives

Organizing view: A framework for abstraction
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numbers, strings,

True/False

dataprocedures

Means of capturing 

common patterns

Means of abstraction

Means of combination

+, *, ==Primitives

Organizing view: A framework for abstraction
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feedback and Black’s 

formula

Example: stabilizing a 

control system

difference equations

system function

poles and zeros

cascade 

parallel sum

Individual systems

systemssequences

Means of capturing 

common patterns

Z-transformMeans of abstraction

addition

scaling

shift

Means of combination

individual sequencesprimitives

Organizing view: linear systems
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Means of capturing 

common patterns

1-ports, 2-ports, n-ports

Thévenin equivalence

Means of abstraction

Interconnection

KVL, KCL

Means of combination

Resistors, sources, op-

amps

primitives

Organizing view: circuits

Example:

Robots eyes and 

head built from 

photoresistors and 

op-amp driver
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Means of capturing 

common patterns

Probability distribution 

over states

Means of abstraction

filteringMeans of combination

Observations and 

actions

primitives

Organizing view: state estimation

Example:

Robot position 

estimation
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Labs

• Programming in Python

• Applications to mobile robots 

• Circuits on breadboards, connected to robot
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Coping with software complexity

• Concepts

• basic data structures, 

procedures, computational 

complexity

• higher-order procedures

• object-oriented programming; 

state machines

• Labs

• robot sensors and effectors, 
robot mini-languages

• utility functions

• virtual sensors (averaging, 
smoothing)

• finite-state controllers
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Linear Systems

• Concepts

• difference equations and state

• Z-transforms 

(change of representation)

• Feedback and Black’s formula

• Labs

• software for solving D.E.’s; 
model of simple unstable robot 
controller

• software for manipulating 
transfer functions; stabilize 
previous week’s robot 
controller
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Circuits

• Concepts

• constraint model of systems; 

KVL and KCL

• Thévenin equivalence; 2-port 

models; op-amps

• designing control systems; 

analog vs digital

• Labs

• software for solving circuits 
using constraint resolution; 
use voltage dividers and 
photoresistors to make a 
sensor

• Dynamical (difference 
equation) model of op-amp; 
driving motor with op-amp 
circuit

• add rotating head to robot; 
combine analog and digital 
control systems
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Dealing with uncertainty

• Concepts

• discrete probability and state 

estimation

• abstracting continuous 

probability models

• search, dynamic programming

• Labs

• state estimation in simulated 

discrete worlds

• robot localization based on 

noisy sonar

• robot path planning and 

execution

Grand finale:  locate lights in a 

maze using head, light sensors, 

analog and digital control, state 

estimation, and planning
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Final Exam: Question 1

Imagine you have a simple robot with two wheels, each of which 

has its own motor, and two photo-resistors.  

1. Describe a strategy for driving the robot up to a light, by 

controlling the wheel velocities depending on the photo-

resistor values.  

2. Assume the motors and photo-resistors are connected to 

your computer, so that you can read and control them in 

software.  Write a step function in Python that implements 

your strategy.

3. Design an analog circuit that does the whole job by itself.  

Explain your strategy in English.

4. Describe the relative advantages and disadvantages of these 

two solution strategies.




