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The Pareto optimal solutions shown in Figure 4 represent the final outcome
of this experiment. The score for ‘sun hours’ and ‘height’ criteria has reached
the maximum for all the solutions in this graph. Hence it results in a 2D graph
with daylight factor and U-value plotted along the X and Y axis and the third
dimension of cost indicated with colour coding. For the purpose of compari-
son, six solutions are picked from the Pareto front and compared against each
other on their performance. Table 2 compares the values of the various per-
formance criteria of these 6 solutions. But as suggested by Caldas and Rocha
(2001), these solutions must not be interpreted as optimal answers, but as
diagnoses of potential problems and as suggestions for further architectural
explorations.

TABLE 2. Comparison of evaluation criteria for the 6 selected solutions of Experiment A.

Name of Average Average Cost (k-Euros) | Score for | Score for
solutions daylight factor | U-value height sun hours
(%) (W/m2k)
Solution A | 14.75% 0.92 129 2/5 5/5
Solution B | 13.75% 0.87 132 5/5 5/5
Solution C | 13.68% 0.86 152 5/5 5/5
Solution D | 11.45% 0.87 157 5/5 5/5
Solution E | 10.92% 0.90 158 5/5 5/5
Solution F | 10.53% 0.94 172 3/5 5/5

Figure 4. Experiment A — Study of Pareto optimal solutions.

5. Experiment B

In the second experiment, parameters related to the panel configuration and
internal floor plan layout are varied along with the panel types.
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5.1. DEVELOPMENTAL PROCEDURE

The geometry of the building is maintained as a 12 m x 20 m x 8 m (constant
height) parallelepiped shaped space as in Shea et al. (2006). In this experi-
ment, the parameters that define the phenotype are the panels and the move-
ment and rotation of gallery walls in the floor plan as shown in Figure 5.

In this experiment, the panelled roof and the two panelled walls are divided
into | m x 1 m panels, thereby yielding a total of 496 panels, each of which
can be assigned a different material as indicated in Table 1.

The positioning of the two internal partitions defines two spaces: the space
between these partitions and the solid walls is the gallery space, and the space
between these partitions and the panelled walls is the office space. (The office
space combines the office area, meeting area and reception area.) Paintings/
artefacts may be hung either on the solid walls or the side of the partition
facing the solid wall. Both partitions can move in X and Y directions within
the available floor plate of 20 m x 12 m, and can be rotated to a maximum of
90 degrees. In order to avoid generating overlapping partitions, the second
partition is actually positioned relative to the first partition. The 90 degree
limitation to the rotation ensures that the two partitions always face the solid
walls. However for a given position of the gallery walls, there are 2 methods
of partitioning the internal space as shown in Figure 5. The method that results
in the desired ratio of partition of office and gallery areas is chosen.

Figure 5. Movement of gallery walls and the 2 methods of area partitioning.

5.2. EVALUATION PROCEDURE

The overall optimisation strategy is the same as Experiment A except that
the fifth criterion in this experiment is to achieve desired ratio of floor area
between office space and gallery space. The desired ratio of partition of office
and gallery areas is specified in the evaluation procedure.

5.3. ANALYSIS OF RESULTS

The 10,000 solutions generated for this experiment are analysed in 3D graphs
and a set of solutions are picked from the Pareto Front and are compared
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against each other on their performance. Figure 6 indicates both the internal
functional space arrangement and the external panel configuration for each of
the six selected solutions. Table 3 compares the values of the various perform-
ance criteria of these 6 solutions.

TABLE 3. Comparison of evaluation criteria for the 6 selected solutions of Experiment B.

Name of Average Average Cost (k-Euros) | Score for | Score for
solutions daylight factor | U-value area sun hours
(%) (W/m2k)
Solution A | 14.61% 0.84 190 3/4 4/4
Solution B | 12.82% 0.83 191 3/4 4/4
Solution C 14.10% 0.87 194 4/4 4/4
Solution D | 14.30% 0.88 193 4/4 4/4
Solution E | 14.10% 0.89 195 4/4 4/4
Solution F | 13.85% 0.90 194 4/4 4/4

Figure 6. Experiment B — Study of Pareto optimal solutions.
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The experiments considered both geometry and floor plan based variations
to a panelled building envelope scenario presented by Shea et al. (2006).
Experiment-1 evolved solutions with envelopes that opened up to daylight
in certain parts and were self-shading in certain other parts of the building,
thereby minimising the use of costlier panel types. (It was noted that the
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6. Conclusions
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actual cost of constructing such a fagade may be higher due to the complexity
of the geometry.) Experiment-2 evolved solutions with better internal func-
tional space efficiency for the same performance goals. The two experiments
demonstrate how designers can apply evolutionary techniques to explore dif-
fering combinations of design parameters and performance criteria early in
the design process during the conceptual stages. The VDM approach within
Houdini allowed complex developmental and evaluation procedures to be
developed without any advanced programming skills. The Dexen evolution-
ary system then allowed designers to setup and run advanced evolutionary
design explorations.

However, searching through the design variants within the archived evolu-
tionary data in order to make informed decisions was challenging due to both
the quantity and complexity of the data. When comparing solutions with more
than two performance criteria, it became difficult to visualise the strength of
each solution over the other. Alternative approaches that could be explored
include parallel projections, spider diagrams, and 3D and 4D graphs.

The experiments have demonstrated how designers could apply evolution-
ary algorithms to explore a wide range of design variants at early conceptual
stages of design process. Future research will focus on developing an improved
decision support system for analysing the archived evolutionary data.
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