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Abstract
Reversible computing is a paradigm where computing models are defined so that they reflect
physical reversibility, one of the fundamental microscopic physical property of Nature. Also, it is
one of the basic microscopic physical laws of nature. Reversible computing refers to the
computation that could always be reversed to recover its earlier state. It is based on reversible
physics, which implies that we can never truly erase information in a computer. Reversible
computing is very difficult and its engineering hurdles are enormous. This paper provides a brief
introduction to reversible computing. With these constraints, one can still satisfactorily deal with
both functional and structural aspects of computing processes; at the same time, one attains a
closer correspondence between the behavior of abstract computing systems and the microscopic
physical laws (which are presumed to be strictly reversible) that underlay any implementation of
such systems
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Introduction
The world of computing is in transition. Conventional computing models such as Turing machines and
random access machines destroy information at each computation step. As chips become smaller and
faster, they dissipate or waste energy. Reverse computing has been found to provide more efficient forms
of computation. Reverse computing means computation that takes place in steps that are time reversible.
If a reversible computation yields a series of outputs, then the inverse computation on these outputs
should reproduce the original states [3]. This idea of reversible computing goes to the very heart of
thermodynamics and information theory. It is the only possible way to keep improving the cost and
energy efficiency of computers far into the future. The idea is to get rid of the immense energy dissipation
and heat generation caused by the irreversibility of conventional computing processes. Reversible
computing needs to be adiabatic, as nearly as possible [1,4]. That essentially means that there is no heat
flow between subsystems and the system is thermodynamically reversible [8].

Reversible Computing Systems
The idea of reversible computing came from physicist Rolf Landauer of IBM, who published a paper in
1961 titled “Irreversibility and Heat Generation in the Computing Process.” According to Landauer, in
order for a computational process to be physically reversible, it must also be logically reversible. This
means that the most fundamental laws of physics are reversible [15]. Landauer’s idea has since been
experimentally confirmed. The reversibility of physics implies that we can never truly erase information
in a computer. Reversible computing did not receive much attention in the past because it is hard to
implement [2,5].
Reversible computing obeys the von Neumann-Landauer principle which implies that ordinary
irreversible logic operations incur a fundamental minimum energy cost [16]. It difficult for practical
technology to progress far beyond current levels of energy efficiency if reversible computing principles
are not applied [9,11]. Implementing reversible systems requires estimating its cost and judging its limits.
In these systems computation is often carried out in a different manner from conventional (or irreversible)
computing systems [7,16].
Reversible computing operations can be carried out by idealized lossless electronic circuits that used
inductors and capacitors, with no resistors damping the flow of energy. Unfortunately, these idealized
electronic implementations cannot be built in practice [3,6].

Applications
There are some applications in which reverse computation is natural. Examples include quantum
computer simulation, queuing network simulation, and the low-power CMOS (complementary metaloxide-semiconductor). Quantum computing is closely related to reverse computing and has a lot in
common with reversible computing [8]. Molecular quantum-dot cellular automata (QCA) is a practical
implementation of reversible computing. It is a promising nanotechnology that offers significant
improvements such as power dissipation over CMOS. It is possible to build reversible logic circuits using
QCA [1,13]. Reverse computation is well suited for the optimistic simulation of queuing network models
[5,9].

INTERNATIONAL JOURNAL OF ENGINEERING, IT AND SCIENTIFIC RESEARCH (IJEISR) (2019) Vol.3–no.2

Typical models of reversible computing include reversible Turing machines, reversible cellular automata,
reversible logic elements, and reversible physical models [7,11]. A reversible computer promises to
reduce energy consumption and thereby becomes very useful in laptops, mobile devices, and other battery
operated devices which run on limited-life batteries. It would require new hardware designs, software,
development tools, programming languages, and compilers [8,14]. Reversible machines will require
special reversible programs and several reversible programming languages have been proposed.
Calculations can be performed by reversible machines made of only reversible primitives [4].

Benefits and Challenges
Reversible computing could offer dramatic improvements in energy efficiency. There is no limit to the
efficiency of reversible computing. In other words, there is no limit on the amount of reversible
computation that can be performed using a fixed amount of energy. For this reason, some researchers are
looking to reversible computing to save energy.
Perhaps the main benefit for building technologies that implement reversible computing is that they offer
what is predicted to be the only potential way to improve the computational energy efficiency of
computers beyond the fundamental von Neumann-Landauer bound [5,9].
Although our understanding of how to design machines based on reversible logic has improved
dramatically, some significant research challenges remain. No one has successfully built a properly
reversible logic gate. Reversible computing has experienced slow progress. It may require a concerted
effort on the part of the semiconductor industry, the computing industry, and government to make
significant research progress in reversible computing [9,16].

Conclusion
Reversible computing is emerging as one of the most exciting dimensions in computing for the future. It
aims at realizing reversible versions of conventional computations in order to reduce power consumption.
Although the idea is still ahead of its time, some practical reversible computing technology might not be
far away. Research on developing fast reversible circuits is still ongoing. For more information about
reversible computing, one should consult books [8].
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