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Abstract

Based on the theoretical framework of cubic Lagrange interpolation with optimal stress nodes, this
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study develops a variable mesh continuous space-time finite volume element scheme to resolve nu-
merical challenges in solving parabolic equations. By integrating Lagrange interpolation polynomi-
als at Legendre-Lobatto nodes with Gauss quadrature rules, we rigorously prove the existence and
uniqueness of numerical solutions under spacetime non-matching grid partitions. Optimal-order

error estimates in L°°(L2) and L°°(H1) norms are theoretically established. Numerical experi-

ments demonstrate excellent agreement between convergence rates and theoretical predictions,
confirming the computational advantages of the proposed algorithm in non-uniform grid environ-
ments and the validity of theoretical analysis.
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Table 1. With the temporal discretization parameter At fixed at 0.002, the spatial error and its convergence rate
= 1. EERESEIS At=0.002, =[E)\RE RIS

h o=Vl e Ju =Vl &
1
5 3.5835e -05 - 1.7532e-03 -
1
£ 2.2511e-06 3.9926 2.1982e -04 2.9955
% 1.4127e-07 3.9941 2.7499% - 05 2.9988
1
120 9.2835e-09 3.9276 3.4381e-06 2.9997

Table 2. With the spatial discretization parameter h fixed at 0.0006, the temporal error and its convergence rate

2. EE=EE4 h=0.0006, AHEliRERYSM

At Ju=Ylee) e 4=V e

% 7.8147e -03 - 2.5764e-02 -

% 1.1651e—-03 2.7457 3.8413e-03 2.7457

% 1.8786e—-04 2.6327 6.1937e 04 2.6327

% 2.8305e-05 2.7305 9.3321e-05 2.7305
6. &g

BT IO AR T 53 77 AR BV BB SR AR 0], AR SOV TE 1 — i T8 X A S s 1) 2 i A PR AR R T A
%, JEdMiE Legendre A1 Lobatto f5 Fff) Lagrange {2 Wik, F+454 Gauss FUEF T HEN], LR T &
GBS TR R . WFFCUE s T EEAE A AR BRI 264 T AR IR IE T BUE AR I ME—AFAEME, [H)
ihpralig L°°(L2)‘5 L (Hl)ﬁi%%ﬁiﬁ‘]fﬁi’eﬂ%ﬁtﬁﬁo It Je 3 ok R B BRI T TR A S R
ELWAB

[ 5% [ SRR 5L 45 (12161034) , A0, 3 a2 e 35 4E BT I H (BSYKJ2022-ZQ06), [ ¥4 [X 1 K1) 1 7t
(NZIGH2023264, NZIGH2024327).
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