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Introduction

• Building design optimisation
• So far focussed on a single discipline, e.g.

• Compliance: Hofmeyer, Davila Delgado (2015)

• Building Physics: Hopfe et al. (2012)

• Mainly continuous optimisation

• Multidisciplinary and mixed integer 

techniques common in other fields e.g. 

aerospace and chemical engineering
• Li et al. (2013), Liao et al. (2008)

• Here: Multidisciplinary & Mixed-Integer for 

building design optimisation
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This Work

• Building design optimisation
• Compliance

• Building Physics (Energy use)

• Problem representation

• Representation in practice

• Single objective optimisation

• Improve understanding of objectives
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Design Spaces

• Superstructure
• All possible solutions are pre-encoded by binary 

variables

• Superstructure free
• Solutions are not pre-encoded, a dynamic data 

structure is used (graph/tree)
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Supercube Representation

𝑖 ∈ {1,2, … , 𝑁𝑤} 𝑤𝑖 ∈ ℝ ≥ 0

𝑗 ∈ {1,2,… , 𝑁𝑑} 𝑑𝑗 ∈ ℝ ≥ 0

𝑘 ∈ {1,2, … , 𝑁ℎ} ℎ𝑘 ∈ ℝ ≥ 0

𝑙 ∈ {1,2, … , 𝑁𝑠𝑝𝑎𝑐𝑒𝑠}

𝑏𝑖,𝑗,𝑘
ℓ = ቊ

1 if cell (𝑖, 𝑗, 𝑘) belongs to space ℓ
0 otherwise
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Supercube Example

𝑏𝑖,𝑗,𝑘
ℓ 𝑏𝑖,𝑗,𝑘

1 , 𝑏𝑖,𝑗,𝑘
2 , 𝑏𝑖,𝑗,𝑘

3 , 𝑏𝑖,𝑗,𝑘
4

𝑏𝑖,𝑗,𝑘
1 1,0,0,0,0,0,0,0

𝑏𝑖,𝑗,𝑘
2 0,0,1,0,1,0,0,0

𝑏𝑖,𝑗,𝑘
3 0,1,0,0,0,0,0,0

𝑏𝑖,𝑗,𝑘
4 0,0,0,1,0,1,0,0

𝑤 𝑤1, 𝑤2, 𝑤3, 𝑤4

Ԧ𝑑 𝑑1, 𝑑2

ℎ ℎ1
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Problem Constraints

• Constraints
• Fixed number of spaces (rooms)

• No overlap between spaces

• No vertical gaps (overhanging cells)

• Spaces must be cuboid (3D rectangle)

• Fixed volume – achieved by rescaling

• Numerical constraint checks
• Written as sums and products of binary variables

• Allows algebraic operations and analysis

• Application of standard MINLP algorithms
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Constraint Example

∀ℓ: ∀𝑖1,𝑗1,𝑖2,𝑗2:



𝑘=1

𝑁ℎ

𝑘 1 − 𝑏𝑖1,𝑗1,𝑘−1
ℓ 𝑏𝑖1,𝑗1,𝑘

ℓ − 

𝑘=1

𝑁ℎ

𝑘 1 − 𝑏𝑖2,𝑗2,𝑘−1
ℓ 𝑏𝑖2,𝑗2,𝑘

ℓ



𝑘=1

𝑁ℎ

𝑏𝑖1,𝑗1,𝑘
ℓ 

𝑘=1

𝑁ℎ

𝑏𝑖2,𝑗2,𝑘
ℓ = 0
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(𝝁 + 𝝀)-Evolution Strategy 

(Beyer, Schwefel 2002)
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Experimental Setup
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Experimental Setup

• Comparison between:
• A single penalty value

• Penalty based on number of constraint violations

• Problem sizes:
• Supercube size 2x2x2 and 3x3x3

• Each for one, three and five spaces (rooms)

• Objectives to (individually) minimise:
• Compliance (black box simulator)

• Surface area (dummy for energy use)
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Results – Single Penalty
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Constraint Violations – Compliance

• Single penalty:

• Graduated penalties:
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Constraint Violations – Surface Area

• Single penalty:

• Graduated penalties:
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Results – Graduated Penalties
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• Compliance:

• Surface area:

Results – Visualisations
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Future Work

• Multi-objective (Pareto) optimisation

• ‘Intelligent’ search operators
• Take into account constraints when producing 

offspring

• Memetic optimisation
• Global evolutionary search

• Local (gradient?) search

• Larger building designs

• Replace the surface area objective with 

building physics simulation
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Thank you!
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