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Motivation of the work

% CPU time distribution in top88(1)

tS : linear solve
tA: matrix assembly
tOC : OC update
tP : setup operations

(a) rmin = 4, 8, 16, respectively

tS will substantially decrease when using highly efficient preconditioned solvers.

Goals

• Cut all the times other than tS , making the code highly efficient for medium-size problems
(105 − 106 elements);
• Keep the readability and flexibility of top88

(1)Andreassen et. al. (2011)-Efficient topology optimization in MATLAB using 88 lines of code, SMO
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Overview of the code and speedups(2)

Minimum compliance
min

x
c(x̂) = f T u(x̂)

K(x̂)u(x̂) = f
g(x̂) =

∑m

e=1 x̂eve − Vf |Ωh| ≤ 0
0 ≤ xe ≤ 1 , ∀ e

x̂e: physical densities, xe: design variables

Speedups

• Stiffness matrix assembly;
• Filtering operations and OC update;
• Overall acceleration strategy(3)

Definition of:

• Continuation schemes

• Passive regions (Solid & Void)

• Neumann or Dirichlect b.c. for the filter (‘imfilter’)

• 𝜂-projection (or others)

Re-design loop: while loop < maxit

Compute physical

densities

Setup and solve 

equilibrium equation

Compute and backfilter

sensitivities

Update design variables

Print and plot

Options:

• Density filter;

• Density filter + 𝜂-Projection

• Compute volume-preserving 𝜂∗

Apply continuation on:

• SIMP exponent (𝑝) 

• Projection curvature factor (𝛽)

SIMP-like stiffness

interpolation

(2)Ferrari, Sigmund (2020)-A new generation 99 line Matlab code for compliance topology optimization and
its extension to 3D, SMO

(3)Li et al. (2020)-Accelerated fixed-point formulation of Topology Optimization: application to compliance
minimization problems, Mech. Res. Comm.
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Testing with the MBB beam example

• Ωh = 600× 200, Vf = 0.5, rmin = 8
• Test cases

• T1: Density Fiter, p = 3;
• T2: Density Fiter, p = 1→ 3;
• T3: Density+Proj. p = 3, β = 2→ 24;
• T4: Density+Proj. p = 1→ 3, β = 2→ 24;

(a) T1 (b) T2

(c) T3 (d) T4

tS : linear solve, tA: matrix assembly,
tOC : OC update, tP : setup operations

Table: Average iteration time (s) and speedup factors.

Ωh 300× 100 600× 200 1200× 400
rmin = 4 rmin = 8 rmin = 16

top99neo(s) 0.231 1.19 5.69
top88U(4) 1.55 1.57 1.78

top88 2.66 4.09 5.51

(4)Use of sparse2 for assembly and conv2 for filtering
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Extension to 3D domains (top3D125)

• change elemental stiffness matrix
(8-nodes hexahedron element);
• change reshape operations (12 lines
total);

Table: Average iteration time (s) and speedup factors.

Ωh 48× 24× 24 96× 48× 48
rmin =

√
3 rmin = 2

√
3

top3D125(s) 1.79 14.20
top3Dmgcg(5) 1.78 1.92

Ωh = 96× 48× 48, Vf = 0.12 tS : linear solve, tA: matrix assembly, tOC : OC update,
tP : setup operations

(a) top3Dmgcg (b) top3D125

(5)Amir et.al. (2014)-On multigrid-CG for efficient topology optimization, SMO
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Improving the stiffness matrix assembly

• Assemble only lower half K(s) → cut ≈ 45% of CPU time and RAM;
• Define mesh-related indices as ’int32’(6) → RAM is cut to ≈ 1/4 and CPU time to ≈ 1/10;
• chol and similar work with K(s) (not "\"!!), (CG, MINRES can be adapted);

(a) 2D discretization (b) 3D discretization

(6)https://github.com/stefanengblom/stenglib, Engblom, Lukarski (2015)-Fast Matlab compatible
sparse assembly on multicore computers, Parallel Computing
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Improving the efficiency of the OC update
δ− = max{0, xk,e − µ}, δ+ = min{1, xk,e + µ} (local lower/upper bounds).

Primal & dual variables updates

Compute (xk+1, λ
∗
k) by iterations

xk+1,e = max{δ−,min{δ+, xk,e

(
−

∂ec(xk)
λ∂eV (xk)

) 1
2
}}

λ =
(∑

e∈M xk,e(−∂ec(xk)/∂eV (xk))1/2

g(xk)/∂eV (xk)− |L|δ− − |U|δ+

)2

M = {e | δ− < xe < δ+}
L = {e | xe = δ−}
U = {e | xe = δ+}

Repeated filtering operations are avoided if we
adopt volume-preserving filters.

nbs: cumulative number of “bisections”

Λ = [0, 109] Est. PD
nbs 2390 1389 750
tstf(s) 1.18 0.65 0.27
tvpf(s) 0.04 0.03 0.03
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Introduction of passive (solid & void) elements

Reinforcement of a solid frame while keeping a void region
• Ωh = 900× 900 elements, Vf = 0.2;
• Average cost per iteration: 10.8s (1.62 · 106 DOFs)

(a)

 

(b)

 

(c)
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Extension to linearized buckling: topBuck250

• Fully vectorized setup of the buckling eigenproblem and
buckling load factors (BLFs) sensitivity analysis;
• Includes 4 design problems by default

(a) max BLF, s.t. {vol, compliance} constraints
(b) min vol, s.t. {BLF, compliance} constraints
(c) min Compliance, s.t. vol constraint
(d) min vol, s.t. compliance constraint

• Explicit OC update based on MMA-like approximations;

..COMING SOON!

set up buckling analysis ≈ with the same
cost as linear analysis
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Thank you for your attention

top99neo and top3D125 codes can be found at www.topopt.dtu.dk

Visit also https://www.ce.jhu.edu/topopt for upcoming news and codes

www.topopt.dtu.dk
https://www.ce.jhu.edu/topopt

