Advances in Applied Mathematics N %223t 8, 2026, 15(4), 210-219 Hans X
Published Online April 2026 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2026.154151

a5 B Cahn-Hilliard 5 2 ¥ BB P &1k
F 2T IE 53R

x| #4%, TRX, REL
AR TR R FE A S AR, A

Weks H . 20264F3H3H: FHEM: 20264F3H27H: A A HM: 20264F4H8H

HE

265+ $Br Cahn-Hilliard 5 FERERE AR BA REY B ERFHEN A ERKERBER G H AR
B. HTHEMNIEERESRIESBETEEURE, FELREREMETER. BERETRE T
FrCahn-Hilliard /7 238 ¥ B & AR BRI RE, WEF BB INEEARME. HER, FEHM
ETAREHBERT RPUEENSE W SERBH T AR TR, BERS T RERE. fXEHE
4 ¥ Cahn-Hilliard 77 FREUE SR AR RIE, 23500 HI BB I T —FF0H 48257 22 Cahn-Hilliard /7
BEAFRBEBIEE FRANTAETE, HRNEERARE T B

K
IS S Cahn-Hilliard 772, HofEm, Bk, SPmEg, s

Preconditioning Methods for Structured
Systems in the Numerical Solution of
Space-Fractional Cahn-Hilliard Equations

Xinyuan Liu, Chaojie Wang®, Chengyuan Qian

School of Mathematics and Statistics, Beijing Technology and Business University, Beijing

Received: March 3, 2026; accepted: March 27, 2026; published: April 8, 2026

Abstract

The space-fractional Cahn-Hilliard equation provides an accurate description of phase evolution
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processes in systems exhibiting anomalous diffusion, complex interfacial dynamics, or long-range
interactions. Due to the nonlocal nature and stiffness of the equation, analytical solutions are diffi-
cult to obtain, necessitating the development of energy-stable discretization schemes. The numeri-
cal solution of the space-fractional Cahn-Hilliard equation typically reduces to solving linear sys-
tems, and constructing effective preconditioners can accelerate iterative solutions. In recent years,
researchers have proposed various preconditioning methods based on the structure and properties
of coefficient matrices arising from different discretization schemes, significantly improving solu-
tion efficiency. Addressing the numerical solution of space-fractional Cahn-Hilliard equations, this pa-
per reviews and analyzes corresponding preconditioning methods for one-dimensional and higher-
dimensional space-fractional Cahn-Hilliard equations under different discretization scenarios, and
provides recommendations for future research.
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