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The Ribosome



ThresholdsThresholdsThresholds

noise

errors

1940s: Communications
(Shannon)

1950s: Computation
(Winograd, von Neumann)

2000s: Fabrication



Logical AssemblyLogical AssemblyLogical Assembly
(Saul Griffith)



Monofunctionalized 
Nanoparticles

Monofunctionalized Monofunctionalized 
NanoparticlesNanoparticles

(K-M. Sung, D. Mosely, B. Peelle, S. Zhang, J. Jacobson)



Paintable
Computing
PaintablePaintable

ComputingComputing

Install

Update

Transfer accepted

Transfer refused

De-install

private functions

local scratch

Programming a Paintable Computer, W. Butera, Ph.D. thesis, MIT, 2001

(Bill Butera)

• reliable
• fungible
• distributed



Paintable ComputingPaintable ComputingPaintable Computing
(Bill Butera)



Statistical DisplaysStatistical DisplaysStatistical Displays



The Paintable CompilerThe Paintable CompilerThe Paintable Compiler

Ask Bill



Programming Distributed SystemsProgramming Distributed SystemsProgramming Distributed Systems

problem

algorithm

program

executable
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dynamics



Graphical Message-PassingGraphical MessageGraphical Message--PassingPassing
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Graphical NetworksGraphical NetworksGraphical Networks



SemiringsSemiringsSemirings
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RecursionRecursionRecursion
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Sum ProductSum ProductSum Product
Belief propagation, …, (Loeliger, …)

fnfm xi xj

∏∑

∏

∈
→→

∈
→→

=

=

inj

nj

in

in

nim

imni

xfNx
jfx

xx
nnixf

fxNf
ixfifx

xmxfxm

xmxm

\)(\

\)(

)()()(

)()(

r

r

trees: exact         loops: approximations



EstimationEstimationEstimation

p(xn+1|xn) p(xn+2|xn+1)

p(yn|xn) p(yn+1|xn+1)

xn xn+1

yn yn+1

p(yn) p(yn+1)

……

ML

recursiveMAP



Feedback,
Entrainment
Feedback,Feedback,

EntrainmentEntrainment

p(xn+1|xn)p(yn|xn) xnyn

(Ben Vigoda)



Phase-Locked LoopPhasePhase--Locked LoopLocked Loop

yn yn+1 yn+2

p(yn|xn)
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Soft GatesSoft GatesSoft Gates
(Loeliger et al., Ben Vigoda)

pz(1) = px(0) py(1) + px(1) py(0) 
pz(0) = px(0) py(0) + px(1) py(1)

pz(1) = px(1) py(1) 
pz(0) = px(0) py(0)

Soft XOR

Soft equals



Soft EqualsSoft EqualsSoft Equals
(Ben Vigoda)
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(Ben Vigoda)

Noise-Locked
Loops

NoiseNoise--LockedLocked
LoopsLoops

CDMA LFSR code acquisition
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Internet 0 (I0)Internet 0 (I0)Internet 0 (I0)
(Raffi Krikorian, Danny Cohen, Doug Johnson)

• IP to leaf nodes
• peers don’t need server
• physical identity
• compiled standards
• open standards
• big bits
• end to end modulation

IR
RF

powerline
multidrop

RFID
bar codes
mag stripe
telephone
telegraph

IRDA
Bluetooth
Homeplug

RS-485
EPC
UPC

ANSI/ISO
V.92

Morse Code

interdevice
internetworking

3x108 m/s / 100 m = 3x106 s-1
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ThermodynamicsThermodynamicsThermodynamics
(Jonathan Yedidia)



Bethe ApproximationBethe ApproximationBethe Approximation
(Jonathan Yedidia)
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• information diffusion
and propagation

• gradient routing
• elastic averaging
• dissipative damping
• ...

physically-inspired
distributed algorithms

• statistical mechanics
• inference
• optimization
• ...

exponential family of 
probability distributions

• semidefinite programs
• interior point methods
• ...

convex relaxations

(Ben Recht)





Graduate Study in
Design and the Natural Sciences

draft proposal: 6/23/04

Design and the Natural Sciences is a graduate academic program asking how the resources of 
natural systems can be used to embody functional designs in physical forms, and conversely how 
functional descriptions can be abstracted from physical forms. The goal is to bring the 
programmability of the digital world to the physical world, with applications ranging from 
fundamental scientific practice for studying computationally-universal physical systems, to 
engineering in a limit of thermodynamic complexity, to the personalization of fabrication rather 
than computation. To accomplish this, DNS provides training in the interdisciplinary research 
areas associated with MIT's Center for Bits and Atoms (CBA), bringing together faculty from 
across campus in departments including Physics, Chemistry, Biology, Mathematics, Computer 
Science, and Electrical and Mechanical Engineering, all working at the interface between logical 
and physical representations of information. DNS is part of the Media Arts and Sciences (MAS) 
program, which provides a broader context for studying the social as well as intellectual impact of 
emerging technologies on human expression.

DNS teaches design practice in science, rather than scientific practice in design. Herbert Simon 
first articulated the goal of a "science of design", in The Sciences of the Artificial. This program 
sought to create desired artificial systems rather then describe existing natural ones, and was 
realized in the development of CAD and machine optimization, Artificial Intelligence and Artificial 
Life, and ultimately whole virtual digital worlds. The Sciences of the Artificial was itself a response 
to the growing dominance of physical science in engineering. The success of science in World 
War II was followed by the growth of engineering as a scientific rather than empirical discipline; a 
scientific approach to design was then seen as being needed to counter the rise of experimental 
studies in new areas such as condensed matter physics which emphasized observation over 
problem-solving skills. 

DNS now seeks to transcend this historical division between the artificial and natural. Abstractions 
that isolate the process of design from underlying physical degrees of freedom are increasingly 
unsustainable, driven by the demands of fundamental physical scaling limits as well as:



To Follow UpTo Follow UpTo Follow Up

http://cba.mit.edu/~neilg
Cambridge Series on Information and the Natural SciencesHenry Holt and Company

gersh@cba.mit.edu
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