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Abstract. A discursive grammar is a generative design method that is 
capable of deriving architectural forms from design semantic require-
ments, one of which is spatial topology. Topology (spatial connectivi-
ty) is one of the conventional properties considered as part of the dis-
cursive grammar process. However, in past research using this 
approach, the impact of visual, rather than physical connectivity on 
design has not been effectively demonstrated. One reason for this is 
the inefficiency of the graph representations of space that are conven-
tionally used in constructing a discursive grammar. To establish a 
foundation from which to address this issue, this paper proposes a 
new, graph-based model for spatial representation and visualisation, 
that is able to support the consideration of a number of spatial proper-
ties which are not available in current graph representations. This new 
conceptual approach to the topological graph method codes additional, 
spatio-visual properties of architecture in such a way that they can be 
considered in the discursive grammar.  
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1. Introduction  

How can we predict the way in which people will use space and how can we 

generate space that responds to, or accommodates, these uses? Franz and 

Wiener (2008) argue that space and form are of fundamental importance to 

studying the way people perceive buildings and behave in them. However, 

systems that seek to predict the way people will respond, and those which 

seek to generate distinct behaviours, are rarely connected. One design ap-

proach that incorporates a simultaneous consideration of both prediction and 
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generation into design decision making is discursive grammar (Duarte, 

2001). This approach develops a parallel model of architectural form and its 

semantic properties that rely on a linkage between the form and its modifica-

tion and their corresponding semantic consequence (and vice versa). This 

combination ensures that each stage of the design generation process is in 

accordance with the expected semantic values; typically associated with 

functional groupings, permeability and connectivity (Duarte, 2005). Thus, a 

discursive grammar has decision making, generative and evaluative systems, 

combining the predictive and the responsive parts of design process.  

While the discursive grammar encompasses many of these semantic con-

siderations, one area of weakness is its lack of consideration of the visual as-

pects of space; not only in the generative side of the process, but also in the 

decision making part. Such visual properties are crucial for understanding 

how spaces are connected to each other and for shaping perceptions of pri-

vacy, permeability and continuity. In existing discursive grammar research, 

the definition of such spatial properties is limited to the accessibility of spac-

es effectively ignoring (inter)visibility factors. Thus, this paper analyses the 

current approach of discursive grammar to distinguish various inconsisten-

cies related to the visual aspects of spatial relationships. Thereafter, the pa-

per proposes a conceptual model to provide additional levels of coding to a 

graph representation of space, such that it may be used to capture and repre-

sent information about both accessibility and visibility. Through this process 

the paper seeks to provide a more advanced and nuanced foundation for fu-

ture research using this approach to architectural design.  

Because this position paper focuses on the conceptual development of the 

new, graph-based model, it does not describe a detailed example of a discur-

sive grammar or the way it addresses specific issues of space and shape. In 

addition, the scope of this conceptual development is limited to an abstract 

geometry of space and simple definition of view as visibility, disregarding 

several other significant factors and qualities. This is due to the need for a 

simple and repeatable method of representation. These issues which are out-

side the scope of the present paper will be explored and addressed during a 

future demonstration of the conceptual model.  

2. The Discursive Grammar 

A ‘grammar’ is a set of rules that are applied recursively (sequentially and 

iteratively) to a system to produce an outcome (Duarte, 2005). The most well 

known architectural example of this approach is shape grammar (Stiny and 

Gips, 1972). Shape grammar consists of a set of rules which indicate how a 

shape changes into another shape (Figure 1). A shape grammar commences 
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with an initial shape or composition (S0 in Figure 1) which is transformed 

through the application of a series of rules (R1 to R3) to achieve a final com-

position (Stiny, 1980). By using parametric transformations of shapes and 

multiple options for rule application, the shape grammar method is capable 

of generating a wide range of designs (Knight, 1999; Duarte, 2001). Some 

famous examples of shape grammars in design include Chinese lattice win-

dows (Stiny, 1977), Palladian villas (Stiny and Mitchell, 1978) and Wright’s 

Prairie houses (Koning and Eizenberg, 1981). To produce higher order de-

signs, complex hierarchical rule combinations are applied. However, because 

the shape grammar method is only concerned with form many other im-

portant facets of design are unable to be considered using this approach. In 

particular, shape grammar does not offer sufficient support for the considera-

tion of semantic or space-based issues. To respond to this problem, Duarte 

(2001) proposed a discursive grammar variation, which links semantic char-

acteristics to shapes.  

 

 

Figure 1. An example of the rules and process of applying a shape grammar. The crosses 
show which part of the composition would be changed in the following step.   

A discursive grammar operates by adding a parallel grammar of semantic 

description which supports the decision making and rule selection processes 

in a shape grammar (Duarte, 2001). The parallel grammar introduces a se-

mantic description for each form or shape and its modification in shape 

grammar; a process defined as foreknowledge. Therefore, by applying that 

parallel grammar, it is clear how the shape should be ordered and modified 

to serve a particular semantic purpose (Figure 2). As a result of this addition, 

the discursive grammar approach is capable of being used to support the 

generation of shapes or forms which also respond to needs for functionality, 

adjacency and access. 
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Figure 2. Parallel shapes and semantic descriptions (adapted from, Duarte, 2005, p. 269) 

Spatial connectivity (topology) is a key semantic property of architecture 

which affects the way people inhabit and perceive space (Hillier and Han-

son, 1984). It shapes where people can go and what they can see; properties 

which, in turn, influence the decisions and behaviours of people (Turner et 

al, 2001). Despite the importance of topological properties for design, early 

discursive grammars did not possess a clear mechanism for incorporating to-

pology in the decision making part of the grammar. However, a recent de-

velopment of discursive grammar (Eloy, 2012a) uses graph representation 

and associated analysis techniques developed in space syntax research to ac-

commodate this dimension. In space syntax, spaces (typically rooms) and 

their connections are represented, respectively, as nodes and edges of a 

graph (Figure 3). Spatial properties such as privacy and permeability can 

then be measured by considering several graph parameters like the number 

of edges between nodes (Hillier and Hanson, 1984). 

 

 

Figure 3. The graph representation of interior spaces (Eloy, 2012b, p. 54) 

Eloy (2012a) uses this combined approach to shape grammar using syn-

tax techniques to optimise (or transform) an existing residential typology for 

new inhabitants. To do this she develops a justified spatial graph for the cur-

rent state and then modifies the graph to achieve a new spatial topology. In 

parallel, the form (i.e. walls and openings) are transformed according to the 

changed edges and nodes (Figure 4). These two stages (graph modification 

and form transformation) correspond with the parallel semantic description 

and shape grammar parts of the overarching discursive grammar.  
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Figure 4. Modification of graphs and applying the corresponding shape rule. The arrow indi-
cates the changes (edited, Eloy, 2012a, p. 182) 

To date, Eloy’s (2012a) research offers the only discursive grammar that 

considers such a pro-active approach to spatial topology. However, the con-

nections between spaces that she considers are largely limited to issues of 

access. While the role or importance of visual connections between spaces is 

not developed, Eloy does begin to code (using line variations) various se-

mantic properties into the graph. It is this additional level of representational 

coding which is examined in the following section.  

3. Analysing Eloy’s graph representation 

When considering the components of a topological graph (edges and nodes), 

and their use in supporting semantic coding, there are two obvious areas to 

consider. The first is whether the edges represent the variety of connections 

in an efficient manner and the second pertains to the correspondence of 

nodes with spaces.  

Taking the first of these, the graph edges, Eloy (2012a) identifies five 

types (and representations) including doors, either single (──) or double 

(══), merged spaces (∙∙∙∙), passage or door-less openings (- - -) and windows 

(\/\/\). In the first of these two types (doors) there is accessibility without vis-

ibility. In the merged and passage types, both access and visibility exist. 

However, the window type is unclear on the plan, probably possessing nei-

ther access nor visual connection within the building. However, some win-

dows are between bathrooms and other spaces like bedrooms suggesting that 

they are for lighting and ventilation rather than for visual connection. 

Considering the two types of doors (single and double), their difference 

in terms of the quality of access is mainly defined by the slightly larger 

width of the double door. Also, based on the transformations suggested in 
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case studies of that research, this difference does not play a substantial part 

in decision making about how a design will be changed or generated.  

The passage and merged types demonstrate both access and visual con-

nections. The main difference between the two types is the relative width of 

the opening. In the passage type the opening is usually a portion of a bound-

ary (wall) while in the merge type the suggested or imagined boundary is to-

tally replaced by the opening. Thus, these two types are more related to the 

shape of the connection than to their visual properties. Furthermore, the 

placement of the opening between two areas affects the quality of visual 

connection, something which a simple graph is not capable of representing. 

This method also does not capture visibility through spaces (trans-visibility) 

because there is no way to define a node as a visual buffer between two other 

nodes in a graph.   

While these are key considerations for coding the edges in a graph, nodes 

in space syntax research typically represents a space that is devoid of size, 

shape and activity distribution even though it may be coloured according to 

its general activity type (i.e. private, social, circulation and service). In addi-

tion, it is not possible to understand from such a graph whether two or more 

adjacent nodes are reliant on visible connections for their functionality. Giv-

en these issues, the following section identifies a graph representation coding 

technique, which seeks to capture both accessibility and visibility relations in 

a plan.  

4. Proposed graph representation 

For an improved discursive grammar, the graph representation must be ca-

pable of (i) identifying visual relations between subspaces and (ii) displaying 

trans-visibility. In order to achieve these capabilities, two changes in the role 

and presentation of graph components are proposed (Figure 5). 

(i) A space is considered as comprising a group of nodes, instead of just a single 

node. Therefore, the nodes within this group represent the subspaces of the 

plan. This shift, which has previously been suggested in space syntax re-

search (Osman and Suliman, 1994), offers a way of indicating the merging of 

spaces as a node (i.e. subspace) or whether it can be considered a member of 

two groups (i.e. spaces). It is also possible to illustrate other features of sub-

spaces such as their focus, function and among them regarding different situ-

ations of the design by considering different types of nodes. 

(ii) To accommodate trans-visibility, a vector-like code can be used for the con-

nection, including both angle and direction. This feature indicates which con-

nections can be merged together to represent a continuous view, and how this 
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merging (in regards to its angle) affects spatial continuity. The capture of 

continuity is imaginable by observing the variation of the angle and degree of 

visual connections through a series of consequent vectors. 

 

 

Figure 5. A schema of the proposed model. No. 2 and 3 are from existing models while 1 and 
4 are new features. Trans-visibility is achieved by the interaction between connections, taking 

into account their type, degree and vector. 

For capturing and coding these two properties of the plan, the following 

representational features are required in the graph. 

a) For grouping nodes (subspaces), a circle is drawn around each group, 

representing a larger defined zone. In addition, a node/subspace can be 

shared by two or more spaces whose circles include the node. Figure 

6.a. shows, from left to right, single-space nodes, a space with two sub-

spaces, sharing a node by two spaces.  

b) The degree of visual connection indicates the average percentage of a 

subspace that is visible from the other side of an opening. The connec-

tion degree has similarities to the line types identified in Eloy’s research 

as it describes how wide the opening is, in comparison to the overall 

width of the space. The degree is represented by assigning a value to the 

edge. The value is a real number between zero (non-visual access) to 

one (a full-width opening, or merging). The examples in Figure 6.b. 

record the values in shaded dots on the graph edges whose darkness in-

dicates the degree (white for zero to black for one). 

c) The angle of visual connection is a relative parameter indicating how 

two lines of sight towards a space (node) are related, in regard to their 

view angle. It suggests how much of the spaces adjacent to that node are 

visible from each other, through that node-space. For representational 

purposes, colours are used to suggest the view angle. The degree of dif-

ference between the colours of edges to one node indicates the differ-

ence of the angles between the lines of sight, ranging from zero (paral-

lel) to 90°. Hence, the closer to 90° is the intersection angle of the lines 
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of sight, the more contrasting the two colours. Figure 6.c. shows the 

change in the colour by the rotation of the view angle.  

d) The direction further elaborates how the colours of angles interact with 

each other. While the colour informs us as to whether two lines of sight 

are parallel, it does not help to understand if the views are in the same 

or the opposite direction (e.g. in a 0°-90° range, the opposite direction 

of 0° is also 0°). The direction allows considering up to 180° by defin-

ing the edges as vectors (since the maximum possible angle between 

two vectors is 180°). To represent the vector on the graph, the same 

shaped dot of connection degree is considered the arrow head in the 

middle of the edge. The arrow does not represent the literal direction of 

view but is simply a sign to understand how a visual connection (edge) 

is related to its adjacent similarly coloured edges.  

 

 

Figure 6. Visualising the revised graph model. a) The grouping of nodes and their intersec-
tions. b) The connection degree of openings. c) The angles of sight lines indicated by chang-

ing the colour. d) Showing sight line intersections by their direction colours. 
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Given these rules for graphing additional topological properties, it is pos-

sible to represent a distinct set of formal and spatial requirements. For exam-

ple, consider the requirement from a client who asks for a large living room 

of which only a small portion is visible from the hall while also having a 

good view to the kitchen through the hall. The client also requests a bedroom 

adjacent to the hall without a visual access from it. The graph in Figure 7 

represents this description. In this figure, L is the living room with two parts 

(L1 and L2), H is the hall and K and B stand for the kitchen and bedroom, re-

spectively. The plan in figure 7 shows a possible design to realise the intend-

ed spatio-visual configuration. 

 

 

Figure 7. An example of a graph for a given design scenario based on the proposed model. 

5. Conclusion 

The proposed conceptual model outlined in this paper demonstrates a way of 

capturing and representing visual aspects of spatial connectivity which are 

crucial for understanding spatial continuity and, consequently, permeability 

and privacy. These aspects are not addressed efficiently in existing ap-

proaches to discursive grammar. The capabilities include representing trans-

visibility between spaces, degrees of (trans-)visibility, and defining different 

zones within a space (represented by encircled nodes). All of these addition-

al dimensions are captured in a graph-based coding scheme that records rela-

tional and topological properties of space as a precursor to their use in a dis-

cursive grammar.  

This research will be extended in future papers to consider different com-

binations of access and visibility, and further evaluates through integration 

with other methods of topology analysis in space syntax. Future study will 

also aim to develop frameworks for the relationship between the graph and 

the shape in discursive grammar and implement these developments through 

a series of case studies. This will include developing semantic and shape 

rules based on the inventory of architectural elements within the selected 

cases, which in parallel will define the extent, patterns and limitations of ap-

plying the proposed conceptual model.  
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