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Outline of Talk
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Moore’s Law and Performance
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Efficiency In General,
and Energy Efficiency
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Trend of Minimum Transistor Switching Energy
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Some Lower Bounds on Energy

Dissipation
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Reliability Bound on Logic
Signal Energies

1 2
( & o, ,$
b IR b
I @ : g, # & - 3
2 Ry & ##
<, "™ F # o # }
( 1 @ Q 1t o# $/ -*$ 29 ¢ OV
« . , by, # &
« & $
\ &) # # o # S
(@ # &_ & #
2,4 &" H# # * § *
# , , 2
( 1 % pooox )
I 2 o" $ B R
, # B )*$® , (3
( b g & W# #& 4 o+ <
b &4

! , * # i




The von Neumann-Landauer
(VNL) Principle
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Types of Dynamical Systems
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lllustration of VNL Principle
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How Reversible Logic Avoids the
von Neumann-Landauer Bound
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Notations for a Useful Primitive:
Controlled-SET or ¢SET(a,b)

I Function: »h a=1 b:=1 al/bla’b’
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Example Implementation of a
Reversible CMOS “cSET/cCLR” gate
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Reversible OR (xOR) from cSET

I Semantics: rOR(a,b) :-:= 1f alb, c:=1.
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CMOS Gate Implementing
rLatch / rUnLatch
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Reversible and/or Adiabatic VLSI Chips
Designed @ MIT, 1996-1999
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A Few Highlights Of Reversible
Computing History
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Reversibility and Reliability
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Minimizing Energy Dissipation
Due to Thermal Errors
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Some Device-Level Requirements
for Reversible Computing
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Energy & Entropy Coefficients
In Electronics
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Requirements for Energy-
Recovering Clock/Power Supplies
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MEMS Quasi-Trapezoidal
Resonator: 15t Fabbed Prototype
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General Reasons Why Practical
Reversible Computing is Difficult
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Why Reversible Computing Might
Still Be Possible, Eventually...
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Conclusions
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