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ABSTRACT

The big problem in mathematic differential equation (DE) its how to solve complex DE numerically with low time
complexity. This paper a survey on some methods which used to solve ordinary, partial, delay, and fuzzy differential
equations. A survey about a quantum fuzzy turning machine is a theoretical concept that combines principles of
quantum computing with fuzzy logic. It is based on the idea of using fuzzy logic to model uncertainty in quantum
systems. The goal is to use the principles of quantum computing to improve the ability of fuzzy systems of DE to
process uncertain or incomplete information. However, this is still an active research area, and there have not been
any practical applications of quantum fuzzy turning machines developed yet.
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INTRODUCTION

A differential equation is an equation that relates a function with its derivatives [1]. The function is typically unknown
and the goal is to find it. Differential equations are used to model a wide range of physical phenomena such as motion,
electrical circuits, and population growth [2]. They are classified into two main categories: ordinary differential
equations (ODEs) and partial differential equations (PDEs). ODEs involve derivatives with respect to a single
independent variable, while PDEs involve derivatives with respect to multiple independent variables [3]. There are
many ways to solve differential equations, including analytical methods (such as separation of variables and
integration factors) and numerical methods (such as Euler's method and the Runge-Kutta method). The choice of
method depends on the specific equation and the desired level of accuracy [4] [5].

QUANTUM COMPUTING

Quantum computing is a type of computing that uses quantum-mechanical phenomena, such as superposition and
entanglement, to perform operations on data [6]. Quantum computers are able to solve certain problems much faster
than traditional computers by leveraging the properties of quantum mechanics [7]. Some examples of problems that
a quantum computer could potentially solve efficiently include factoring large integers, searching large databases,
and simulating quantum systems. However, quantum computing is still a relatively new field, and there are currently
no large-scale, practical quantum computers [8].

One way to characterize the time-dependent behavior of a quantum system is to use a differential equation [9]. The
Schradinger equation is the best known quantum differential equation, and it represents the time-dependent evolution
of a quantum system's wave function. So can find out all there is to know about a system, including its energy, location,
and momentum, by looking at its wave function, also called a state vector [10].
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When written formally, the Schrédinger equation looks like this:
ih 0¥/ot = HY

In this equation, ¥ is the wave function, H is the Hamiltonian operator, i is the imaginary unit, h is the reduced Planck
constant, and 0¥/ét is the partial derivative of the wave function with respect to time [11]. Systems with these
characteristics are quantum equivalent to quantum dynamics because of an observation known as shifting equivalence:
if a real number shifts the coefficient matrix of a homogeneous ODE system, the normalized solution of the system
stays unaltered. In order to create an anti-Hermitian matrix, we can shift the coefficient matrix by the real fraction of
its eigenvalues. Figure 1 presents a summary of our findings and their consequences[9].
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Figure 1: Flowchart of our hardness results for generic quantum ODE solvers and their implications[9].

All of the system's particle energy and interactions are encoded in the Hamiltonian operator, which works on the wave
function to determine its time-dependent evolution. The Heisenberg equation, Pauli equation, and Dirac equation are
further quantum differential equations employed in the study of quantum systems' dynamics [12].

TURNING MACHINE

In contrast, [13] proposes an alternative method that formalizes arithmetic operations on standard computer hardware
in an effort to use the analytical method (for calculations). The method makes it possible to solve nonlinear systems
and differential equations. They keep a fixed number of terms to represent numbers in their theoretical computer
model. Using a finite-difference method, the answer is presented as a series whose powers are determined by the size
of the independent variable's steps. A convergent finite-difference scheme, which is similar to the equation being
examined, is produced by this method, as is a schematic depiction of the problem. Probabilistic methods allow for the
averaging of repeated computations and the elimination of unnecessary intermediary steps. All stages of formalization
for classical computer operations converge on "the method of the computer analogy." The proposed approach provides
an explicit analytic representation of the answer. They describe the essential features of the technique and show them
off using an example solution set for several nonlinear equations.

In [14], they give an implicit explanation of polynomial time computing in terms of regular differential equations by
defining the class P of languages that may be computed in polynomial time in terms of differential equations with
polynomial right-hand sides. Using this conclusion, we can characterize P in a clear and elegant way that is both pure
and continuous (in both time and space). To their knowledge, this is the first treatment of these classes based entirely
on ordinary differential equations. Functions that can be calculated in polynomial time over the reals are part of their
description. Their findings may shed fresh light on classical complexity by demonstrating a very easy method for
establishing complexity classes like P that does not need the use of the idea of a (discrete) machine. Further, this may
provide methods for rephrasing standard questions about computing complexity as ordinary differential equations.
Additionally, they gain the insight that Claude Shannon's General Purpose Analog Computer (GPAC) from 1941 is
comparably computable and difficult to Turing machines. Analog computers or computational models can also
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account for their findings. This expanded conclusion lends credence to the Church-Turing Hypothesis, which says
that Turing machines are equivalent to any physically possible (macroscopic) computer in terms of both computability
and computational complexity.

Turning Machine Differential Equation

A turning machine differential equation is a word that is not commonly used in theoretical computer science or
mathematics literature, nor is it a well-understood notion[15]. The formal language theory is more often used while
studying Turing machines[16]. The Turing machine is a mathematical model that is used to study the boundaries of
computation; it is a theoretical idea and is not intended to be a physical machine. The behaviour of a physical machine
that is motivated by the Turing machine notion may be described by a differential equation. However, such a
differential equation would need to be specially created and is probably quite complicated[17].

Fuzzy Turning Machine (FTM)

A variant of the Turing machine known as a fuzzy turning machine (FTM) performs calculations using fuzzy logic.
A branch of mathematical logic known as fuzzy logic deals with reasoning that is approximate rather than exact.
Instead of crisp sets, fuzzy sets are used in an FTM to define the tape alphabet and transition rules. This makes it
feasible to describe a variety of potential values with a single transition rule or tape symbol, making computation
models more flexible and versatile[18].

Unlike the traditional Turing machine, which employs classical sets to express computations, the fuzzy Turing
machine (FTM) is a theoretical idea that cannot be physically implemented. FTM may tackle issues traditional Turing
machines cannot, including issues with pattern recognition, control systems, decision-making, and optimization[19].

Although there is little published literature on FTM in theoretical computer science, this topic of study is active in the
study of fuzzy logic and its use in computer science[20].

QUANTUM FUZZY TURNING MACHINE DIFFERENTIAL EQUATIONS.

A speculative idea that combines fuzzy logic and quantum computing is known as a quantum fuzzy turning machine
(QFTM). It is a variant of the fuzzy turning machine that does calculations using quantum mechanical phenomena
like superposition and entanglement.

A QFTM performs calculations using quantum states and quantum operations and represents uncertain or
approximation information using fuzzy logic. Quantum fuzzy sets are used to design the transition rules, tape alphabet,
and computation process in QFTM.

However, a differential equation would probably be employed to characterize the development of the fuzzy quantum
system over time. Regarding the differential equation, it could not locate any particular references for the quantum
fuzzy turning machine differential equation. It is crucial to remember that QFTM is a theoretical idea and not a real-
world gadget. Research in quantum computing, fuzzy logic, and its applications in computer science is still ongoing
in this relatively young discipline. By collecting quantum fuzzy turning machines on Differential equations,
complexity time is to be reduced.

CONCLUSION

In physics, chemistry, economics, and other sciences, many problems may be expressed in ordinary differential
equations (ODEs) and partial differential equations (PDEs). The public techniques for solving equations (ODES) and
(PDEs) are surveyed in this study and mentioned. Some techniques or technologies include the Turing machine, fuzzy
DE, and quantum computing.

127

Presented at International Conference on Innovations in Multidisciplinary Research (ICIMR-2021)
Held on 23" & 24" August, 2021



Multidisciplinary International Journal http://www.mijournal.in

(M1J) 2021, Vol. No. 7, Jan-Dec e-1SSN: 2454-924X; p-ISSN: 2454-8103
REFERENCES
1. Karatzas, ., & Shreve, S.E. Stochastic Differential Equations. How to Measure the Infinite (2019).

2.

e

10.

11.
12.

13.
14.

15.

16.

17.

18.

19.

20.

B. Brighi and S. Guesmia, , On a nonlinear system of PDE’s arising in free convection, Journal of Elliptic
and Parabolic Equations, vol. 1, no. 2, pp. 263-269, 2015.

L. C. Evans, Partial Differential Equations, American Mathematical Society, Boston, MA, USA, 1998.
Butcher, John Charles. Numerical methods for ordinary differential equations. John Wiley & Sons, 2016.
Singh, Harendra. Numerical simulation for fractional delay differential equations, International Journal
of Dynamics and Control 9.2 (2021): 463-474.

Mangini, S., Tacchino, F., Gerace, D., Bajoni, D., & Macchiavello, C. Quantum computing models for
artificial neural networks. Europhysics Letters, 134, (2021).

Herman, D., Googin, C., Liu, X., Galda, A., Safro, I., Sun, Y., Pistoia, M., & Alexeev, Y. A Survey of
Quantum Computing for Finance. (2022).

National Academies of Sciences, Engineering, and Medicine. Quantum computing: progress and
prospects. (2019).

An, Dong et al. A theory of quantum differential equation solvers: limitations and fast-
forwarding. ArXiv abs/2211.05246 (2022).

Okounkov, Andrei and Rahul Pandharipande. The quantum differential equation of the Hilbert scheme
of points in the plane. Transformation Groups 15 (2009): 965-982.

Sulem, C.. Nonlinear Schrddinger Equation. High-Power Laser-Plasma Interaction (2020).

Dirac, Paul Adrien Maurice. On the Theory of quantum mechanics. Proceedings of The Royal Society A:
Mathematical, Physical and Engineering Sciences 112 (1926): 661-677.

Garrard, Kenneth P. et al. Diamond turning machine controller implementation. (1988).

Belhi, Abdelkader and Maurice Schneider. Manufacturing Simulation for Turning Machine Centers.
(1993).

Zhao, Zhiyuan et al. “Physics Informed Machine Learning with Misspecified Priors: An analysis of Turning
Operation in Lathe Machines. (2021).

Roy, Elvin and P PremchandV. Stability Analysis of an Optimized Tuned Mass Damper System for
Chatter Suppression in Turning Operation. International journal of engineering research and
technology 8 (2019).

Akerstedt, Hans O.. Analytic solutions of a fourth-order differential equation with a second-order
turning point. Journal of Mathematical Physics 30 (1989): 343-344.

Prabha, M. Gomathi and R. Aravind Babu. Process Parameter Optimization for Turning Operation of
Titanium Alloy (Ti6Al4V) Using Fuzzy Logic Methodology. (2019).

Yu, Donghe. Study on a calculating method of machine fuzzy reliability. Journal of systems
engineering (2000).

Yuxian, Gai. Active Vibration Control Based on Fuzzy Neural Fusion for Ultra-precision Turning
Machine. (2000).

128

Presented at International Conference on Innovations in Multidisciplinary Research (ICIMR-2021)

Held on 23" & 24" August, 2021



