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► Topology
Optimization

► Compliance Minimization

► Three Field Formulation

► Gradient descent method

► Mirror Descent
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Topology Optimization

► The hello world problem: Compliance minimization

► We use Solid Isotropic Material Penalization (SIMP)
and Helmholtz type filter

► Here, 
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Goal of this Talk

► Introduce a new method, SiMPL, for TO with
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► Point-wise feasible solution at each iteration

    (even with high-order)

► Easy to implement

► No additional memory (variable / large system solve)

► Fast convergence
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Projected Gradient Descent Method

► The unconstrained gradient descent method
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► For constrained minimization problem,
we obtain a “Projected” gradient method
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Mirror Descent Method

► Mirror descent is a generalized gradient descent method
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► The Bregman divergence is a generalized squared distance

► If     is strictly (or strongly) convex, then so is

► Not symmetric, No triangle inequality

►  
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Bregman Divergence and Mapping
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► Fermi-Dirac entropy
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Projected Mirror Descent

► The projected mirror descent
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Here,                  solves the volume correction equation

Primal

Latent
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SiMPL – Latent Variable

► Introduce the latent variable
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► We find a discrete approximation

► Major benefits

► Update step is linear in    with a scalar nonlinear equation

► No logarithmic transform

► Bound constraint is satisfied point-wise



SiMPL Method for Topology Optimization | Dohyun Kim

B. Keith and T. M. Surowiec, Proximal Galerkin: A structure preserving finite element method for pointwise bound constraints, arXiv:2307.12444v5, 2024

Backtracking Line Search

► Step size plays a key role to obtain an efficient and stable algorithm
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Backtracking Line Search

► Step size plays a key role to obtain an efficient and stable algorithm
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► Convergence analysis may be carried out with “relative smoothness”

► We use a generalized Armijo rule (SiMPL-A) or Bregman rule (SiMPL-B) with 
the above initial step size
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► Numerical 
Results

► Implemented in MFEM C++ Library

► Comparison with MMA and OCM

► Mesh independent behavior

► Beyond compliance minimization

► Bridge Design

► Compliant mechanism
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MBB Beam Problem with h=1/256
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MBB Beam Problem with h=1/256
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MBB Beam Problem with h=1/256
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MMA OC

SiMPL-A SiMPL-B

4th order with h = 1/32
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Mesh Independent Convergence
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Cantilever – 3D
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Converged after 44 iterations



SiMPL Method for Topology Optimization | Dohyun Kim

Self-weight Compliance Minimization
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► Self-weight bridge design 

Converged after 81 iterations
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Compliant Mechanism
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► Force Inverter

89 Iterations126 Iterations163 Iterations
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Concluding Remarks

► We introduce the SiMPL method for topology optimization

► The solution at each iteration is point-wise feasible

► Update rule in the latent space is easy to implement

► Computational cost at each iteration is equivalent to gradient descent methods

► Backtracking line search results in fast and stable convergence

► It outperforms OCM and MMA for all benchmark problems we tested
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► A high-order interpolation in the latent space
does NOT suffer from the oscillation in the primal space

► Extend it to high-order scheme – Requires bound-preserving high-order filter solver

► Multi-material topology optimization

► Multi-material constraints can be handled when we employ different entropy

► More general constraints

► Stress constrained optimization, …
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SiMPL makes topology optimization SIMPLer!
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Proximal Point Method
- Censor and Zenios 1992, Chen and Teboulle 1993

► The proximal point method is an iterative method

► We replace the Euclidean distance to a Bregman distance

where the Bregman divergence is defined by

with a strictly convex and differentiable function 
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Proximal Point Method

► The proximal iterate

can be found by solving the first-order optimality condition

► When we consider a constrained optimization problem,
   is often selected so that 
and its gradient has closed form inverse

► Then we always have feasible iterates

► Converges provided with 

24 / 19



SiMPL Method for Topology Optimization | Dohyun Kim

Latent Variable Proximal Point Method
- Keith and Surowiec 2023

► If we define dual variable,                     , then  
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► In a continuous setting, the dual variable has no crucial role

► However, in a discrete setting,

we have an additional representation of solution,
This is feasible point-wisely
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Latent Variable Mirror Descent

► The first-order approximation of objective function
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► This method is called mirror descent, and it has explicit form

► In terms of the latent variable, 
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► Topology
Optimization

► What is Topology Optimization

► Projected Mirror Descent with Latent Variable

► Adaptive Step Size - Guided Initial Guess
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Topology Optimization
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Topology Optimization

where 
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Topology Optimization

► We choose
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Projected Mirror Descent Method
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Adaptive Step Size

► The convergence of Mirror Descent can be proved

► This motivates the choice of step size

► Armijo condition is used to have monotone decreasing objective
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Main Results
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► Numerical
Results

► MBB Beam

► Self-weight Compliance Minimization

► Compliant Mechanism
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Discrete Spaces and Parameters

► Discrete Spaces
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► Parameters

► MFEM: Open source C++ FEM Library @ LLNL
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Self-weight Compliance Minimization
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Compliant Mechanism
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Conclusion

► We derived Latent Variable Projected Mirror Descent Method
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► The discrete density satisfies the bound constraint point-wisely even when 
high-order approximation is used

► Adaptive step size with a heuristic initial guess outperform traditional methods

► Efficiency and robustness of the proposed algorithm has been shown numerically

► High-order approximation also can be employed while maintaining 
bound-preserving property


