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In Search of the Module in the Architectural Design
of the ‘Hellenistic’ House in Nea Paphos, Cyprus

ALEKSANDRA BRZOZOWSKA-JAWORNICKA,
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Abstract: Ancient Graeco-Roman architecture was designed with the application of math-
ematical harmony as a key compositional principle used in planning the dimensions and
proportions of particular elements, larger parts of buildings or whole edifices. Therefore,
application of metrology studies based on a cosine quantogram supports architectural
analysis leading to an indication of the predominant stylistic influence on any particular
building. Such a dual approach helps to establish the origins of the major artistic tradi-
tion in architectural design, especially of buildings excavated in a complex multicultural
archaeological context. The aim of this paper is to determine the existence and nature of
a module in the architectural decoration as well as in the general design of the ‘Hellenistic’
House, a spacious residence in Nea Paphos, Cyprus, erected in Roman times, but according
to the artistic Ptolemaic tradition.
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The study of ancient architecture may be conducted on the basis of various data: the layout
of buildings, their structure and construction, architectural decoration, etc. The aim of this
paper is to compare information obtained from traditional analysis of an examined edifice with
a study of its metrological system of measures. Is it possible to determine what was the domi-
nant influence affecting the design of a residence based on the major unit applied to building
dimensions? This paper presents two different approaches to architectural analysis of the case
study, namely the design of the ‘Hellenistic’ House, a rich peristyle residence situated in the
southern part of the ancient city of Nea Paphos on the south-west coast of Cyprus (Fig. 1).
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1. Plan of Nea Paphos (based on: Medeksza 1998: 37, Fig. 1; Mtynarczyk 1990: 162, Fig. 16; retrieved from Google
Earth, status as of October 5, 2014).

The ‘Hellenistic’ House was built at Maloutena — an area of the city with many extensive
residences planned according to the Hellenistic grid of streets. The ‘Hellenistic’ House occupied
the western part of the insula defined by streets A, A’, 9 and 10 with the general dimensions
of 30m by 100m (Figs 1-2).! The residence was erected by the end of the first century Ap?

! Mtynarczyk 1990: 163-164, 170-171.

2 Initial discoveries, which included a mosaic of irregular fragments of pebbles in the main hall of the house,
similar to the mosaics from the Hellenistic period, prompted the explorers to name the newly discovered edifice
the Hellenistic House. Later studies revised this supposition: the house was built in the early Roman period,
but the given name was already used and has been present in the literature since then.
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but was soon afterwards destroyed by an earthquake.’ After the fall of the ‘Hellenistic’
House, another residence, the Villa of Theseus, was built over the northern part of the
earlier residence,* which was never rebuilt.

In order to find out which architectural tradition in Cyprus — the Greek, the Ptolemaic,
or the Roman — influenced the design of the ‘Hellenistic’ House to the greatest extent,
complex studies of its layout and architectural embellishment were conducted and the
results were compared with a statistical analysis of the set of building dimensions.

CULTURAL INFLUENCES ON ARCHITECTURAL FORM OF THE HOUSE

The design, layout and the decoration of the ‘Hellenistic’ House reflect the profusion
of various influences present in Nea Paphos during the Hellenistic and Roman periods.
Cyprus, under the impact of Greek as well as Middle East civilisations, had been ruled by
local kings until it was conquered by Alexander the Great in 333 Bc. After his death and
the Wars of the Diadochi, which resulted in the division of his empire and the short reign
of Demetrius I Poliorcetes on Cyprus, the island became part of the Ptolemaic Kingdom
in the third century Bc. Cyprus start to be an overseas territory of Egypt, with Nea Paphos
serving as its capital. Strong links between the Ptolemaic Empire, especially its capital
Alexandria, and Cyprus turned out to be crucial for the development of art and architecture
on the island. The next change occurred on Cyprus with the appearance of the Romans
in 58 BC. The island was incorporated into the Roman Empire and Nea Paphos held the
position of one of the most important Cypriot cities with the palace, currently called
the Villa of Theseus, possibly belonging to the Roman governor of the island.’ The pres-
ence of the Roman authorities left its mark on Cyprus in terms of its art and architecture,
among other things.

The ‘Hellenistic’ House was designed around several courtyards, two of which were
distinguished by a rich architectural arrangement (Fig. 2).® The Main Courtyard, situated
in the central part of the house, was erected in the form of a spacious peristyle occupying
almost the whole width of the edifice.” The smaller courtyard, located on the western
side of the residence, was an almost square atrium — a tetrastylos.® The layout of the
house, with combinations of two major courtyards, shows the influences of two cultures.
The peristyle house is considered to be a Greek invention, developed in the Hellenistic era,
and widely propagated throughout the Graeco-Roman world.’ This design became popular
on Cyprus most probably thanks to strong links with Ptolemaic Alexandria. On the other

Meyza et al. 2017.

Daszewski 1985; Daszewski, Michaelides 1988: 53; Medeksza 1998: 25; Meyza et al. 2017.
Daszewski 1985; Daszewski, Michaelides 1988: 53; Medeksza 1998: 25.

For an analysis of the architecture of the ‘Hellenistic’ House, see: Brzozowska-Jawornicka 2021.
Daszewski 1991: 82; Meyza et al. 2014.

Brzozowska 2016: 46-51; Brzozowska-Jawornicka 2018.

Hales 2003: 208-209; Morvillez 2018: 19-20, 30; Nielsen 1994: 24-26.
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3. Architectural orders of the Main Courtyard of the ‘Hellenistic’ House (Drawing: A. Brzozowska-Jawornicka).

hand, the atrium is a Roman creation used as a key part of the residence entrance zone.'”
The tetrastylos of the ‘Hellenistic’ House is situated close to street 10, but no clear signs
of entrance were found in this area, perhaps due to the poorly preserved relics of the walls.
Houses with both an atrium and a peristyle are known throughout the Roman Empire.!
The architectural decoration of the ‘Hellenistic’ House attests to its owner’s interest
in the newest trends in art and architecture. The embellishment of the residence is very
rich: among the two courtyards mentioned above, five different architectural orders were
used. The wealth and variety of the adornment seem to be compatible with Roman taste,
although the styles and types of architectural elements clearly show Alexandrian prov-
enance. In terms of architectural orders and scale, the main courtyard was composed
of four different porticoes (Fig. 3). Two lower ones were erected on the eastern and
southern sides of the peristyle: Ionic'? and Doric respectively.'* They were most probably
topped with another storey, which would have made them the same height as the other
two much higher porticoes, the western and northern ones. The latter two were erected
in the most elaborated architectural orders. The western colonnade was Corinthian' in
a special variation called the Alexandrian style.!* The northern side of the Main Courtyard
was completely destroyed by the earthquake and the subsequent erection of the Villa of
Theseus. Nevertheless, archacological excavations conducted in the area of the court and
architectural studies enabled us to establish the form of the northern part of the peristyle.
It turned out that it was a pseudo-portico composed of several engaged supports of a very
complex form: a half-column with a pilaster. The supports were crowned with capitals of
a simplified geometrised shape originating from the Corinthian capital. They were identi-

10 Hales 2003: 153—154.

! Hales 2003: 97—-134, 167-247.

12 Daszewski 1992a: 251-253; Daszewski, Sztetytto 1988: 199; Karageorghis 1988: 835; 1989: 834-835.

13 Daszewski 1992a: 253; 1992b: 65.

14 Daszewski 1990: 35; 1992b: 253-254; Papageorghiou 1990: 997, Fig. 97.

15 McKenzie 1990: 64-96; 2007: 84-87, Figs 121, 125-126, 128-135; Pensabene 1993: 109-120, Pls 26-42;
Ronczewski 1927.
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fied as the so-called blocked-out capitals'® resembling Nabataean capitals type 1, known
primarily from Petra."” According to the most recent studies, such capitals were also
invented in Ptolemaic and Roman Alexandria and then spread across the eastern part of
the Graeco-Roman world, especially in Egypt, Nabataca and on Cyprus.'® The form of the
northern side of the courtyard, the pseudo-portico instead of a portico, reflects the transfor-
mation of the form of the courtyard from a classical peristyle into a pseudo-peristyle. It is
another feature characteristic of Alexandrian architecture — e.g. the layouts of the houses
in the Kom el-Dikka area were often designed with a pseudo-peristyle in the central part
of the residence.' Such an arrangement was usually due to a scarcity of space.”* Unfortu-
nately, the extent of destruction of the Main Courtyard in the ‘Hellenistic’ House prevents
us from establishing the construction and form of the entablatures crowning its porticoes.

The second, smaller, courtyard of the ‘Hellenistic’ House, an atrium located in the
western part of the edifice, was designed, as mentioned above, in a form of a tetrastylos
composed of four columns topped with pseudo-lonic capitals.! Such capitals are very
rare — they are present in only a few buildings in Nabataea. Similarly to the blocked-out
capitals originating from the Corinthian order, the pseudo-lonic ones are derived from
a particular type of Tonic capital with four corner volutes.?? The columns of the tetrastylos
were surmounted with a complex tri-partite entablature.”® There are no fragments that
could be identified as remains of an architrave, which was most probably made of wood.
A slightly simplified version of a Doric frieze with triglyphs and plain metopes constituted
the middle part of the entablature. A Corinthianising cornice with flat grooved modillions
alternating with square hollow modillions crowned the whole structure. Such a cornice
is considered to be another feature of a purely Alexandrian style, as is the idea of mixing
various orders, usually a Doric frieze with an Ionic or Corinthian cornice, in one archi-
tectural ensemble.** These attributes of Alexandrian architecture are also widely attested
throughout the Eastern Mediterranean.”

ANCIENT MEASUREMENT SYSTEMS

Apart from analysis of spatial arrangements and architectural decoration, the modern under-
standing of ancient architecture design may be based also on identification of the system

1 Brzozowska 2016: 61-62; Meyza 2015: 450-451.

"7 McKenzie 1990: 117, Diagram 14g, 17, Pls 106, 109, 112, 138-139, 141, 144146, 159-160.

18 Czerner 2009: 2, 6-12, Figs 5-11, 15-16, 38, 53-57, 59, 112, Pls I-1II, VI-VIL

1 Majcherek 1995: 11-20, Figs 1-2; 1997: 13-15; 2000: 32-34, Fig. 5; McKenzie 2007: 150, 180-183,
210, Figs 309-310.

20 Hales 2003: 153; Jashemski 1993: 38-41.

2l Brzozowska-Jawornicka 2018.

2 McKenzie 1990: 159-165, Pls 138-139, 141c, 145-146, 149a-c.

3 Meyza et al. 2012: 414,

2 Brzozowska-Jawornicka 2021: 105, 111, Figs 6-7, 9.

2 McKenzie 1990: 93-94, Pls 26b, 39a-b, 119a, 222; 2007: 58, Figs 74, 65, 87-89, 91, 94b, 139-140;
Pensabene 1993: 92—-103, 131-133, 135; Pesce 1950; Stucchi 1975; Wright 1992: 47, Fig. 2.
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of linear measurements utilised at the time. Based on cultural influences on Cyprus during
the Graeco-Roman period, we can indicate three possible standards of the measurement
applied in the design of the ‘Hellenistic’ House: the Greek, the Ptolemaic, and the Roman
standardisations (Table 1).

Table 1. Comparison of three basic units of measure: a palm, a foot and a cubit in three systems of measurement

Systems of palm = Y foot foot cubit = 1% foot
measurement cm cm cm
: . A I { I {
Attic-lonid 735736 29.4-29.5 44-44.25
. S — f ! f !
Greek Dorie-Pheidonic| ¢y "'y 325328 48.75-49.2
Samian-Ionian 8.7-8.75 ' 34.8-35 e 52.2-525 I
Ptolemaic 875 ' 355 e 52.5-53.2 I
A I { I {
Roman 735-7.42 29.4-297 44.1-44.55

According to Herodotus, different foot lengths were in use in the Greek world, and some of
the relations among various units of measurement were described in his work.?® Contem-
porary studies also confirm that certain regions of Greece used particular units of length,
usually with the basic module of a foot. These various Greek feet varied over time and
space. They were categorised into three main systems of measurement: the Attic-lonic foot
(29.4-29.5cm), the Doric-Pheidonic (influenced by the Egyptian cubit; 32.5-32.8cm), and
the Samian-Ionian (34.8-35c¢m).”’

The second possible design pattern of the ‘Hellenistic” House is related to the strong
influence of Hellenistic culture from the Ptolemaic Egypt, and, as mentioned above, had
a very strong impact on Cypriot architecture, e.g. the layouts of residences and architec-
tural decoration. The Ptolemaic cubit is a combination of three metrological standards: the
Greek, the Hellenistic introduced after the expedition of Alexander the Great into Asia,
and the reformed cubit of the Twenty-sixth Dynasty of Egypt.?® The Ptolemaic standard
measure was the Great Ptolemaic foot: approx. 35.5cm.

After nearly 250 years of Ptolemaic rule Cyprus was incorporated into the Roman Empire.
The well-documented Roman foot standard, measuring 29.4-29.7¢m,* was preserved on
the island on the mosaic showing Ktisis in the Baths of Eustolios in Kourion (Fig. 4).
The meaning of this motif is related to the erection of actual buildings, the Baths and
Annex in the late fourth century Ap.*

An analogical representation of Ktisis, as an act of a generous donation and foundation,
was placed on a Byzantine mosaic from the fifth century AD and is presently displayed

26 Hdt. 6.127.3.

27 Dinsmoor 1961: 355-368; Dorpfeld 1890: 167—-197; Miiller-Wiener 2004: 33—34; Riemann 1935: 1-6.
28 Hirsch 2013: 148-150.

2 Wilson-Jones 2000: 73-74.

30 Mitford 1971: 358-359.
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3 100[CM]

4. Woman, identified as Ktisis, holding measuring tool of the Roman foot (29.4-29.7cm), in the mosaic of Kourion
(based on: Charalambous 2012: 436, Fig. 216; courtesy of E. Charalambous; scaled based on measurements taken by
A. Kubicka-Sowinska).

in the Metropolitan Museum of Art in New York (Fig. 5). In both examples a measuring
tool is depicted in actual size and has the form of a metal rod, the approximate size of the
Roman foot. The dimensions of the metal rods as around 29.4-29.7cm were confirmed on
both mosaics. In order to do that, mosaics were photographed with the dimension’s markers
and 3D modelling was performed in the software for close range photogrammetry (Agisoft).

DATA CHARACTERISATION AND THE METHOD OF METROLOGICAL STUDIES

This study attempts to define a module or a metrological unit of unknown size applied in
the ‘Hellenistic’ House on the basis of an analysis of a set of dimensions. If a design unit
of a certain size, or a quantum in statistical terms, was implemented into the building plan
and/or into various elements of its architectural design, it should be possible to detect it by
statistically analysing the building’s measurements. By identifying this unit, it may also
be possible to trace the source of the applied system of measures, a region or a city, etc.,
and in consequence the dominant architectural influence on the building.
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5. Woman, identified as Ktisis, holding measuring tool of the Roman foot (29.4-29.7cm), in the Byzantine mosaic
from the Metropolitan Museum of Art (based on: The Metropolitan Museum of Art 2012: 181; scaled based on
measurements taken by A. Kubicka-Sowinska).

External influences in the architectural design of the ‘Hellenistic’ House will be exam-
ined in terms of the relationship between its design, decoration and the applied system of
measures. Such a metrological analysis requires a multipart set of repeatable elements.
As mentioned above, most of the house was heavily destroyed by earthquakes, but the
state of preservation of its Western Courtyard, erected in the form of a tetrastylos with
an impluvium in the middle,*" allows precise reconstruction along with an entablature
surmounting four columns. The preserved elements from the entablature, in particular
the frieze, constituted the set chosen for analysis (Fig. 6). The dataset — dimensions of
certain parts of the frieze decoration juxtaposed together — was the basis for establishing
the initially unknown design unit.

As already stated above, the entablature consisted of three parts: the presently unpre-
served architrave, most probably wooden, the Doric frieze, and the Corinthianising cornice
with modillions. The blocks constituting the frieze were 45cm high and 28.5cm wide.

31 Brzozowska-Jawornicka 2018.
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6. The reconstruction of the tetrastylos entablature from the ‘Hellenistic’ House with marked measurements taken for
the metrological analysis (Drawing: A. Brzozowska-Jawornicka).

They were decorated with triglyph-metope continuous embellishment.?? The triglyphs were
composed of three vertical mouldings crowned with a kind of a capital with an oblique
cut-in profile. The triglyphs were separated from each other with plain rectangular metopes.
The ratio of the widths of the triglyphs to metopes is more or less 2 to 1. The propor-
tions of the frieze elements differ from the classical canon described by Vitruvius.** Other
features of the frieze are also different from the classical Doric entablature: e.g. the lack
of bottom elements in the form of a taenia, regulae or guttae. It is, however, possible that
these elements from the frieze were incorporated into the unpreserved architrave. Similar
simplified versions of the classical decoration may be found throughout the eastern
Graeco-Roman world, such as in Petra or Egypt.*

In many cases ancient measurement systems are reconstructed on the basis of inscrip-
tional or archaeological evidence of measuring tools. The strong impact in metrological
analyses of ancient Greek architecture was asserted by Jari Pakkanen,* who implemented
a statistical methodology using cosine quantogram analysis to studies of ancient design.

The method used in this article is inspired by quantogram studies carried out using the
cosine quantogram algorithm elaborated and then published by David George Kendall.*

The number of relevant measurements is usually limited in archaeological contexts due
to damage to the analysed material. In the case of the ‘Hellenistic’ House, metrological

32 Brzozowska-Jawornicka 2018: 61, 66-72, Figs 3, 6-8; Meyza et al. 2012: 414.
3 Vitr., De arch. IV.2.

3 McKenzie 2001: 103-105.

35 Pakkanen 2002; 2013.

¢ Kendall 1974.

w
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analyses of building measurements were collected from the Doric frieze described above,
chosen for this purpose because of the repeatability and uniformity of the triglyph-metope
decoration. Nine blocks belonging to this part of the entablature were preserved in an
appropriate condition to serve as a dataset with possible standardised measurements. Heights
and lengths of the whole frieze in general and of the triglyphs and metopes in particular
established a sample size of twenty-four dimensions (Table 2).

Table 2. The dimensions from the Doric frieze of the tetrastylos in the ‘Hellenistic’ House; dimensions come from
archives (catalogue of architectural detail, 2009 and 2010) of the Polish Archaeological Mission of the University of
Warsaw in Kato Paphos

Block element Data-measurements [cm] Dimensions
metope 51.75, 52.14, 52.56 length
triglyph 26.37,26.34, 26.2, 25.02 length

45.25,45.12, 44.72, 44.94, 44.49, 44.48, 44.79,
frieze height
34.2, 34.86, 34.63, 35.02, 34.54, 34.54, 33.2

cornice 16.99, 15.81 height

Any error in the set of measurements could be related to one of the following factors:
the structure of the material, precision of stonework, the current state of preservation,
and methods and tools of measurement used by the modern scholar who collected them.
A difference of 1cm between dimensions of similar relatively small architectural elements,
such as frieze blocks, is common in Greek building practice.’” In the present studies, meas-
urements used in the quantogram analyses were collected with a precision of 0.1cm and
calculated with the same step. The maximum value of searching quanta is 60cm, which
includes the cubit measure as possible results.

APPLICATION OF COSINE QUANTOGRAM IN METROLOGICAL ANALYSIS:
RESULTS AND DISCUSSION

If we assume that all the dimensions of architectural detail or construction elements were
established based on a module standardised at that time, we can define each building’s
dimension as a multiplication of the module plus a small error — made during the stone-
work or construction phase. In order to find the value of the searched module (quantum)
we applied the statistical method called cosine quantogram to establish the best candidate
for quantum based on the series of collected measurements (see Appendix below).

The metrological analysis of dimensions of the frieze elements and the results of
quantum (g) estimation are presented on a line graph, where the highest peak, 8.8cm, is
the best candidate for the basic unit, existing in a set of measurements (Fig. 7).

37 Coulton 1975: 94; Pakkanen 2013: 13.
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7. Cosine quantogram plot for the Doric frieze from the tetrastylos of the ‘Hellenistic’ House, listed in Table 1
(Processed by: A. Kubicka-Sowinska).

The cosine quantogram algorithm itself does not assume any potential value of a quantum
or even premise its existence. Thus, without information from historical sources we can
statistically prove the existence of a module in a set of data. However, historical informa-
tion from written sources and/or analyses of architectural forms helps to understand the
interpretation of such a module.

In the case of the ‘Hellenistic’ House, we could assume the presence of various standards
of measurement described above, which could have been used for its design considering
the time and place of its erection. However, the estimated quantum of 8.8cm, a result of the
metrological research on the Doric frieze, fits into the four palms division of the Great
Ptolemaic foot (approx. 35.5cm). The width of the triglyph is 3 palms (26.4cm) and the
width of the metope is 6 palms (52.5cm). It seems that the Great Ptolemaic foot constituted
the basic ancient module which could have been divided into four smaller parts — palms.
In our calculations the palm appeared as the smallest indivisible unit, or in metrological
terms, quantum.

The length of one Ptolemaic cubit equals one and a half Ptolemaic feet: 52.5-53.2cm.**
The reformed cubit and the royal cubit inherited by Ptolemais derived from Pharaonic
Egypt have the same length but differ in the number of the palm divisions — there are
six in the reformed cubit, each around 8.75-8.8cm, and seven in the royal cubit, each
around 7.5cm.*

Didymus of Alexandria, the first-century BC scholar, described correlations between
various units of length and the Ptolemaic cubit in his work ‘The Measurement of Different
Types of Timber’. The division of this unit is equal to 6 palms, 24 digits, 1.5 Ptolemaic
feet, or 4/5 of a Roman foot. Since the Ptolemaic foot (2/3 of a cubit, 52.5cm) was 35cm,
and a Roman foot was defined as 5/6 of a Ptolemaic foot, then the Roman foot would
be 29.2cm. The length of the Roman foot on surviving buildings in Italy varies, with an

3% Hirsch 2013: 78-82.
¥ Tversen 1990; Zignani 2010: 158.
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average of 29.6cm.** Whilst these calculations are largely given for timber, they are equally
applicable to stone. The cubit measuring 1.5 Ptolemaic feet equals both the cutter cubit
used by carpenters and the ‘lithic cubit’ used by stone masons and in quarries.*!

The importance of the application of the principle of modular composition was explained
by Vitruvius: the dimensions of a small element of the building, like the lower diameter of
a column shaft or the width of the triglyph, were to be multiplied to determine the larger
measurements of e.g. a colonnade or general building dimensions.*> This rule assured
a mathematical harmony reflected in architectural forms. Therefore, using a multiplication
of ancient foot-units, e.g. ten, twelve or one hundred feet, to design some larger elements or
parts of ancient buildings was a natural and common practice, confirmed by recent metro-
logical studies.”® Taking this into account, we checked whether the multiple of the Great
Ptolemaic foot standard may be found in some larger measurements of the ‘Hellenistic’
House. The tetrastylos surmounted by the entablature containing the analysed Doric frieze
constituted a natural choice. Its layout is almost square and the measurements of its inter-
columnia presently vary from 354 to 365cm, most probably because of the damage caused
by earthquakes.* If we assume that the lower value, 354cm, was the original, designated
one, and the higher value, 365cm, was a result of some seismic displacement, we can
indicate the multiple of the basic measurement unit used for the tetrastylos planning: ten
times the Great Ptolemaic foot: 10 x 35.5 = 355cm.

The established design unit of the ‘Hellenistic’ House, the Great Ptolemaic foot used
for designing both the relatively small elements of the architectural decoration, such as
the Doric frieze, as well as the whole structures like the tetrastylos, confirms the dominant
artistic influence of Ptolemaic architecture, in particular the so-called Alexandrian style in
the Graeco-Roman residences of Nea Paphos.

CONCLUSIONS

The origins of architectural influences have so far been primarily noticed in the architec-
tural studies of the style and the construction of the Western Courtyard.* According to
that study, the reconstructed tetrastylos combines the classical canon with the so-called
Alexandrian style that originated in the Ptolemaic Kingdom. The stylistic analysis is now
supplemented with further metrological study. The application of the cosine quantogram
in studies on building measurements of the ‘Hellenistic’ House revealed connections
with the Ptolemaic system of measures in residence design. It seems that both analytical
approaches, the first examining the layout and the decoration of the ‘Hellenistic’ House,

40 Didymus of Alexandria 11.29, V.46.

41 McKenzie 2007: 326.

2 Vitr., De arch. 111.6.

4 Pakkanen 2004: 111-121; Hellmann 2002: 44-39.
4 Meyza et al. 2014.

4 Brzozowska-Jawornicka 2018; 2021: 104-108.
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and the second investigating the system of measurement applied to building dimensions,
prove the very strong influences of Alexandria at the time of the House’s erection. Such
impacts have been already observed in other Cypriot edifices* and throughout the eastern
Mediterranean region, confirming the absolute artistic domination of the Egyptian capital in
the Graeco-Roman period. It is worth emphasising that the influence of Egypt on Cypriot
art and architecture did not cease after the Roman conquest but was still present on the
island for the following few centuries. The ‘Hellenistic’ House, built several decades after
the arrival of the Romans at Nea Paphos, is a perfect example of this trend.

The comparison and juxtaposition of both approaches applied in the analysis of the
architecture of the ‘Hellenistic’ House prove that metrological analysis constitutes a veri-
fied and useful tool for the classical studies of architecture.

APPENDIX: STATISTICAL METHODS USED IN THE MODULE CALCULATION

Metrological analysis of Graeco-Roman architecture is based on searching for the smallest
unit of measurement that could exist in the dimensions of each element of the building.
In order to find the smallest unit (quantum), a series of collected measurements were anal-
ysed with the cosine quantogram function, and the results were evaluated by the Monte
Carlo simulation.’

Considering each of these dimensions: X as a result of an integral multiple M times
the quantum ¢ plus an error component &, we can define in mathematical terms a block
dimension as (1):

X, =Mqg+e )

The error factor is essential in the formula (2). This formula calculates a number of
errors in measurements which clusters around ¢ or 0. The value of ¢ is a result of the divi-
sion of the measure X by ¢ and then the cosine of ¢/q is taken. It gives a value of +1 for
dimensions X which are multiples of ¢, and badly fitting measurements generate a value
of —1. In order to find out which ¢ is the best candidate for quantum all measurements are
computed in the cosine quantogram.

To calculate the quantum score the following function of Kendall’s cosine quantogram
was used:

f(@)= %;COS(ZZ)QJ @

Where: N is the number of measurements, \/Z is the scaling factor, dependent on
n

2 X,
the sample size and cos( . : j is the quantity proportional to the von Mises probability

4 Guimier-Sorbets, Michaelides 2009.
47 Kasinski 2019.
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8. Bootstrap confidence intervals of 95% for 500 samples from 8.7 to 8.85cm (Plotted by: M. Kasinski).

density. The results are presented in the graph (Fig. 7), where the sum of the cosine values
(score) is plotted against (¢ = 8.8), and its value of 5.65 is scientifically high for only
twenty-four measurements.

After applying the cosine quantogram to the frieze data, the verification of estimated
quantum is evaluated using the Monte Carlo simulations. Data which could be dominated
by some outlier measurements are tested by the bootstrap method to construct confidence
intervals — the estimation of the most possible range of quantum values (Fig. 8). From
the original data 500 equal size samples are drawn with replacement. For each sample,
after unrounding, the same cosine quantogram procedure is applied. Assuming 5% signifi-
cance level, the quantum 8.8cm for original data falls within the confidence interval. The
bootstrap confidence interval is 8.70-8.85cm. Such an interval estimate of quantum is
very narrow, around the highest peak on the original dataset. Therefore, we have more
evidence for quantum around 8.8cm, and the risk of such quantum occurring by chance
is very low. Specifically, in the cosine quantogram problem, the parameter distribution
might be concentrated around a few quanta, which requires a cautious interpretation of
confidence intervals.
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