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Abstract
The main aim of the described project is to examine architecture of ancient Egypt,
using interdisciplinary methods from Egyptology, architecture and computer science
to analyze tradition and evolution of geometry and architecture of Late Period private
funerary monuments at Thebes. The analyzed monuments date to the Twenty-fifth
and Twenty-sixth dynasty and were built by high officials on the West Bank of Thebes.
Those structures appear at first glance to follow a strict formal canon and therefore
will be analyzed through methodologies like analyzing the proportions, orientations,
accessibility, occurrence of decoration, the spatial structure and the building usage.
The main goal is to examine under which conditions similarities and variations
produced by defining a system of forms, shape rules and parameters. These are
aspects considering of primary importance to the creation of a typology. The major
question is, if there are adaptable architectural concepts to derive a set of rules, which
can be implemented into a parametric corpus to generate detailed models. To
minimize manual processing and particularly with regard to the complexity of the
studied geometric shapes of the architecture it is necessary to provide digital methods.
This approach enables a more adaptive and easier to manage way to compare and
study several funerary monuments and can in further consequence be suitable for
other studies of Egyptian architecture.
After a phase during which parameters, geometry rules and variations, depending on
shape and function were defined, the procedural generating, modeling and
reconstructing by reference to the upcoming formal principles will be given by a shape
grammar. The main goal for the research visit was therefore to separate design
principles and rules of the mentioned Late Egyptian funerary monuments’
architecture by analyzing and comparing their architectural spaces and to develop the
shape grammar.
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1. Project Goals - Background
1.1. Motivation
The project concentrates on examining architecture of ancient Egypt using methods to
analyze tradition and evolution of geometry and architecture of the Late Period
private funerary monuments of Thebes by considering topology, function and even
social aspects of the owner.
The primary purpose of this study is to evolve and present information and theories
about the development of those monuments and building concepts combining
archaeological sources, architectural science and computational reconstructions. The
analyzed monuments date to the Twenty-fifth and Twenty-sixth dynasty and were
built by high officials on the West Bank of Thebes. Those funerary monuments, build
with at least three vertical levels of above grounded superstructure, sub terrestrial
levels of substructure and deepened burial structure, emerge to be complex and
partially heterogeneous yet share a pool of similarities and a formal canon.

Computer science
technology & methods,
computational reconstructing,
generating parametric models
generative design
laser scanning data,
orientation &
photogrammetric
proportion,
data
light guide
shape grammar
system
Egyptology

Architecture

archaeological material

methods & theory,
building analysis,
spatial structure analysis

Figure 1

& documentation,
building hierarchy,
comparative
architectural study

survey data,

digital photographs

Interdisciplinary between, Egyptology, architecture and computer science
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While most of the Late Period monuments were studied separately and with focus on
culture-historical aspects, this project concentrates on architectural research and
computational design aspects in order to deliver a novel perspective of the subject.
Related research shows that there is a need of a systematic approach in terms of a
development study of Egyptological architecture only interdisciplinary between
Egyptology, architecture and computer science can offer, to be able to evaluate
evolutional aspects of Late Period funerary monuments (Figure 1).
Relatively little attention has yet been given to new technologies and methods to
examine design principles and building parameters of ancient Egyptian architecture.
To minimize manual processing and particularly with regard to the complexity of the
studied geometric shapes of the architecture it is necessary to provide digital methods.
One of the main research questions is therefore: How to enable an adaptive and easier to
manage way to compare and study several monuments?

MQ…. main question
T…. task (completed at TU Wien)
Table 1

Research needs and tasks.

The structures appear at first glance to follow a strict formal canon. To be able to
answer the first research question, analysis methods to study the spatial structure
(Wutte et al. 2015), accessibility, lighting conditions as well as proportions, occurrence
and distribution of decoration (Wutte, 2018) are to be developed, adapted and
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established. The primary tasks are the specification of structural relationships, the
evaluation of extracted formal similarities and variations and the comparative
architectural analysis while building on and extending existing work. The main goal
therefore is to examine under which conditions similarities and variations appear
which leads to the second main research question: What are the design parameters, shape
rules and design characteristics?
Such a collection of parameters can be pooled in a shape grammar - a production
system originating from the domain of computational design that has been
successfully applied in different areas of architectural research. The basic idea behind
the definition of parameters is to replace a symbol by a number of new forms. This
implies a range of procedural programming techniques, which have to lead to the
possibility of automatically generating 3D-models of the structures. The method of
generative design gives the opportunity to generate architectural models by a set of
rules and therefore represents a fast method of analyzing design possibilities which
could have several benefits for architectural research as well as upcoming
Egyptological studies of architecture:
First, the rules of the shape grammar are describing forms of the generated
architecture and offer a possibility of easily compare the examined tombs and extract
similarities as well as variations.
Second, efforts to achieve higher detailed digital models could be minimized.
Third the study can show, how the monuments are related in architectural and formal
manner, particularly with regard to the question of a uniform prototype of Late Period
funerary monuments in Thebes.
These are aspects considering of primary importance to the creation of a typology.
The first section presents the architectural morphology of the complexes as well as
existing documentation. Second, it introduces the reader to the shape grammar
formalism. Third, it presents the set of rules of the grammar. Fourth, it gives an
example of a computation of one of the existing monuments. The last section of the
paper will discuss further possible outcome and possibilities of the use of shape
grammars in archaeological studies.
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2. Detailed Description - Specific Aims
2.1. Related Work
The intended shape grammar will adapt and extend existing research in the area of
Late Period funerary architecture in Thebes.
2.1.1. Preliminary Research in Late Period Funerary Monuments of Thebes

Figure 2 a. Localization of the area of Al-Asasif; b. localization of the funerary monuments near the
causeways of the Mortuary Temples (Google Earth).

In the Twenty-fifth and Twenty-sixth dynasty the political center of Egypt was located
in Memphis but the area of Thebes was as important for religious festivals and was
dominated by a strong priesthood. Especially the New Kingdom processions of the
Valley festival integrated the Temple of Luxor, the Temple of Karnak and the
Mortuary Temples of Mentuhotep II., Hatshepsut and Thutmose III. These festivals
were still hold in the Late Period (Figure 2.).
The majority of the analyzed funerary monuments are located nearby and oriented
with regard to the causeways of the forenamed Mortuary Temples (Figure 2 b.). The
builders were high officials of Thebes and the monuments are all of the type of rockcut complexes with an open courtyard. The earliest documentation of Late Period
private funerary monuments dates to the 18 th century, when R. Pococke visited the
site (1743). Further expeditions followed, like G. Belzoni (1821), R. Hay (unpublished),
J.-F. Champollion 1828 (Champollion, 1868) and R. Lepsius 1842-1846 (Lepsius, 1849).
In the 20th century excavations followed under H. E. Winlock (1920), J. Leclant
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(Leclant, 1961), the Deutsches Archäologisches Institut (MDAIK 1965-1973) , the
Österreichisches Archäologisches Institut (Bietak, 1972), (Bietak and Reiser-Haslauer,
1978), (Bietak and Reiser-Haslauer, 1982), the Comité des Fouilles Belges en Egypte
(Graefe, 2003) and the University of Rome (Donadoni, 1973).
Those documentations and contributions are constantly updated by stand-alone
excavations.
2.1.2. Comparative Architecture Analysis of Late Period Funerary
Monuments of Thebes
1984 D. Eigner published an overview of Late Period monumental tombs of Thebes
(Eigner, 1984). In his work Eigner renews and complements existing plans and
reconstructions from monographs and building documentations in terms of manually
shaped plans and geodesic data collected by J. Dorner. Construction specifications of
every monument are defined separately for every monument in single
documentations with links and relations to literature and former plans. In his
publication he makes it clear that there is no existing uniform prototype of Late Period
funerary monuments. Nevertheless, he offers a fictive prototype with characteristic
elements and spatial context as a concept of Late Period monuments (Eigner, 1984,
145ff):
•

Bilateral symmetry: The concept of bilateral symmetry is considered to be the
most important design concept of Egyptian architecture (Giedion, 1965, p. 306).
However, this idea seems to be abandoned in the studied monuments.
Examples include the vestibule of Ibi and Anch Hor or the courtyard of Anch
Hor. Those structures are classified as breaches of the rules and are explained
as manifestations of individuality compared to formal construction elements.

•

Vertical alignment: This concept refers to a vertically aligned pattern of three
elements (Figure 3): superstructure, substructure and cult complex, burial area
Eigner also showed that the sacred intensity is related to the vertical depth of
the rooms. Means that the most sacred place, the sanctuary or cultic stela, is the
farthest from the entrance.
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Figure 3

•

Section, Anch Hor, vertical alignment (Eigner 1984, p. 154).

Three strips: The principle of a space organization in three parts is an archetype of
Egyptian architecture and is also represented in residential buildings (Ricke, 1932, p.
13-36). The three-strip-floor plan of Late Period funerary architecture is characterized
by a horizontally directed repetition and again signals a sacred intensity (Figure 4).

Figure 4

•

Anch Hor: superstructure, substructure, rock-cut-rooms

Axial directions: There are two main axis: the moving and the building axis The
straight main axis indicates the orientation of the monument. The moving axis
is not necessarily a straight line. Both axes point to the sanctuary (5).

Figure 5

Section, Anch Hor, vertical alignment
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•

Space groups: There are five space elements: superstructure, vestibule/
antechamber, atrium/ courtyard, sanctuary, grave structure, as described by
(Assmann, 1977).

•

Canon of proportions: Eigner also refers to ideas of a canon of proportion by
(Badawy, 1965) and (Lauer, 1968).

2.2. Corpus of monuments
The corpus of monuments includes ten monumental rock-cut structures, which are
documented adequately. They demonstrate variant grades of completion,
archaeological documentation and preservation, but have homogeneously drawn
floorplans in common. That is applicable to the tombs of: Harwa, Karabasken,
Karakhamun, Montemhat, Pedamenopet, Irtieru, Pabasa, Padihorresnet, Ankh Hor
and Padineith. The architecture is divided into three vertical levels including a
superstructure, a substructure and the burial area. The superstructure was build out
of mudbricks and located at the surface and therefore was visible to a large extent.

Figure 6

Superstructure of Montemhat. In the

background is the temple of Hatshepsut. (A. Wutte)

Figure 7

Courtyard of the substructure of

Harwa. (A. Wutte)

The superstructures were spatially built above the substructure. Similar to the three
vertical levels, the superstructure includes three horizontal sections (Figure 3). They
are represented by three adjacent open-from-above courtyards of large dimensions.
Under the second courtyard the court of the substructure was located (Eigner 1984,
fig. 29, fig. 113). The superstructures were not placed above every tomb. Only for the
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monuments of Montemhat, Karabasken, Karakhamun, Pedamenopet, Pabasa and
Ankh Hor there is proof for this kind of structure (Eigner 1984, 40-42, 46-48, 70-81).
Furthermore, they were constructed with mudbricks, hence some of them are only
preserved in fragments. The relatively bad preservation and unrepresentative number
is the reason that the area of the superstructure is not explicitly part of this study.
For the substructure (Figure 6), again, a threefold sequence is applicable, including
court, halls and sanctuary. The courtyard is open and observable from above. It can
have non-load bearing pillars and is generally decorated. The courtyard leads into the
rock-cut area of the complex (Figure 7). This entire level is carved into the local rock.
The courtyard is usually followed by a niche entrance with only two exceptions
(Montemhet and Pabasa). From the substructure the burial area could be entered by
shafts or ramps and staircases. The burial areas are not part of this study, because they
are not entirely documented and the data is therefore underrepresented.

a.

b.
Figure 8

c.

Substructure of a. Irtieru, b. Padihorresnet, c. Montemhat (green: later tomb).
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The presented grammar was developed after a corpus of ten rock-cut substructures
including the open courtyards of this level and the entrance areas, as far as preserved
and documented. The floorplans of D. Eigner and J. Dorner (1984) as well as
excavation reports were sources for the architectural structure. The floorplans were
digitalized and served as rudiments for the developed shape grammar. The
substructure of the funerary monuments are organized on a main straight axis and
spread to the sides. The structure on the main axis generally contain an open-fromabove courtyard, a niche entrance, one or two halls, eventually a sanctuary hall and
the sanctuary. To the sides, partially symmetrical, the courtyard and halls can open
up to side naves including non-load-bearing pillars and additional side annexes. In
general, the architecture is symmetrically, although exceptions occur (Figure 8 c.).
Besides, every monument of this study obeys the straight main axis of shape evolving.
The entrance area varies between different scenarios of occurrence and orientation,
and can include a ramp, a staircase, a vestibule and an antechamber.

3. Research Needs
The research described in this paper is part of a larger project that analyses ancient
Egyptian funerary monuments from the Late Period located at Thebes West. The
ultimate goal of the project is to develop analysis methods for ancient monuments and
incorporate the results with a shape grammar (Stiny and Gips, 1972). This offers an
easier to manage way to study Egyptian architecture and allows the comparison of
different building corpora. Since Stiny and Mitchell published the first analytical
shape grammar for Palladian villas (Stiny and Mitchell, 1978) a number of grammars
analyzing different building types: Bungalows of Buffalo (Downing and Flemming,
1981), Frank Lloyd Wright’s prairie houses (Koning and Eizenberg, 1981), Chinese
buildings (Li, 2001) to mention some. Recently, shape grammars are used to study and
reconstruct architecture based on archaeological remains: Inca architecture (Mackay
and Silva, 2012) or Greek and Roman libraries (Mamoli, 2019) are examples. The recent
paper presents an analytical shape grammar for Late Period rock-cut funerary
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monuments that aims at generating ten examined monuments but obtains enough
flexibility to compute not existing or not yet discovered examples.
Previous work was focused on spatial analysis, accessibility and lighting analysis,
proportion analysis as well as decoration occurrence and distribution in the rooms
(Wutte, A., Ferschin, P., Suter, 2015); (Wutte, 2018). Current work addresses the
development of a shape grammar to describe the formal structure of the funerary
monuments.

3.1. Research Methods and Workflow
The basic idea behind the definition of parameters is to replace a symbol by a number
of new forms. This implies a range of procedural programming techniques, which
have to lead to the possibility of automatically generating 3D-models of the structures.
After a phase during which parameters, geometry rules and variations, depending
also on shape and function were defined (Wutte, A., Ferschin, P., Suter, 2015); (Wutte,
2018) the procedural generating, modelling and reconstructing by reference to the
upcoming formal principles will be given by the shape grammar - a production system
originating from the domain of computer science that has been successfully applied
in different areas of architectural research. The method of generative design gives the
opportunity to generate architectural models by a set of rules and therefore represents
a fast method of analyzing design possibilities.

3.2. Architectural Shape Grammars
A shape grammar consists of a collection of shapes, labels and shape rules to define a
design vocabulary, which in turn can be defined as an amount of shapes produced by
a shape grammar. Shape grammars provide a formalism to analyze designs, create
new designs and generally solve design problems. This can also be valid to
understand design, building concepts and principles. Therefore, a design or concept
criteria needs to be extracted into smaller formal parts to allow a more defined
analysis. Originally presented for painting and sculpture, shape grammars were
12

introduced by G. Stiny and J. Gips (Stiny and Gips, 1972). An implementation in shape
grammars in architectural theories is given in several publications like Palladio´s work
(Stiny and Mitchell, 1978), (Sass, 2007), (Hersey and Freedman, 1992, p. 188), or with
the work of F. L. Wright (Koning and Eizenberg, 1981). Good overviews of shape
grammars in architecture are given by L. March (2011) and M. Özkar - G. Stiny (2009).
Also Islamic ornaments are suitable for grammar rules, which were discussed by R. P.
Cromwell (2008) or P. J. Lu and P. J. Steinhardt (2007). Design grammars for structural
composition and building techniques of Traditional Chinese Architecture are given by
A. Li (Li, 2001). A shape grammar to illustrate the urban development of the ancient
Rome is represented by the project “Rome reborn” (Dylla and Frischer, 2010).

3.3. Shape Grammar Formalism
1972 G. Stiny and J. Gips (1972) describe the foundation of shape grammars. Paintings
and sculptures are representations of shapes generated by shape grammar according
shape specific rules. The three rules a grammar minimally consists of, are: Start rule,
one or more transformation rules and a termination rule.
The process is outlined as: Beginning with the initial shape a shape is generated from
a shape grammar and recursively applies shape rules. To select the rules a mechanism
is required to select shapes in the language. The principal process occurs in three steps:
1. Find parts of the shape that is geometrically similar to the left side of a rule.
2. Find the geometric transformation which makes the left side of the rule identical to
the corresponding part in the shape.
3. Apply those transformations to the right side of the rule and substitute the right
side of the rule for the corresponding part of the shape.
Consequently, a rule initially says that, if a shape can be found in a design in any
orientation of any size, then another shape replaces it according the rule. The process
is terminated, if no other rule in the grammar can be applied. By definition a ‘language
of a shape grammar is a potentially infinite set of finite shapes’ (Stiny and Gips, 1972), which
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means a grammar can define a shape language containing a potentially infinite
number of finite shapes.
1980, G. Stiny examines kindergarten method of F. Froebel and proposes a 5 stage
program to create new design languages (Stiny, 1980b) (Figure 9):
Vocabulary of shapes – basic building elements for design.
Spatial relation – in which spatial relation building elements are arranged in designs.
Shape rules – specified in terms of the spatial relation. The recurrence of spatial
relations are fixed by shape rules.
Initial shape – shape rules apply recursively to initial shapes to construct designs.
Shape grammar – build in terms of the shape rules and the initial shape and defines a
language of designs.

Figure 9

Definition of languages of designs (Stiny 1980, 417, fig. 5.).

The paper provides many examples, using Froebel’s building blocks (Figure 10). This
way simple but elegant shape grammars and designs are created and presented. The
grammar is defined in 3-dimensional space and consequently builds a framework for
3-dimensional architectural grammars.
Also 1980 G. Stiny specifies shapes and shape operations more detailed (Stiny, 1980a):
He specifies that a shape is a limited arrangement of straight lines, every shape is
specified by a finite set of lines, two unequal lines can be combined to produce one
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under specific circumstances, e.g. two lines share an end point, one or both end points
are coincident; lines are colinear. A line is in a shape, if its end points are coincident
with a maximal line of the shape. A shape with a set containing no maximal lines is
called the empty shape S∅ (= blank space). Shapes are identical if they have the same
lines, s1, s2 are sub shapes of each other. Labelled shapes σ consist of a shape and a set of
labelled points σ = ⟨s, P⟩.

Figure 10

Shape grammars, oblongs with label (Stiny 1980, 446, fig. 40.a.).

shape rules

initial shape

Figure 11

Initial shape, shape rules and generation of shapes using the shape grammar. (Stiny 1980a, 348,

fig. 1-3.).
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Transformations change location, orientation, reflection and size of a shape
(translation, rotation, reflection, scale). Two shapes are similar if one can be changed
into the other by a translation. s1, s2 are congruent if τ is an isometry (no scaling).
s1 = s2 ⇒ τ(s1) = s2
Shape operations are possible: Shape union s1 + s2, shape intersection s1 × s2, or shape
difference s1 – s2.Families of shapes can be parameterized shapes and vary in any
spatial aspect of a shape. Families of labelled shapes are σ = ⟨s, P⟩, while s is
parameterized and P are parameterized labelled points.
A shape grammar consists of S (set of shapes), L (set of symbols), R (shape rules), I
(initial shape. A shape rule consists of two labelled shapes: A → B. A and B are shapes,
the arrow means -replace with-. If shape A or its copy is found, then it is subtracted
from S and replaced with the shape B (or a copy of it). A copy can be a spatial
transformation. Shapes derive from the initial shape by applying the shape rules. The
shape grammar defines a set of shapes (language) generated by the grammar (Figure
11).
Most examples of shape grammars rely on labeled shapes, a combination of line
segments and labeled points. Color grammars extend the shape grammar formalism
to allow for qualitative aspects of design, such as color. Knight presented the idea of
color grammars (Knight, 1989b, Knight, 1989a). She defined fields and spots as
analogies to shapes and lines, while shapes contain lines and fields contain spots. The
relations for fields and spots can partially be compared with those for shapes and
lines. Whereby fields and spots are quality defined as well as spatially defined unlike
shapes and lines, which are only spatially defined. Furthermore, in comparison to
lines there are many kinds of spots (different colors). Therefore, problems arise when
two fields overlap because of qualitative differences between spots. She set out to
formalize the interactions of two dimensional shapes of different color fields. She
suggests some logical systems to calculate the color of overlapping color fields, using
grammatical operations. Falling into two categories, the first is to let the color of the
most recently added shape to dominate the others. The second approach is to give
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overlapping areas a tertiary color (transformation). A color field can also be combined
with a shape and a set of labelled points to define a colored labelled shape.
1992 Stiny extends the idea of labelling with weights (Stiny, 1992). Shapes and
associated weights can be considered together in rules. Weights represent properties
such as line thickness or color. Shape Grammar weights do not affect the geometry or
spatial relations of the shape, they are calculated separately from the shape
calculations. But shapes with different weights can interact (Knight, 1989b). Hence,
definitions to calculate resulting weights from interactions are required. Stiny
proposes algebras of weights follow the rules of Boolean algebra for sets:
The weight of the emergent shape in a sum of two overlapping shapes is the maximum
of the combined weights: u+v = max{u,v}.
For the difference between two overlapping shapes, is the product or the minimum of
both: u • v = u - (u -v) → u • v = min{u,v}.
With his paper `A note on the description of designs’ G. Stiny presented a formalism
for the description of designs (Stiny, 1981). With a simple example of 3D designs of
blocks generated according to shape rules he introduced the formalism for design
descriptions. Description rules describe the generated design in terms of rooms, walls,
windows, and other architectural components but are not limited to that. The
description rules are linked to the shape rules and work parallel. The shape grammar,
which describes the spatial composition of designs, and the description function (set
of rules) work simultaneously. The descriptions are describing the designs in other
terms. It also means, that each shape rule has a corresponding description rule.
Because the shape rules and the description rules apply in parallel to generate designs,
it would be possible to generate a new shape according to an evolved description.
Description functions are specified as: h: LG → D (LG…language, G…shape grammar,
D…descriptions in the set D)
Already 1987 G. Stiny and W. Mitchell present the first analytical shape grammar for
Palladio villas to describe architectural theories (Stiny and Mitchell, 1978). This
approach is followed by others like G. Stiny and W. J. Mitchell (1980) or H. Koning
and J. Eizenberg (1981).
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In their paper `The grammar of paradise: on the generation of Mughul gardens’ G.
Stiny and W. J. Mitchell present a parametric grammar, which defines the design
conventions and language of char-bagh (gardens) ground plans (2-dimentional) (Stiny
and Mitchell, 1980). It is an analytical grammar to fully understand the structure and
to construct new instances of the style. For their analysis Stiny and Mitchell have
chosen three ground plans of gardens. In stage 1, rules produce the site parti and fix
the occurrence of canals and borders. The site parti is a square, which is subdivided
into 4 squares, separated by orthogonal arteries of constant width. The subdivision
applies recursively at increased size. Stage 2 rules add a canal system and ornament
the end of the canals (corners of squares). State 3 rules erase parts of the squares to
define the borders and erase symbols. With stage 4 the generation process is
terminated. To summarize the grammar the following keywords can be applied: 2dimensional, parametrized, spatial organization, axial-symmetry, subdivision,
addition
In their paper Koning and Eizenberg develop a shape grammar for Frank Lloyd
Wright´s prairie houses (Koning and Eizenberg, 1981). The grammar generates the
compositional forms but also specifies the functional forms. The functional forms
consist of living area, service area and bedroom area. In their study the fireplace builds
the logical center and is the key to the definition of the style, while blocks of the
Froebelean type are added radially outwards to build the basic composition. The
grammar is based on eleven original designs. Details are reduced to blocks, which are
parametric in two dimensions (length and width) and correspond to the volumetric
spaces. The compositional structure is build regarding the spatial relation of the
parametric three-dimensional blocks. The rules 1-18 organize the underlying
compositional forms and can generate 89 basic compositions. Additional
ornamentations like roof, basements, porches, terraces, etc. lead to numerous design
variations. In their paper the authors analyze eleven houses and offer the reader three
new designs generated according the shape grammar rules. In comparison to the
grammar of G. Stiny and W. J. Mitchel, the keywords for this grammar could be: 3dimensional, parametrized, spatial relation, radial growth, block addition, functional
form.
18

The strategy to analyze architectural design by shape grammars is applied in the
following project.

4. Grammar of Late Period Funerary Monuments at Thebes
4.1. Introduction
This project proposes a parametric shape grammar for ancient Egyptian funerary
monuments at Thebes. The corpus of monuments includes ten monumental rock-cut
structures, which are documented adequately. They demonstrate variant grades of
completion,

archaeological

documentation

and

preservation,

but

have

homogeneously drawn floorplans in common. The generation of a design depends on
shapes as well as functional conditions. Further metadata indicates the evidential
value and numeric occurrence of a rule within the corpus of ten studied monuments.
The developed grammar is able to reconstruct unfinished tombs, extend one, or build
new designs according to the rules. It is characterized by the linear and symmetric
structure of the monuments. Furthermore, the grammar is able to reflect the
chronological sequence of construction and work-process.

4.2. Shape Grammar
The analysis of the funerary monuments reveal an underlying linear and symmetric
pattern. Generally, the structures evolve into the depths along a straight axis,
connecting the open courtyard with the sanctuary, and open up to the sides along
imaginary side axes. The extensions into the depths as well as to the sides has an
already known maximal threefold-gradation in common. For the side rooms this
means a maximum of two consecutive rooms. Adding the nave to the hall represents
step one. The developed shape grammar contains 31 rules and is organized in five
stages. The schemata of stages I to III are organized in an chronological sequence of
construction (Eigner 1984, 67-70, 82-84). They represent the successive steps a tomb
was build. Most of the rules of the grammar are parameterized. The parameters are
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summarized in table 2. The range of values was extracted from the ten analyzed tombs
of the corpus. Also included is a possible range of deviation for the middle and side
axes in relation to the added shape. Applicable are width and angle values.
Room definitions, functional shortcuts, a min. to max. range of length, width and, if
relevant, angle are included in the chart. Measurements are represented in the ancient
Egyptian metric system of cubits c. One cubit is based on a forearm length and
corresponds to 0.525 m (Bagnall, 2009, p. 186). In the graphics of the schemata the
parameters of length and width are indicated with w and l and their consecutive
representatives with w1, l1, etc. The term width is used for dimensions measured
vertical, which represents walls parallel to the front of a plan. The term length refers
to dimensions perpendicular to this. Relevant angles are symbolized with α. Further
angles of a shape are dependent to angle α and to reach the sum of 360°. β describes
the angle of the main axis in relation to the space, if it differs from 90°.

space definition

function

courtyard
colonnades courtyard
niche entrance
Intermediate space
passageway
pillared hall
hall
sanctuary hall
sanctuary
side room
side nave
nave component
vestibule
antechamber
staircase
ramp
corridor
niche
middle axis
side axis
pillar
column

CR
CCR
NE
IS
PW
PH
H
SYH
SY
SR
NA
NC
VB
AC
SC
RP
CO
NI
MA
SA
PI
CO

length
[min., max.]
[12 c, 32 c]
[49 c, 49.5 c]
[5 c, 10 c]
[0.2 c, 4.8 c]
[0.0 c, 10.6 c]
[15 c, 32 c]
[8 c, 20 c]
[11 c, 13 c]
[0.2 c, 2.4 c]
[3 c, 27 c]
[14 c, 32 c]
[3 c, 6.6 c]
[8 c, 18 c]
[6.5 c, 21.5 c]
[12 c, 20 c)
[67 c)
[14 c, 69 c]
[1 c, 1.2 c]

[0.9 c, 2.8 c]

Table 2

Parameters.
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width
[min., max.]
[10 c, 28 c]
[23 c, 23.5 c]
[5 c, 10 c]
[1.7 c, 3.5 c]
[1.2 c,2.8 c]
[6.2 c, 6.8 c]
[6 c, 8 c]
[6 c, 8 c]
[0.7 c, 3.6 c]
[2.5 c, 11 c]
[3 c, 7.6 c]
Wna
[5 c, 8 c]
[3.5 c, 9 c]
[4 c, 6 c]
[5 c, 7 c]
[3 c, 6 c]
[1.5 c, 1.7 c]
[0 c, 5 c]
[0.9 c, 2.8 c]
d = [1.5 c, 2 c]

angle
[min., max.]
α = [85°, 94°]

α = [81°, 98°]

α = [72°, 105°]

α = [88°, 90°]
α = [82°, 90°]

β = [88°, 105°]
β = [80°, 99°]
α = [71°, 106°]

Functional conditions and dependencies impose on certain schemata. Similar graphic
representations can be specified by different labels f1 and f2 to represent variable space
functions. Functional conditions are specified as an extension of the shape grammar
formalism and specify functional dependencies. Due to space limitations, conditions
and functional conditions of schemata are only presented for rules 1 to 4. The number
of examples for a rule is indicated by evidence, mentioning the number of monuments
with evidence for a rule in relation to the total number of studied monuments of ten.

4.2.1. Stage I to III: Basic shape, side naves and pillars, side annexes
Stage I contains the rules 1 to 4 and is able to generate the basic shape of the
substructure (Figure 12). The basic shape is represented along the straight main axis
(MA), which is indicated within the initial shape. The initial shape is given by a
labelled shape which contains a straight dashed line, representing the straight main
axis of the tomb, a black arrow label, representing the direction in which the rooms
evolve, and a labelled point 0. Point 0 is used to orient the courtyard generated by the
grammar. Because every tomb has an open from above courtyard the first rule adds
the initial courtyard. With rule 2 a courtyard variation is represented. Rule 3 and 4
add spaces along the MA.
Condition:
L ∈ Lcr
W ∈ Wcr

Evidence:
e = 10/10

Condition:
L ∈ Lcr
W ∈ Wcr

Evidence:
e = 1/10

1

L1 ∈ Lccr
W1 ∈ Wccr

2
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Condition:
L ∈ {Lcr, Lh, Lsyh}
W ∈ {Wcr, Wh, Wsyh}
L1 ∈ {Lcr, Lh, Lsyh, Lsr}
W1 ∈ {Wcr, Wh, Wsyh}
L2 ∈ {Lne, Lsy, Lsc, Lrp}
W2 ∈ {Wne, Wsy, Wsc, Wrp}
Ws2 > Ws1 > Ws2

3

Evidence:
e = 10/10
Functional condition:
f1 ∈ {CR, H, SYH, AC}
f2 ∈ {NE, SY, CO, SC, RP}
if f1 = CR ⇒ f2 = NE
if f1 = H ⇒ f2 = SY
if f1 = SKH ⇒ f2 = SY
if f1 = AC ⇒ f2 = SC

if f2 = NE ⇒ L2 = W2
Condition:
W ∈ {Wcr, Wccr, Wne, Wph, Wh,
Wvb, Wsc, Wco}
L1 ∈ Lpw
L2 ∈ {Lph, Lh, Lsyh, Lvb, Lsc, Lrp,
Lco, Lsy, Lac}
W2 ∈ {Wph, Wh, Wsyh, Wvb, Wsc,
Wrp, Wco, Wsy, Wac}

4

Ws2 > Ws1 > Ws2

Figure 12

Evidence:
e = 10/10
Functional condition:
f1 ∈ {CR, CCR, NE, PH, H,
VB, SC, CO}
f2 ∈ {PH, H, SYH, VB, SC,
RP, CO, SY, AC}
if f1 = CR ⇒ f2 = {PH, VB,
SC}
if f1 = CCR ⇒ f2 = {CR, AC}
if f1 = NE ⇒ f2 = PH
if f1 = PH ⇒ f2 = H, SY
if f1 = H ⇒ f2 = SYH
if f1 = VB ⇒ f2 = {SC, RP,
AC}
if f1 = SC ⇒ f2 = RP
if f1 = CO ⇒ f2 = CO

Stage I: Rules to generate the basic shape. Including conditions, functional conditions and
evidences.

Stage II includes rules to add side naves and pillars. While during stage I the
generative direction of space additions was limited to the MA, in stage II spaces evolve
to the sides (Figure 13). White arrow labels allow additional side axis (SA). Rules 5
and 6 add one or two side naves to central naves. With rule 8 a nave corner can be
added, which has one representative in the corpus of tombs (Anch Hor). Rules 7, 9
and 10 subdivide naves into nave square-shaped components and nave components
into further subdivisions. Rules 11 to 13 represent the work step of breaking down the
walls between the pillars. They indicate the graving technique and work-chronology
to build non-load-bearing pillars to the courtyard and halls. Rules 14 to 16 cover steps
to add, remove or extend pilasters, while rule 17 turns pillars into columns. These
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rules are represented by a single or even no example but keep the shape grammar
more flexible, which makes hypothetical tombs possible.
Stage III contains rules 18 to 25 and adds side annexes like side rooms, niches or
additional corridors (Figure 14).

Figure 13

Stage II: Side naves and pillars evolve along the side axes .

Figure 14

Stage III: Rules to add side annexes.
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4.2.2. Stage IV to V: Changing labels and axes, Passageways and
doorframes
Stage IV and V are not shown in this paper. Rules 26 to 29 of Stage IV change labels
and axes (Figure 15). It includes rules to delete black or white labels but also to change
a white label into a black label, which means to change a MA into a SA. This is true, if
a later tomb is included into a former structure. Rule 26 reverses a MA black label as
a function of adding a sanctuary. This step also indicates the further work step. Not
before the sanctuary was build workman started to build the entrance area.
Stage V includes two rules to replace passageway spaces to build a passageway
enclosed by doorframes (Figure 16).

Figure 15

Stage IV: Rules to change or delete labels and axes .

Figure 16

Stage V: Rules to build passageways.

4.2.3. Derivation
The described rules do not only generate the ten substructures of the corpus but allow
the generation of new monuments. Specifically, the example of Karakhamun will be
discussed here (Figure 19):
Rule 1 builds the open courtyard from the initial shape. Followed by rule 3 to add a
small space, which represents the niche entrance (functional condition: f1 ∈ CR, f2 ∈
NE). By applying rule 4 a passageway and hall is added along the straight main axis
(functional condition: f1 ∈ NE, f2 ∈ PH). Rule 4 is applied again to build a second hall,
while parameters are changed to adjust the dimensions of the halls (functional
24

condition: f1 ∈ PH, f2 ∈ H). To add a small space, which represents the sanctuary, Rule
3 is applied (functional condition: f1 ∈ H, f2 ∈ SY) (Figure 12). Rule 26 allows the black
label to change position and direction. This rule is regulated by the condition, that a
sanctuary was added before. With this step the generation of the basic pattern on the
straight main axis is completed (Figure 15).
Rule 14 generates pilasters to the courtyards sides. Rule 5 is able to add naves to the
halls. If rule 14 would not have been applied before, naves could be built to the
courtyards sides as well. To terminate the addition of naves rule 27 deletes the white
labels. Rule 7 and 10 divide the naves into components and compartments. Rule 11
`breaks down’ the walls between the pillars and rule 12 cleans the area between pillars
and side walls. These steps also represent the chronological sequence of constructing
pillars (Figure 13).

Figure 17

Open courtyard of the tomb of Karakhamun. The right side of the image pictures the halfengraved pillars including base and shaft (Pischikova , 2017, 28).

The excavation and archaeological documentation of the courtyard of Karakhamun
revealed niche-shaped spaces with pilasters (Figure 17) to the sides of the courtyard
(Pischikova, 2017). The shape grammar offers a possible extension of the courtyard.
According to the grammar the niches correspond to the first sequence of construction
for side naves and pillars (represented in rule 11). The situation indicates that the work
at the courtyard was not finished and pilasters instead of pillars were carved. This
assumption is enhanced by the fact that the decoration was unfinished as well. Rule
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15 can be applied to extend a pilaster to a pillar representing the construction step to
engrave pillars and a side nave. The analyzed corpus of monuments does not include
evidence for rule 15 (Figure 13). This rule offers a possible scenario to, so to speak,
finish or, respectively, extend the courtyard of Karakhamun by naves and pillars. To
add side rooms rule 18 is applied (Figure 14). Rule 27 deletes white labels and side
axes and terminates further additions. Because rule 26 was applied before, the
entrance area can be built by adding a small (passageway) and large space (vestibul,
ramp or staircase) with rule 4. Rule 28 deletes the black label and terminates the
addition of shapes along the main straight axis. With rule 29 a white label could be
turned into a black label to indicate a new straight main axis (Figure 15).

Figure 18

Detail of the derivation of Montemhat, building a second main straight axis for a later tomb.

This is true, if a later tomb is built into a former one. In this case the new tomb needs
a main straight axis, which is indicated by the black label (Figure 18, Figure 8.c.). As a
last steps the passageway placeholders can be replaced by applying rule 30 or 31.
These rules replace passageways with passageways with one or two doorframes
(Figure 16). Because every label was deleted, no further rule can be added and the
computation is terminated.
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Figure 19

Derivation of Karakhamun.

Highlighted in grey: Rule 15 to simulate
the extension to build pillars from pilasters.
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5. Conclusion and Discussion
This paper presents an analytical grammar for ancient Egyptian funerary architecture.
It is the first approach to analyze ancient Egyptian architecture with procedural
modelling methods. The parametric grammar describes the formal structure of ten
analyzed Late Period funerary monuments at Thebes. The proportionate simplicity
and regularity of the studied funerary monuments makes them particularly amenable
to the development of a grammar. Furthermore, Egyptian funerary monuments have
a self-contained corpus of style depending on time, social status of the owner and
location. This means that the building corpus is dense and contained and is not found
at other locations or in other periods. The shape language defines the typology for the
studied monuments. Hence, Egyptian architecture is predestined to be analyzed
through shape grammars. Nevertheless, elements of earlier monuments, so called
archaisms, as well as other building types, like dwellings, can be located. The future
aim, therefore, is to have several design languages for reference and comparison to be
able to better locate and understand the re-use of shapes and spatial relations.
The grammar for Late Period funerary monuments at Thebes is characterized by four
aspects: Fractality - repeated space additions. Linearity – evolving structure along a
straight main axis. Uniformity and symmetry – repeating number of three additions
into the depth and to the sides. Constructionality – the grammar reflects the
construction process and chronological sequence of construction.
The developed grammar is able to reconstruct unfinished tombs, extend tombs
according to the rules and probability, like the example of Karakhamun shows, or
generate unknown tombs. More importantly, the rules provide a framework for the
typology of Late Period rock-cut funerary monuments at Thebes. The shape language
defines the typology for the studied monuments.
The described grammar was developed to be read and used by computational
designers as well as Egyptologists. Therefore the grammar is, so to say, easy to read.
It provides the possibility to generate existing tomb plans as well as reconstruct
possible design in the shape language. On one hand the rules provide flexibility, on
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the other hand parameters limit the possibilities. But, the uniform characteristics of
the shape grammar make a generic grammar possible. A small set of generic rules and
extended parameterizations for each shape rule will generate diverse design solutions.
Especially the corpus of functional conditions will be extended to be able to control
the design possibilities to a certain extend. The contribution of generic shapes lies in
the way of parameterization, while the shape rule remains the same. In the case of
Late Period funerary monuments already one single generic rule can generate several
design possibilities of tombs as well as compute existing designs. The generic shape
grammar will be published in an additional paper.
In a further step building information will be integrated and attached to the developed
shape grammar. These descriptions will complete the shape grammar and turn it into
a data transporting tool. Spatial analysis data as well as proportional conditions and
information about decoration occurrence and distribution will be provided. This
shape grammar addition will be named Building Information Grammar (BIG) and will
work parallel to the shape grammar. Further information and details will be published
as part of the PhD thesis of the author.
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