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Why reversible architectures?Why reversible architectures?
•• What about automatic emulation algorithms?What about automatic emulation algorithms?

–– E.g.: Ben73, Ben89, LMT, Frank02.E.g.: Ben73, Ben89, LMT, Frank02.
•• Transform an irreversible algorithm to an equivalentTransform an irreversible algorithm to an equivalent

reversible one.reversible one.
–– But, these do not yield the most cost-efficientBut, these do not yield the most cost-efficient

reversible algorithms for all problems!reversible algorithms for all problems!
•• Finding the Finding the best reversible algorithmbest reversible algorithm requires a  requires a creativecreative

algorithm discovery processalgorithm discovery process!!

•• An optimally cost-efficient general-purposeAn optimally cost-efficient general-purpose
architecture must allow the architecture must allow the programmerprogrammer to to
specify a specify a custom reversible algorithmcustom reversible algorithm that is that is
specific to his problem.specific to his problem.



All Known Reversible ArchitecturesAll Known Reversible Architectures
•• Ed BartonEd Barton (MIT class project, 1978) (MIT class project, 1978)

–– Conservative logic, with garbage stackConservative logic, with garbage stack
•• Andrew Andrew ResslerRessler  (MIT bachelor’s thesis, 1979; MIT master’s thesis, 1981)(MIT bachelor’s thesis, 1979; MIT master’s thesis, 1981)

–– Like Barton’s, but more detailed. Paired branches.Like Barton’s, but more detailed. Paired branches.
•• Henry BakerHenry Baker (1992) (1992)

–– Reversible pointer automaton machine instructions.Reversible pointer automaton machine instructions.
•• J. J. Storrs Storrs ““JoSHJoSH” Hall” Hall (1994) (1994)

–– Retractile-cascade-based PDP-10-like architecture.Retractile-cascade-based PDP-10-like architecture.
•• Carlin VieriCarlin Vieri  (MIT master’s thesis, 1995)(MIT master’s thesis, 1995)

–– Early Pendulum ISA, Early Pendulum ISA, irrevirrev. . implimpl., full VHDL detail.., full VHDL detail.
•• Frank & Frank & RixnerRixner  (MIT class project, 1996)(MIT class project, 1996)

–– Tick: VLSI schematics & layout of Pendulum subset, w. paired branchesTick: VLSI schematics & layout of Pendulum subset, w. paired branches
•• Frank & LoveFrank & Love (MIT class project, 1996) (MIT class project, 1996)

–– FlatTopFlatTop: Adiabatic VLSI : Adiabatic VLSI implimpl. of programmable reversible gate array. of programmable reversible gate array
•• VieriVieri  (MIT (MIT PhPh.D. thesis, 1999).D. thesis, 1999)

–– Fully adiabatic VLSI implementation of Pendulum w. paired branchesFully adiabatic VLSI implementation of Pendulum w. paired branches

Not much work reported since then, Dr.Frank?



Reversible Programmable Gate-Reversible Programmable Gate-
Array ArchitecturesArray Architectures



(as of May ‘99)
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A Bouncing BBMCA “Ball”A Bouncing BBMCA “Ball”



A BBMCAA BBMCA Fredkin Fredkin Gate Gate


























