
Computational  Grid  Wizardry: 

Strategies and Solutions

Introduction

Computational grids have become an essential tool for 

solving complex scientific and engineering problems. 

They  provide  a  way  to  discretize  the  computational 

domain into smaller elements, which can then be used 

to solve the governing equations of the problem. Grids 

can be generated in a variety of ways, and the choice of 

grid  generation  method  depends  on  the  specific 

problem being solved.

Adaptive  grid  refinement  is  a  technique  that  can  be 

used to improve the accuracy of grid-based solutions. 

Adaptive grid refinement algorithms refine the grid in 

regions  where  the  solution  is  changing  rapidly,  and 

they coarsen the grid in regions where the solution is 
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changing  more  slowly.  This  can  lead  to  significant 

improvements  in  accuracy,  especially  for  problems 

with complex geometries or moving boundaries.

Grid  redistribution  is  another  technique  that  can  be 

used  to  improve  the  performance  of  grid-based 

solutions. Grid redistribution algorithms can be used to 

balance the load across different processors, and they 

can also be used to improve the quality of the grid. Grid 

redistribution  can  be  particularly  important  for 

problems that are being solved on parallel computers.

Grid  hierarchies  are  a  powerful  tool  for  solving 

problems with multiple scales. Grid hierarchies can be 

used to create a series of grids, each with a different 

resolution. The coarsest grid can be used to get a quick 

overview of the solution, while the finest grid can be 

used  to  obtain  a  more  detailed  solution.  Grid 

hierarchies  can  be  used  to  solve  a  wide  variety  of 

problems,  including  problems  with  complex 

geometries or moving boundaries.
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Solution  strategies  for  grid-based  problems  can  be 

divided into two main categories: direct methods and 

iterative methods. Direct methods solve the system of 

equations  that  results  from  the  discretization  of  the 

governing  equations  in  one  step.  Iterative  methods 

solve the system of equations by repeatedly updating 

the solution until it converges to the correct solution. 

The choice of solution strategy depends on the specific 

problem being solved.

Grid  generation,  adaptive  grid  refinement,  grid 

redistribution, grid hierarchies, and solution strategies 

are all essential tools for solving complex scientific and 

engineering  problems.  By  understanding  these 

techniques,  you  can  develop  efficient  and  accurate 

grid-based solutions to a wide range of problems.
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Book Description

Computational  Grid  Wizardry:  Strategies  and 

Solutions provides a comprehensive overview of the 

theory  and  practice  of  computational  grids,  with  a 

focus on grid generation, adaptive grid refinement, grid 

redistribution, grid hierarchies, and solution strategies.

Computational grids are essential for solving complex 

scientific  and  engineering  problems.  They  provide  a 

way  to  discretize  the  computational  domain  into 

smaller elements, which can then be used to solve the 

governing  equations  of  the  problem.  Grids  can  be 

generated in a variety of ways, and the choice of grid 

generation  method  depends  on  the  specific  problem 

being solved.

Adaptive  grid  refinement  is  a  technique  that  can  be 

used to improve the accuracy of grid-based solutions. 

Adaptive grid refinement algorithms refine the grid in 

regions  where  the  solution  is  changing  rapidly,  and 
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they coarsen the grid in regions where the solution is 

changing  more  slowly.  This  can  lead  to  significant 

improvements  in  accuracy,  especially  for  problems 

with complex geometries or moving boundaries.

Grid  redistribution  is  another  technique  that  can  be 

used  to  improve  the  performance  of  grid-based 

solutions. Grid redistribution algorithms can be used to 

balance the load across different processors, and they 

can also be used to improve the quality of the grid. Grid 

redistribution  can  be  particularly  important  for 

problems that are being solved on parallel computers.

Grid  hierarchies  are  a  powerful  tool  for  solving 

problems with multiple scales. Grid hierarchies can be 

used to create a series of grids, each with a different 

resolution. The coarsest grid can be used to get a quick 

overview of the solution, while the finest grid can be 

used  to  obtain  a  more  detailed  solution.  Grid 

hierarchies  can  be  used  to  solve  a  wide  variety  of 
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problems,  including  problems  with  complex 

geometries or moving boundaries.

Solution  strategies  for  grid-based  problems  can  be 

divided into two main categories: direct methods and 

iterative methods. Direct methods solve the system of 

equations  that  results  from  the  discretization  of  the 

governing  equations  in  one  step.  Iterative  methods 

solve the system of equations by repeatedly updating 

the solution until it converges to the correct solution. 

The choice of solution strategy depends on the specific 

problem being solved.

Computational  Grid  Wizardry:  Strategies  and 

Solutions is  an  essential  resource  for  anyone  who 

wants  to  learn  more  about  computational  grids.  The 

book provides a comprehensive overview of the theory 

and  practice  of  computational  grids,  and  it  includes 

numerous  examples  and  exercises  to  help  readers 

understand the material. 
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Chapter 1: Grid Fundamentals

Defining Computational Grids

Computational grids are a fundamental tool for solving 

complex  scientific  and  engineering  problems.  They 

provide a way to discretize the computational domain 

into smaller elements, which can then be used to solve 

the governing equations of the problem. Grids can be 

generated in a variety of ways, and the choice of grid 

generation  method  depends  on  the  specific  problem 

being solved.

Grids can be one-, two-, or three-dimensional, and they 

can be structured or unstructured. Structured grids are 

regular  and  evenly  spaced,  while  unstructured  grids 

are  irregular  and  can  be  adapted  to  complex 

geometries.  The  choice  of  grid  type  depends  on  the 

specific  problem  being  solved  and  the  available 

computational resources.
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Grids  are  an  essential  part  of  the  computational 

process, and they can have a significant impact on the 

accuracy  and  efficiency  of  the  solution.  A  well-

generated grid can lead to more accurate and efficient 

solutions,  while  a  poorly  generated  grid  can  lead  to 

inaccurate and inefficient solutions.

There  are  a  number  of  different  grid  generation 

techniques  available,  and  the  choice  of  technique 

depends on the specific problem being solved. Some of 

the most common grid generation techniques include:

 Algebraic  grid  generation uses  mathematical 

equations to generate a grid.

 Geometric  grid  generation uses  geometric 

shapes to generate a grid.

 Adaptive grid generation uses a combination of 

algebraic and geometric techniques to generate a 

grid that is adapted to the specific problem being 

solved.
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The choice of grid generation technique depends on the 

specific  problem  being  solved  and  the  available 

computational resources.

Once a grid has been generated, it can be used to solve 

the governing equations of the problem. The governing 

equations  are  a  set  of  mathematical  equations  that 

describe  the  physical  behavior  of  the  system  being 

studied. The governing equations can be solved using a 

variety  of  numerical  methods,  such  as  the  finite 

element  method,  the  finite  volume  method,  and  the 

finite difference method.

The  choice  of  numerical  method  depends  on  the 

specific  problem  being  solved  and  the  available 

computational resources.

Grids  are  an  essential  tool  for  solving  complex 

scientific and engineering problems. By understanding 

the  different  types  of  grids  and  grid  generation 

techniques available, you can generate grids that will 

lead to accurate and efficient solutions.
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Chapter 1: Grid Fundamentals

Grid Architectures and Topologies

Grid architectures and topologies play a critical role in 

determining  the  performance  and  efficiency  of  grid-

based  solutions.  The  choice  of  grid  architecture  and 

topology depends on a number of factors, including the 

problem  being  solved,  the  computational  resources 

available, and the desired level of accuracy.

There  are  two  main  types  of  grid  architectures: 

structured  grids  and  unstructured  grids.  Structured 

grids  are  created  by  dividing  the  computational 

domain into a regular array of cells. Unstructured grids 

are created by dividing the computational domain into 

a collection of cells that are not necessarily regular in 

shape or size.

Structured  grids  are  easier  to  generate  and  can  be 

more  efficient  for  problems  with  simple  geometries. 

However, unstructured grids can be more flexible and 
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can  be  used  to  represent  complex  geometries  more 

accurately.

There  are  also  two  main  types  of  grid  topologies: 

regular  topologies  and  irregular  topologies.  Regular 

topologies  are  created by  connecting  the  cells  in  the 

grid  in  a  regular  pattern.  Irregular  topologies  are 

created by connecting the cells in the grid in a more 

irregular pattern.

Regular topologies are easier to generate and can be 

more  efficient  for  problems  with  simple  geometries. 

However, irregular topologies can be more flexible and 

can  be  used  to  represent  complex  geometries  more 

accurately.

The choice of grid architecture and topology is a critical 

decision  that  can  have  a  significant  impact  on  the 

performance and efficiency of grid-based solutions. By 

understanding the different types of grid architectures 

and topologies, you can make informed decisions about 

the best grid to use for your specific problem.
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In addition to the two main types of grid architectures 

and topologies, there are also a number of other grid 

architectures and topologies that have been developed 

for specific applications. These include:

 Overset  grids: Overset  grids  are  created  by 

overlapping multiple grids. This can be useful for 

problems  with  complex  geometries  or  moving 

boundaries.

 Adaptive  grids: Adaptive  grids  are  created  by 

refining the grid in regions where the solution is 

changing  rapidly.  This  can  lead  to  significant 

improvements  in  accuracy,  especially  for 

problems  with  complex  geometries  or  moving 

boundaries.

 Hierarchical  grids: Hierarchical  grids  are 

created by creating a series of grids, each with a 

different  resolution.  This  can  be  useful  for 

problems with multiple scales.
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The choice of grid architecture and topology is a critical 

decision  that  can  have  a  significant  impact  on  the 

performance and efficiency of grid-based solutions. By 

understanding the different types of grid architectures 

and topologies, you can make informed decisions about 

the best grid to use for your specific problem.
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Chapter 1: Grid Fundamentals

Grid Data Structures

Grid  data  structures  are  used  to  represent  the 

computational  domain  in  a  grid-based  solution.  The 

choice of  grid data structure depends on the specific 

problem being solved. Some of the most common grid 

data structures include:

 Structured grids are the simplest  type of  grid 

data structure. Structured grids are composed of 

a  regular  array  of  cells,  and  each  cell  is 

connected to its neighbors by a fixed number of 

edges. Structured grids are easy to generate and 

they  are  efficient  for  solving  problems  with 

simple geometries.

 Unstructured  grids are  more  flexible  than 

structured grids. Unstructured grids can be used 

to represent complex geometries,  and they can 

be  adapted  to  the  solution  of  problems  with 
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moving boundaries. Unstructured grids are more 

difficult  to  generate  than  structured  grids,  but 

they  can  lead  to  more  accurate  solutions  for 

problems with complex geometries.

 Hybrid  grids are  a  combination  of  structured 

and unstructured grids. Hybrid grids can be used 

to represent complex geometries,  and they can 

be tailored to the specific problem being solved. 

Hybrid  grids  can be  more  difficult  to  generate 

than structured grids, but they can lead to more 

efficient  solutions  for  problems  with  complex 

geometries.

The choice of grid data structure is a critical decision 

that can affect the accuracy, efficiency, and scalability 

of a grid-based solution. It is important to understand 

the  different  types  of  grid  data  structures  and  their 

advantages and disadvantages before choosing a grid 

data structure for a particular problem.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.

16



Table of Contents

Chapter  1:  Grid  Fundamentals *  Defining 

Computational  Grids  *  Grid  Architectures  and 

Topologies  *  Grid  Data  Structures  *  Grid  Generation 

Techniques * Grid Quality Assessment

Chapter  2:  Adaptive  Grid  Refinement *  Error 

Estimation and Refinement Criteria * Local and Global 

Refinement  Strategies  *  Mesh  Smoothing  and 

Optimization  *  Adaptive  Load  Balancing  *  Dynamic 

Grid Adaptation

Chapter 3: Grid Redistribution * Grid Redistribution 

Algorithms  *  Load  Balancing  and  Partitioning 

Strategies  *  Domain  Decomposition  and  Interface 

Management  *  Grid  Coarsening  and  Unstructured 

Grids * Parallel Grid Redistribution

Chapter  4:  Grid  Hierarchies *  Multilevel  Grid 

Techniques  *  Hierarchical  Data  Structures  and 

Algorithms  *  Grid  Interpolation  and  Prolongation  * 

17



Coarse-Grid  Correction  and  Smoothing  *  Multigrid 

Solvers

Chapter  5:  Solution  Strategies *  Grid-Based  Finite 

Element Methods * Finite Volume and Finite Difference 

Methods  *  Multigrid  Solvers  for  PDEs  *  Domain 

Decomposition  Techniques  *  Parallel  Solution 

Algorithms

Chapter 6: Grid Generation for Complex Geometries 

* Surface and Volume Grid Generation * Unstructured 

and  Hybrid  Grids  *  Grid  Generation  for  Moving 

Boundaries  *  Grid  Generation  for  Fluid-Structure 

Interaction  *  Grid  Generation  for  Biomedical 

Applications

Chapter  7:  Grid  Adaptation  for  Time-Dependent 

Problems * Grid Adaptation for Transient Simulations 

* Adaptive Mesh Refinement for Fluid Dynamics * Grid 

Adaptation for Structural Mechanics * Grid Adaptation 

for  Multiphysics  Problems  *  Time-Parallel  Grid 

Adaptation

18



Chapter 8: Grid Optimization * Grid Quality Metrics 

and Optimization Criteria * Grid Sensitivity Analysis * 

Shape Optimization and Topology Optimization * Grid 

Optimization  for  Parallel  Computing  *  Grid 

Optimization for Large-Scale Simulations

Chapter  9:  Grid  Management  Software *  Grid 

Generation  and  Adaptation  Tools  *  Grid  Partitioning 

and Load Balancing Software * Parallel Grid Solvers * 

Grid  Visualization  and  Analysis  Tools  *  Grid 

Middleware and Infrastructure

Chapter 10: Applications in Computational Science * 

Grid-Based  Simulations  in  Aerospace  Engineering  * 

Grid-Based  Simulations  in  Chemical  Engineering  * 

Grid-Based  Simulations  in  Civil  Engineering  *  Grid-

Based  Simulations  in  Climate  Modeling  *  Grid-Based 

Simulations in Biomedical Engineering 

19



This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.

20


	Computational Grid Wizardry: Strategies and Solutions
	Introduction
	Book Description
	Chapter 1: Grid Fundamentals
	Defining Computational Grids

	Chapter 1: Grid Fundamentals
	Grid Architectures and Topologies

	Chapter 1: Grid Fundamentals
	Grid Data Structures

	This extract presents the opening three sections of the first chapter.
	Discover the complete 10 chapters and 50 sections by purchasing the book, now available in various formats.
	Table of Contents
	This extract presents the opening three sections of the first chapter.
	Discover the complete 10 chapters and 50 sections by purchasing the book, now available in various formats.

