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17 Examples of shape
grammars applied
in undergraduate
projects
a  Cultural history
museum in Italy
(Randy Brown,
UCLA, 1990)
b  Elementary school
in Los Angeles
(Michael Brown,
UCLA, 1994)
c  Fine arts museum
complex in Taipei
(Wei-Cheng Chang,
UCLA, 1992)
d  Apartment
complex in
Manhattan (Murat
Sanal, UCLA, 1995)

e  Cultural history
museum in Los
Angeles (Jin-Ho
Park, UCLA, 1993)
f  Underground
memorial to miners
(Michael Wilcox,
MIT, 2000) 

18 The use of shape
grammars raises
questions of design
process and
methodology
a  Student analysis
of her process using
shape grammars for
the design of a
complex housing
project and …

b  … the end product
of the grammatical
design process

19 Shape grammars
give rise to
emergent forms
that can be used for
input for further
computations
a  An example in
which an emergent
form is produced
after two
computation steps
and, …
b  … with a new,
emergent rule
added, continues to
develop



to which they apply were not expected.
Figure 20a is an example of anticipated emergence.

The first rule of the grammar concatenates
equilateral triangles. Knowing something about
equilateral triangles, it is easy to predict that the rule
will apply to create an emergent hexagon. In
anticipation of emergent hexagons, a rule that picks
out or does something to a hexagon is included in
the grammar. This is the second rule – a hexagon
finding rule. Anticipated emergence such as this is
key to analysis applications of shape grammars. In
analysis, emergence is necessary but must be
anticipated, so that only a limited range of designs is
computed.

Figure 20b is an example of possible emergence.
The first rule overlaps a triangle on top of an existing
triangle. Some experimentation with this rule
reveals an emergent fish. It comes up in the fourth
design computed. Knowing how this fish emerges
from the triangles, it is easy to predict that an
infinite number of such fish will emerge in
computations. In fact, a much smaller fish emerges
near the end of the computation. A rule that picks
out emergent fish is included in the grammar. This is
the second rule. It is applied in the fourth step and in
the last step of the computation. The first, triangle
rule generates a kind of triangular grid. A number of
other creatures besides fish might emerge from this
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grid. Perhaps a swan, perhaps a cat. Just in case these
creatures emerge, two other rules are included in the
grammar. But will these rules ever apply?

Figure 20c – a fragment of Figure 20b – is an
unanticipated emergence. Two overlapping fish
combine in an unexpected way to form a more
complex fish, a totally unanticipated fish. The
emergent fish is outlined with bold lines. In order to
do something with this emergent fish, a new,
emergent rule [Fig. 20d] can be added to the
grammar.

Another look at the design, and other unexpected
shapes may show themselves – such as the face
(outlined in bold) in Figure 20e. A new rule acting on
this new form can be defined in Figure 20f. While
perhaps unwelcome in analysis applications,
unanticipated emergence like this is key to design
applications. This is what happens when we design.
The way shape grammars handle emergence may be
viewed as a formal counterpart of Donald Schon’s
(1983) back talk and reflective interaction with the
stuff of design. It shows that creative behaviour in
design, at least in Schon’s sense, is not beyond
computation.

What makes emergence possible? The answer is
unambiguous – ambiguity. Ambiguity is the special
property of concrete things like shapes that lets you
see them in different ways whenever you like.
Ambiguity gets a bad press. One of the pioneers of
cognitive science, George Miller (1983), thinks
ambiguity is noise:

An interesting question for a theory of semantic
information is whether there is any equivalent for the
engineer’s concept of noise. For example, if a statement
can have more than one interpretation and if one
meaning is understood by the hearer and another is
intended by the speaker, then there is a kind of semantic
noise in the communication even though the physical
signals might have been transmitted perfectly.
(pp.495–496)

Perhaps Miller is right for cognition, at least if it is
rationality, but there may be more to it than this.
Ambiguity can be a designer’s best friend.

But how does ambiguity work and what can one do
with it in computations? Figure 21a is a good
example (see Stiny, 2001 for background and more
details). The figure on the left of this is rotated about
its centre to produce the figure on the right. This is
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20d

20c 20e

20f

20 With anticipated
emergence the
grammar author
writes the rules and
knows that certain
shapes will emerge,
with possible
emergence the
author thinks that
certain shapes may
emerge, and with
unanticipated
emergence shapes
that were not
anticipated emerge

a  Anticipated
emergence: a
grammar based on
equilateral triangles
leads predictably to
hexagons
b  Possible
emergence: a
grammar based on
overlapping
triangles leads,
predictably, to a
fish, and possibly, to
a swan or a cat
c  Unanticipated

emergence: the
grammar in 20c
leads to an
unanticipated
complex fish
d  An emergent rule
that acts on the
unanticipated fish
and …
e  … an
unanticipated face
also emerges …
f  … that enables a
new, emergent rule
to be added



simple enough, but try it with a rule that rotates
triangles about their centres. It is impossible! The
rule keeps the centres of triangles fixed when they
are rotated. But these centres rotate when the left-
most figure is rotated into the right-most one. How is
this done? Calculating with the rule, one can use
Figure 21b to find out. The trick is to see that the
fourth shape in this computation is both three
triangles – the rotated versions of the original
triangles – and two triangles as well. With the second
description, three triangles can be produced from
two that are rotated appropriately. The sequence of
triangles, without ever erasing or adding any, is 3 - 3 -
3 - 2 - 2 - 3 - 3 - 3 - 3. This is not magic. It is ambiguity.
And this is just what non-classical representations in
shape grammars are good for. Nothing is fixed in
advance. There are neither units, primitives, nor
definitions. 

But perhaps this is just an isolated computation.
How common is ambiguity anyway? It is everywhere,
whenever shapes are involved. For example, it is easy
to generalize the computation with triangles using
the shapes in the potentially infinite table shown in
Figure 21c. Ambiguity is anywhere you have a rule to
find it, and that’s everywhere. And if explanation is
desired, there is an algebraic theory about how all of
this works. Figure 22 depicts the algebras of shapes
for points, lines, planes, and solids (Stiny, 2001).
These algebras have a classification in terms of
whether or not the indices i and j are 0. Most
importantly, the atomic algebras are defined when 
i = 0. They formalize classical representation. There is
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21a

21b

21c

22

21 Emergence is made
possible by
ambiguity – the
property of concrete
things like shapes to
appear in different
ways
a  The top left figure
can be rotated
around its centre –
but not around the
centres of the
individual triangles.
The individual
centres themselves
rotate when the
whole figure is
rotated
b  Writing a rule for

21a: the fourth shape
is both 3 triangles
and 2
c  Ambiguity is
everywhere: it is easy
to generalize the
computation with
triangles using the
shapes shown

22 Ambiguity is
anywhere there is a
rule to find it – and
there is an algebraic
explanation for this.
Algebras for points,
lines, planes and
solids (see Stiny,
2001)
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23

24a

24b

24c

24d

23 Non-classical
process and non-
classical
computation

24 Eiform (Shea) is an
example of non-
classical/classical
computation
a  Shape rules used in
Eiform generate
forms that may or
may not be
structurally feasible

b  Computations
with these rules are
controlled by shape
annealing …
c  … that can lead to
impressive, artistic,
structurally sound
forms
d  A collection of
shape rules that
could be developed
in an evolutionary
process to define
grammars for floor
plans
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no reason to think that verbal and visual devices are
not both part of a single mathematical theory. The
non-atomic algebras for lines, planes, and solids are
defined when i is greater than 0. They take care of
non-classical representation.

Non-classical/non-classical computation
What happens when the kind of non-classical
representation described here is used in a non-
classical process? We have non-classical/non-classical
computation [Fig. 23].

There are not yet many examples of this. In non-
classical/non-classical computation, explicit
explanation may be abandoned, but effective results
are not. Kristina Shea’s (1999) program for generating
free form structures, called Eiform, is a good
example of non-classical/non-classical computation.
Figure 24a shows some shape rules used in Eiform.

The rules are general – so much so that they
generate forms that may or may not be structurally
feasible. However, computations with these rules are
orchestrated by a host of outside criteria. These
contribute to making the whole process non-
classical. Factors like efficiency, economy, utility, and

aesthetics are put together in an optimization
process called shape annealing [Fig. 24b]. The results
of computations are no longer explainable by the
shape rules or by the computations themselves.
Figure 24c shows the kind of impressive, artistic, and
structurally sound form that results. And, in a more
architectural vein, it is easy to imagine putting
together a collection of rules, say floorplan rules 
[Fig. 24d] that have been useful at one time or
another individually, and then seeing what the rules
do when they act and evolve together in an
evolutionary process. This is exactly what Hillis did
in evolving his number sorting programs. There is
no claim to explanation, because it is almost
impossible to know how the evolved grammars work.

There’s more …
Computation has been described in this paper in
terms of representation and process. However,
representation and process are just two aspects of
computation among a host of many, many others. In
many ways, computation is much like shapes. There
is always some other way to describe it that may
prove insightful. One’s work is never done.
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