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Date/Time: Aug 31 15:45 utc-7
Shade panel depth 4’
Total number of rays intersecting pool volume: 36
Number of exposed rays (yellow): 23 (63.89%)
Numberof shaded rays (green): 13 (36.11%)

Problem: The curved face of the Vdara Hotel in Las 
Vegas creates a solar convergence that raises poolside 
temperatures to over 50°C. Similar solar pollution problems 
have plagued Gehry’s Disney Concert Hall in Los Angeles. 
Traditional raster-based lighting analysis tools require too 
much time and expertise to be used interactively in the design 
process.

Algorithm:
1) Apply a matrix of points across the surface of a massing 
model.
2) At each point, reflect a solar vector for a specific date and 
time off the model surface.
3) Animate the solar model across dates and times to quickly 

assess when the reflected vectors converge into potential 
problem zones.
4) Select final design forms and verify they are problem-free 
using detailed raster-based analysis studies at the dates and 
times identified.

Take Away: Traditional raster-based solar techniques are 
too slow and too detailed to be used as an interactive design 

tool. Vector-based solar analysis on the other hand allows interactive 
design feedback and fast identification of potential problems. Simplifying 
and interacting directly with the solar vectors allows designers to 

quickly examine more potential forms, and to identify and 
avoid problematic ones before they become bad designs.
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Sky exposure: 49.75%

Sun revealed: 10:46 PDT

Sun obscured: 15:44 PDT

Example date: April 16th

Problem: The use of 3d Cartesian coordinates to create 
a virtual heliodon study of sky exposure from an urban site 
model is far too slow.

Algorithm: 
1) Project each model point onto a unit-scale sphere 
using spherical coordinates.
2) Hash the spherical points so that those which 
align in real space are quickly combined. 
3) Project connecting lines by creating great circle 
arcs between the end points.
4) Walk and intersect the great circle arcs to 
generate the overall shading silhouettes. 

Take Away: The algorithm enables us to understand 
how different scale buildings affect the shading of a site. 
Creating polyline silhouettes of the shading gives precise 
transition times from sun to shade. Translation into 
2d spherical coordinates is invaluable for 
simplifying real-time solar exposure analysis 
and providing annual overviews instead of specific 
date and time studies. Surface areas cut from these 
virtual heliodons give exposure measurements and 
comparisons. The result is fast and efficient rough 
analyses to better inform early conceptual 
design thinking.
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Problem: Algorithmically grown structural systems are used to create 
beautiful and complex modern building designs. Yet typical scripting discards 
the relationships between elements created in the generative design process 
and thus squanders invaluable information necessary for later stages of 
fabrication, such as in this example of structural tree columns. 

Algorithm:
1) Begin with a random spread of points on the pavilion roof. 
2) Cluster together closely-grouped points and create branches down 
to a node at the next lower level.
3) Retain the physical cluster and branch structure in software via a 
custom tree object class.
4) After reaching the pavilion floor use the tree object class to 
return up the tree and size elements appropriately as the branches 
divide.

Take Away: Object-oriented software design provides powerful 
mechanisms for collecting and encapsulating data. A software 
data structure can therefore be designed to both generate 
the model and at the same time store and annotate 
relationships necessary in the physical building process, 
resulting in firm-wide efficiency.
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Problem: Create a structurally intact field of randomly placed, 
non-overlapping circular openings. A straightforward approach of 
repeatedly dropping new circles and eliminating any that overlap 
previous ones – as suggested in Pamphlet Architecture 27: Tooling – 
becomes increasingly slower and less random as scale and density 
increase.

Algorithm:
1) Generate a field of random points.
2) Create a Voronoi tessellation to divide into cells.
3) In each cell, for each triad of edges, create the largest 
contained circle and keep the largest one found. 
4) If any two circles touch, reduce their diameters to create 
required non-overlap.

Take Away: Computers excel at handling large numbers of 
objects and data. However, brute force or naive algorithms that 
fail to take advantage of design information will eventually 
bring the computational process to its knees. Computer 
science provides the expertise to determine which 
problems are tractable, which are not, and which can 
be solved using better algorithms when initial 
approaches fail.
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Problem: 
Algorithms for optimizing placement 
of building program elements excel at providing initial coarse locations 
but often bog down when adjusting them to find a final, valid, non-overlapping 
placement.   

Algorithm:
1) Generate an initial rough placement of rectilinear building program 
elements.
2) Successively relax each element pair’s position such that the objects are 
either above, below, or to one side of each other.  
3) A minimal relaxation automatically generates an overall minimal 
displacement from the initial positions.
4) Continue until no objects overlap or until so many relaxations have 
occurred that a cycle must exist in the constraint graph, that is, no possible 
valid solution exists.

Take Away: The non-overlap problem may be reduced to one in which each 
constraint is composed of the difference between two variables, in this case the 
x, y and z relationships between object pairs. This reduced problem is solved 
using a fast, custom relaxation algorithm I developed for integrated circuit 
placement. Building optimization – particularly the use of genetic algorithms for 
form generation – is currently gaining a great deal of attention in the architectural 
CAD community even though other industries have extensively used optimization 
algorithms for years. Mining these industries for successful approaches 
to solving closely-related problems results in powerful new 
techniques for architectural design.
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forall R,G in objects, satisify:
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Problem: Analysis of a folding shade device requires a formalized 
understanding of the folding patterns. Commonly used software 
relaxation techniques do not formalize the folding process; they become 
slow when applied across large arrays and result in loosely connected 
elements.

Algorithm:
1) Start with a given sequence of leaves and rotation axes.
2) Identify the single constraining plane that controls how the origami 
leaves align.
3) Create a circle of rotation for each leaf and axis.
4) Rotate the leaf and all subsequent leaves to the degree that the 
rotation circle intersects the constraint plane.

Take Away: Understanding the geometric constraints controlling an origami 
structure provides a precise mechanism to model and animate folding without 
falling back on expensive iterative relaxation techniques. The folding of a 
single element repeated across an array can create a folded screen, provide 
understanding of stress patterns in the material, allow shading 
analysis, and aid in digital fabrication.
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