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Building spatial design

• Shape of a building
• External

• Internal
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Conflicting disciplines
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Objectives

• Structural performance
• Sum of strain energy over all walls and ceilings

• FEM simulation

• Thermal performance
• Total heating and cooling energy used

• Resistor-capacitator network simulation
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Pareto based building design
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Problem representation
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Constraints (example)

• Cuboid (3D rectangle) rooms
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Constraints are challenging

• Standard algorithms struggle
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Specialised operators - initialisation
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Specialised operators - mutation
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Specialised operators are effective
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[van der Blom et al, PPSN 2016]
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Local search

• Hypervolume indicator gradient

• Expensive
• Approximate gradients based on simulations

• Many variables
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Local search

• Hypervolume indicator gradient

• Works

• But… expensive
• Approximate gradients

• Many variables

• Only useful if a good discrete subspace is 

discovered
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Learning from optimisation data

• Why?

• Prove solution quality to expert

• Learn new problem insights

• And… data is there anyway!
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Learning from optimisation data

• What?

• Known design rules

• New design rules

• Differences between regions in objective space
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Elementary BSD features
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Elementary BSD features
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Data preparation

• Define classes
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Examples per class
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Analysis

• Box plots
• Which features appear useful?

• Decision tree
• Can classes be distinguished?

• Validation
• Does the learned tree generalise?
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Results
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1. Long buildings are structurally efficient (objective 1)

2. Less long + high ratio between long and short edge indicates knee point

Results
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Future work

• Integrate knowledge into optimization process
• Steer search based on learned rules

• Test generality of methods for larger BSDs

• Explore how this work relates to innovization

and design exploration techniques

• Analyse the effect on the objective values for 

changes to individual feature values
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Summary

• Goal:
• Learn from optimisation data

• Convince practitioners of the quality of found solutions

• Method:
• Learn rules that differentiate between classes of solutions

• Result:
• High precision (>96%) classification of solutions based on human 

understandable features

• Future:
• Integrate knowledge into optimization process
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