

  
    
            
        
      
      
        
          
        

        
          
            
          
        
        
          
            
              
                
              
            

            
              
                
                  Nedávno hledané
                

              

                
                  
                      
                      
                        
                      
                  

                
              
                Nebyly nalezeny žádné výsledky
              

            

          

          
            
              

                
              
            

            
              
                Tags
              

              
                
                  
                      
                  
                
              

              
                

              

              
                Nebyly nalezeny žádné výsledky
              

            

          

          
            
              
                
              
            

            
              
                Dokument
              

              
                
                  
                      
                  
                
              

              
                

              

              
                Nebyly nalezeny žádné výsledky
              

            

          

        

      

    

    
      
        
          
        
      
              

                        
  
  

                
            
            
        
        Čeština
                  

                        
  

                Nahrát
                        
          
            
            
              
                Domovská stránka
                
                  
                
              
              
                Školy
                
                  
                
              
              
                Témy
                
                  
                
              
            

          

        


        
          Přihlášení
        
        
        
        
        
          

  





  
    
      
      	
            
              
              
            
            Odstranit
          
	
            
              
              
            
          
	
            
              
                
              
              
            
          
	
          

        
	Nebyly nalezeny žádné výsledky


      
        
          
        
      
    

  







  
        
        
    
                
            
                
                    
    	
                                    
              Domovská stránka
            
            








	
                          
                
              
                        
              Další
            
            


                    Discrete optimization problem
                

                                    
                        In document
                        
    TheBoundaryElementMethodforShapeOptimizationin3D Ph.D.Thesis
                        (Stránka 112-119)

                    

                            
            
                                                                                         4 Efficient implementation of BEM and shape optimization problems

                                                                4.3 Discrete optimization problem

                                
                    We are now ready to combine all previously discussed topics and construct an efficient 
multires-olution shape optimization algorithm. Before we proceed, let us mention an alternative strategy
without the use of subdivision surfaces. The first-optimize-then-discretize approach to shape


1 Vc :: Vector < d o u b l e > t m p 1 = s - sx ;


2 Vc :: Vector < d o u b l e > t m p 2 = a l p h a * s - tx ;


3 Vc :: Vector < d o u b l e > l o g A r g ( Vc :: z e r o ) ;


4


5 // f i r s t b r a n c h


6 l o g A r g ( Vc :: abs ( t m p 1 ) > eps && t m p 2 < Vc :: Z e r o ) =


7 ( ux * ux + t m p 1 * t m p 1 ) / ( a - t m p 2 ) ;


8 // s e c o n d b r a n c h


9 l o g A r g ( Vc :: abs ( t m p 1 ) > eps && t m p 2 >= Vc :: Z e r o ) = t m p 2 + a ;


10 // v e c t o r i z e d e v a l u a t i o n of l o g a r i t h m


11 f ( Vc :: abs ( t m p 1 ) > eps ) += Vc :: log ( l o g A r g ) ;


Listing 4.15: Vectorized evaluation of the collocation integral.
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Figure 4.17: Masked evaluationc(d>0)=a+b.


optimization led to the shape derivative of the cost functional (2.98) in the continuous setting.


The first step of the discretization is the numerical solution to the boundary integral equations
 described in Section 4.1. The second step is to define the design parameters, i.e., to discretize
 the admissible shape perturbations. In theory, it is possible to use the ansatz


Vh:=


N


∑


i=1


αidi, di :=φ1ini, (4.33)
 with the standard globally continuous piecewise linear functions defined on the triangular mesh


φ1i(xj) =δij


and the normal vector ni defined in the mesh node xi, e.g., by weighing the normals on the
 neighbouring elements. In this approach, every node of the computational mesh becomes a
 design parameter and thus it allows for flexible shape deformations. On the other hand, such
 ansatz only defines C0 perturbations and often leads to non-physical oscillatory behaviour as
 described in the finite element context in, e.g., [17,55]. This drawback can be overcome by mesh
 smoothing performed after every noptimization steps or by penalizing the cost functional, e.g.,
 by the arc-length,


J(Vˆ ) :=J(V) +ϱ


∫


T(∂Ω)


dsx


leading to the shape derivative


Jˆ′(0)(V) :=J′(0)(V) +ϱ


∫


∂Ω


H(x)⟨V(x),n(x)⟩dsx.


The curvature term in the shape derivative leads to smoother surfaces, see [51, 71]. In the
 following we describe an alternative technique based on the Loop subdivision scheme. Contrary
 to the ansatz (4.33) the proposed approach automatically generates smooth limit perturbations
 by definingVh on coarse control meshes.


As shown in Section 3, the subdivision surfaces provide a hierarchy of control meshes 
 repre-senting a single limit surface. We aim to leverage the idea of multiresolution editing of surfaces,
 see Figure 3.12, for shape optimization. Specifically, with the increasing resolution of the control
 mesh we aim to resolve finer details of the unknown surface. The presented approach has been
 already addressed in [10, 140]. For the finite element context see also [11, 95].


The hierarchy of control meshes allows us to separate the mesh used for shape optimization
 and the one suitable for numerical analysis of the underlying primal and adjoint boundary
 value problems. In the following exposition we denote the quantities connected to the mesh on
 the subdivision level ℓ by a corresponding superscript. The input of the algorithm is a coarse
 representation of the free part of the mesh at the level ℓo = 0 with the number of nodes and
 faces denoted by Nℓo,Eℓo, respectively. In accordance with Section 3 we shall accumulate the
 corresponding control nodes in the matrix


Xℓo :=
 computational mesh Xℓc at the user-specified level ℓc we use the global subdivision matrices,
 i.e.,


Xℓc =SXℓo, S:=Sℓc−1· · ·Sℓo


withSℓ denoting the sparse subdivision matrix mapping Xℓ to a finer mesh Xℓ+1.


For the optimization procedure we use an iterative scheme. In each step we shall seek a
 discrete speed fieldVhℓo leading to a decrease in the cost functional. We use the ansatz similar
 to (4.33), but defined on the coarse levelℓo,
 where αi stands for the unknown coefficients, φ1,ℓi o is the globally continuous piecewise linear
 ansatz function defined on the coarse mesh, i.e.,


φ1,ℓi o(xℓo,j) :=δij


andnℓo,i denotes the weighted average of normals in the neighbourhood ofxℓo,i, i.e.,
nℓo,i:=


It may seem restrictive only to consider shape perturbations in the direction of the normal
 field on the control surface. Indeed, one may define the ansatz


˜Vhℓo :=


Nℓo


∑


i=1


αiφ1,ℓi o, αi := [α1i, αi2, αi3]T


with vector-valued coefficients αi used in, e.g., [58]. Although this approach allows us to move
 every node of the coarse control mesh freely in every direction, the numerical experiments from
 Section 4.4 performed with such free movement have not led to a significant improvement of
 the method. On the contrary, one should keep in mind that such ansatz leads to obvious 
 non-uniqueness of the optimal vector field. Indeed, the composition V ◦W with W defining a
 non-trivial diffeomorphism (I+W)(∂Ω) =∂Ω leads to the same perturbation as conducted by
 V alone. Considering only normal perturbations helps to eliminate such behaviour.


To compute the discrete cost and gradient we have to transport the coarse perturbation
 (4.34) to the computational levelℓc, where the BEM analysis is performed. From the linearity
 of the subdivision operator we have for the perturbed surface


S(Xℓo+Dℓo)=SXℓo+SDℓo (4.35)
 with the rows of the matrixDℓ defined by the vectorsdℓ,i(xℓ,i). Thus, the ansatz perturbation
 on the fine level is given by the piecewise linear function defined by SDℓo. The approximate
 value of the cost is evaluated as


Jh(
 We denote by wh, qh the piecewise constant approximation of the unknown Neumann data of
 the state u and the adjoint state p, and byuh, gh the piecewise constant L2 projection of the
 Dirichlet data of the state u and the target functiong, i.e.,


∂u


respectively. We denote by Sdℓ,i the piecewise linear perturbation dℓ,i transported to the finer
 level by (4.35). The discrete gradient gℓo ∈RNℓo reads


giℓo :=Jh′(O)(Sdℓo,i)


with the approximation of the shape derivative (2.98) evaluated on the computational meshXℓc,


Jh′(O)(Sdℓo,i):=


To evaluate the discrete additive curvatureHh we use the approach based on discrete differential
 operators defined on triangular meshes, see [102].


The coefficients of the approximated Neumann data stored in the vectorsw,q,
 w:= [w1, . . . , wEℓc, . . .], q:= [q1, . . . , qEℓc, . . .]


appended by values onΓ0 are the solutions to the systems of linear equations
 Vhw=


(1


2Mh+Kh
 )


u, Vhq=
 (1


2Mh+Kh
 )


(w˜+g)˜ (4.38)
 with


w˜ := [w1, . . . , wEℓc,0, . . . ,0], g˜:= [g1, . . . , gEℓc,0, . . . ,0],


i.e., the vectors w,g zeroed-out on Γ0. We use the lowest order approximation of the Cauchy
 data due to the incompatibility of the boundary condition onΓf in the adjoint problem (2.97),
 where we assign the Neumann data of the stateu to the Dirichlet data of the adjoint state p.


The underlying BEM matrices are thus given by


Vh[ℓ, k] := 1
 4π


∫


τℓ


∫


τk


1


∥x−y∥dsydsx, Kh[ℓ, k] := 1
 4π


∫


τℓ


∫


τk


⟨x−y,n(y)⟩


∥x−y∥3 dsydsx,
 Mh[ℓ, k] :=


∫


τℓ


ψk(x) dsx.


The steepest descent algorithm would lead to an update of the coarse control mesh
 xℓo,i←xℓo,i−tgℓiodℓo,i


with a step lengthtleading to a reduction in the cost. In the actual implementation we, however,
 use more advanced gradient-based methods including the Method of Moving Asymptotes (MMA)
 [129] or the quasi-Newton low-storage BFGS method [91, 106] as implemented in the NLopt
 library [76]. The input to the gradient-based optimization routine is given by the current position
 in the design space and the gradient defined by the vectors


[xℓ1o,1, xℓ2o,1, xℓ3o,1, . . . , xℓ1o,Nℓo, xℓ2o,Nℓo, xℓ3o,Nℓo]T,


[g1ℓ0nℓ1o,1, g1ℓ0nℓ2o,1, gℓ10nℓ3o,1, . . . , gℓN0ℓonℓ1o,Nℓo, gNℓ0ℓonℓ2o,Nℓo, gNℓ0ℓonℓ3o,Nℓo]T,


(4.39)
 respectively. Apart from a lower number of necessary iterations, the advantage of these 
 algo-rithms is that contrary to the steepest descent approach one can add constraints on the position
 of nodes, both linear and nonlinear (e.g., for keeping the volume enclosed by the surface 
 con-stant).


Once the minimizer is found on the subdivision level ℓo = 0, we increment ℓo ← ℓo + 1,
i.e., subdivide the obtained optimization mesh and start the process anew. The construction
of subdivision surfaces ensures that the limit surfaceX∞ is the same for the control meshes Xℓ
and Xℓ+1 =SℓXℓ, and thus the optimization on the increased level starts with the optimum on


geometry update


BEM analysis


Reﬁnement level


ﬁne geometry


shape derivative


optimization
 loop


coarse perturbations


ﬁne perturbations
 coarse geometry


Figure 4.18: One-level optimization loop.


the previous one. This approach allows the free surface to resolve increasingly finer details of
 the optimal surface and also serves as a globalization strategy. Throughout the whole multilevel
 optimization the computational levelℓc is fixed and the procedure stops when the optimization
 levelℓo reaches ℓc or at a sooner stage.


In the following we briefly summarize the multilevel optimization algorithm. For clarity, the
 summary should be read together with Figure 4.18.


1. Initialize the optimization levelℓo = 0, the computational levelℓcand the current value of
 the cost to Jh(O) =∞. The computational level has to be chosen such that the accuracy
 of the numerical solution is sufficient.


2. Subdivide the optimization mesh Xℓo and each coarse perturbationdℓo,i until the 
 compu-tation levels Xℓc =SXℓo,Sdℓo,i are reached.


3. Solve the discrete boundary element systems (4.38) on the computational meshXℓc.
 4. Evaluate the cost functional from (4.36) for the current shape and the discrete shape


gradient as in (4.37) for every perturbationSdℓo,i.


5. If the cost functional increases in relation to its previous value, return to the previous
 shape and increment the optimization level ℓo ←ℓo+ 1.


6. If the optimization level exceeds the computational level, i.e., ℓo > ℓc, terminate the
 optimization algorithm.


7. Input the current optimization mesh and the gradient from (4.39) to a first-order 
 opti-mization algorithm of choice and perturb the control nodes based on its output.


8. Go to step 2.


MultiresolutionOptimizer


coarseToFinePropagate(...);


optimize();


setBounds(...);


setBVP( 


  OptimizationSubproblem & p
 );


setLevel(...);


OptimizationSubproblem


solve();


setProblemData( 


  SurfaceMesh3D & free,
   SurfaceMesh3D & ﬁxed
 );


getCost();


getGradient(...);


export ParaView


*.vtu


increaseLevel();


setSolver(...);


Figure 4.19: Optimization interface in BEM4I.


4.3.1 BEM4I interface for shape optimization problems


The shape optimization interface implemented in BEM4I is divided into two main classes 
 sepa-rating the handling of the multiresolution optimization and the solver for the underlying state
 and adjoint boundary value problems, namely the class MultiresolutionOptimizer and the
 interfaceOptimizationSubproblem, respectively, see Figure 4.19. This allows to reuse the same
 shape optimization concept for different problems.


The user is responsible for implementing the following pure virtual methods defined by
 OptimizationSubproblem(in our case representing the state and adjoint boundary value 
 prob-lems of the Bernoulli problem).


setProblemData(...) Updates the problem with current free and fixed meshes. This method
 is called byMultiresolutionOptimizerwhenever the meshes change, e.g., after the shape
 perturbation. The classSurfaceMesh3Dprovides a wrapper around the OpenMesh library
 [16] implementing (among other features) the subdivision structure.


solve( ) Called byMultiresolutionOptimizerin every iteration of the chosen gradient-based
 algorithm. The method solves the state and adjoint problems, fills optional auxiliary class
 variables necessary for the evaluation of the cost and the gradient.


getCost( ) Returns the current value of the cost functional.


getGradient(...) Returns the current gradient for the provided shape perturbation on the
 computational mesh.


After the initial set up of an instance of the MultiresolutionOptimizer class, it takes
 care of the optimization procedure without further assistance by the user. The most important
 methods follow.


setBVP( OptimizationSubproblem & p ) Sets the user defined problem.


setBounds(...) Sets optional bounds on the optimization mesh.


setLevel(...) Sets the subdivision level ℓc for the BEM analysis and the maximal level for
the optimization ℓ≤ℓc.


init ℓo = 0 ℓo= 1 ℓo= 2 ℓo= 3 ℓo = 4


# 1 12 33 54 69 74


JL2(Γf) 1.00·100 4.51·10−3 6.57·10−4 2.43·10−5 1.21·10−5 1.21·10−5


∥g∥2 1.00·100 9.92·10−5 9.93·10−6 3.29·10−7 1.03·10−7 1.03·10−7
 Table 4.15: History of the normalized cost and gradient norm (ball).


setSolver(...) Initializes a gradient-based algorithm provided by NLopt [76].


optimize( ) Method called after the set up to perform the multilevel optimization. The 
 meth-ods setProblemData(...), solve( ), getCost( ), getGradient(...) defined in the
 interfaceOptimizationSubproblem are called in every iteration.


private: increaseLevel( ) Increases the subdivision level of the optimization mesh when
 the optimum on the current level is found.


private: coarseToFinePropagate(...) Transfers the coarse perturbation to the 
computa-tional level, so that the shape derivative can be evaluated by the getGradient(...)
method ofOptimizationSubproblem.
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