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This paper explores a generalized specification for descriptions and description
rules, on the basis of an extensive overview of applications of description
grammars in literature. The aim of this research is to establish a formal
representation for description rules and the implementation of a grammar
interpreter that supports the specification of description grammars, discursive
grammars or, in general, shape grammars including textual descriptions.
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INTRODUCTION

"Designers work with descriptive devices of many
kinds. These may be spatial or symbolic" (Stiny 1991,
p.171). Descriptions may serve to compare designs
to find similarities and descriptions can sometimes
be generated. Shape grammars have been used for
both: they are a formal rewriting system for produc-
ing languages of shapes. When we are describing
architecture, we are both interested in the descrip-
tion of the specific architectural object and in its re-
lation to other, similar architectural objects. While
shape grammars have been extensively used for this
purpose, shape descriptions of architectural objects
are lacking, as Stiny (1981, p.257) noted, "main de-
tails of the functional elements comprising designs
in these languages are provided in the informal, ver-
bal descriptions of the shape [rewriting] rules used."
Stiny proposed to augment a shape grammar with
a description function in order to construct the in-
tended descriptions of designs. He also illustrated
the application of a description function with designs
made up of blocks from Froebel's building gifts. Stiny
(1981, p.258) indicated that the formal representa-
tion of descriptions, together with the descriptions

themselves, would "likely have to be worked out on a
case-by-case basis". More than thirty years later, quite
afew researchers have adopted the idea of a descrip-
tion function or scheme, often specified as a descrip-
tion grammar, in conjunction with a shape grammar,
to qualify designs both spatially and descriptionally.
As such, we have a number of examples that we can
draw generalizations from in order to attempt to es-
tablish a formal representation of descriptions that,
if not all, will support a significant number of these
examples.

An elaborate literature study revealed 116 publi-
cations (and reports) referencing Stiny's paper, 37 of
which actually include the specification and/or illus-
tration of a description scheme of a textual nature,
referring to 16 distinct accounts. Due to space con-
straints, we present only a subset of these sixteen
accounts. Next, we briefly describe these descrip-
tion schemes and their use, present an inventory of
the representational components prescribed in these
schemes, propose and illustrate a generalized spec-
ification for descriptions and description rules, and
touch upon its representation.
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DESCRIPTION SCHEMES AND THEIR ILLUS-
TRATIONS

Brown et al. (1996; also, Brown and Cagan 1997)
consider a description function that generates pro-
cess plans for the manufacturing of objects manufac-
turable by a given process. The objects themselves
are generated by a parametric attributed set gram-
mar, but redefining the grammar instead as a shape
grammar (with constraint specifications) would not
impact the description function as such. Separately,
Brown (1997) exemplifies volume calculation as a de-
scription function for a grammar specifying a lan-
guage of stepped grooved shafts.

Agarwal (1999; also, Agarwal et al. 1999) consid-
ers a description function that yields cost expressions
or equations that can be evaluated to reveal the cost
of a design as the design develops through the gen-
eration process. This can be used to provide feedback
on how design changes affect the cost and thus pro-
viding feedback on the generation process; but it can
also be used to guide the generation process by cost
preferences or constraints.

Li (2001; also, 2004) applies a description func-
tion to the specification of a shape grammar for
(teaching) the architectural style of the Yingzao fashi
(Chinese building manual from 1103). The descrip-
tions that are generated are taken from the anno-
tated Yingzao fashi (Liang 1983) and, similarly to
Stiny's (1981) illustration of description functions, the
descriptions reflect on the spatial elements that con-
stitute the design and the way these are combined.
Li considers various descriptions (nine in total, spec-
ifying measures and descriptions of width, depth,
height), as well as drawings (seven, from plan dia-
gram to plan, section and elevation), in parallel.

Duarte (2001; also, 2005a) considers a discursive
grammar to incorporate a shape grammar, a descrip-
tion grammar and a set of heuristics, at least from a
technical viewpoint. The use of heuristics is intended
to constrain the rules that are applicable at each step
of the design generation. From an operation view-
point, a discursive grammar combines a program-
ming grammar generating design briefs based on
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user and site data and a designing grammar using
the design brief(s) to generate designs in a particular
style. Both programming grammars and designing
grammars utilize description grammars, though only
the designing grammar complements the descrip-
tion grammar with a shape grammar. Duarte and col-
leagues apply discursive grammars, among others,
to the Portuguese housing program guidelines and
evaluation system (PAHP) and the houses designed
by the architect Alvaro Siza at Malagueira (Duarte
2001), to urban design (Beirdo 2012) and to hous-
ing rehabilitation (Eloy 2102; also, Eloy and Duarte
in press [1]). Descriptions, in these applications, take
various forms. Duarte (2005b; also, 2001) presents
the Malagueira grammar, separately, as a designing
grammar only. Here, descriptions represent func-
tional zones and their adjacency relations.

Stiny (2006) presents description rules for Palla-
dian villa plans that count the number of rooms and
assign plans to equivalence classes and explores the
use of such descriptions to set goals to guide and
control the design process. Ahmad (2009; also, Ah-
mad and Chase 2006) proposes to augment a shape
grammar with a style description scheme based on
the concept of semantic differential to map the style
characteristics of shape rules. Al-kazzaz (2011; also,
Al-kazzaz et al. 2010) considers descriptions in shape
grammars for hybrid design, where the descriptions
provide feedback on rule application based on com-
parisons between the generated design and the an-
tecedents in the corpus. Additionally he considers a
user guide specified as sets of antecedent labels.

Finally, Stouffs and Tuncer (in press) consider a
description scheme in the context of the generation
of historical architectural typologies, generating an
instance of the typology of classical period Ottoman
mosques of the architect Sinan from an ontological
description thereof. Descriptions come in two forms,
as an XML specification and as a set of labels.



REPRESENTATIONAL COMPONENTS OF
DESCRIPTIONS AND DESCRIPTION RULES
Few of the publications investigated offer specific,
detailed examples that give insightinto the construc-
tion and manipulation of descriptions and descrip-
tion rules. All avoid the question of implementation
with respect to the general application of descrip-
tions and rules, although Duarte and Correia (2006)
explain how to implement specific examples. In par-
ticular, Duarte and Correia describe the implemen-
tation of a description grammar where the descrip-
tion rules are specifically encoded (hard-coded) to
handle custom description structures. Duarte et al.
(2012, p.84) identified the lack of a (general) descrip-
tion grammar interpreter as one of two reasons for
adopting a different strategy considering an ontol-
ogy to represent urban program formulation rules
and an ontology editor as the rule interpreter, the
other reason being the complexity of the urban for-
mulation problem.

Below we inventorise the representational com-
ponents that each of the accounts prescribes. Primar-
ily, these are numbers with operations of sum, dif-
ference, etc., strings with the concatenation opera-
tion, and lists of any of these components, including
lists of lists, with various list operations. Lists can also
serve to represent points or vectors, segments, etc.

Stiny (1981) considers descriptions containing
multiple sections separated by the '#' symbol. Oth-
ers consider multiple descriptions handled in parallel
(e.g., Li 2001; Duarte 2001). While all schemes con-
sider (a) textual description(s) to be specified in paral-
lel to the shape description(s), Beirao (2012), instead,
considers multiple instances of a description, each
linked to a particular shape 'object’.

Numbers

Stiny (1981; 2006), Li (2001) and Beirao (2012) all con-
sider descriptions as integers for counting, with op-
erations of addition, subtraction and/or multiplica-
tion. Brown (1997), Duarte (2001), Al-kazzaz (2011)
and Beirdo (2012) consider descriptions as real or
floating-point numbers, expressing area, volume and

cost, among others, with various mathematical op-
erations, including division and exponentiation. Al-
most all authors consider numbers, and operations
on numbers, as part of more complex descriptions.

Enumerations

Duarte (2001; 2005b), Ahmad (2009), Al-kazzaz
(2011), Beirdo (2012), Eloy (2012) and Stouffs and
Tunger (in press) all consider enumerations of terms,
for example, denoting functions, spaces, qualifica-
tions, rule labels, ontological terms, etc. Distinct from
strings (as addressed below), enumerated terms are
fixed — though a description rule may replace one
term by another —, they always form separate enti-
ties in a tuple when collected in a description, and
they generally do not contain any special characters.
While almost all enumerations are grammar-specific,
Duarte (2001) proposes an enumeration of 'true' and
'false’

Lists

Next to integers, Stiny (1981) considers coordinate
pairs, tuples (of fixed length) of coordinate pairs
(specifying the boundary points of (linear) open-
ings or of spaces or 'rooms'), sequences (of variable
length) of coordinate pairs, sequences of tuples of co-
ordinate pairs, and an adjacency matrix, all of which
can be represented as lists, of fixed or variable length
(Stiny (2006) only considers pairs of integers). Li
(2001) considers both tuples and sequences of in-
tegers, and triples of textual descriptions (strings).
Duarte (2005b) considers a sequence of tuples com-
bining entities of different types: an integer, terms
(from an enumeration), and a set of terms (from the
same enumeration). Brown et al. (1996), conversely,
consider a tuple combining sequences of numbers,
a sequence of terms (from an enumeration), and a
sequence of pairs of (either) integers or terms, next
to a number. Duarte (2001) maps out a large num-
ber of parallel descriptions, considering tuples, se-
quences, and nested variations thereof, of various
types, including mixtures of numbers, terms (enu-
merations and strings) and tuples/sequences. We
will denote all nestings of tuples and/or sequences
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as structured lists, because these can generally be
considered as having a predefined tree structure of
tuples, sequences, and their entities, where entities
within a sequence are commonly of the same type,
though entities in a tuple may have different types.
Among all description schemes, there are very few
exceptions to this rule. Among the schemes here re-
viewed, Ahmad (2009), Beirdo (2012) and Eloy (2012),
similarly, consider structured lists of various kinds.

Stiny (1981) considers an append operation on
lists, simply using a space to separate the list and the
element to be added. Though not explicated as op-
erations, he also considers retrieving the last coordi-
nate pair of a list, determining the number of distinct
coordinate pairs in a list, retrieving the distinct num-
ber of adjacent coordinate pairs in a list, retrieving
loops of coordinate pairs in a list, etc. All these op-
erations, and others, are not specific to lists of coor-
dinate pairs and can easily be generalized to lists of
any type, and provided as functions to be applied in
description rules. Brown et al. (1996) consider oper-
ations to retrieve the first element or elements from
a list and to prepend one or more elements to a list,
using a shorthand notation borrowed from logic pro-
gramming in which an initial number of elements of
the list, separated by spaces, is followed by a separa-
tor ', and then a parameter for the remainder of the
list. Additionally, they consider a function to reverse
alist, so as to allow the list to be operated upon from
the back as well. Duarte (2001) also uses an append
operation on lists but, additionally, considers an ad-
dition operation on tuples that have the same struc-
ture (i.e,, length and entity types). Adding two tuples
adds the respective entities: if both entities are nu-
meric they are summed, if both entities are enumer-
ated terms they must be identical, if one entity is a
(variable length) list, the other is appended to this list,
if both entities are tuples then addition is applied re-
cursively.

Parentheses, angle brackets and square brack-
ets are all used as enclosing brackets to identify lists,
even by the same author(s), though parentheses are
never used in the case of a list of variable length. EI-
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ements within a list are separated with commas or
semicolons. Sometimes, enclosing brackets are omit-
ted at the top level of the tree structure and, in a few
cases, separation marks as well, leaving only spaces
to separate the entities.

Sets

Brown et al. (1996) also consider a set notation, us-
ing curly brackets, though their set is in other ways
indistinguishable from a variable-length list. Duarte
(2005b), Al-kazzaz (2011) and Stouffs and Tuncer (in
press), on the other hand, use sets for their ability to
identify and remove individual elements from a set
without having to be concerned with the size of the
set or the ordering of the elements in the set. Eloy
(2012) uses a variable-length list notation in the ab-
stract specification of the various, parallel, descrip-
tions, but omits the list and identifies only the indi-
vidual elements of concern in the specific descrip-
tion rules. A set representation is undoubtedly more
appropriate here. Duarte (2001) considers tables as
fixed descriptions, containing dimensional and cost
information. Here too, each table can be represented
as a set, of triples, where each triple specifies the row
and column indices and the corresponding cell value.

Strings

Li (2001) and Stouffs and Tunger (in press) both con-
sider textual descriptions that can be represented
as strings with operations of concatenation and re-
placement. Li considers as a description a triple of
strings, each describing a specific aspect, that to-
gether form a single statement about the building
style. Stouffs and Tunger consider an ontological
description in the XML format represented as a sin-
gle string that is built up through description rules.
Both description schemes necessitate the ability to
parametrize parts of the string and rebuild the string
from these parts and additional, explicit writing. Li
(2001) omits any quotes, any explicit concatenation
operator, and distinguishes parameters only through
the use of italics. Stouffs and Tuncer (in press) use
quotes to identify explicit text from parameter speci-
fications and use the ' as concatenation operator.



Other schemes also consider entities that can be rep-
resented as strings. For example, the enumerations
of terms mentioned above. Duarte (2001) considers
names of people as an entity type, and Brown et al.
(1996) consider labels for tuple entities to improve
readability.

Conditionals

Li (2001), Duarte (2001), Beirao (2012) and Eloy (2012)
all consider conditional specifications that addition-
ally constrain rule application and cannot simply be
captured in an explication of the left-hand side of the
rule. Forinstance, a rule may apply in a number of dif-
ferent cases that correspond to different values for a
single description entity. Short of specifying different
rules corresponding the different values, which could
work in the case of an enumeration but would fail in
the case of a real numeric interval, conditional spec-
ifications may allow a parameter to be constrained
beyond a single value. For example, Duarte (2001),
Beirao (2012) and Eloy (2012) present numerous ex-
amples where parameters can take a limited set of
values. Li (2001) and Eloy (2012) both consider nu-
merical conditions constraining one numeric valuein
function of another numeric value, or values, all part
of the same description. Note that Brown et al. (1996)
also consider rule variants that include conditional
specifications but these can easily be captured in a
further explication of the left-hand side of the rule.

References

Li (2001) and Stiny (2006) consider description rules
referencing the current value of other, parallel, de-
scriptions, in the specification of the right-hand-side
of the description rule. For example, having one
description count the number of rafters, another
description describes the disposition of the beams,
including the resulting number of rafters. Duarte
(2001) similarly considers description rules referenc-
ing other parallel descriptions, however, including
only a specific entity rather than the entire value of
the other description into the specification of the
right-hand-side of the description rule. Duarte (2001)
sorts this out through conjunctive description rules

where the entity in question is identified by a param-
eter in a description rule that, otherwise, leaves this
other description unchanged, such that this param-
eter can be referenced in the description rule where
its value is needed.

Brown et al. (1996), Brown (1997) and Agar-
wal (1999) consider description rules explicitly ref-
erencing shapes and shape rules. Of course, all au-
thors consider description rules to apply in conjunc-
tion with shape rules. Such conjunction may imply
dependencies. For example, Duarte (2001; 2005b),
Beirdo (2012) and Eloy (2012) consider shape rules
and description rules to use the same labels. Further-
more, they consider conditionals (see above) to ap-
ply concurrently to both shape and description rules.
The dependency is thus implied in the conditional. In
contrast, Stiny's (1981) description rules are specified
as independent of the shape rules. Though they col-
lect coordinate pairs specifying boundary points of
(linear) openings or of spaces or 'rooms, made up of
blocks from Froebel's building gifts, the relative co-
ordinates of subsequent coordinate pairs are hard-
coded in the description rules, considering a distance
of one between adjacent boundary points. On the
other hand, Brown's (1997; and similarly, Brown et al.
1996) description rules for volume calculation require
the conjunctive shape rule to provide values for the
diameter and length of the section when adding a
new section to the shaft, and values for the diame-
ter of the section and the width of the groove, when
adding a circumferential groove to a section of the
shaft. While Agarwal's (1999) cost equations make
explicit reference to characteristics of the shape un-
der rule application, such as its dimensions, these are
not evaluated during rule application. However, in
order to provide feedback on how design changes af-
fect the cost during the generation process, the cost
equations must be able to be evaluated on the corre-
sponding shape at any time.

Others
Theinventory above is not complete. In fact, it would
likely require a rewrite of the respective schemes, or
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anin-depth reflection from the scheme's author(s), to
identify all variations within the schemes. In this re-
spect, it should be noted that Al-kazzaz (2011) offers
no explication of description rules, describing them
only conceptually. Lacking even a detailed expla-
nation, we can only guess at how the rules might
be explicated. Below, we list other representational
components encountered that merit mention, even
if briefly.

Both Stiny (1981) and Duarte (2001) define an
'empty’' entity, respectively denoted e and nil. Such
entity may denote zero, an empty string, an empty
list, or even a tuple of zeros (e.g., zero vector). Li
(2001), Duarte (2001; 2005b), Beirdo (2012) and Eloy
(2012) also adopt the symbol '@' for empty lists.

Li(2001), Duarte (2001; 2005b), Beirdo (2012) and
Eloy (2012) allow rules to request or necessitate user
input. Specifically, Li (2001) and Beirdo (2012) iden-
tify a series of variables for input by the user, the
input for which can be provided beforehand or, if
missing, at rule application. In the case of Duarte
(2001; 2005b) and Eloy (2012), however, the same
rule might be applied more than once, with differ-
ent input values, therefore necessitating user input
at rule application.

Brown et al. (1996) and Duarte (2001) both con-
sider functions as part of description rules that are
specific to the grammar under consideration. In the
case of Brown et al., these functions are themselves
expressed as description rules, though not necessar-
ily operating on the same or similar descriptions. In
the case of Duarte, these functions are not explicated,
and seem to be an indication of description rules that
are too complicated to express otherwise. Without
going into detail, we would like to note that Knight
(2003) proposes functions encoding algorithms to be
embedded in description rules.

A SPECIFICATION FOR DESCRIPTIONS
AND DESCRIPTION RULES

Our aim is to establish a formal, generalized repre-
sentation of descriptions that, if not all, will support
a significant number of the variations in descriptions
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and description rules offered in the schemes pre-
sented above. Before we address the actual repre-
sentation, we will outline the components of a gen-
eralized specification for descriptions and descrip-
tion rules. Obviously, descriptions must be allowed
to include numbers, strings, lists and sets (of de-
scriptions). Additionally, description rules must be
allowed to include various operators and functions
as well as variables, acting as parameters, and refer-
ences to values specified elsewhere (e.g., values of
other descriptions, including shape descriptions, and
values of variables defined in conjunctive description
rules). Within the left-hand-side of a description rule,
such references must form part of conditionals on
variables. We forego user input values and references
within descriptions — as opposed to description rules
— here.

Numbers

Numbers can be integers or floating-point numbers;
operators on numbers are addition ('+'), subtrac-
tion and negation ('-'), multiplication (*'), division
('/"), modulo ('%') and exponentiation (). The usual
operator precedence rules apply and parentheses
can be used to override these rules. Numerical ex-
pressions can be extended to include other math-
ematical operators as functions, e.g., square root
('sqrt’) and trigonometric functions. Though we do
not intend to support logical expressions, observing
Duarte (2001), we assume the keywords 'true' and
'false’ to represent 1 and O, respectively.

Strings

Strings must be quoted, using double quotes; the
only operator on strings is the concatenation oper-
ator (V), though it also serves to identify substrings
in the matching process. Thus, we adopt Stouffs and
Tunger's (in press) notation for machine readability,
though Li's (2001) notation would be preferable from
a human reader's point of view. We envision that the
more explicit notation can always be parsed and pre-
sented in the latter format, if desirable. We reserve
unquoted terms, i.e,, identifiers, for variables (within
description rules) and references. Thus, enumera-



tions are not explicitly considered (except for 'true’
and 'false;, see above) and, if appropriate, must be
used as (quoted) strings.

(Structured) Lists
Lists include specifications of points, vectors and line
segments. As mentioned above, most authors show
quite a variety in how lists are identified with (or with-
out) enclosing brackets and separation marks. Con-
sidering that descriptions must be human-readable,
foremost, there is no reason not to support such vari-
ety. In order to avoid any ambiguities that may arise,
we suggest disambiguation rules to mimic as much
as possible how we, humans, might interpret such
situations. As an example, a minus sign separating
two numerical entities, the first one of which might
be represented as a variable, should be interpreted
as such, specifying a subtraction, even when it might
be possible to consider it instead as a unary negation
within a list of (at least two) numbers, with separation
marks omitted. Unable to go into more detail within
the space of this paper, we must acknowledge that
such mimicry might imply some subjectivity.

Operators on lists are append, prepend, and
addition. Brown et al. (1996) suggest a nota-
tion borrowed from logic programming, uniquely for
prepend. Instead, we borrow from regular expres-
sions the ability to collect any number of elements
from a list in a variable by adding a postfix *' or '+' to
the variable specification, denoting a list of zero, one
or more, respectively, one or more elements. In this
way, we do not play up prepend over append. The
absence of a separation mark identifies an append or
prepend operator. In order to distinguish the entity
to be appended or prepended from the list, we in-
tend to rely on the structural similarity of the entity to
the entities within the list, in a similar way we humans
would do so. Lists of equal length and corresponding
entity types can also be added ('+'), following Duarte
(2001) (see above).

Additionally, we consider e and nil as entity
placeholders, i.e., denoting an empty entity, whether
zero, an empty string or an empty list.

Variables

Variables are specified as identifiers and defined
within the left-hand-side of the description rule,
where, as a parameter, each is matched onto an en-
tity, list of entities or part of a string. Duarte (2001), in-
stead, suggests variables to be prefixed with a ques-
tion mark, though he only applies this convention
during matching, and may reuse the same name
within the same rule with different intention. When
reused in the right-hand-side of the description rule,
the variable refers to the matched item. For example,
the description rule a — a — 1 applies to a numer-
ical description and subtracts one from the numeri-
cal value; the rule "central_dome".s — "arch central_-
dome "s prepends "arch" to a string, but fails if the ex-
isting string does not start with "central_dome"; the
rule s1." arch "s2 — s1." arch "s2 leaves the existing
string unchanged, but ensures that "arch" is already
present within this string.

Conditionals

We propose a shorthand notation for conditional
specifications incorporated within the left-hand-side
of the description rule, adding a question mark im-
mediately following the definition of the variable,
trailed either by a set of admissible values or a con-
ditional expression referring to a previously defined
variable (see below for an example).

Descriptions and sets

Most authors consider unique, parallel descriptions.
Stiny (1981), instead, considers a single description
with multiple sections, each separated by the ' # '
symbol. Beirdo (2012), on the other hand, considers
multiple instances of a description, each linked to a
particular shape 'object’ Others consider sets of de-
scriptions.

For parallel descriptions, we intend to rely on
the sortal grammars framework (Stouffs 2012), which
considers a compositional approach to the represen-
tational structures underlying (augmented) shape
grammars, allowing for a variety of grammar for-
malisms, including parallel grammars — at least to
some extent —, to be defined and explored. Particu-
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larly, the sortal grammars framework currently sup-
ports parallel grammars on condition that the par-
allel design descriptions, including spatial ones, do
not specify rules to apply under the same transforma-
tions. In practice, therefore, sortal grammars do not
(yet) support parallel shape descriptions, as shape
rules commonly apply under a similarity transforma-
tion. However, omitting transformations on textual
descriptions, they would support parallel textual de-
scriptions, even in conjunction with a shape descrip-
tion. Suchis sufficient for our investigation. Note that
the association of descriptions to shapes, in support
of Beirdo (2012), can also be achieved within the sor-
tal grammars framework (Stouffs 2012).

Itis straightforward to support descriptions with
multiple sections, as Stiny (1981) suggested. Any
special character that will not be confused for any
other purpose, such as the '#' symbol, can be used
to separate sections within a description. Variables
must be defined to match within a single section,
e.g., #al#a2# will match a description specifying two
components.

We support sets through the ability to specify a
set of instances of a single description. That is, sets
cannot occur within a unique description, butany de-
scription can exist as a set. Similar to a shape rule, a
description rule applying to a set of descriptions only
needs to specify the subset of those descriptions that
are affected by the description rule.

References

The sortal grammars framework (Stouffs 2012) cur-
rently offers a functional description that allows the
formulation of functional expressions to perform cal-
culations over data queries on descriptions, includ-
ing spatial ones. The calculation is continuously up-
dated upon alterations of the descriptions involved.
With some modifications, this can support the de-
scription of (cost) equations as exemplified by Agar-
wal (1999). Data queries are specified by the name of
the description and of a predefined property of this
description, e.g., the vector position of a point or the
length of a line segment. As such, it is not specific
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to any single data entity, e.g., point or line segment,
but with the addition of conditionals, such could be
achieved. This reference system could be further ex-
tended to provide access to the variables defined
within the left-hand-side of a conjunctive rule.

EXAMPLES

Here, we present a limited number of examples il-
lustrating the reformulation of rules and descriptions
from the schemes presented above into our pro-
posed generalized specification.

Stiny (1981, p.263) includes a description func-
tion g5 affecting four description components:

aq < (x,y); where (x, y) is the last coordinate pair

in the sequence of coordinate pairs a;

ay < p; where p is the number of distinct coor-

dinate pairs in a;

a3 < q; where g is the number of distinct sets of

adjacent coordinate pairs in aq

dg < [rooms]; where rooms is a (possibly

empty) list of the rooms defined by a,

Adopting the rule notation a — b, and specifying the
full description function, we write:

g5: #al#a2#a3#ad4#as#aba’#a8# —

#last(aT)#length(unique(aT))

#length(unique(segments(aT)))

#loops(al)#ast#a6#ar#a8i#
where al through a8 define eight variables corre-
sponding to the eight sections in the description and
last(), length(), unique(), segments() and loops() are
predefined functions operating on a list and result-
ing in, respectively, its last element, its length, a list
of its unique elements, a list of pairs such that the ith
pair is made up of the it and (i+1)th elements of the
operand list, a list of lists identifying the loops in the
operand list.

Li (2001, p.34) includes a description rule B46,
with conditional specification, affecting two entities
from the triple description of the building style:

B46: Foraj +ap =v

ay infront, ap in back — ay abutting a,

b3 — with ¢ -1 columns



This is a grave simplification of the actual rule opera-
tion. The value for v can be taken from the first entity
in the triple; the value for ¢ from the third entity in the
triple; the second entity contains addition text. Tak-
ing into account the necessary expansions, we write:

B46(b): v."-rafter building" b.", ".a1."-rafter beamin
front,"a2?=(v — a1)."-rafter beam in back"
"with ".c!" columns" —
v.!"-rafter building" b.", ".a1."-rafter beam
abutting ".a2."-rafter beam" "with ".(c — 1).
" columns"

where B46(b) refers to rule B46 applying to descrip-
tion 'b} enclosing brackets and separation marks for
the triple are omitted, variables v, b, al, a2 and ¢
match diverse substrings, a conditional specifies a2
to be constrained as equal to the value resulting from
v —al,and 1 is subtracted from the value of c in the
right-hand-side of the rule.

Duarte (2005b, p.358-360) presents a description
rule R9 depicting the case in which the outside zone
is dissected into yard and sleeping zones:

R9: <F1; fb, fr, ff, li; 0; Z> —

<F1; fb, fr, ff, li; ya, sl; Z — {ya, sl}>,

ya, sl € Z ={required zones};
where the label 'F1" indicates the 15t floor stage of
the derivation; fb, fr, ff, and the labels 'li' — living
room — and 'o' — outside zone — identify the func-
tions associated with adjacent rectangles at the back,
right, front, and left side and with the rectangle cur-
rently under rule application; the labels 'ya' — yard —
and 'slI' — sleeping zone — identify the functions of
the resulting rectangles; and Z is the set of required
zones. Additional control conditions constrain the
correspondingly resulting functions for the 2" fioor
stage, though the rule itself only applies to the 15t
floor stage.

We suggest to split the description correspond-
ing the first and second floor and, necessarily, con-
sider the set Z as a separate description as well. We
write:

RO(F1): a* <fb, fr, ff, "Ii", "0"> b* —
a<"sl', fr, ff,"li", "ya"> <fb, fr, "ya", "li", "sI"> b

R9(Z1): {"ya","sI"t — {}
where a* and b* determine any number of 'rectan-
gles' that may precede or follow the 'rectangle' under
rule application within the total list of 'rectangles' yet
defined.

A REPRESENTATIONAL STRUCTURE FOR
DESCRIPTIONS

While the descriptions here considered are textual in
nature, in order to support the matching of descrip-
tions, a different representational structure may be
more appropriate. While description rules may be
specified in a textual manner by the author of the
rule, and stored as such, within the shape/descrip-
tion grammar interpreter, a tree structure represen-
tation will be used for both descriptions and the left-
hand-side of description rules, in order to support the
matching of both. Tree leaves consist of literals and
variables, where literals represent numeric and string
entities that serve as constraints in the matching pro-
cess, and variables specify parameters that can be
matched to entities and tree substructures. Addi-
tionally, conditions can be imposed on variables to
further constrain matching. Non-leaf nodes repre-
sent lists and string concatenations. In the case of a
list, each entity may correspond to a child node or a
single 'variable' leaf node may imply a collection of
zero, one or more entities from the list. Similarly, in
the case of a string concatenation, the non-leaf node
should match a single leaf node, expressing the ac-
tual string to be matched.

CONCLUSION

We have presented a generalized specification for de-
scriptions and description rules with the aim to estab-
lish a formal representation for description rules to
support a large variety of applications of description
grammars. For this purpose, we have included an ex-
tensive overview of description schemes found in lit-
erature and developed our specification on the basis
of these schemes. The ultimate aim of this endeavor
is to facilitate the exploration, development and im-
plementation of description grammars. Active devel-
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opments are a formal representation for descriptions
and description grammars, and an implementation
within the sortal grammar framework.
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