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Abstract
In modern urbanism, (re)production of urban land predominantly relies on large parcels through intensive capital invest-
ments. Such a mainstream signi�cantly shapes the overall urban form, subsequently in�uencing the quality of life through 
the perceived characteristics of the form and program of the planned districts. Consequently, critical urban design theory 
increasingly prioritizes the plot as the fundamental unit of future urban development. While ‘plot-based urbanism’ presents 
a responsive approach to this issue, there remains a notable gap in systematic methodologies that can be universally applied 
across di�erent contexts. In this paper, the authors propose an algorithmic framework that would be employed as a design 
control tool based on the associative logic of plot-based urban formation. The model framework comprises three steps: (1) 
plot layout generation, (2) building con�guration, and (3) incremental formation of the block fabric. The applied model 
demonstrates the compositional variation and coherence within the urban block while concurrently optimizing the climatic 
performance of the emerging fabric.

Keywords Plot-based development�· Algorithmic design�· Parametric modeling�· Design control�· Climate optimization

Introduction

Following the critical view on the last century’s modern 
planning experience, contemporary urbanism has con-
structed its normative narrative on some speci�c morpho-
logical premises such as coherence (Alexander et�al. 1987; 
Salingaros, 2000), integrity (Hillier, 1996; Hillier and Han-
son, 1989), density (Martin and March, 1972), enclosure 
(Trancik, 1991; Peterson and Littenberg, 2020), (con)tex-
tural diversity (Rowe and Koetter, 1978; Duany, 2002) and 
�ne-grain (Bentley et�al. 1985: 42–46; Llewelyn–Davies 
2000: 43, 65). Among these qualities, �ne-grain can be 
considered the key indicator, emphasizing the plot as the 

fundamental unit of urban development and design. Since 
the plot is the smallest unit of the formation of the city fab-
ric, one could assume that the granular quality of urban form 
may only be ensured by maintaining the development and 
transformation of the city at the plot level. In other words, 
when development occurs in pieces on a series of building 
parcels, the resulting fabric has the potential to exhibit �ner 
granularity compared to an urban pattern developed on large 
portions of land. Such a morphological condition is champi-
oned by the emerging school of ‘plot-based urbanism’ (Porta 
et�al. 2011, 2018; Porta and Romice 2010; Tarbatt 2012). In 
this sense, the current (re)production of large tracts of urban 
land (Labbé and Boudreau 2011; Monson 2008) through 
signi�cant capital investments within many developing cities 
contradicts such an urbanistic approach.

Bentley et�al. (1985) introduce the concept of a ‘grain 
of variety’ (p. 27), which refers to the presence of small, 
diverse elements within the urban fabric. This quality is 
inherently linked to urban land composed of smaller proper-
ties. By de�ning variety in terms of uses and activities (ibid), 
one could argue that functional diversity within the urban 
fabric is directly shaped by the morphological attribute of 
‘�ne grain’. Such spatial quality is achieved by integrating 
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plots in shaping the street, which serves as the principal 
domain for mixed-use environments. More specifically, 
research in urban geography highlights that small plot sizes 
are a fundamental prerequisite for the emergence of small-
scale retail (Guy 2006; Cheshire et�al. 2015).

The inherent nature of plot-based development patterns 
can be observed in the timeless qualities of traditional urban 
fabrics, which have been generated incrementally over long 
periods through diverse plot layouts. This morphological fact 
highlights the importance of creating generative frameworks 
rather than relying on holistic master plans that shape the 
built environment through large compounds or ensembles 
(Hakim 2008; Meha�y 2008). Consequently, an alternative 
model approach advocates a bottom-up perspective on plan-
ning that is responsive to the incremental dynamics of urban 
formation (Campbell 2018). In practice, this corresponds 
to an algorithmic control system capable of generating a 
coherent urban fabric through the piecemeal development of 
urban land (Çal��kan and Barut 2022). Such a control system 
could be assumed to respond to the ever-lasting need for a 
�exible planning approach in the face of increased com-
plexity through the various actors (i.e., local government, 
land owners, developers, designers, and users) in the (re)pro-
duction of the space and form (Friedman 1997). Therefore, 
extending the scope of development control systems to the 
smaller-scale elements of the urban fabric, such as plots and 
blocks, rather than solely relying on large structural com-
ponents like public infrastructure and land, o�ers a viable 
alternative for today’s incremental (generative) urbanism.

Despite the growing body of literature on plot-based 
urbanism, there has been little progress in establishing a 
robust and systematic foundation for a generative planning 
and design approach that actively integrates the plot as a 
key agent of urban formation. In the current context, regu-
lating urban development through master plans based on 
standard land subdivisions could be altered by a mechanism 
that enables the control and coordination of numerous small 
individual initiatives within the built environment.

In this regard, the current paper introduces an algorithmic 
model to integrate computational design into the develop-
ment control frameworks within the emerging paradigm of 
plot-based urbanism. To that end, the authors �rst identify 
the basic parameters of the plot, which, in turn, are utilized 
to de�ne the generative codes of land subdivision and build-
ing arrangement. Following the exploration of alternative 
con�gurations, the environmental performance (i.e., out-
door thermal and climate comfort) indicators are integrated 
into the model. Finally, some incrementally generated block 
con�gurations are simulated as optimized solutions in the 
service of design review and control processes. Though 
the model suggests a generic framework applicable within 
di�erent urban contexts through speci�c sets of codes and 
parameters, the paper presents the model’s application in the 

context of a typical urban fabric in Türkiye. In this way, the 
model’s capability of generating �ne-grain fabrics could be 
tested against an actual setting.

Theoretical background

This part scrutinizes the pivotal role of the plot in urban-
ism. It delves into the emerging concept of plot-based urban 
design, discussing its foundational principles and exploring 
its integration with parametric design. Current limitations 
are also addressed to enhance the plot’s e�ectiveness in con-
temporary design practice.

Plot: The fundamental unit of�urban form 
and�formation

Providing the necessary framework for urban development, 
the plot can be viewed as the fundamental module or cell 
of the fabric (Caniggia and Ma�ei, 2001; Moudon 1986: 
144). Plots aggregate to form the urban block, which is inte-
grated into the street network of an urban fabric. One could 
also assume that the urban block, once consolidated with a 
robust plot system (i.e., with many narrow plots with fre-
quent entrances), demonstrates its capacity for the constitu-
tion of the street (Campbell 2018: 148; Romice et�al. 2020: 
100; Pålsson 2023: 179). At the �nest level of granularity, 
the block is subdivided into parcels known as plots, which 
may be allocated to di�erent sub-developers and property 
owners (Love and Crawford 2011: 96). This collective allo-
cation of plots renders urban form a socio-economic artefact. 
Described as a unit of property (Kropf 2009: 115), the plot 
can also be considered the unit of control in terms of the 
micro relationship between the public and private domains 
(Meyer and Smits 2008: 27).

As Campbell (2010) discussed, the plot is the most 
achievable delivery unit and the ultimate unit of urban devel-
opment (Porta et�al. 2011: 14; Ünlü and Ba�, 2017: 106). 
The plot, as a legal unit, de�nes property rights in di�erent 
urban contexts. Plots are the main urban development and 
transformation element in many local contexts where devel-
opers’ production capacity is limited (Ünlü, 2011). Moudon 
(1986) considers this point a factor of resilience since the 
existence of many small plots within a fabric ensures variety 
in the resulting environment and slows down transformation 
through the involvement of multiple property owners (188).

Kropf (2014) describes the plot as the combinatoric sys-
tem of the building, external area, and structures (e.g., a 
boundary wall) (48–49). Within the embedded hierarchy 
of morphological elements, the compositional features of a 
plot (e.g., size, shape) and its con�guration with other plots 
in a layout might have a speci�c conditional e�ect on the 
arrangement, layout, massing, and typology of the building 
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located on that parcel. Panerai et�al. (2004: 166) identify 
this point as a dialectical relationship within the built fabric. 
Especially with the e�ect of the street’s character (of central-
ity and connectivity), the plot’s capability to modify, extend, 
and substitute the building is conditioned.

Conzen (1960) exposed the transformational nature of a 
plot within the context of traditional towns in Great Britain. 
The idea of the plot as the framework for the transformation 
of urban form was later revisited in the North American 
and Australian contexts, respectively, by Moudon (1986) and 
Siksna (1998) addressing the signi�cance of the plot in the 
formation of the fabric since it conditions all the morpho-
logical factors from the building’s units to the entire fabric 
(Kropf 2014: 48). Despite this fact, there is a small num-
ber of studies that focus on such a conditional relationship 
between the plot and building typology in contemporary 
literature on urban morphology and design (Caniggia and 
Ma�ei, 2001: 124–137; Guo and Ding 2021; Ünlü and Ba�, 
2017).

Nonetheless, there has been a significant increase in 
research interest in this issue from a quantitative perspective. 
Bobkova et�al. (2017) analyzed various plot con�gurations 
to reveal urban diversity using area-based (i.e., openness, 
compactness) and location-based indicators (i.e., accessi-
bility). In a comparative study across �ve European cities, 
Bobkova et�al. (2019b) identi�ed plots as a determinant of 
urban density, along with additional indicators like �oor 
space index (FSI) and ground space index (GSI). Addition-
ally, Bobkova et�al. (2019a) conducted a big-data analysis 
to categorize plot system typologies in these cities based on 
these indicators. Usui (2021) proposed research to explore 
the e�ects of plot sizes and frontages on building and road 
network densities in Tokyo. Danenberg et�al. (2018) found 
a correlation between economic productivity and plot char-
acteristics in Stockholm, particularly related to street types. 
Bobkova et�al. (2019a, b, c) analyzed the relationships 
between economic activities in retail and food services and 
plot systems in di�erent cities. More recently, Efeoglu et�al. 
(2023) explored the in�uence of plot morphology on the dis-
tribution, agglomeration, and diversity of retail businesses. 
Similarly, Tümtürk et�al. (2024) examined the relationship 
between plot types and change in urban form, highlighting 
the superior resilience of �ner-grained and compact plot 
typologies.

Cozzolino and Moroni (2021) emphasized the plot’s sig-
ni�cance as a crucial tool for �exible and diverse design 
implementations within self-organizing urban planning pro-
cesses. Introducing the concept of ‘plotting urbanism’, Kara-
man et�al. (2020) highlighted the generative role of plots in 
shaping cities within the context of urban informality.

Despite the increasing recognition in the literature con-
cerning the role of plots in urban development, current spa-
tial planning practices show minimal interest in utilizing 

this concept as a fundamental design and control element 
(Porta and Romice 2010). Campbell (2010) describes this 
as the ‘lost art of subdivision’ in urbanism, underscoring the 
disparity between theoretical comprehension and practical 
application, particularly regarding plot morphology. Consid-
ering the adaptive nature of plots during historical piecemeal 
urban fabric transformations (Conzen 1960: 65–73; Moudon 
1986), one could argue that urban planning practices have 
not fully capitalized on the potential to create resilient built 
environments in a bottom-up manner. In this context, Mou-
don’s (1986) early emphasis on comprehending “the power 
of the lot to in�uence urban form evolution, as neighbor-
hoods gradually evolve through building activities at the 
lot level” (p. 144) highlights the necessity of developing 
an urbanistic approach that prioritizes plots in the planned 
production of the built environment.

Emerging perspectives on�plot-based urban design: 
A�critical review

Inspired by the early ideological (urbanistic) critique of the 
modernist approach to master planning that used to rely on 
totalistic and arti�cially created hierarchic structures via a 
static and top-down methodology (Alexander 1966; Rowe 
and Koetter, 1978), the contemporary urban design has long 
been in the search for alternative planning approaches aim-
ing for an adaptive and resilient spatial fabric of the city 
(Verebes 2014; Campbell 2018; Romice et�al. 2020). With 
a growing understanding of the plot’s role in the genera-
tion of adaptable and cohesive urban fabrics as opposed to 
the so-called ‘megablock urbanism’ (Johnson et�al. 2020), 
‘plot-based urbanism’ has emerged as an alternative plan-
ning and design approach (Porta and Romice 2010; Romice 
et�al. 2020). This approach reclaims the plot as the basic 
development unit for close-grain urban fabrics. Accord-
ingly, parametric urban design (PUD) advocates for alterna-
tive land development, design, and control methods, where 
small plots are allocated to individuals who then construct 
their buildings according to prede�ned codes and guidelines, 
aiming to contribute to the collective urban fabric (Tarbatt 
2012: 157). PUD opposes the modernist approach focused 
on super-blocks or ensembles (Porta and Romice 2010: 
14–16), thereby challenging the prevailing dominance of 
developments through larger land parcels (Monson 2008). 
Implementing such an approach undoubtedly requires a reg-
ulatory system that recognizes the plot as the fundamental 
unit of development and control.

As PUD grants individuals the authority to build on small 
plots, akin to traditional urbanism, it has the potential to cre-
ate an architecturally diverse and �nely grained urban fabric 
in a modern context (Barbour et�al. 2016; Kriken et�al. 2010: 
102; Porta et�al. 2011). Spatial fabrics characterized by �ne-
grained plot patterns facilitate mixed-use development by 
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accommodating diverse building forms and land uses. Such 
adaptability completes a dynamic economic environment, 
as a variety of plots allows for di�erent types of businesses 
to emerge, attracts local customers, and adapts to changing 
market demands (Tarbatt 2017: 26). Therefore, by promoting 
incremental development, PUD aligns e�ectively with �uc-
tuating market conditions, o�ering �exibility and adaptabil-
ity to evolving demands. Unlike traditional master planning, 
which commits to rigid, long-term designs, PUD allows 
developers and residents to modify typologies in response 
to shifting market trends while preserving coherence and 
continuity, as highlighted by Friedman (1997).

PUD advocates for subdividing large land tracts into 
smaller plots, allowing various landowners and develop-
ers to participate instead of being monopolized by a single 
agency (Adams et�al. 2013). In this regard, it fosters multi-
stakeholder participation by encouraging communities to 
engage directly in developing their environment, allowing 
for local input and capacity building in decision-making. It 
minimizes risk by distributing development incrementally, 
unlike large-scale development programs through higher 
investment costs (Porta and Romice 2010: 34–35).

Pioneering implementations of plot-based urban develop-
ments have already shown the feasibility of the model within 
di�erent contexts. Successful applications have e�ectively 
brought together various stakeholders under a uni�ed devel-
opmental framework based on diverse plot con�gurations 
(Tümtürk 2018: 173–222). In this context, following the 
success of its Dutch counterpart, the plot-based redevelop-
ment of Borneo-Sporenburg in Amsterdam in the 1990s, 

the Berlin Townhouse project in Berlin-Mitte, Germany, 
serves as a notable case study of plot-based urbanism. This 
project exempli�es the creation of a �ne-grained, mixed-use 
urban fabric. Utilizing narrow-fronted plots, the develop-
ment accommodated multi-occupancy buildings within a 
distinctly urban context (Campbell 2018: 9, 49).

In addition to new planned developments, PUD o�ers a 
framework for urban transformation. Barbour et�al. (2016) 
provided an example of a master-planning practice for plot-
based urban regeneration in Glasgow. Liu et�al. (2020) dis-
cussed PUD as the primary planning strategy employed in 
Nanjing, China’s historic old south area. With the increasing 
recognition of small plots as the constituent unit of place-
making, the emerging approach is beginning to in�uence the 
housing planning and design systems of various countries, 
including France, Switzerland, and the Netherlands (Porta 
et�al. 2018: 4).

Nevertheless, a common observation is that while the 
master plans to advocate plot-based development (or regen-
eration) o�er diverse architectural typologies, they often pre-
de�ned the complete building layouts for individual plots 
(Fig.�1). This approach contradicts the incremental and 
organic nature of traditional urbanism as idealized in the 
theory of plot-based urbanism (Romice et�al. 2020: 40–47).

In this context, plot-based master plans typically employ 
the plot layout in one of two ways: either as a detailed 
framework dictating the overall physical composition of the 
settlement (Fig.�1, left), or as a generic matrix that allows 
individual acts of building to occur without a design control 
system (Fig.�1, right) Alternatively, Campbell (2018) suggest 

Fig. 1   The master plans of the Homeruskwartier, Almere (2014) (left), and Floriade, Almere (right) designed by MVRDV (by the courtesy of 
MVRVD, 2024; Municipality of Almere, 2024)
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a more dynamic approach via a parcellation model based on 
the modular subdivision and combination of the so-called 
‘universal lot’ as the basic unit of development condition-
ing further urban intensi�cation in a �exible manner (pp. 
162–165).

In all cases, the plot-based approach lacks a control 
framework to ensure a reciprocal relationship and dynamic 
interaction between the plot and its immediate surround-
ings. This critique is also echoed by Porta et�al. (2018), 
underscores the need for rules linking plot characteristics to 
building resilience. However, merely de�ning the relation-
ship between plot and building typology is insu�cient for 
achieving true PUD implementation in a generative way. To 
unlock PUD’s full potential for creating a coherent block 
fabric, a design code system that regulates each building 
based on a relational plot con�guration is essential.

Moreover, since plot-based urbanism aims for an adapt-
able change in the form and program of the fabric over time 
(Wolfe 2014), one could claim the necessity of a model 
approach that is operated �exibly within a temporal set-
ting. That indicates the need for a design control model that 
could be incrementally run within di�erent time intervals. 
More speci�cally, any urban land consisting of individual 
parcels can be developed in stages. Each development phase 
is shaped by the conditions set by the preceding one. Over 
time, as these phases unfold, the collective characteristics 
of the parcels evolve in response to the cumulative local 
(trans)formations.

Such an alternative design control necessitates an asso-
ciative logic and its corresponding toolkit in planning and 
design. To enable such an approach in design control, the 
algorithmic setting of parametric modeling could potentially 
enhance the application of PUD in practice. At that point, 
one could argue that such a shift toward incrementalism in 
planning requires a �nancial system that would support the 
small-scale production of land through relatively smaller 
capital investment through a more decentralized land own-
ership pattern.

Parametric design as�an�instrument for�plot-based 
urbanism

Operating based on algorithms, parametric design is a 
methodical approach to design utilizing a series of measura-
ble variables (parameters) and geometric components allow-
ing for the controlled generation of multiple form variations 
through various inputs (Sakamoto and Ferre 2008; Wood-
bury 2010; Tedeschi 2014). The �exibility in form genera-
tion enables designers to explore di�erent design solutions, 
enlarging the domain of future possibilities. Simulating the 
alternative scenarios through design variations with diverse 
development rights and conditions, parametric models can 
establish an e�ective operational basis for design reviews 

that involve multiple stakeholders, including developers, 
planners, and local communities, across various scales 
(Steinø et�al. 2013). Moreover, parametric modeling enables 
the creation of adaptive spatial models o�ering real-time 
optimization against a series of performance indicators (i.e., 
walkability, passive heating, solar radiation, and shading) 
(Peronato et�al. 2015; Chen et�al. 2020; Duering et�al. 2020).

Along with the technical capabilities involved, paramet-
ric design became an emerging methodology employed 
across diverse �elds, including engineering, architecture 
and, more recently, urban design (Steinø and Einar Veirum 
2005; Meha�y 2011; Çal��kan 2017). In the early applica-
tions of parametric urban design, it is possible to observe 
the control form generation through the cellular de�nition of 
network structure, in�lling it through building composition 
in cells (blocks) in a top-down hierarchy (Çal��kan and Barut 
2022). In those studies, form generation is conducted at the 
resolution of the building set within the cells (blocks) of the 
network structure. For example, the pioneering parametric 
study of Duarte and Beirao (2011) focused on the block-
based formation of urban fabric without incorporating plots 
in the algorithmic setting. Similarly, Lee and Jacoby (2007), 
and later Holik and Brederlau (2009), proposed parametric 
models that generated urban fabric with buildings placed 
on a pure Cartesian grid, neglecting the role of plots in the 
associative morphology of algorithmic form generation.

In recent years, there has been a surge in incorporating 
plots into parametric urban design models. For instance, the 
DeCodingSpaces Toolbox, a Grasshopper® plugin, system-
atically generates urban patterns, including street networks, 
block layouts, plot subdivisions, and building footprints with 
varied setbacks based on selected plot layouts, considering 
minimum plot widths (URL-1). Koenig et�al. (2017) devel-
oped a ‘slicing procedure’ using the minimum bounding box 
of the parcel. On this basis, Koenig et�al. (2020) combined 
explorative modeling and performance optimization in the 
same model framework for holistic urban pattern formation 
(Fig.�2, above). Mei et�al. (2021) proposed a ‘density-driven 
city generator’ that creates street networks and visualizes 
buildings based on speci�ed �oor area ratio and coverage. 
More recently, Blaistain and Fisher-Gewirtzman (2024) pro-
posed a parametric method for generating and evaluating 
urban design alternatives based on the successive operations 
of grid formation, subdivision of the blocks, and building 
layout and massing through height di�erentiation (Fig.�2, 
below). In both cases, the generative potential of di�erent 
plot con�gurations on the compositional variation of build-
ing typologies is not explored in an associative manner.

In their proposition of a ‘density-driven city genera-
tor’, Mei et�al. (2021: 564) noted a common drawback of 
computational models incorporating plots in urban form 
generation and their limited capacity to utilize parcels for 
controlled variation within the building fabric. Typically, 
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after generating a large-scale street network, buildings are 
generated within the entire surface of the urban block either 
through uniform typologies or without any parametric inter-
action with the individual plots (Fig.�2).

Alternatively, Çal��kan and Barut (2022) demonstrated 
a parametric development control model that generated a 
composite block fabric, subsequently expressed and coded 
through individual parcels. Similarly, Sun and Dogan (2022) 

proposed a form-exploration model with a simulation-based 
performance feedback system. This model constructs a gen-
erative ensemble comprising block subdivisions, ensuring 
plot size diversity while maintaining the same building 
typology.

The review of plot-based urban design (PUD) in both 
practical planning and computational design research reveals 
a critical gap in the methodological frameworks required to 

Fig. 2   ‘The dynamic urban development model’ by DecodingSpaces 
Toolbox: The model controls the development of each urban block, 
including the generation of plot patterns and building typologies 
(above), and the interactive generative model computationally assess-

ing the multiple design options at the level of the urban ensemble 
(below) (Sources: of Fink and Koenig 2019; Blaistain and Fisher-
Gewirtzman 2024)
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e�ectively operationalize plots within generative processes. 
This suggests that plots are not being fully leveraged to 
shape the collective urban fabric, whether through analogue 
or computational modeling techniques. To bridge this gap, 
a parametric model is proposed—a framework designed to 
generate building patterns by establishing controlled local 
relationships between plots through incremental processes.

Methodology

As an algorithmic design methodology, parametric modeling 
provides an operational framework for exploring form gen-
eration. Such a rule-based system empowers modeling to 
yield various con�gurational solutions responsive to di�er-
ent performance criteria (i.e., thermal comfort and energy) 
in particular contexts. In this context, Çal��kan (2017) argues 
for the use of parametric modeling as a means to e�ectively 
control urban development through algorithmic processes, 
rather than as a ‘design machine’ focused on the totalistic 
production of land within a single design scheme. Given the 
associative nature of the relationship between plot, building, 
and block, parametric modeling shows promise as a control 
tool for implementing PUD in practice.

From this perspective, the current study introduces a par-
ametric model that sequentially integrates form generation, 
optimization, simulation, and articulation processes in the 
following framework (Fig.�3).

The model may be applied within two initial conditions: 
(1) using the current plot pattern or (2) generating a new 
plot pattern. In both cases, the resulting plot layouts and the 
given �oor area ratios are essential inputs for the next stages. 
Correspondingly, the �oor areas of the existing building are 
incorporated into the model during form optimization to 
guarantee that the new massing has the same development 
rights as the current situation. For generating a new plot 
pattern, the model aims to create plots with almost equal 
areas by minimizing variations in size. This is achieved by 
adjusting the standard deviation of generated plot areas to 
zero, ensuring uniformity in plot size while allowing for 
�exibility in their shape and dimensions. Even though the 
areas remain consistent, the plots may have di�erent width-
to-length ratios, giving the design �exibility while maintain-
ing balance in land distribution across the urban layout. This 
is achieved using the standard deviation formula:

where �  represents the arithmetic mean of the new plot 
areas, and n is the total number of new plots. Incorporating 
the formula into the model could generate a variety of plot 
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layouts with di�erent shapes while maintaining nearly equal 
plot sizes.

In this framework, generation involves algorithmic vari-
ations of form composition within set parameters, without 
additional �ltering conditions. Optimization speci�es perfor-
mance criteria and parameters to generate the �ttest alter-
natives, considering speci�c environmental concerns and 
habitable volume. Then, the simulation applies optimized 
form-generation processes within given spatial and environ-
mental contexts. Lastly, articulation adds critical details to 
cohere urban block fabric with speci�ed architectural form 
elements. Evolutionary algorithms and multi-objective opti-
mization tools, supplementary in this parametric context, 
ensure desired diversity in response to prede�ned perfor-
mance criteria. Grasshopper®, a graphical algorithm editor 
integrated with Rhino’s 3-D modeling tools, was employed 
to construct the algorithmic setting.

During the generation phase, the model incorporates ten 
morphological parameters, including block size, number of 
subdivisions, plot size, coverage, �oor area ratio (FAR), plot 
setbacks, buildable volume ratio (BVR), building height, 
building front line, and building setback. The parameters 
are utilized to generate either plot subdivisions in relation 
to the urban block or building forms within the geometric 
constraints of the plot.

To assess environmental performance, the model 
employed multi-objective optimization during the plots’ 
incremental development. Ladybug® and Honeybee®, 
facilitating climate data visualization and analysis within 
Grasshopper (Roudsari et�al. 2013), are utilized for environ-
mental analyses. Optimization of outdoor thermal and cli-
mate comfort is achieved through environmental parameters: 
solar radiation, sunlight hours, and the Universal Thermal 
Climate Index (UTCI). Morphological parameters and envi-
ronmental indicators operated synchronously to generate the 
urban block formation in a controlled manner. To that end, 
Wallacei Analytics® and Wallacei X® (Makki et�al. 2019), 
algorithmic plugins, were employed to conduct evolutionary 
optimization processes.

Then the model demonstrates urban block fabric simu-
lations via compositional variations, utilizing K-means 
clustering as an unsupervised machine learning algorithm. 
Simultaneously optimizing multiple objectives, the inte-
grated model identi�es prime spatial solutions within con-
straints. Leveraging the Pareto front highlights e�cient 
choices, indicating trade-o�s within the speci�ed set rather 
than representing the entire parameter range (Abbass et�al. 
2001). By calculating optimal values in each design code, 
the model delivers ideal urban block formations under the 
given objectives.

In the �nal stage, the model employs six architectural 
form elements to ensure the articulation of the emerging 
urban block fabric. In this sense, the arcade, deck, corner 
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Fig. 3   The work�ow of the ‘parametric plot-based urban design’ (PPUD)
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building, courtyard, terrace, and passage are utilized to 
ensure morphological coherence by the controlled local 
relationships between the buildings in a parametric manner.

Morphological parameters and�elements 
for�the�generation of�the�urban block based on�plots

The generative algorithm is de�ned through the integration 
of ten morphological parameters, which govern the nested 
relationships among urban blocks, plots, and buildings. 
These parameters serve diverse functions, such as delin-
eating plot boundaries and subdividing block surfaces into 
individual plots. Additionally, they account for the spatial 
context by considering the relationships with neighboring 
buildings within the urban block (Table�1).

As Campbell (2010) highlighted, e�ective dimension-
ing and design of urban blocks stem from a comprehensive 
understanding of building typologies and their intricate con-
nections with plots (78). In pursuit of a robust methodology 
for PUD, it is crucial to consider the building as intrinsically 
linked with the plot. From this perspective, plot and build-
ing are conceptualized within volumetric frameworks called 
envelopes. The ‘plot envelope’, in this framework, typi-
cally governs development in a volumetric manner, while 
the ‘building envelope’ serves to direct the articulation of 
the building within a three-dimensional framework. Enve-
lopes de�ne the spatial boundaries of habitable volumes in 
three dimensions (Tarbatt 2012: 156). Therefore, within 
this framework, the massing of a building is determined by 
variational sets of height, coverage, and internal setbacks 
concerning neighboring buildings (Fig.�4).

Elements of�form articulation

After generating the overall massing of the block fabric 
incrementally, the emergent form is further articulated 
by introducing six form elements on a parametric basis. 
Accordingly, courtyard, terrace, deck, arcade, passage, and 
corner building are incorporated into the model (Table�2).

Environmental performance indicators

In the algorithmic model, there are three environmental per-
formance indicators to achieve comfortable climatic condi-
tions within the urban fabric. Speci�cally, the model ana-
lyzed solar radiation, sunlight hours, and the UTCI during 
each iterative generation process.

Outdoor thermal comfort

Outdoor thermal comfort plays a critical role in optimizing 
passive heating and cooling solutions to minimize energy 
consumption (Galal et�al. 2020; Johansson and Emmanuel 

2006; Nazarian et�al. 2019). In the research, solar radiation 
and sunlight hours are weighted to measure outdoor thermal 
comfort parametrically.

Solar radiation

Solar radiation is crucial for assessing solar energy poten-
tial and optimizing energy usage (Huang et�al. 2022). The 
model, employing the parametric environmental plugin 
Ladybug® (Roudsari et�al. 2013), quanti�es the average 
annual total solar energy on building geometry. The Lady-
bug® quanti�es solar radiation as the sum of three compo-
nents: long-wave radiation from surrounding surfaces, the 
amount of sky-long-wave radiation absorbed by the human 
body, and additional absorbed solar short-wave radiation. 
The formula used to calculate the amount of solar radiation 
received on a surface is:

where ERFsolar (the effective radiative forcing of solar 
energy) represents the energy provided by solar radiation 
per unit area (often in watts per square meter), fe�  is the 
e�ective fraction (or e�ciency factor) of the body exposed 
to radiation that takes into account how much of the incom-
ing solar radiation impacts the surface after various losses, 
and hr represents the radiative heat transfer coe�cient which 
adjusts for the way heat is transferred or distributed across 
the surface (Ibrahim et�al. 2020: 2–3).

The computation includes the sum of results from each 
test point in kWh/m2 multiplied by the total area of the 
building surface to which the test point belongs.

Sunlight hour

Sunlight hour is a critical energy e�ciency parameter, which 
signi�es the hours of direct sunlight received by the input 
geometry (Kim et�al. 2022). In the model, it is utilized to 
evaluate the outdoor thermal comfort of the emergent urban 
block, quantifying the average number of hours of direct 
sunlight within the given geographical context.

Outdoor climate comfort

The Universal Thermal Climate Index (UTCI) measures out-
door climate comfort by considering factors such as radiant 
temperature (typically solar radiation), relative humidity, 
and wind speed. It considers a combination of those factors 
to re�ect how the environment “feels” to the human body. It 
is often used in urban planning, public health, and climate 
research to guide design and policy decisions that a�ect out-
door environments.

(2)����� ��������� �
��� �����

��� �� �
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To calculate UTCI, the Mean Radiant Temperature 
(MRT) is determined �rst, which arises from outdoor short-
wave solar radiation and longwave radiant exchange with 
the sky. Later, the climatic comfort of the area is categorized 

based on UTCI, featuring ten thermal sensation categories 

Table 1   Morphological parameters of the model

Form element Parameter Description

Urban block Block size The surface area of an urban block in�uences its internal subdivision and the geometry of 
individual plots due to variations in the depth and width of the block surface. The metric 
characterizes the walkability of the total fabric through the number of turning points within 
the street network (Siksna 1997)

Number of subdivisions The total number of subdivisions is considered a determining factor that shapes the granular-
ity of the built environment. As the number of plots subdivided within an urban block 
increases, so does the potential to generate a higher amount of various individual buildings. 
This, in turn, in�uences the coherence of the fabric based on the relational framework of 
the plot-based development control

Plot Plot size The plot size sets the basic condition of the building typology that could be accommodated 
on the parcel. The metric can be indirectly controlled by the depth and width of the plot. 
The varying dimensions, corresponding to di�erent plot sizes, o�er �exibility and adapt-
ability in forming buildings through additional subdivisions or in�ll strategies (Campbell 
2018: 170–73). Smaller parcel sizes, in this framework, are seen as the foundation of a 
�ne-grained urban fabric

Ground coverage (GC) Ground coverage is the total footprint area of all non-vegetated surfaces (i.e., parking lots) 
and structures on an urban block (Çal��kan et�al. 2025). It is calculated as the ratio between 
the building footprint and the total plot area. GC = Ab� � Ai, where Ab� is the coverage of 
the building on plot i, and Ai is the area of plot i. It conditions the overall dominancy of the 
building over the ground within a fabric

Floor area ratio (FAR) FAR indicates the building density in a plot. It is calculated by the ratio between the total 
�oor space of the building and the surface area of the plot. FAR = Afai�Ai, where Afai is 
the total �oor area of the buildings on plot i, and Ai is the area of plot i. It is a complemen-
tary index with coverage, and it is helpful to test the capacity of a plot layout, allocating a 
certain level of development within itself

Plot setbacks – footprint Setbacks determine the distances between the building and the boundaries of the plot. It var-
ies the relationship between the building and the edge of the plot. Di�erent distance values 
of the front, rear, and side setbacks would generate the varied building footprint options, 
even though the same ground coverage is in a plot

Buildable volume ratio (BVR)The plot could be de�ned as an abstract three-dimensional frame in which development 
right is determined in volume. The index of buildable volume ratio could be suggested as a 
supplementary parameter for the plot-based control of urban development. It is calculated 
by dividing the speci�ed building volume (Abvi) by the total volume of the plot envelope 
(Apei): ��� � ���� �����   The index could also be utilized to ensure the porosity of the 
block fabric, indicating the volume of open spaces within the whole body of urban form 
(Adolphe 2001, 188)

Building enve-
lope

Building height Building height can be determined by both the total number of stories and the height of each 
story, including both the ground �oor and upper levels. This parameter permits a range of 
height levels, allowing buildings to contain multiple units within a single structure. The use 
of the metric in plot-based design control promotes the development of composite forms 
within the block fabric

Building front-line The front line represents the boundary that delineates the active frontal facade(s) of a build-
ing, providing direct access from the street. The varied values of the metric condition the 
interaction between the building and the public space, in�uencing the placement of public 
and commercial amenities along the street. Variations in the length and con�guration of the 
frontage o�er diverse opportunities to connect the building’s internal spaces with public 
areas, enhancing permeability as desired within the speci�c context

Building setback The street ratio holds signi�cant importance in modern urban planning, particularly within 
high-rise and high-density urban environments (Lehnerer, 2009: 158–159). The metric of 
building setbacks serves multiple purposes beyond ensuring adequate daylight access; it 
also enhances the articulation of the built environment, optimizing the compositional rela-
tionship between building masses (i.e., through the extent of shared walls - in our current 
model, building setback refers to controlled recessions and projections on the vertical plane 
of a building, applied to its front, rear, and side surfaces).
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Fig. 4   Morphological elements and the parameters of the model
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(Zare et�al. 2018).1 The model also o�ers an alternative clas-
si�cation based on thermal stress, with energy model values 
ranging from -1 to + 1, signifying:

•	 �1: cold stress—cold conditions (UTCI < 9�°C)
•	 0: no thermal stress—comfortable conditions 

(9�°C < UTCI < 26�°C)
•	 +1: heat stress—hot conditions (UTCI > 26�°C) (Roud-

sari et�al. 2013).

Results: application of�the�generative model 
in�an�actual context

The research has devised a four-stage algorithmic model to 
control the incremental generation of urban fabric through 
plot-based development. In the initial step, any given urban 
block is subdivided into plot layouts that are distributed in 
a nearly uniform manner yet exhibit a high degree of diver-
sity. The second step establishes a ‘generative layout’ frame-
work to guide building formation on individual plots. The 
third step optimizes the emerging composite building forms 

on adjacent plots by ensuring the designated environmen-
tal parameters. Then the fourth step provides a parametric 
ground for the incremental fabrication of the urban block. 
The fourth step o�ers a three-dimensional articulation of the 
generated urban blocks to achieve a cohesive fabric. Ulti-
mately, the application concludes with the simulation of an 
ensemble composed of several blocks in a relational manner.

In this framework, �rst, the generative algorithm is set 
parametrically to come up with diverse layout options on the 
given block surface. This is to ensure a controlled variation 
within the overall con�guration of the plots (Fig.�5).

Generation of di�erent plot layouts composed of parcels 
in various shapes through an equal surface area (Fig.�5, 
above) is a critical competence of the parametric model, 
especially in planning contexts where equal property rights 
are considered binding conditions.

In the second stage, a set of design codes is developed to 
establish a generative framework for massing. To enhance 
the control capacity of the algorithmic model at the plot 
scale, this stage employs three spatial parameters and 
operations:

•	 formation of the total footprint of the building,
•	 positioning of the courtyard in varied sizes,
•	 setting setbacks at varied distances (Fig.�6).

To that end, a generative grid is created within each 
plot to allow spatial diversity through di�erent footprint 

Table 2   Architectural form elements of the model

Architectural form elementsDescription

Deck A deck is a raised, horizontal platform, devoid of enclosing walls or a roof (Ching 2011: 227). As an extension of 
living spaces, decks accommodate various activities like seating, dining, lounging, and recreation, blurring the 
boundaries between indoor and outdoor environments

Courtyard Courtyards are considered positive voids that are usually enclosed on three or four sides yet open to the sky 
(Edwards et�al. 2005: 316). Unlike backyards, courtyards can be situated within the footprint of a building (or 
buildings). While often positioned centrally, various spatial arrangements can be achieved by experimenting 
with their placement. Courtyards o�er practical solutions for ground �oors, enhancing climate comfort by opti-
mizing air movement, natural light, and shading (Abdelmalek 2005: 55)

Terrace A terrace refers to a �at, elevated platform designed to o�er a vantage point or panoramic view. Typically inte-
grated into buildings, balconies, or rooftops, terraces provide access to outdoor space, the surrounding land-
scape, or architectural landmarks. They serve as recreational areas or spaces, fostering a sense of connection to 
the outdoors while remaining within the urban environment

Passage A passage refers to a narrow walkway that links various buildings or urban spaces, serving a vital function in 
pedestrian circulation and facilitating easy access and movement (City of Birmingham 2012). Thoughtfully 
designed passages have the potential to improve the overall pedestrian experience, fostering a sense of connec-
tivity and coherence within the urban fabric

Arcade An arcade is a covered walkway that is bordered by shops, cafes, or other amenities. It o�ers a protected environ-
ment for pedestrian movement and enhances visual appeal in the urban landscape (Fu et�al. 2023). Additionally, 
they can serve as gathering spaces, fostering a sense of community within the urban fabric

Corner building Corner buildings occupy prominent positions at the intersection of multiple streets, serving as important gateways 
to the neighborhood or district, thereby increasing visibility and access (Llewelyn-Davies 2000: 94; Pålsson 
2023: 190–191). They o�er diverse opportunities for various uses, including commercial spaces, residential 
units, or mixed-use developments (Herriott 2016)

1  Above + 46 extreme heat stress, + 38 to + 46 very strong heat 
stress, + 32 to + 38 strong heat stress, + 26 to + 32 moderate heat 
stress, + 9 to + 26 no thermal stress, + 9 to 0 slight cold stress, 0 
to � 13 moderate cold stress, � 13 to � 27 strong cold stress, � 27 
to �  40 very strong cold stress, below �  40 extreme cold stress.
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formations. This framework enables control over formation 
using three di�erent codes: (1) minimum depth of the build-
ing, (2) daylight exposure to the building, and (3) number of 
units forming the building.These codes allow internal con-
trol over each plot’s generative framework and the establish-
ment of parametric conditions with the adjacent plots.

The algorithm allows for diverse positioning and sizing 
of the courtyard within the plot, including its location (front, 
back, center) and dimensions (width and depth). Speci�cally, 
the dimensioning of the courtyard is linked to the daylight 
received by the �rst �oor of the building and the minimum 
depth of the building.

This setup enables a responsive code that fosters the crea-
tion of various spatial formations on the ground �oor while 
optimizing climatic comfort. Another parameter a�ecting 
massing is the setback distance. The model establishes a 
framework to control the setback location (front, rear, side) 
and length. The parametric control focuses on setting maxi-
mum and minimum setback distances. By managing setback 
distances, the model could expand the range of alternatives 
for ground �oor design and facilitate spatial organization 
that fosters interaction between plots within the third stage.

The third stage focuses on gradual building formation 
on the generated plot layout, optimizing the emerging com-
position based on environmental performance indicators. 

Speci�cally, three climatic indicators are employed: UTCI 
(°C), solar radiation (kWh/m2), and sunlight hours (h/m2). 
The model provides 1-m2 analysis grids for climatic analyses 
to aggregate results on these grids (Fig.�7).

For simultaneous climate analysis and building forma-
tion optimization, the Non-Dominated Sorting Genetic 
Algorithm (NSGA-II) (Deb et�al. 2002) was selected as a 
multi-objective optimization algorithm, enabling concurrent 
optimization of various objectives. Accommodating input 
from design and climatic codes simultaneously, and foster-
ing responsive plot evolution, NSGA-II optimizes spatial 
and climatic parameters within a multi-objective framework.

The third stage is pivotal, as it governs the spatial interac-
tion of plots and shapes the incremental development of the 
urban block. The core principle is to ensure that each newly 
developed plot establishes a coherent morphological rela-
tionship with the existing plots by adhering to the prescribed 
design codes. This enables the urban block to evolve over 
di�erent timelines while maintaining consistency through 
the application of the initial development codes. This allows 
spatial and climatic codes to incrementally shape the urban 
block at the plot scale. In this sense, Fig.�8 illustrates a 
snapshot of the responsive development process of the plots 
within the given urban block. Here, each plot is built in such 
a way that it references any adjacent plots or with which it 

Fig. 5   Multiple variations of plot layout based on dimension and size 
of the parcel: Each iteration demonstrates a di�erent subdivision pat-
tern where plots are �exibly di�erentiated in either depth or width 

(above), and selected subdivision patterns that are composed of dif-
ferent plots with equal areas (below)
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can interact according to the articulation code it has. In this 
context, while Plot 4, Plot 3, and Plot 1 were developed at 
di�erent times, they interacted with the neighboring plot to 

form, for instance, an arcade or terrace for a continuous mass 
articulation (Fig.�8).

Fig. 6   Some possible variations during the generation of the building footprint and massing
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Then, Fig.�9 illustrates the Pareto front of the entire popu-
lation, determined by computing solutions that outperform 
others in given criteria while performing equally or better in 
the rest. Two primary clustering algorithms, K-means and 
agglomerative hierarchical clustering, are employed to clus-
ter results. K-means analyses the Pareto front, representing 
optimal solutions balancing spatial and climatic parameters. 
It groups solutions into distinct clusters based on shared 
characteristics like FAR and climate comfort. The model, 
aiming for diverse typologies within the urban block, identi-
�ed �ve clusters categorizing FAR measures (Fig.�9, above).

Accordingly, the urban blocks within each cluster were 
classi�ed using the given color code. Therefore, the colors 
in the matrix, which represent the building blocks in a col-
lective framework, indicate the cluster to which they belong. 
The simulation of building blocks with varying FAR, all 
adhering to the same building codes, demonstrates the 
model’s capability to generate urban form through control 
parameters (Fig.�9, below).

Discussion

Plot-based urbanism lacks a structured framework to deliver 
on the qualities highlighted in its emerging literature. This is 
largely due to the disparity in land development techniques 
and procedures across di�erent planning systems and the 
absence of a robust methodological approach for plot-based 
development control. Hence, it could be argued that imple-
menting computational design control adaptable to various 
legislative frameworks on a parametric basis could enhance 
the e�ectiveness of plot-based urban design (PUD) within 
practical planning scenarios. Thus, the study suggests a 
parametric model for design control, utilizing an algorith-
mic framework with a set of codes determined by the key 
parameters.

The model is run to utilize the speci�ed architectural form 
elements. Consequently, the elements could act as livability 
factors responding to a series of performance criteria. They 
are generated parametrically in various forms to ensure mor-
phological coherence through a series of local interactions 
between plots, streets, and buildings in a larger context (i.e., 
corner plot and the elevated building, main street and the 
arcade creating setbacks on the front line of the plots, etc.) 
The new block fabric generated by the parametric control 
model demonstrates greater diversity and coherence while 

Fig. 7   The gradual development of the plot through environmental optimization
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Fig. 8   Algorithmically randomized incremental form generation of the block fabric
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maintaining the same development rights (FAR) as the 
surrounding plots and adhering to a standardized building 
typology (Fig.�10).

The key point  here is that the exemplar illustration allows 
for alternative iterations. Then, the current arrangement of 
architectural elements that would be criticized for privacy 

concerns or the level of visual complexity can be modi-
�ed into di�erent con�gurations as a foundation for further 
design review processes.

The generative layout framework, in this context, estab-
lished various building footprints within each plot using a 
generative grid that allowed �exible and diverse positioning 

Fig. 9   Clustering results of the 
Pareto front solution (above) 
and the matrix of urban block 
formations with di�erent �oor 
area ratios (FAR) (below)
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of courtyards and setbacks, optimizing dimensions for day-
light exposure and structural integrity. Thorough climatic 
analyses with a 1-m2 grid on the building surfaces and the 
NSGA-II algorithm optimized outdoor thermal comfort 
and outdoor climate comfort, providing better environmen-
tal performance. Having such a high resolution for climate 
analysis also provides a robust basis for operating detailed 
environmental analyses while exploring spatial diversity.

The clustering algorithm, K-means, categorized the plots 
based on their FAR and climatic performance. This categori-
zation facilitated e�cient decision-making and comparative 
analysis, ensuring that each plot contributed to a cohesive 
urban block. Simulations of varying FARs demonstrated 
the model’s capacity to generate diverse urban forms, ena-
bling e�ective decision-making and fostering spatial syner-
gies between plots, thus ensuring adaptability in the urban 
context.

In the future practice of the so-called Parametric Plot-
based Urban Design (PPUD), several key contributions 
could be considered signi�cant. The development of the 
‘generative grid’ for building footprints allows for simu-
lating potential 2D and 3D building layouts on a given 
plot. This approach integrates environmental performance 
indicators and utilizes multi-objective optimization algo-
rithms, enabling designers to sift through numerous build-
ing form possibilities while considering neighboring plots. 

Furthermore, by leveraging data-driven insights, design 
decisions can be informed concurrently, leading to more 
e�cient and optimized outcomes compared to traditional 
plot-based urban design (PUD) procedures. Another contri-
bution is the simulation of solutions categorized as �oor area 
ratio (FAR) through Pareto front clustering, which o�ers 
a deeper understanding of design alternatives. Pareto front 
clustering plays a vital role in evaluating typological diver-
sity generated incrementally on plots and predicting urban 
form by analyzing how clustered typologies might combine 
to create speci�c urban patterns. This method also informs 
design decisions and guides the development of regulations 
based on plots, ensuring a more data-driven and responsive 
approach to urban design.

Conclusions

The claimed novelty of the research could be considered 
threefold:

•	 The proposed parametric model incorporates morpho-
logical operations of plot subdivision directly into the 
development control process. Unlike standardized par-
cellation techniques seen in traditional master plans, 

Fig. 10   The selected simulation 
of the ensembles as a model 
application within an actual 
urban context
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this generative approach allows for controlled diversity 
in plot layouts in a generative manner.

•	 It facilitates the incremental control of interactions 
between buildings on adjacent plots, enabling the simu-
lation of the collective fabric that would emerge over 
time to ensure e�ective design control and guidance.

•	 The model supports the creation of diverse plot-based 
con�gurations while simultaneously evaluating their 
environmental performance through an embedded test 
and selection tool.

Within this framework, the proposed model of Parametric 
Plot-based Urban Design (PPUD) contributes to plot-based 
urbanism through certain aspects. The mainstream plot-
based urban design practice relies mainly on the master plan-
ning approach, rendering the subdivision of urban blocks 
into a �xed plot pattern from the early stage of the planning 
process. The implementation of an algorithmic framework 
within the plot-based urban design (PUD), therefore, would 
signi�cantly enhance the e�ectiveness of the mainstream 
practice by responding to the lack of robust methodologies 
across various planning systems. This study, accordingly, 
proposes a parametric model for design control, using an 
adaptable algorithmic framework to guide any plot-based 
urban development even in an incremental manner. With the 
model application, the plot layout de�ned by master plans 
would not necessarily be taken for granted for any plot-based 
development. The subdivision, which was considered the 
‘lost art’ in urbanism (Campbell 2010) could be an intrinsic 
part of the development control processes. In the genera-
tion of the block fabric, key contributions also include the 
expanded design codes and parameters tailored to individual 
plots, improving control over urban form through building 
footprints, setbacks, and massing concerning the buildings 
on the neighboring plots. Such a relational control applied 
incrementally would make the basic condition of coherence 
(Alexander et�al. 1987) applicable in actual contexts. More-
over, integrating environmental performance indicators, 
within a multi-objective framework, enables the model to 
optimize numerous building form possibilities, toward more 
coherent and climate-responsive form typologies.

All in all, PPUD could be considered a design control tool 
in planning, enabling precise adjustments to various design 
parameters. Leveraging data-driven models allows urban 
planners to simulate and optimize di�erent design scenarios 
in real time. This approach facilitates the creation of adapt-
able urban spaces that respond to di�erent climatic condi-
tions. Through PPUD, designers can achieve the desired 
level of control and �exibility, ensuring climatic comfort 
within an urban fabric.

Computational insights of the model would enhance deci-
sion-making processes, potentially providing more e�cient 
outcomes. This approach is strengthened with simulation 

and Pareto front clustering to provide a comprehensive 
understanding of design alternatives, evaluate typological 
diversity, predict urban form patterns, and inform design 
decisions. It allows for the assessment of incrementally 
generated plot typologies and their contribution to urban 
diversity and functionality. Analyzing clustered typologies, 
the model can predict cohesive urban patterns and provide a 
regulatory framework for guiding plot developments.

In this regard, the simulation capacity of the paramet-
ric modeling would serve as a planning support system. It 
would allow diverse stakeholders to visualize and explore 
the impacts of various design decisions. By bridging the 
gap between technical expertise and public input, PPUD 
promotes transparency and consensus-building in urban 
development projects. Ultimately, this model enhances the 
practical application of plot-based urban design, enhancing 
the morphological integrity of piecemeal urban development 
patterns, which remain prevalent in many countries.

A practical limitation of the model is its reliance on a 
highly sophisticated visual interface for the parametric algo-
rithms, making it challenging for local planning experts to 
use. This complexity poses a signi�cant barrier to integrat-
ing the model into actual planning control processes. In this 
sense, there is a necessity for a simpli�ed interface design 
that would make the model framework much more practi-
cal. Likely, for future work, the parametric modeling has 
the potential to enable designers to test some other sets of 
performance criteria, such as visibility, programmatic capac-
ity (functional diversity), and/or visual coherence of urban 
form, which had to be excluded within the current frame-
work of the paper.
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