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Abstract:

Over the past thirty years, Sulaymaniyah City has experienced tremendous sociocultural and
economic upheaval, which has led to substantial changes in both the urban and architectural layouts.
There have been many traditional houses in the old city center that were destroyed and rebuilt with
new structures, which has negatively impacted the form and spatial organization of the original fabric.
This study aims to investigate how the contemporary reconstruction activities that landowners in
traditional city neighborhoods undertake affect the basic genotype or genetic constants of housing
spatial design. The research entails morphologically assessing the architectural arrangements of the
rebuilt and original structures. In order to achieve this goal, five distinct designs of traditional homes
built in the years 1900-1960 were selected and compared with five newly reconstructed modern
homes from the years 1990-2020 in the same area. Using (A-graph software) as a space syntax
technique, specifically (Gamma analysis), the spatial arrangements of these structures were assessed
using an analytical quantitative approach to ascertain the layout characteristics such as
(symmetry/asymmetry) and (distributiveness/non-distributiveness) of the entire system. The results
show that, whereas many organizing principles are common, there are distinct structuring patterns
based on genotype differences.
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1. INTRODUCTION

Every residential dwelling possesses a tale to narrate; it acts as memory of the historical ideological
processes and spatial organization of previous generations. Architecture, functioning as a mode of
non-verbal symbolic communication, mirrors societal values, perceptions, and convictions, acting as
a channel for conveying and exchanging cultural ideologies (1). Among all architectural edifices,
houses are uniquely complex due to their multifaceted purposes and symbolic significance, with their
spatial configurations revealing insights into the cultural beliefs embraced by their inhabitants (2)(3).

Numerous scholars posit that the underlying principles governing the layout of houses within a
specific culture originate from the socio-cultural standards of that society, resulting in a consistent
spatial design known as the "Housing genotype.” This notion is described as an "archaeological
space™ (4) (2). Housing embodies a characteristic that acts as a bridge between form and function in
architectural design, while also demonstrating how the space encapsulates societal influences the
original structure (5).

Sulaymaniyah city’s historical residential layouts are a vital component of the local architectural
legacy. These homes were erected by local craftsmen who took into account both the physical and
intangible needs of the inhabitants, employing construction methods that were handed down through
generations. Despite showcasing a range of architectural designs, these residences shared common
spatial arrangements since the city's foundation to the 1960s, when regional social and cultural factors
began to influence the house layouts. Nevertheless, the contemporary remodeling practices
undertaken by property owners have led to significant changes, as they have begun to replicate
modern Western architectural styles, resulting in the emergence of altered architectural structures (1).
Consequently, the spatial layouts of historical housing were rebuilt with new configurations which
display diverse physical characters. Hence, this paper addresses a problem pertaining to the
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modifications and disappearance of the indigenous space configurations (Genotype) of the houses by
exploring these inquiries:

e To what degree do the intrinsic genetic elements in spatial organization impact the layout of
dwellings in traditional neighborhoods of Sulaymaniyah city?

e To what extent do the architecture space patterns of newly constructed residential layouts in
historic districts differ from those of traditional ones, and in what particular ways?

e How can the idea of genotypical change be applied for upcoming architectural and reconstruction
projects in the traditional region of the city to improve the sustainability of rebuilding practices?

The aim of this paper is to observe the physical characteristics of traditional dwellings,
concentrating on seven particular Sulaymaniyah city neighbourhoods. This study examines how
patterns have changed over time by contrasting the modern reconstructions of traditional (courtyard)
dwellings with their architectural arrangements. Architectural designs are analysed and turned into
graphs and numerical data for this comparison applying (A-Graph program), commonly recognized
as “Gamma Analysis”. The final objective is to identify the spatial genotypical constants that these
structures include.

The study's challenge emerged from the critical need of preserving the true architectural genotypes
of traditional homes, which are often overlooked in the rebuilding process of today's homes. These
spatial genotypes may have an impact on modern spatial configurations and household arrangement.
The study employs space syntax as a socio-spatially relevant methodology to answer the research
subject. Architectural space arrangements of all categories are identified and evaluated by getting the
syntactic signs of dwellings, such as mean depth (MD), integration (RRA), Base difference factor
(H*), space link ratio (SLR), and space types (space), after comparing and contrasting the similarity
and distinctions among all chosen spatial layouts with respect to (Symmetric/asymmetric) and
(Distributes/non-distributes). Regarding Phenotypical aspects, the physical architectural features of
the homes (such as shape, length, and envelope), and the social, behavioural, and psychological facets
of the occupants are not covered in this work.

Due to its transitional nature and transformative effects on the housing sector in the urban area, the
analysis also excludes the years 1960-1990. By allowing the original fundamental principles of
spatial genotypes to be integrated into various formal expressions (phenotypes), the study's findings
may have an impact on future architectural design and rebuilding processes. This will allow the
original architectural genotypes to be preserved while modifying to meet modern needs and maintain
the distinctiveness of local architecture.
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1.1.Architecture Genotype

The concept of Architectural Genotype is the architectural counterpart of the idea of Genotype as
it applies to biology (6). This phrase was first used in the field of architecture by Hillier and Leaman
in their space syntax literature. It is used to distinguish the spatial principles that inspired the design
of the built environment from its physical form (7). In the architectural sphere, genotypes are defined
as basic rules regulating spatial arrangements, which can be identified by using space syntactic
techniques. According to Hillier and Hanson, these principles are abstract spatial templates that are
culturally transmitted and relate to certain building types or settlements (8) (9).

Both the fields of architectural and the of urban studies have discussed genotypes in their
researches. Housing genotypes have been studied before, employing space syntactic methods to look
at different aspects. For example, an examination of Normandy's vernacular dwellings was conducted
in order to show how cultural notions were represented in both the physical buildings and the
designer’s mind (10). The study of genotypical patterns in early German residential plans attributed
to Mies Van Der Rohe (11), suburban houses in London (2), and gender differences in the genotype
of historical court-yard houses in Baghdad City are just a few examples of the diverse design
strategies used by architects (12). The development of flat plans in Ankara city is examined in relation
to the interplay among genotype of architecture layout and function setting (13). An exploration is
conducted regarding the correlation between space patterns and function layouts in both conventional
and contemporary housing patterns in Erbil City (14).

In her study, Seo identifies genotype of houses observing the change happened to the code of
houses in Korean flats (15). Raith and Estaji, study the consistency in the space organization of
historical residential blocks in Iran (16), while Elizondo investigates resident changes on standard
based societal houses genotype influenced by societal aspects (5). Depending on previous studies, the
study deduces that by discerning analogies and disparities within interior arrangement of various
structures, it becomes feasible to recognize architecture genotypical pattern (17).

As such, a housing genotype is a coherent system of spaces organisation which forms the basis of
the formal expressions that are observable (18). These patterns are only culturally and socially
transmitted; people copy them in an attempt to feel a connection to the past. These timeless patterns
reflect societal traits including complex relational structures and nonverbal design components that
architects are unable to express because of their innate social knowledge. They are also guided by
internal rules of spatial organisation (19). The genotype index is defined as the recurrence of particular
physical features (20). According to Hillier, 'genotype’ originates within recognition of similar spatial
possibilities used to solve certain architectural problems, such integrating religious components with
secular areas. This can be seen in religious buildings where the focal point is located in the farthest
point, creating a direct line of sight between the public entry and the inner sacred chamber (19).
People tend to repeat these themes because they believe them to be useful, which spreads the ideas
through social and cultural channels (21). These themes create a resilient structure that adheres to the
three Vitruvius principles and permits modifications in function, technology, and aesthetics without
compromising the essential qualities (22).
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These patterns' recurring qualities help to identify their architectural identity, which may then be
utilised to inform future modern designs that support sustainable development (23). To identify the
genotype of a specific architectural style, it is essential to identify recurrent themes that are prominent
and long-lasting organisational traits (24). In the same way, the housing spaces genotypes can be
recognized as a spatial arrangement which is basically seen within specific situations (25). Many
researchers seem that each family demonstrates one space-function genotypical structure, that is
defined by consistency in both relationships and configurations. Within many architectural
masterpieces, the dominant genotype can be easily recognised by analysing all space-function
relationships. On the other hand, in other arrangements, the likelihood of identifying these genotypes
decreases when specific spatial norms are not found (10).

The layout of house spaces might be classified into four sections, each of which is a collection of
spaces with related social and functional requirements. These sectors serve as a broad framework that
determines the configuration, boundaries, and development of interconnected places (26). To
facilitate a comparison investigation of two spatial situations, this categorization is essential. The
sectors of traditional houses can be divided into four different groups, as suggested by Amorim (26),
which are described below:

e The Sector of Visitors: This encompasses shared areas between relatives and unfamiliar
individuals, including the entry hall, formal dining area, bedroom, the library and the reception.

e The Family Sector: This pertains to private areas for the family, like living-room, the family dining-
room, bedroom, and bathrooms.

e The Sector of Service: This comprises spaces like the kitchen, laundry room, garage, front yard,
backyard, and servant quarters.

e The Sector of Mediator: This serves to interconnect two distinct sectors, utilizing elements like hall
ways (corridor) and transition areas.

All aforementioned categorization of house areas to distinct groupings represents the best pertinent
division of the confines of this paper and also serves as the initial pragmatic classification to utilize
space syntax methodologies.

1.2 Traditional Houses in Sulaymaniyah City

The techniques, supplies, and elements that have progressively come to be recognised as
customary or conventional within a particular community are referred to as traditional architecture.
Usually, these customs are transferred verbally or, to a lesser degree, through written documents that
include concepts, procedures, and information that were conveyed verbally. It is significant to
remember that, even if it happens slowly, traditional methods and items do evolve throughout time
while maintaining their original origins (27). Before 1960, Sulaymaniyah City's traditional housing,
while exhibiting a variety of typologies (phenotypes), was influenced by vernacular architectural
features that represented the regional architectural identity, which was shaped by socio-cultural,
religious, and climate factors (28) (29). However, all of these homes had the same spatial layout
around an interior courtyard, defining the court-yard housing genotype as the prevailing city’s
architectural form.
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By using the previously mentioned sector classifications to Sulaymaniyah city's traditional houses, it
can be observed that every one of them has an internal open courtyard that acts as a link between
different sectors. As seen in Fig. 1, it also serves as the main centre for distribution for every other
location in the house. A typical Kurdish traditional house is divided into two sections: the "Sar khan"
(upper level) and the "Zher khan" (lower level), which can accommodate more than one family,
especially as the size of the family grows. The enclosed areas, or rooms, are used for many purposes,
including dining, studying, and sleeping. The semi-open "lwan" is significant for family get-
togethers. Toilets and other service spaces are usually situated next to the house’s main entrance,
apart from the living areas, and separated from the living areas as shown in Fig. 2.

L shape yard

ity

Figure 1. Relationships between open and closed areas in various Sulaymaniyah Courtyard home
layout arrangements.

Rectangle shape yard

Figure 2. The Sector of Service (bathroom, storage, WC, kitchen) that are isolated from other house
spaces, connected to inner-yard
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1.3 Contemporary Rebuilding Process in Traditional Area

Within historic urban plan, traditional dwellings have either been destroyed by households as a
result of inadequate preservation legislation or have suffered degradation from natural phenomena.
As such, the common old arrangement with an internal court-yard were replaced by a distinct spatial
arrangement. More recently reconstructed homes have architecture akin to any contemporary housing
type; they have no connection to the sociocultural value or local architectural identity (30). As seen
in Fig. 3 and Fig. 4, modern rebuilding techniques tend to favour demolishing traditional homes in
favour of constructing retail structures or contemporary homes of creative formal and spatial layouts.

Figure 4. Some new houses reconstructed on the remnants of destroyed traditional samples.
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2. METHODS AND APPLICATIONS

In order to examine the similarities and distinctions in the spatial genotype of five selected
traditional house layouts founded between (1900-1960) and five selected new house layouts built
between (1990-2022) within the same traditional localities, a comparative analytical approach will be
used in this paper. The purpose of this study is to evaluate the features and degree of changes in their
spatial distribution. Space syntax technique that was presented by Hillier with the intention of
revealing the underlying spatial genetics of particular configurations in order to reveal the cultural
codes impacting the spatial organisation of constructed environments. This methodological approach
applies to both architectural and urban scales; it uses Gamma-analysis to evaluate architectural spaces
and Alpha-analysis to examine urban settlements (10). This methodology's main goal is to use
numerical data to quantify the built environment's characteristics in order to clarify the complex
relationship between humans and the built environment. The physical and morphological features of
the house layouts are explained by these associations, which convert them into simplified graphs
known as "justified graph maps" (4).

As Fig. 5 illustrates the network comprises of nodes representing the functional zones of houses,
lines representing the connections between the spaces; each space possesses a depth value in respect
to a chosen space called the carrier, which is normally the house entry.

®) ® ®

© ®|® O—® ® Dc

®, ® ®>—® o

® ® ®
(a) (b) (¢)

Figure 5. Justified Graph Map examples: (a) Architectural plan having six zones, annotating A—F,
exterior zone (X) as a carrier; (b) graph illustrates relationship between spaces; (c) justified graph of
architecture layout (31).

As soon as the graph sets out, the following mathematical formulas are used to get syntactic
measurements of the home blueprints and the accompanying calculations:

DOI: http://dx.doi.org/10.25098/8.1.23
@O0

Distributed under the terms and conditions of the License 4.0 (CC BY-NC-ND 4.0)



http://dx.doi.org/10.25098/8.1.23

The Scientific Journal of Cihan University — Sulaimaniya PP: 1-23
Volume (8), Issue (1), June 2024
ISSN 2520-7377 (Online), ISSN 2520-5102 (Print)

2.1 The Mean Depth (MD):

This value clarifies how spatial elements are interconnected or isolated by counting number of
transitions needed to go from one fundamental space (root) to another. Additionally, it sheds light on
the depth measurement of the spatial arrangement. Fig. 6 illustrates that maximum depth is seen
whenever all the zones are placed in a linear order starting from the root (Asymmetric system), and
the minimum depth is seen when rooms are directly joined to the root (Symmetric system). Eq. (1)
illustrates how mean depth is measured.

TD
MD =z 1)

Figure 6. Left: symmetric system, and right: asymmetric system (8).
2.2 Relative Asymmetry (RA) and Integration (i):

This value represents a node's relative separation, and its counterpart is (i), which represents a
node's degree of integration. To put it simply, more integrated areas are typically more accessible and
communal, whereas less integrated areas tend to be more private and less accessible. When comparing
measures derived from graphs or designs of comparable magnitudes, Relative Asymmetry (RA) is
utilised to guarantee the same space numbers by normalising (MD) on the scale ranging from (0.0 to
1.0). The following equations are used to determine these two values:

_ 2(MD-1)
RA== ()
. 1
L= a (3)
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2.3 Real Relative Asymmetry (RRA) and Integration (i) of (RRA)

Because spaces in the architectural plans vary, this measurement is used in place of (RA). (RRA)
considers a fixed number of spaces based on a designated table, standardising the (RA) measurements
with respect to an ideal diamond graph D (8) (32). The integration value is indicated by (RRA), also
known as the integration degree. A space's permeability is shown by its RRA values; lower values
denote higher integration while larger values denote lesser integration (or increasing segregation).
When observing spatial arrangements, the two main syntactic metrics are depth and integration. The
following equations are used to calculate this indicator:

RRA = ’;—A (4)
k

, 1

lRRA = 714 (5)

2.4 Control Value (CV)

This metric evaluates the degree to which one area limits the access of its neighbour, hence
illustrating the influence of one space on another within the house layout (33). That can have to do
with an area that is more alluring than the others. Higher (CV) values correspond to more connections
to other spaces. Eq. (6) could be used to measure the control value.

1
CVa=2p@h=1 Yam (6)

2.5 Base Difference Factor (H) and Relativized Difference Factor (H *)

This factor assesses how much integration values of every space in a house differ from one another.
The value of the (BDF) is between 0 and 1. According to Hanson (2003), an Asymmetric System is
more divided than a Symmetric System, whereas a number close to (0) denotes a more integrated
system. Within the spatial framework, cultural trends may be reflected in the consistency of these
values' order. Therefore, it is an essential entropy-based metric for morphological analysis of
residential layouts since it reveals the existence of regular spatial patterns, or “inequality genotypes”
(19). Eq. (7) and (8) could be used to measure these indicators.

==z [gn )]+ [ )] + [ ()] o

« _ (H-In2)

" (In3-In2) (8)
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2.6 Space Link Ratio (SLR)

It shows the extend of ringiness in the spatial system or the amount of (distribuends) or (non-
distribuends) of the layouts. When two spaces have a single non-intersecting path connecting them,
the system is said to be non-distributed and is akin to a "tree-like structure” with not any rings. On
the other hand, a distributed system with a " Ringy structure” is one where many non-intersecting
path exist connecting any multiple areas of the system (34).

2.7 The Degree of Space (space type):

In Hillier's researches, the spatial system can be divided into four different topological categories:
a-type, b-type, c-type, and d-type. Whereas b-type space has several connections and is arranged in a
tree form, a-type space possesses only single connection to other spaces. In contrast to d-type space,
which has more than two connections and is positioned on at least two rings, c-type space has more
than one connection that is located on a ring structure. To be more specific, a-type and b-type spaces
belong to the category of tree-like graphs, while c-type and d-type spaces are related to ring structures

(2) (13) (19).

Initially, data was collected through the researcher's field investigation for the practical analysis.
After that, the chosen homes were recorded and converted using AutoCAD software into computer-
aided design (CAD) models. Then, using A-graph software, architectural designs were changed into
graph-based illustrations or a justified plan graph (JPG). In this illustration, space number (00) and
the houses' exteriors are referred to as the root, and Table 1. and Table 2. show the hierarchical
placement of the remaining spaces. This is a graphical representation with nodes standing in for
functional zones and lines for the relationships between them.

DOI: http://dx.doi.org/10.25098/8.1.23

11

@O0

Distributed under the terms and conditions of the License 4.0 (CC BY-NC-ND 4.0)


http://dx.doi.org/10.25098/8.1.23

The Scientific Journal of Cihan University — Sulaimaniya
Volume (8), Issue (1), June 2024
ISSN 2520-7377 (Online), ISSN 2520-5102 (Print)

PP: 1-23

Table 1. Traditional house samples (HT) with their Justified Plan Graphs.

Traditional Houses samples (1900-1960)
House Architectural style Plans Justified Graph
HT-01 .. }
Osman Ry
1 ChaWaSh pjl ~_ ® @ s © & &
House Lv;
Sabunkaran Ground Floor Plan First
Floor Plan
[ 4
° [ ]
HT-02 o =
) Ahmed ® Tz @
Qopcha
House 2
Sarshagam Ground Floor Plan First i
Floor Plan .
e © °
® o o
3 HT-03 Lo
Al Zahra g
Sarshagam
Ground Floor Plan First
Floor Plan
HT-04
Osman .
4| Hama Nayar o o & T ®
House 0 Ny
Malkandi 4
First Floor Plan
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©
| R
HT-05 : { t.
All BOSkanl a % nﬂ} ) ] ®» ©® © © _ o9
5| House Grouna Floor Fian First
Sabunkaran Floor plan
‘!.‘
Legend (O Least Depth@ Highest Depth Depthtines spaces

Table 2. Contemporary house Samples (HC) and Justified Plan Graphs by A-graph.

Modern Houses samples (1990-current)
House Qrchi Al

Plans Justified Graph

HC-01

House
Malkandi

Ground Floor Plan
First Floor Plan

HC-02

Salar Ali
Hassan
Julakan

Ground Floor Plan
First Floor Plan

HC-03

Banaz

3| Muhamm
ed Fargj
House
Julakan

| i .
i@ ! @
,"" ,&s b Y

Ground Floor Plan
First Floor Plan
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HC-04

Aram

4| Qasim
House,
Sabunkar
an

HC-05

Kafya

5| Abdullah
House
Sabnukar
an

Ground Floor Plan
First Floor Plan

(Cpast Depth @ Highest Depth | Depth lines— spaces

Legend .
connection

3. RESULTS AND DISCUSSION

In order to investigate the evolution and changes in the spatial genotypes of traditional home
layouts in Sulaymaniyah's historical core, which experienced a modern reconstruction process that
included modern spatial patterns, this study used a comparative methodology. In order to gather
numerical data through mathematical equations, this paper used a space syntax technique. It then used
space syntax methodology to analyse the results. Table 3. and Table 4. provide a full summary of
the main conclusions.
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Table 3. Mean syntactic measurements for Traditional Court-yard houses.

House Signs MD Integration SLR BDF
(DD AN
HT-01 3.60 1.17 1.10 0.78
HT-02 3.52 1.49 1.08 0.76
HT-03 2.84 1.28 1.10 0.76
HT-04 2.84 1.20 1.10 0.85
HT-05 2.85 1.04 1.12 0.71
Mean Value 3.13 1.24 1.10 0.77

Table 4. Mean syntactic measurements for contemporary reconstructed houses.

House Signs MD Integration SLR BDF
/DD AN
HC-01 3.60 1.53 1.00 0.84
HC-02 2.93 1.19 1.00 0.72
HC-03 3.40 1.41 1.00 0.72
HC-04 3.45 151 1.00 0.81
HC-05 3.55 1.14 1.10 0.70
Mean Value 3.38 1.36 1.02 0.76

3.1 Mean Depth (MD)

The average depth for conventional (courtyard) dwelling configurations is (3.13), but the new
housing compositions have a mean depth of (3.38). According to this research, modern home designs
are typically characterised by an asymmetric form with a more linear organization. Spaces that are
positioned farther from the main area (the root space) or the house entry are referred to as such. On
the other hand, conventional housing plans usually show a symmetrical arrangement, with areas
positioned nearer to and connected to the root space. Moreover, in conventional designs, the
bedrooms—which symbolise the private sector—show the highest depths, while the inner courtyard
and service area—which includes the kitchen, storage room, bathroom, and toilet—show the lowest
depths. In contrast, the living space (hall) and the stairway which connects the ground floor to the
first floor have the minimum depth in modern design, with the bedrooms that are attached to the hall
coming in second. Instead of remaining as the courtyard, these enclosed spaces became distributor
spaces—which are seen as public areas—due to this design feature. Modern houses also tend to have
the bathrooms and toilets in the furthest places, which lessens the seclusion and bedroom’s
comfortability that are linked to and accessible from the hall.
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3.2 Integration Value RRA

A higher level of system integration (accessible) is indicated by a low (RRA) number. The
computations clearly show that the traditional samples had a lower (RRA) value on average (1.24),
whereas the current samples have a higher average (1.36). This disparity implies that there is more
accessibility and permeability in the conventional spatial system. According to the syntactic values,
the traditional home's inner courtyards have the maximum connection level (lower RRA), indicating
that it plays a critical function in regulating entry to alternative regions of the home where regular
users activity take place. On the other hand, the central hall in contemporary homes have the
maximum integration value and functions as a location for allocating access to other areas. This
discovery sheds important light on the way the distributing area evolved from open area outside the
home to being contained inside, changing the dwellings’ typology from introverted to extroverted.
This change essentially modifies the ratio of open to closed areas, akin to a layout typically observed
in Western room organization that revolves around enclosed movement.

3.3 Space Link Ratio SLR

This characteristic relates to the spatial system's (Distributes - non Distributes) display. The
samples of modern houses show that the value (1.00) recurs, with an average value of (1.02) for each
of the five residences. This suggests that the number of connections between rooms and the overall
size of the house are equivalent (lower connectivity), and that the spatial arrangement is non-treelike
or non-distributed, with only one linear channel connecting the carrier (outside) to the other rooms in
the house. The conventional instances, on the other hand, show a recurrence of (1.10) with an average
of (1.10), indicating a higher number of alternate routes between the rooms in a house, frequently
with several points of entry between rooms. As a reflection of the socio-cultural beliefs and lifestyle
preferences of the occupants, this promotes a more distributed or ring-like spatial arrangement with
different routes from the carrier (outside) to various rooms, usually observed between the bedrooms.
Two different spatial underlying genotypes are indicated by the recurrence of (SLR) within each
category.

3.4 Base Difference Factor H*

In this indicator both traditional and contemporary groups exhibit convergent low average values
of (0.77) and (0.76) with regard to the distinction factor. Closeness to (H) values of (0) indicates less
difference between the regions, meaning higher functional efficiency. On the other hand, values that
are close to (1) show a considerable difference between spaces, which results in lower functional
efficiency. This indicator's results show almost equal functional efficiency in both spatial situations.
The fact that the H value ranges between 0.78 and 0.85 in the five traditional samples and between
0.70 and 0.84 in the modern samples is a noteworthy conclusion to be made. Referred to as “inequality
genotypes”, the persistence of spatial patterns in the traditional samples denotes cultural genotypic
strength.
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3.5 Type of Spaces (Typologies)

This measure clarifies how various spatial areas are interconnected. Due to their limited access
from other areas, the (A-type) spaces are considered the most private and are mostly meant for
bedrooms or places reserved for female users. On the other hand, the (D-type) space has the most
connectivity with other spaces. The court-yard and the entryway (skifa) stand out as (B or C-type)
spaces after looking at the graphs and Tables 5. and 6. of traditional houses. Each of these spaces has
two or more links with other areas. On the other hand, the hall and the entryway in the contemporary
models have the most linkages to other areas, giving the bedrooms’ immediate access. In modern
homes, the areas in categories A and B are more valuable than in old ones. Bedrooms fall into category
(A) spaces since they don't have constant traffic, while category (B) spaces are transitional regions
with less instances of (C and D) space types, which indicates fewer linkages in the spatial structure
and a non-distributed system. Traditional homes, on the other hand, have more (C and D) spaces,
which results in a more dispersed spatial configuration and a more connected spatial layout with more
routes for moving between spaces.

Table 5. Degree of space (Space Typology) of traditional houses.

House Signs A-ness B-ness C-ness D-ness
HT-01 0.53 0.11 0.41 0.00
HT-02 0.50 0.62 0.00 0.00
HT-03 0.50 0.18 0.38 0.00
HT-04 0.44 0.27 0.27 0.55
HT-05 0.47 0.29 0.17 0.17
Mean 0.48 0.29 0.24 0.14

Table 6. Degree of space-ness (Space Typology) of contemporary houses.

House Signs A-ness B-ness C-ness D-ness
HC-01 0.57 0.50 0.00 0.00
HC-02 0.61 0.46 0.00 0.00
HC-03 0.50 0.57 0.00 0.00
HC-04 0.53 0.53 0.00 0.00
HC-05 0.53 0.20 0.66 0.06
Mean 0.54 0.45 0.13 0.01
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3.6 Houses Genotypes:

According to Hillier and Hanson, genotypes are identified by a constant ranking of hierarchical
integration measurement of residential spaces, that suggests the existence of sociocultural layout in
house designs (8)(35). In order to make it easier to organise integration values across all zones and
determine genotype of spaces, Table 7. presents the abbreviations for residential spaces. The relative
asymmetry values of the traditional and modern samples are shown in Table 8. and Table 9., with
the lowest (RA) value representing the most integrated sample and the highest (RA) value
representing the least integrated sample. With the exception of home (HT02), which is built around
atransitional area, Table 8. illustrates the repetition of the conventional samples' hierarchical ranking.
Four of the house examples are arranged around courtyard. This repetitive spatial arrangement
provides the existence of an underlying genotype within the particular population. However, Table
9. also demonstrates that modern samples (HC02 and HCO05) are centred around the guest room and
staircase, respectively, while the contemporary examples (HC-01, HC-03, and HC-04) are designed
around a hallway, that functions as a closed transitional area. This observation highlights substantial
variations in spatial organisation between the first and second groups, pointing to the lack of a strong,
distinctive sociocultural genotypes in the studied examples.

Table 7. Abbreviations of house spaces.

Spaces Abbreviations | Spaces Abbreviations
Courtyard crt skifa skif
Bedroom br House main entrance Ext.
Exterior Strl Kitchen Kit
Interior Str2 Bath bth
Guest room gst Toilet e
Living room Liv Store sto
Iwan Iw corridor corr
Balcony Bl Laundry Lr
Roof Rf Entrance (foyer) Ent.
Open Op. penthouse ph
Garage Gr Hall hall
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Table 8. Genotypic structure for traditional House examples.

House Mean Hierarchical Integration (Including Exteriors)
Sign RA

Crt=0.11<Str=0.15<skif=0.19Corr=0.20<wc=Sto2=Kit=Liv1=
HT-01 0.27 Br2=0.24<Ext=Stol=gst1=

0.32<gst2=br3=Liv2=br4=0.34

Crt=0.14<Iw=Kit=0.23<brl=

HT-02 0.48 0.33<Ext=bth&wc=0.42<br2=gst=0.52

Crt=0.12<str=0.16<skif=Corr2=0.18<Corr1=0.20<lw=0.22<
HT-03 | 0.26 Sto=Kit=0.23<Lr=0.26<Ext=

0.29<brl=gst1=Liv1=0.30< br2=0.32<gst2=Liv2=0.33<
bth=wc=0.37<Rf=0.43

Crt=0.09<Str=0.15<Skif=0.16

HT-04 0.32 <gst1=0.20<bth=wc=Kit=Liv2=Liv3=0.21<lw=0.22<Ext=Liv1=St
0=0.29<br1=0.32<br2=br4=0.34<gst2=0.35
Corr1=0.20<Str=0.23<Liv=0.25<Corr2=0.28<Crt=0.33<gst1=
HT-05 0.23 br1=0.35<br2=gst2=Iw=Rf=0.43<Ext=bth=wc=0.48

Table 9. Genotypic Structure of New House Examples

House Mean Hierarchical Integration (Including Exteriors)
Sign RA
Str=0.22<Ent=Corr=0.23<hall1=0.26<hall2=0.28<Corr1=0.32<
HC-01 |0.41 Pnt=0.33<Ext=0.34< Corr2=0.35<Kit1=0.37<Kit2=
0.39<bth1=wc1=br1=0p=0.43<Rf=0.44<bth2=wc2=br2=0.46
HC-02 0.31 Gst=0.24<yrd=hall=0.25<Str= Corr=0.36<Ent=0.39<Stol=br=

0.42<BL=0.50<bth=wc=0.53<Ext=0.56<S5t02=0.66
Corr1=0.23<Hall1=Str1=0.24< Ent=Corr2=0.27<Yrd=0.32<
HC-03 0.38 Hall2=gst1=br1=0.33<Str2=0.35<Hall3=0.36<Kit=br2=gst2=0.3

7<Ext=0.42<pnt=0.44<l r=0.45<Bl =0.46<Rf=0.54<wc=Bth=0
Hall2=0.08<Hall1=Corr=0.12<

HC-04 0.42 Kit=Lr=014<brl=br2=pbr3=0p1=0.17<Str=0.20<yrd=0.21<gst=
Op3=0p4=St0=0.22<Hkit=0.23<Op2=wc=bth=0.24<Pnt=
Ent=0.15<Str1=0.16<hall1= 0.17<hall2=0.19<Corr1=0.20
HC-05 |0.23 <yrd=Str2=0.22<gst1=gst2= Corr2=0.23<Kitl=Lr1=0.27<
brl1=br2=0p=0.28<Lr2=Pnt =0.29<Ext=0.30<Kit2=br3=br4
=0.31<bth1=wc1=0.34<0p2=0.35<wc2=bth3=Rf=0.37
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4. CONCLUSIONS

The purpose of this study was to compare genotypes related to the spatial layout of samples that
included both traditional and modern homes situated in the historic city centre of Sulaymaniyah. The
destruction of the original traditional homes and the subsequent construction of new ones are seen to
have altered the spatial genotypes, suggesting the impact of modern rebuilding methods on the
creation of diverse spatial arrangements and morphological characteristics. The selected homes serve
as a representation of the two groups' dominant typology. The goal of the research was to pinpoint
the structural rules and genetic constants influencing their architectural configurations. The study
employed a quantitative technique for analyzing data including spatial syntactic methodologies
demonstrating the association among home spaces in contemporary and traditional scenarios in order
to accomplish this goal. In order to achieve this, syntactic metrics in relation to spatial morphology,
hierarchical structure, accessibility, and structuring modalities were measured and compared. The
study’s findings demonstrated the followings:

1. The significance of space syntactic tools is in their ability to illustrate how the socio-cultural
characteristics that the homeowners and builders possessed shaped their dependence on a particular
layout arrangement of a house’s architecture spatial pattern.

2. Traditional house genotypical layout differ from newly constructed modern layouts in terms of
how open and closed spaces interact, how rooms are arranged in a hierarchy, how private a space
is, and how social interactions take place.

3. The open courtyard and partially enclosed Iwan were important components of the residential
space arrangement in the traditional setting; however, in the renovated homes, these areas have
been rearranged to become the enclosed gathering area (Hall) and hallways, that serve as zones of
transition.

4. Concerning to the connection with the city street, the quantitative syntactical data indicates that
historical house layouts have an inward orientation, with housings facing an interior courtyard that
is surrounded by strong walls from the outside, leading to a restricted relationship with the street.
On the other hand, modern reconstructed homes have an outward facing layout with enlarged
sections that face the street.

5. Despite the fact that city's historic homes were not created by professionally educated architects
following particular codes, their spatial layouts reveal a clear shared organisational structure.

6. Despite differences in the outward manifestations (phenotypes), traditional homes display a spatial
genotype that, up until the early 1990s, was moulded by regional cultural norms. Then, as society's
attitudes, values, and behaviours changed over time—especially in the lack of laws and rules
pertaining to conservation—these geographical patterns experienced profound changes.

7. Designers must create current designs based on the existing spatial qualities in order to ensure the
modern requirements while maintaining the distinctive architectural identity of a location. These
solutions have shown to be more in line with the population' cultural values, sense of place, and
customs.
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