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Major Goals:  The time-independent Poisson equation for heterogeneous materials:

a) To develop OLTEM for with 9-point and 25-point stencils for curvilinear interfaces and unfitted Cartesian 
meshes.

b) To show that the accuracy of OLTEM is practically independent of the location of unfitted Cartesian meshes with 
respect to interfaces.

c) To solve benchmark problems showing the advantages of OLTEM compared to

linear and high-order finite elements (a significant reduction in the computation time by a factor of 1000 and more 
for OLTEM at a given accuracy as well as the use of trivial unfitted Cartesian meshes for domains with irregular 
interfaces).



The time-dependent wave and heat equations for heterogeneous materials:

a) To develop OLTEM with 9-point stencils for the wave and heat equations with complicated curvilinear interfaces 
and unfitted Cartesian meshes.

b) To show that the accuracy of OLTEM is practically independent of the location of unfitted Cartesian meshes with 
respect to interfaces.

c) To solve benchmark problems showing the advantages of OLTEM compared to

linear and high-order finite elements (a significant reduction in the computation time by a factor of 1000 and more 
for the new approach at a given accuracy as well as the use of trivial unfitted Cartesian meshes for domains with 
irregular interfaces).

Accomplishments:  We have developed a new numerical method called the Optimal Local Truncation Error 
Method (OLTEM) for the modeling of wave propagation and heat transfer in heterogeneous materials. OLTEM 
yields the optimal (maximum possible) accuracy at a given structure of discrete equations and significantly exceeds 
the accuracy of existing numerical techniques at similar structure of discrete equations.  OLTEM with 9-point 
stencils and unfitted Cartesian meshes provides the third order of accuracy for the 2-D Poisson, heat and wave 
equations with irregular interfaces (see our papers [2,3,5]); i.e., the increase by one order compared to that for 
linear finite elements with conformed meshes. OLTEM with 25-point stencils and unfitted Cartesian meshes 
provides the 11-th order of accuracy for the 2-D Poisson equation with irregular interfaces (see our paper [3]); i.e., 
a huge increase in accuracy by 8 orders for the new ’quadratic’ elements compared to known techniques at similar 
computational costs. The improvement of accuracy of a numerical technique by one order is usually treated as a 
significant result. Therefore, the huge improvement of accuracy by OLTEM can be considered as revolutionary. 
OLTEM with linear elements for the Poisson equation reduces the numbers of the degrees of freedom by million 
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times (!) compared to conventional linear finite elements; see our paper [2]. The results for benchmark problems in 
our six papers [1-6] (see below) show that OLTEM provides a huge reduction in computation time (by 1000-
1000000 and more times) compared to existing techniques. This will allow the solution of new real-world problems 
that currently cannot be solved due to the prohibitively large computation time. Some multiscale problems can be 
directly solved by the proposed technique without the scale separation. Another advantage of OLTEM is the use 
trivial unfitted Cartesian meshes that are totally independent of the complex domain geometry (no need in 
complicated mesh generators for complex geometry). 
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2022, 167, 103103, pp. 1-16 (https://doi.org/10.1016/j.advengsoft.2022.103103).    IF 4.255
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and Fluid Flow, 2022, Vol. 32, No. 8, pp. 2719-2749. (https://doi.org/10.1108/HFF-09-2021-0596).   IF 5.181



4. Optimal local truncation error method for solution of elasticity problems for heterogeneous materials with 
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5. Optimal local truncation error method for solution of wave and heat equations for heterogeneous materials with 
irregular interfaces and unfitted Cartesian meshes. Idesman, A., Dey*, B. Computer Methods in Applied Mechanics 
and Engineering, 2021, 384, 113998, pp. 1-32.     IF 6.588



Paper under Review:



6. Optimal local truncation error method for solution of 2-D elastodynamics problems with irregular interfaces and 
unfitted Cartesian meshes as well as for post-processing. Idesman, A.,  Mobin*, M. Mechanics of Advanced 
Materials and Structures, 2022, pp. 1-36.  IF 3.338
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Training Opportunities:  One PhD student, Mr. M. Mobin, was trained in the development of the new OLTEM 
method to the solution of PDEs.

Results Dissemination:  5 published papers in the leading engineering journals with high impact factors, one 
paper is under review. Two keynote lectures at the 15th World Congress on Computational Mechanics (WCCM-
APCOM 2022), Yokohama, Japan, July 31- August 5, 2022 (online) as well as at the 8th European Congress on 
Computational Methods in Applied Sciences and Engineering (ECCOMA2022) June 5-9, 2022, Oslo, Norway.

Honors and Awards:  The Edward E. Whitacre Jr. College of Engineering of Texas Tech University has awarded 
me the Whitacre Engineering Research Award on January 22, 2022.

Protocol Activity Status: 

Technology Transfer:  Nothing to Report
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Keywords:  Wave and heat equations with discontinuous coefficients; Local truncation error; Irregular interfaces; 
Cartesian meshes; Optimal accuracy
Abstract:  Recently we have developed the optimal local truncation error method (OLTEM) for PDEs with 
constant coefficients on irregular domains and unfitted Cartesian meshes. However, many important engineering 
applications include domains with different material properties (e.g., different inclusions, multi-material structural 
components, etc.) for which this technique cannot be directly applied. In the paper OLTEM is extended to a much 
more general case of PDEs with discontinuous coefficients and can treat the above-mentioned applications. We 
show the development of OLTEM for the 1-D and 2-D scalar wave equation as well as the heat equation using 
compact 3-point (in the 1-D case) and 9-point (in the 2-D case) stencils that are similar to those for linear 
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Abstract:  The optimal local truncation error method (OLTEM) with unfitted Cartesian meshes was recently 
developed for PDEs with homogeneous materials on regular and irregular domains as well as for the scalar time-
dependent wave and heat equations for heterogeneous materials with irregular interfaces. Here, OLTEM is 
extended to a system of time-independent elastic PDEs for heterogeneousmaterials with irregular interfaces and 
unfitted Cartesian meshes. We show the development of OLTEM for the 2D elasticity equations using compact 9-
point stencils that are similar to those for linear quadrilateral finite elements. The interface conditions on the 
interfaces where the jumps in material properties occur are added to the expression for the local truncation error 
and do not change the width of the stencils. There are no unknowns on interfaces between different materials; the 
structure of the global discrete equations is the same for homogeneous and heterogeneous materials. The ... (see 
the paper)
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Abstract:  The purpose of this paper is as follows: to significantly reduce the computation time (by a factor of 
1,000 and more) compared to known numerical techniques for real-world problems with complex interfaces; and 
to simplify the solution by using trivial unfitted Cartesian meshes (no need in complicated mesh generators for 
complex geometry). ... (see the paper)
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Abstract:  Recently the optimal local truncation error method (OLTEM) has been developed for the 2-D Poisson 
equation for heterogeneous materials with irregular interfaces and unfitted Cartesian meshes. Here we extend it to 
the general 3-D case. 27-point stencils that are similar to those for linear finite elements are used with OLTEM. 
The interface conditions at a small number of selected interface points where the jumps in material properties 
occur are added to the expression for the local truncation error and do not change the width of the stencils. There 
are no unknowns on interfaces between different materials; the structure of the global discrete equations is the 
same for homogeneous and heterogeneous materials. The calculation of the unknown stencil coefficients is based 
on the minimization of the local truncation error of the stencil equations, includes the entire PDE for the 
derivations and yields the optimal third order of accuracy of OLTEM with the 27-point stencils ... (see the paper)
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Abstract:  Recently, we have developed the optimal local truncation error method (OLTEM) for PDEs with 
homogeneous materials on regular and irregular domains and Cartesian meshes as well as OLTEM with simple 9-
point stencils for the 2-D scalar time-dependent wave and heat equations for heterogeneous materials with 
irregular interfaces. Here, OLTEM is extended to a much more general case of a system of elastic PDEs for 
heterogeneous materials with smooth irregular interfaces and unfitted Cartesian meshes. We also use larger 25-
point stencils that are similar to those for quadratic quadrilateral finite elements. The interface conditions on the 
interfaces where the jumps in material properties occur are added to the expression for the local truncation error 
and do not change the width of the stencils. There are no unknowns on interfaces between different materials; the 
structure of the global discrete equations is the same for homogeneous and heterogeneous materials. The  ... 
(see the paper)
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Abstract:  The optimal local truncation error method (OLTEM) with unfitted Cartesian meshes recently developed 
for the scalar wave and heat equations for heterogeneous materials is extended to a more complex case of a 
system of the elastodynamics PDEs. Compact 9-point stencils (similar to those for linear finite elements) are used 
for OLTEM. Compared to our previous results, a new approach is used for the calculation of the righthand side of 
the stencil equations due to body forces. It significantly simplifies the analytical derivations of OLTEM for time-
dependent problems. There are no unknowns on interfaces between different materials; the structure of the global 
semi-discrete equations for OLTEM is the same for homogeneous and heterogeneous materials. For the first time 
we have also developed OLTEM with the diagonal mass matrix. In contrast to many known approaches with some 
ad-hoc calculations of the diagonal mass matrix, OLTEM offers a rigorous approach which is  ... (see the paper)
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