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High-precision Numerical Solution of Spatiotemporally Coupled
Fractional Nonlinear Diffusion Model and Simulation
of Microscopic Biomolecular Transport

Jialei Nie
Jiangsu Ocean University, Lianyungang Jiangsu 222005, China

Abstract: In microscale biological environments, biomolecular transport exhibits prominent anomalous diffusion behaviors due to
macromolecular entanglement, spatial confinement and medium viscoelasticity. Traditional integer-order diffusion equations fail to
accurately describe the dynamic evolution laws with memory effects and non-local characteristics. Taking biomolecular transport as
a mathematical and physical application carrier, this paper constructs a time-space fractional nonlinear diffusion equation with non-
linear source terms and establishes a standardized model based on Caputo fractional differential operators and Riemann-Liouville
integral operators. Combined with the finite difference method and predictor-corrector iteration theory, an improved numerical dis-
cretization scheme is proposed to solve the problems of low accuracy and slow convergence in traditional nonlinear term calculation.
Strict mathematical derivations are performed to verify the stability and convergence of the improved scheme, and the quantitative
relationship of error orders is deduced. A series of parametric numerical simulations are carried out to analyze the influences of frac-
tional orders and nonlinear coefficients on the spatiotemporal evolution of biomolecular transport. The numerical results demonstrate
that the proposed algorithm achieves higher computational accuracy and stability, which can precisely characterize the dynamic prop-

erties of biomolecular anomalous diffusion and provide a reliable theoretical framework for mathematical modeling and numerical
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Review on the application progress of molecular physical mechanism
and mathematical design in the field of flexible electronics

Xinran Xiao
Jinzhou data center,Jinzhou Liaoning 121000,China

Abstract: Flexible electronic technology has broad application prospects in wearable devices, biomedical monitoring, human-com-
puter interaction and other scenarios, and has been widely concerned at present. However, the development of this field still en-
counters the problem that it is difficult to improve the mechanical flexibility and electrical performance simultaneously. Most of the
existing designs rely on empirical trial and error or single scale parameter optimization, without a clear explanation of the physical
mechanism at the molecular level. The carrier transport behavior, interface bonding stability and failure evolution law of materials
under deformation are still unclear. Starting from the molecular physical mechanism, this paper systematically reviews the order-
ly packing of molecules, intermolecular interactions, energy level arrangement and charge transfer in flexible electronic devices
An analytical framework combining mathematical modeling with molecular design is proposed. It is found that there is a complex
correspondence between the macroscopic mechanical response and microscopic electronic properties of flexible electronic devices,
which is formed by the combined effect of molecular conformation change and polarization effect; The performance degradation of
the device during bending is due to the change of local density of states caused by molecular segment slip and interface stress con-
centration, which is not a simple material fracture. In this paper, a hierarchical design path from molecular configuration optimization
to circuit level strain distribution evaluation is built. The combination of continuum theory and quantum chemistry method is used

to fill the defect of experimental observation in space-time resolution. The above work can provide more physical design criteria for
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flexible electronic devices, promote the field from experience driven to mechanism oriented, and have a positive reference value for

enhancing the reliability and life evaluation of devices under complex deformation conditions.

Keywords: molecular mechanism; mathematical design; flexible electron
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Review on the cross evolution and future development of molecular
mathematics, physics and electronic information

Mingzhao Zhang
Jinzhou Data Center,Jinzhou Liaoning 121000,China

Absrtact: Molecular mathematics, physics and electronic information disciplines are integrated with each other, and multi-level re-
search directions such as molecular structure characterization, quantum state regulation, and molecular information processing have
been formed. However, at present, each branch is still developing independently, and there is no unified corresponding relationship
between conceptual system, mathematical tools and physical interpretation, making it difficult to integrate interdisciplinary achieve-
ments. Most of the existing researches focus on the specific technical links, and fail to systematically sort out the internal relations of
the three from the methodological level, especially fail to get through the logical chain from the molecular scale information carrier
to the realization of electronic information functions. The main reason for this problem is that various disciplines have long followed
different paradigm traditions and research objectives, mathematics focuses on formal structure, physics focuses on real laws, electron-
ic information emphasizes the realization of functions, inter disciplinary terminology barriers are relatively large, interdisciplinary
research relies more on case studies, and lacks a stable framework. In order to alleviate the above difficulties, taking “molecular scale
information processing”as the unified direction, this paper attempts to put the algebraic and topological methods in molecular mathe-
matics, the description of quantum mechanics and statistical mechanics in physics, and the concepts of signal and coding in electronic
information science into the same analysis framework, and sort out the internal logic of cross integration from the three levels of con-
cept mapping, theory docking and function orientation.

Keywords: molecular information cross evolution discipline integration
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