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Example 

 Problem:  

 

 Boundary Conditions: 

 

 Initialization: 
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Discretization 
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dx  = 1.d0/dfloat(nx) 

c1p = -1.d0 

c1m = -1.d0 

cc  =  2.d0 

do ic=0,ncyc 

   do i=0,nx 

      du(i) = 0.d0 

   enddo  

   restot = 0.d0 

   do i=1,nx-1 

      au = -u(i-1) + 2.d0*u(i) - u(i+1) 

      resid(i) = rhs(i) - au 

      du(i) = (dx*dx*rhs(i)-au - c1m*du(i-1) - c1p*du(i+1))/cc 

      restot = restot + resid(i)*resid(i) 

   enddo 

   restot = dsqrt(restot)/dfloat(nx+1) 

   error = 0.d0 

   do i=1,nx-1 

      u(i) = u(i) + du(i) 

      error = u(i)*u(i) 

   enddo 

enddo 

 

Coding 

Compute Δu 

Update u 
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Convergence 
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Geometric Multigrid: The Idea 

 Different grid sizes:  

 Ability to solve all wave lengths 

 Rapid convergence  
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Operators 

 Restriction  

Mapping from the fine grid to the coarse grid 

 

 

 Injection 

 

 Full weighting 

 

 Prolongation  

Mapping from the coarse grid to the fine grid 
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 V-cycle using two grids (fine/h, coarse/H) : 

 

1. Solve (2-3 Jacobi or Gauss-Seidel iterations) 

2. Restrict the residual                            to the coarse grid 

3. Solve  (2-3 Jacobi or Gauss-Seidel iterations) 

4. Prolongate (interpolate)         to fine grid 

 and correct  

5. Go to step 1, using the updated 

Multigrid Algorithm 
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Multigrid Schemes 
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Multigrid in 2 dimensions 

 

 Fine grid: 

 

 

 

 Coarse grid: 
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2D Restriction 

 Injection: 

 

 Weighting: 

 Half 

 Full 
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2D Prolongation 
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Algebraic Multigrid (AMG) 

 Method to solve linear systems based on multigrid principles, without 

explicit knowledge of  the problem geometry (only matrix coefficients) 

 Determines coarse “grids”, inter-grid transfer operators and the coarse grid 

equations are exclusively based on the matrix entries 

 

Two-grid algorithm: 

1. Solve 

2. Compute residual 

3. Solve           with  

4. Correct  

5. Solve  

 

Prolongation:     matrix 

 Restriction:  
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Agglomeration  
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Applications 

 Transonic flow around the M6 wing 

 M ∞ =0.8395 

 α ∞ =3.06ο 

 Re=11.72 106 

 

 Fine grid: ~67k nodes 

 Coarse grid: ~11k nodes 
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