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A Studyyy of Practical Geometryyy in 
Sassanid Stucco Ornament in Ancient 
Persia 
Abbssttrractt.. This paper attempts to survey the use of practical 
geometry in Sassanid stucco ornament in Ancient Persia to 
understand the construction of geometrical structures and the f
progressive process of practical geometry. By use of 
geometrical analysis, we trace changes of ornament and 
extract the underlying geometrical structure; we also use 
symmetry groups, the seven frieze groups and the seventeen
wallpaper groups, in order to arrive at a deeper understanding 
of practical geometry in Sassanid stucco ornament. These 
analyses will evince features of Sassanid stucco ornament such
as: motifs as part of the whole; rotational symmetry and 
repetition of motifs in linear networks; application of 
complicated geometrical structures with rotational or 
reflection symmetry; the planning of whole decorative panels. g
Also, analyzing the Sassanid stucco panels allows us to
discover their repetitive units, which are then classified
according to frieze and wallpaper groups. 

11 Introduction 
In the ancient world, ornament was an inseparable part of architecture, so much so 

that Vitruvius, in his ten books on architecture [2009], advised architects to acquire
extensive knowledge of history in order to realize underlying ideas through ornament as
an expressive medium in architecture. The quadrivium of intellectual disciplines of 
classical education were arithmetic, geometry, music and astronomy. The practice of 
geometry served as an intellectual means to conceive the order of the universe [Lawler 
1982]. For the Babylonians1 and the Egyptians, it was a practical tool that was also
essential in their everyday life [Sarhangi 1999].  

In ancient Persia as well, ornament played a significant role in architecture and one 
can find the importance of ornament in the Achaemenid,2 the Parthian3 and the 
Sassanid4 monuments, and then later in the Islamic period.  

Sassanids, avoiding Greek forms, returned to the Achaemenid building design. 
Therefore, Sassanid art reflects individual dispositions and specific Persian innovations 
[Sammi 1984]. 

In this paper, we want to examine whether or not Sassanid stucco followed specific 
geometric rules. By analyzing Sassanid stucco ornament, we would also like to see the
knowledge of geometry and mathematics possessed by ancient Persians. Existing research
in the field of practical geometry relevant to architectural ornament mostly pertains to
geometric patterns of Islamic architecture [Bonner 2003; Cromwell 2009; Lu and 
Steinhardt 2007; Özdural 2000]; scant research exists exploring the same subject in 
ancient Persian architecture and mathematics [Afhami and Tavoosi 2007; Baltrušaitis 
1977; Roaf 1989]. This article aims to show the importance of geometry as an influential 
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      component in the design process. The application of practical geometry in Sassanid 
stucco will be discussed and their geometrical analysis will be shown in order to arrive at 
a deep understanding of the connection between mathematics and art in ancient Persia. 

2 Methods 

Pre-Islamic stucco ornament from ancient Persia has been much studied [Kröger
1982; Herzfeld 1923; Ettinghausen 1979]. However, the uncertain dating of the styles 
and forms of works produced in stucco makes it impossible to establish an absolute 
chronology in the absence of precise archeological data. The same motifs continue to be
repeated in essentially the same form for centuries. Roger Moorey [1978] and Jens 
Kröger [1982] argued that the stucco from K†šKK 5 dates to the fifth century, while that
from Ctesiphon6 and His…r7 dates to the sixth or early seventh centuries. These opinions
are based on the archeological evidence as well as on small variations in the vegetal and 
geometric patterns [Harper 1986]. Similarly, this present study views such issues in terms
of the accuracy of dates of Sassanid stucco patterns as pending archeological 
investigation. For most buildings the date of the ornament is often the same as that of 
buildings’ construction; however, in other cases the building ornaments were constructed 
in different epochs, making it very difficult to identify stucco ornament in a proper 
chronological context.  

In section 4, Sassanid stuccos will be discussed based on their geometric structures
and their figures and shapes will be ordered from simple to more complex designs. Two
criteria were followed in the process of selecting case studies: First, examples should
represent a typical ornament design; second, they can define a turning point or 
development in the application of practical geometry. 

By using geometrical analysis (carried out by authors), we will show the latent 
geometric order in Sassanid stucco ornament and reveal the presence of practical 
geometry in the process of designing the stucco ornament in Sassanid era. This paper is 
also an attempt to find dominant organizations of Sassanid stucco motifs, basic modules 
and geometric rules for composing whole decorative panels. In the geometric analysis of 
the stucco, the following three aspects have been taken into consideration: 

Design of decorative motifs: study of the design method and geometrical 
organization of motifs; 

Pattern repetition: repetition of motifs in creating ornamental pattern as a major
design principle;

Pattern extension: extension of the decorative motifs in accordance with vectors of 
patterns extension and alternating rhythms, which shows an improvement in 
ornamental design. 

In order to analyze the process, the seven frieze groups and seventeen wallpaper 
groups have been used to show the application of repeating units and symmetry. They 
will give us a better explanation for the creation of the Sassanid stucco patterns, and thus
a better understanding of the ornament. These groups will be shown in section 4, Table 
1 and Table 2. 
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3 Sassanid architecture and ornament  

A collection of extant monuments, rock carvings, inscriptions, artifacts, and
manuscripts have formed our present image of Sassanid history and culture. It was in the
1920s that the first archaeological excavation of a Sassanid site began at Ctesiphon in
southern Mesopotamia [Mousavi 2008].8 The Sassanid dynasty had its inception in a 
town situated near Persepolis,9 Istakhr.10 The office of chief priest of the sanctuary seems
to have been linked with the secular administration of the region of Istakhr, and both 
functions seems to have been hereditary in a family which traced its origins to a legendary 
‘Sasan’ a distant descendant of the Achaemenid dynasty. From this family came 
Ardashir.11 He defeated Artaban, the last Parthian king, and firmly established the rule of 
the Sassanid by reorganizing the Persian Empire [Porada 1965]. With popular 
supporting, Ardashir I led a movement to restore Persian rule after several centuries of 
first Seleucid12 Greek, and then Parthian rule. Under Ardashir and his successor, Sharpur 
I,13 the Sassanid Empire re-expanded to include most of central Asia and areas of 
northern India [Feltham 2010]. Sassanid Kings made attempts to associate themselves 
with the Achaemenid lineages. They idolized Achaemenid art and benefited from the 
experiences gained through the Greek and Roman influences [Ghirshman 1962]. Unlike 
Achaemnids, Sassanid architects built their arch structures with bricks and relatively 
simple techniques, but they attempted to reach the grandeur and spectacular excellence of 
the Achaemenid palaces by adorning the buildings with abundant ornamentations
[Godard 1965]. The convenience of the stucco technique accounts for its rapid growth.
A pattern used in a given panel could be reproduced indefinitely by means of modules, 
and stucco workers started creating ‘continuous motifs’ that could proliferate endlessly in 
all directions [Ghirshman 1962]. 

Fig. 1. Sassanid monuments and stucco 
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4.1 F  o   

Sassanid stucco reliefs include a variety of subjects such as hunts, banquets, royal
figures, and a great quantity of plant, animal, and geometric designs [Harper 1986].y
Sassanid architect created appropriate contexts for developing the ornament. Palaces and
ceremonial halls were designed to combine luxurious ornament with grandiose forms.
Domes, vaults and ponderous walls provided large blank surfaces. The decoration 
completely covered imposts, friezes, dados, and walls, and the designs were used to 
enhance the effectiveness of the imposing masses. The ornament can be considered in 
three categories: purely architectural elements and frames; geometrical decoration
consisting of abstract compositions of lines – curves, straight lines and angles–; and 
finally, plant ornament with leaf and floral motifs set into linear schemes; all these were,
on occasion, executed in stucco [Baltrušaitis 1977]. Most of the stucco remnants of wall
revetments comprise motifs combined to form continuous designs. Either the same or 
several motifs are repeated in a regular sequence, both vertically and horizontally. The 
preferred technique found in the revetments is stucco plaques of approximately one foot
(30.48 cm) square. Therefore, these units could be multiplied and simply added one to
another, similar to the tiling system of the Islamic architectural decoration. Indeed, these 
Sassanid stucco plaques can be considered as the antecedents of glazed tiles [Reuther 
1977]. 

4 Geometrical analysssiss of Sassanid stucco  

In this section we will analyze a selection of Sassanid stucco examples and study their 
hidden geometrical structure and regulating lines. The stuccos in this study contain some 
geometric imperfections, which could be due to the fact that they were handmade or 
possible minor distortions through time. However, we believe that they follow geometric
substructures. Therefore, the present study disregards minor imperfections in geometric 
forms found in some parts of the stuccos. The study and analysis relies on drawings by 
the authors based on photographs.  

Symmmeetryyy 
Grroouup 

Arranngemmeent 1188000 

RoRooRotatioon 
Horrizoontal 
ReReeReflffllflecttioon 

F1 No No 

F2 No No

F3 No No

F4 Yes No

F5 Yes No 

F6 No Yes

F7 Yes Yes 

Table 1. Symmetries of the seven frieze patterns, after [Lui et al. 2004]
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Table 1 shows the seven frieze groups that describe monochrome repetitive patterns 
along one direction [Liu et al. 2004]. We will use this theory of symmetry groups for 
periodic pattern perception. 

44..11 FFriieze grroouupps  

A frieze, or strip pattern, is a repeating pattern with translation symmetry in one
direction. The repeating patterns may have rotational, reflection, or glide reflection
symmetry. Frieze groups which has been standardized by crystallographers forms a system 
for naming repetitive patterns along one direction. Another naming system, suggested by 
mathematician John Conway [1992], is related to footsteps for each of the frieze groups. 

Fig. 2 shows a section of Sassanid stucco frieze from Ctesiphon, preserved in the
Metropolitan Museum of Art. This example shows a simple repetition of one single 
motif. This motif is drawn in a basic module and the subdivided lines in this module are
based on arcs of concentric circles. This pattern can be classified in the first frieze group, 
F1 as it contains only translation symmetry. y

Fig. 2. a) Sassanid stucco from Ctesiphon [Pope 1938]; b) geometrical analysis by the authors    

Fig. 3 is slightly different from fig. 2. The whole panel here is comprised of two
different motifs repeated in an alternating rhythm. The figure in the right side shows the
structure of the design. It shows that all motifs in this frieze are put on the accurate places 
emerging from geometrical dividing system. In order to surround two symmetrical parts
of the motif, this frieze is based on a basic square frame, which is divided into two
sections. By dividing each side of the square into two parts and by drawing the same
square inside and also by drawing two tangent circles based on these subdivided lines, the 
motifs can be placed in an accurate form. This figure is also classified in the third frieze
group, F3, containing translation and vertical reflection symmetries.
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Fig. 3. a) Sassanid stucco from Ctesiphon [Pope 1938]; b) geometrical analysis by the authors 

Fig. 4. a) Sassanid stucco from Ctesiphon [Pope 1938]; b) geometrical analysis by the authors 
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By use of arcs and curvilinear forms Sassanid architects found the best place of each 
motif in fig. 4. The radii of these arcs are based on divisions of the basic square. The large 
arc is drawn by diameter of two basic squares in order to place the leaves. The
intersection of two large arcs determines the location of the flowers. This frieze is made 
based on repetitive unit that is classified in the third frieze group, F3, containing 
translation and vertical reflection symmetries.

Fig. 5 shows a stucco panel of a royal hunting scene framed with frieze patterns.14 In 
this panel, five different friezes are seen. Each of them will be analyzed separately in what 
follows. 

Fig. 5. Sassanid stucco ornamental frame of King hunting scene-Chahar-Tarchan
[Ghirshman 1962] 

Fig. 6 is one section of a frieze from fig. 5. The line drawing shows the substructure
of the design. This frieze, similar to the previous examples, is drawn based on the basic 
square module and its divisions. This frieze follows the third frieze group, F3, containing 
translation and vertical reflection symmetries.  

Fig. 7 is another frieze of fig. 5. In this case the animal motif is repeated in such a way 
that can be classified in the third frieze group, F3, containing translation and vertical 
reflection symmetries.  
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Fig. 6. Section of a frieze with a geometrical analysis by the authors 

Fig. 7. Section of a frieze with a geometrical analysis by the authors

The motifs in fig. 8 are similarly drawn based on the basic square module. By 
drawing a circle inscribed in the square and dividing it by its diameters, the placement of 
the petals is found. This figure follows two different types of frieze groups. The design of 
each motif can be considered as the seventh frieze group, F7, containing all symmetries, 
translation, horizontal and vertical reflection, and rotation, while the repetition of the 
frieze follows the first frieze group, F1, contains only translation symmetry. 



Nexus Netw J – VolVV .14, No. 2, 2012 235

Fig. 8. Section of a frieze with a geometrical analysis by the authors

In Fig. 9 the frieze is created by repetition of the motif in a way that is classified in
the first frieze group, F1, containing only translation symmetry. However, the motif itself 
is made by using vertical reflection and follows the third frieze group, F3, containing 
translation and vertical reflection symmetries. 

Fig. 9. Section of a frieze with a geometrical analysis by the authors
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Fig. 10 is the frieze on the bottom of the royal hunting scene in fig. 5. Similar to
other examples, these motifs are drawn on the basis of the basic square module and its 
divisions. This frieze is based on the repetition of one unit in such a way that can be
classified as the fourth frieze group, F4, containing translation and rotation (by a half-
turn) symmetries.  

Fig. 10. Section of a frieze with a geometrical analysis by the authors

Four kinds of friezes are seen in fig. 11. These friezes make the frame for the main 
design. In the next part each of these friezes will be analyzed separately, in detail. 

Fig. 11. Sassanid stucco, Bandian15
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Fig. 12 shows one of the friezes in fig. 11, which is based on the fifth frieze group, F5

containing translation, glide reflection and rotation (by a half-turn) symmetries. In this 
frieze as well the basic square plays an important role in shaping the motifs. By dividing 
the square into sixteen units, the substructure for the design of the motif is created. 

Fig. 12. Section of a frieze with a geometrical analysis by the authors

Fig. 13 can be considered as the fifth frieze group, F5, containing translation, glide 
reflection and rotation (by a half-turn) symmetries. The substructure of the motif shows 
that dividing the basic module could help the artisans to design accurately. 

Fig. 13. Section of a frieze with a geometrical analysis by the authors
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4.  l pe  G o  Fig. 14, another frieze pattern from fig. 11, can be considered as the fourth frieze 
group, F4, containing translation and rotation (by a half-turn) symmetries. This kind of 
pattern was common in the ancient world and perhaps was created under the influence of 
Greek-Parthian art from the previous period. 

Fig. 14. Section of a frieze with a geometrical analysis by the authors

Fig. 15 is the final frieze pattern in Bandians stucco shown in fig. 11. The motif has 
been drawn in a basic square that is divided into six units. However, the next motif does 
not start from the last square but from the last 1/3 section of it. This frieze follows the 
sixth frieze group, F6, containing translation and horizontal reflection symmetries.  

Fig. 15. Section of a frieze with a geometrical analysis by the authors
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44..2 Walllppaper GGrooupps 

A periodic pattern extended in two linear directions in order to cover the two-
dimensional plane is known as a wallpaper pattern. The two smallest linear independent 
translation vectors T1 and T2 in the pattern’s symmetry group are generators for the 
underlying lattice structure of the pattern. The lattice divides the plane into identical 
parallelogram-shaped sub-images called lattice units or tiles. The symmetry group of a 
wallpaper pattern has to be one of the seventeen distinct wallpaper groups [Liu et al.
2004].16

p

Fig. 16. The seventeen wallpaper groups [Plass et al. 2007]

Table 2. Y means the symmetry exists for that symmetry group; empty space means no. Y(g) 
denotes a glide reflection [Plass et al. 2007] 

The square frame with a circle frame inside, shown in fig. 17, is one of the most
common examples of Sassanid stucco. These squares are put adjacent to each other in
order to create the whole panel. Vegetal forms in the corner of the square are designed 
based on rotational symmetry. For extending this figure in the surface they can be 
categorized in the “p1” wallpaper group. 
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Fig. 17. a) Sassanid stucco from Ctesiphon [Pope 1938]; b) geometrical analysis by the authors 

At the center of the square in fig. 18, one octagon is created by intersecting the arcs
containing the same radius. It makes a proper place to locate the central flower. It is r
interesting to note that the sides of the two squares in the middle that created an
octagram star are shown as woven together in an under-over pattern. This sample also 
shows the extension of modules in two directions. The designing of a one fourth of the
negative space between the frame of the circle and the square has been considered in 
order to create a newer form through the extension. Embedding a circle frame in a square 
frame, using square’s proportions to determine the circle’s proportions, and its inner 
components can show the progressing in the composition. Designers shaped a quarter of 
a pattern to transform the negative area of square corners into new positive forms after
repetition of modules in the whole panels. In these samples, we can see relations among 
main circles and their role in forming secondary ruler lines in design. It can be classified 
in the “pmm” wallpaper group.
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Fig. 18. a) Sassanid stucco from Ctesiphon [Pope 1938]; b) geometrical analysis by the authors

The motif of the panel in fig. 19 includes vertical axis symmetry. The leaves in each
motif have been made based on arcs with the same radius. These arcs have created the
geometrical substructure of the whole panel. This sample can be considered in the “pm”
wallpaper group.

Fig. 19. a) Sassanid stucco from Ctesiphon [Ferrier 1989]; b) geometrical analysis by the authors 
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5   

ss  s o i  un  u e  

Vegetal motifs in fig. 20 are combined with geometrical subdivisions that shape the 
best locations for motifs. In fact with a rotational dividing system, the whole ornamental 
panel is divided into some parts according to the central point. These changes are great
evolutions in central order and rotational symmetry that gradually make progress in these
fields. These effects on creating more complex geometrical design will be shown in the
following figures. In this example, the forms of the leaves can be considered as the
repetitive units, which can be classified in the “p4” wallpaper group. 

Fig. 20. a) Sassanid stucco, Iran-e-Bastan Museum, Tehran; b) geometrical analysis by the authors 

Fig. 21 is an advanced example in the application of rotational symmetry. It shows
the progress of going beyond basic frames in Sassanid stucco ornament. It also shows the
use of polar geometry and rectangular geometry synchronically. In this sample, by using y
the proportion of 1:4 and dividing them into tiny details, they achieve a pattern known 
as Farreh-Gerdab,17 a whirlpool curve of the Achaemenid style, corresponding to a 
structure of circles and its extension in any direction. This form is similar to the
Archimedean spiral.18 It can be considered in the “p4” wallpaper group.  

Fig. 21. a) Sassanid stucco, Iran-e-Bastan Museum, Tehran; b) geometrical analysis by the authors

Fig. 22 shows a good example of rotational symmetry, central organization and
extending the elements of design beyond the confines of the frames. In this example, the
Farreh-Girdab is in accordance with the complicated structure of a square. The central b
diamond is made by overlapping the spirals. This ornamental pattern goes beyond a 
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simple geometrical structure of the square to achieve a balance, making it possible to 
reproduce decorative forms from static compositions into dynamic, complicated
compositions. Two different systems of geometry have been combined to create a new 
productive modulation. Each square frame is an independent design that can make a new 
design when combined with others. This continuous repetition is limitless. Going 
beyond frames based on geometrical features of simple square pieces is the most 
important feature of this stucco. This sample can be considered as the “p4m” wallpaper 
group. 

Fig. 22. (a): Sassanid stucco from Ctesiphon [Pope 1938]. (b): Geometrical analysis by authors. 

5 Reeesultss  

In preparation for drawing conclusions regarding the use of the practical geometry 
and geometric frieze groups as organizing elements in the design of Sassanid stucco
ornament, all the above-mentioned stucco patterns are arranged in the following table. 

SSasssaniid ssttuucco Reeepetiitive unnit Feattuures 

Simple repetition of 
one motif.

The first frieze group.

Translation
symmetries.

Two different motifs.

Alternating rhythm.

The third frieze
group.

Translation and
vertical reflection
symmetries.

Third frieze group. 

Translation and 
vertical reflection 
symmetries. 

Alternating rhythm. 
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S san  ucc  epe t  i  Fe r  SSasssaannid sttuucccco Reeeppeetittivve unit FFeaturress 

The third frieze 
group. 

Translation and 
vertical reflection 
symmetries. 

The third frieze
group.

Translation and
vertical reflection
symmetries.

The seventh frieze 
group. 

Translation, 
horizontal and 
vertical reflection, 
and rotation 
symmetries. 

Vertical symmetry.

Motif follows the
third frieze group.

Frieze is based on the
first frieze group.

The fourth frieze
group, F4, contains 
translation and 
rotation (by a half-
turn) symmetries. 

The fifth frieze 
group, F5, contains 
translation, glide 
reflection and 
rotation (by a half-
turn) symmetries. 

The fifth frieze 
group, F5, contains 
translation, glide 
reflection and 
rotation (by a half-
turn) symmetries. 
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SSasssaniid ssttuucco Reeepetiitive unnit Feattuures 

The fourth frieze 
group: 

Translation and 
rotation (by a half-
turn) symmetries. 

The sixth frieze
group:

Translation and
horizontal reflection
symmetries.

Rotational symmetry.

“p1” wallpaper 
group. 

Designing quadrant 
of motives in corners. 

Create new motifs 
during repetition  

Reach to rotational 
symmetry. “pmm” 
wallpaper group. 
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SSasssaannid stuucccco Reeeppeetittivve unit FFeaturress 

Vertical symmetry. 

“pm” wallpaper 
group. 

Going beyond the
basic frame.

Complexity in
design.

Combining rotational
and orthogonal
geometry 

Rotational symmetry.

“p4” wallpaper
group.

Combining of polar 
and rectangular 
geometry 

Complexity in design 

Combining various
geometrical systems. 

“p4” wallpaper 
group. 

Combing rectangular
and polar geometrical
system.

New rhythms rather
than simple rhythms
of basic squares.

Complexity in
design.

Extension of basic
frames.

“p4m” wallpaper
group.

Table 3. Organization of stucco patterns in the present study 
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6 Discussion  

Vividness, accuracy, proportional settings, symmetry and symphonic design and also 
the use of expressive and eloquent motifs and skillful applications of design principles 
seem natural and granted in all stages of Persian culture [Pope 1965]. Persians have for
centuries been mathematically minded, and some principles of Persian design reflect this
certain type of mathematical thinking [Pope 1938]. 

This research suggests that in Sassanid stucco ornaments there are strong relations
between the whole and parts, regulating lines, proportions and repetition rhythms. These
connections define the progress of practical geometry through Sassanid stucco ornament.
By repeating the same figures and changing their interrelations, a great range of patterns
is obtained. When the primary motif has been identified and the process has been 
defined, even a very complex structure can be analyzed by identifying its components.
Our analysis shows that in the Sassanid period artisans and architects demonstrated high 
achievements in complex geometry rules. They must have understood and found 
repetitive units and considered them as main design elements for drawing and execution
of the stucco patterns. They extended basic frames and repetitive units to obtain
geometric motifs and create geometric relations among basic frames and other parts of 
stucco design. By considering repetitive units, we classified these stucco ornaments in the 
seven frieze symmetry groups. Figs. 2, 8 and 9 follow the first frieze group, F1, and they 
contain translation symmetry. Figs. 3, 4, 6, 7 and 9 (the motif itself), are classified by the
third frieze groups, F3, containing translation and vertical reflection symmetries. Figs. 10 
and 14 are based on the fourth frieze group, F4, and contain translation and rotation (by 
a half-turn) symmetries. Figs. 12 and 13 follow the fifth frieze group, F5, containing 
translation, glide reflection and rotation (by a half-turn) symmetries. Fig. 15 is classified 
as the sixth frieze group, F6 which contains translation and horizontal reflection 
symmetries. And finally fig. 8 (the motif itself) is on the basis of the seventh frieze group, 
F7 that contains all symmetries; translation, horizontal and vertical reflection, and 
rotation. Some of these examples can also be considered in relation to the seventeen
wallpaper groups. In fig. 17 the plane design can be classified as “p1” and fig. 18 as 
“pmm”. In fig. 19, the whole design can be classified as “pm”, figs. 20 and 21 as “p4”;  
fig. 22 as “p4m”.

The study has led us to conclude that Sassanid artisans paid significant attention to 
rhythm as the main element of design. The application of multiple rhythms and the 
creation of new rhythm from simple rhythms was one of the main characteristics of the
ornament design in the Sassanid era (fig. 22). Sassanid architectural ornaments suggest 
the creation of new motifs during the repetition of primary motifs (figs. 17, 18, 22). One
example of evolution is the application of sinusoidal forms to make an ornamental
pattern on the basis of the reverse repetition of motifs (fig. 12).

Complex spiral and wavy forms were used in this period. In addition, significant
progress in this field is the synchronization of polar geometry with rectangular geometry, 
which creates more complex geometrical patterns (figs. 21, 22). Another development in 
Sassanid stucco is designing a quarter of the main design and transferring it in order to
make a whole design with the help of rotational symmetry (fig. 22).  

7 Conclusion 

In conclusion we can summarize the most important findings in practical geometry 
existing in Sassanid stucco ornaments as follows: 1) division of motifs into repetitive
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units; 2) consideration of the concept of rhythm as the main design element; 3) presence 
of alternative and sinusoid rhythms with repetition of two or more motifs and creating 
new rhythms from simple rhythms and new motifs during the repetition of primary 
motifs; 4) use of rotational symmetry; 5) synchronization of polar and rectangular
geometry and transmitting motifs by design a quarter as a repeated unit; 6) reliance on
division of arcs and circles and their overlapping to go beyond the simple proportion; 7) 
modular-based design; 8) increase of rhythms from simple to complex rhythms with
various motifs. In addition, in designing the motifs, Sassanid artisans used repetitive units
in such a way that we were able to classify them according to frieze groups and wallpaper 
groups. These features demonstrate the ability of the Sassanid architects to understand
the geometry and apply practical geometry in the process of creating stucco ornament.  g

While patterns in Sassanid stucco design lend themselves to our contemporary 
geometrical knowledge (i.e., frieze groups and wallpaper groups), we cannot verify to
what extent Sassanid artisans conceptualized these ideas. However, we can conclude that
they possesses a high level of mathematical and geometric knowledge, as they dealt with 
the same set of issues as we discuss in our own time. The application of that 
mathematical knowledge and execution of the stucco ornaments verifies the high level of 
practical geometry among Sassanid architects and artisans

Notes 

1. Babylon was an ancient Empire of Mesopotamia in the Euphrates River valley. It flourished 
under Hammurabi and Nebuchadnezzar II but declined after 562 B.C. and fell to the Persians
in 539 B.C.

2. The Achaemenid Empire (550–330 B.C), was founded by Cyrus the Great, who became king 
of Persia in 559 B.C. and defeated his overlord Astyages of Media in 550. The Achaemenid 
Empire was the largest that the ancient world had seen, extending from Anatolia and Egypt 
across western Asia to northern India and Central Asia. 

3. The Parthian Empire (247 B.C.–224 A.D.), also known as the Arsacid Empire is a period of 
Persian history closely connected to Greece and Rome. The Parthians defeated Alexander the 
Great's successors, the Seleucids, conquered most of the Middle East and southwest Asia, 
controlled the Silk Road and built Parthia into an Eastern superpower.  

4. The Sassanid Empire was the last pre-Islamic Persian Empire, from 224 to 651 A.D.. The 
Sassanid Empire was recognized as one of the two main powers in Western Asia and Europe,
alongside the Roman Empire and its successor, the Byzantine Empire, for a period of more 
than 400 years.

5. KKK š (or Kish) is modern Tell al-Uhaymir (Babil Governorate, Iraq), and was an ancient city of 
Sumer. Kish is located some 12 km east of Babylon, and 80 km sof uth of Baghdad (Iraq). 

6. Ctesiphon, the imperial capital of the Parthian Arsacids and of the Persian Sassanids, was one 
of the great cities of ancient Mesopotamia. The ruins of the city are located on the east bank of 
the Tigris, across the river from the Hellenistic city of Seleucia. Today, the remains of the city 
lies in Baghdad Governorate, Iraq, approximately 35 km south of the city of Baghdad. 

7. His…r is an ancient hill near the D mgh n, a city in Semnan Province, Iran, 342 kilometres 
from Tehran. 

8. Mesopotamia is a toponym for the area of the Tigris-Euphrates river system, largely 
corresponding to modern-day Iraq, northeastern Syria, southeastern Turkey and southwestern
Iran. 

9. Persepolis (Old Persian P rsa, Takht-e Jamshid) was the ceremonial capital of the Achaemenid
Empire (550 B.C.–330 B.C.).

10. Istakhr was an ancient city located in southern Iran, in Fars province, five kilometers north of 
Persepolis. It was a prosperous city during the time of Achaemenid Persia.

11. Ardashir I was the founder of the Sassanid dynasty. He revolted against Artabanus, the last king 
of the Arsacid dynasty of Parthia and ruled over the territories of the Parthian empire, received f
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the submissions of the kings of the Kushans and of Turan (Pakistan and Baluchistan, 
respectively) in the east, and gained control of Merv in the northeast. 

12. The Seleucid dynasty was a Greek-Macedonian state that was created out of the eastern 
conquests of Alexander the Great. At the height of its power, it included central Anatolia, the
Levant, Mesopotamia, Persia, today Turkmenistan, Pamir and parts of Pakistan.  

13. Sh p r I was the second Sassanid King (241-272 A.D.). He fought three major campaigns
against the Romans, in 242-4, 252-6, and 260. In the last campaign, the Roman emperor 
Valerian was captured and killed by the Persians. 

14. This tablet is kept in Philadelphia museum.
15. Bandian is an ancient fire temple in Iran. Found at the site, near the town of Daregaz, 1150 

km northeast of Tehran near the Turkmenistan border, were a stucco-decorated hall with
columns, Sassanid Pahlavi inscriptions, and at last some remains of brick architecture, which 
are considered to be one of the most invaluable finds of that period. 

16. The practical value of understanding the seventeen wallpaper groups is that correct pattern
classification can be performed after verifying the existence of only a small set of symmetries,
specifically four rotations (180°, 120°, 90°, and 60°), and four reflections along axes parallel to
either unit lattice parallelogram boundaries T1 and T2 or unit lattice diagonals D1 and D2. It is 
clear from Table 2 that each symmetry group corresponds to a unique sequence of yes/no 
answers to whether the pattern contains each of these eight types of fundamental symmetry. f

17. The Farreh-Gardab was the most important motif of the b Achaemenid period, which is believed 
to have been influenced by Greek art. 

18. It is the locus of points corresponding to the locations over time of a point moving away from
a fixed point with a constant speed along a line which rotates with constant angular velocity.
Equivalently, in polar coordinates (r, ) it can be described by the equation: bar . 
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