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Architecture is undergoing a new digital turn prompted by
the use of artificial intelligence, which has sparked both
enthusiasm and concern—particularly regarding the notion
that computers may replace architects. However, the reposi-
tioning of architects provides an opportunity to incorporate
a new modus operandi with new forms of production. This
paper proposes an alternative approach for human-comput-
er interaction within the framework of discrete architecture
- a topical production model for building components. The
study relies on a collaborative and forward-thinking approach
rather than artificiality, which often distances actors in the
architecture field from emerging concepts, terminologies,
and methods. It introduces the concept of synergistic design
intelligence based on an improvised approach applied to a
design studio experiment. The results signify a transition to
a hyperspatial paradigm while demonstrating how hetero-
geneous computational strategies can enhance designers’
engagement with new concepts of computational thinking

in architecture.
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Introduction

Synergetics, a concept that attempts to reformulate
human-computer interaction (HCI) methodologies,
is an interdisciplinary research field that studies
the processes by which various subsystems (e.g.
atoms, molecules, cells, animals, humans or
computers) come together to self-organise spatial,
temporal or functional structures at the macro-
scopic level (Haken 1987). This novel concept can
be translated as a modern cognitive model that
synthesises detailed information processing for
architects who design spaces through the examina-
tion of hybrid control mechanisms. Design systems
built using heterogeneous methods are said to
support designers in both creative and generative
processes. This heterogeneity is outlined in Sterk’s
(2006) HCI model, which is a connected and open
system of artificial intelligence (AI) and robotics
methodologies. However, some models may be
insufficient, as there are multiple layers of HCI in
architecture. Academics and practicing architects
have different perspectives on this issue, consid-
ering the evolutionary power/lessness of contem-
porary computers’ capacities. The main objective
of this study is to develop a synergistic design
intelligence (SynDI) model that supports designer—
computer interaction in the architectural design
process and to test this model with the integrated
use of parametric and discrete design principles. In
particular, this study addresses the impact of digital
design tools on the process and outcomes of design
and how they relate to new design paradigms. The
following questions are discussed within a theo-
retical and practical framework: How can human-
computer interaction (HCI) be made more efficient
in architectural design processes? How can discrete
architectural design methods be combined with
parametric tools to offer creative processes? What
approaches are offered by the synergistic design
intelligence model in design processes?

In theory, computers and humans are partners
in contemporary architectural design processes.

Defining the role of designers as observant and
practicing actors in this process has been the focus
of studies discussing higher- and lower-order
systems since the 1960s (Cross 2004; Eastman
1972; Friedman 1972; Sterk 2006). With the intro-
duction of sophisticated computers in the 1990s,
new design approaches emerged, such as Gregg
Lynn’s (1999) embryological house. Coinciding with
the early 2000s’ computer boom in architecture,
Lynn’s approach explained architect-computer
interaction through the evolution of curvilinear
forms. Carpo (2013), who characterised this period
as the ‘first digital turn’, placed models of starchi-
tects, such as Frank Gehry, and form-based digital
architecture production at the centre of this trans-
formation. Preceded by the earlier morphological
approach, HCI in architectural production was
theorised nearer to mathematical and numerical
design, which has manifested in the loud efforts
of Zaha Hadid and Patrick Schumacher since the
early 2000s (Schumacher 2008; Terzidis 2003). As
the design and representation techniques used
by architects have undergone a transformation
through new software and technologies, design,
computing and cognition have been among the
areas of Computer-Aided Architectural Design
developed over time (e.g. Gero and Kannengiesser
2012, 2014; Jordanous 2016; Qian and Gero 1996).
Architectural visualisation with Al is one of these
transformations. However, this is more complex
when Al generative tools augment architects’
productivity in some parts of their daily work.
The concept of generative art has attracted public
attention through publicly available platforms,
such as Midjourney, which includes easy work-
flows for generating visuals from text and visuals
from visuals (Ploennigs and Berger 2023). Following
Carpo’s (2017) ‘second digital turn’, later efforts
(Bernstein 2022; Campo 2024; Leach 2022) inter-
preted the expansion of Al as virtually the third
digital turn in architecture. Their views on post-hu-
man aesthetics placed the computer as a partner
of the architect/designer rather than a mere tool
delineated in anthropocentric design processes.
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In a more practical discourse than Al's recent role
in architecture, discrete architecture offers new
opportunities for architectural design in the use
of modular parts for parametric structures (Hou
and Lin 2022; Retsin 2019). Discrete architecture
emphasises the relationships between parts and
between part and whole in the placement and con-
textualisation of wholes. Discrete design is a design
model in which parts with separate variables and
properties come together with specialised algo-
rithms to form a harmonious whole. In this design
model, the connections of the parts, the way they
come together, the number of repetitions and their
position in the overall shape define the integrity of
the design. The concept of discrete architecture is
an approach that offers a modular design process
by adapting the principles of discrete design to the
context of architecture.

Claypool (2020) defined discrete design as insep-
arable from digital design processes integrated
with tools such as Al and automation technologies.
As each design tool has its own strengths and
weaknesses, testing the conceptual idea of discrete
architecture has proven a non-failure-prone artic-
ulation of interaction between the computer and
the architect, leading to new definitions, such as
‘accumulative error’ (Jahn et al. 2022). In this way,
the assistance of the machine grows into a robotic
intervention in the material properties of architec-
ture (Huang and Spaw 2023). Here, a hypothetical
understanding of interaction and design systems
emerges. However, researchers have paid little
attention to how emerging concepts and design
interfaces update new versions of previous frame-
works, such as Sterk’s (2006) scheme based on a
discussion of direct manipulation (i.e. deliberate
control) and automation (i.e. reflexive control).

This study develops a framework for a design exper-
iment that expands the use of parametric spatial
definitions into discrete building components. The
key instrument of the experimental setup is a com-
binatorial design toolkit called Wasp, which enables
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spatial thinking with discrete elements (Rossi n.d.). A
systematic optimisation process integrated into this
workflow involves intense form finding, simulation
and optimisation of multiple objectives. After an
introduction accentuating the novel design approach
of digital discretisation, a design process using com-
putational tools is presented. This design research
process consists of four phases, including stochastic
aggregation of discrete parts, algorithmic generation
of modules, their optimisation and the Al-assisted
production of hyperspatial features from modules.
Finally, the paper discusses the definition of SynDI,
referring to HCI in using the principles of discrete
architecture while depicting visuals of findings from
the design process.

Applied cases of the synergistic design concept
include the study by Bibri et al. (2024), which
explored how the mutual workflow between
the designer and the computer contributes to
decision-support mechanisms. These Al systems,
which enable designers to receive user feedback
by testing ‘what if’ scenarios in subsequent stages,
demonstrate how AI and Al of Things systems
evolve into an intelligence infrastructure that
supports designers in making effective decisions,
particularly in sustainability-centred designs. In
the context of synergistic design intelligence, this
approach is defined as a design model that merges
the designer’s creativity with the rapid and efficient
data-processing capacity of Al On the other hand,
Chen et al. (2024) considered human-AI collabo-
ration at two different levels: strong interactions
contributing to the designer’s detailed analysis
with clear steps, creating a decision mechanism;
and weak interactions contributing to the integra-
tion of ideas from different disciplines. The critical
point in this study is the planning of the intensity
of feedback. Feedback mechanisms from real-time
data simulations that use Building Information
Modelling and Internet of Things technologies
provide a framework for how synergistic design
intelligence is applied in practice as the basis for
the designer to optimise the processes.
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While the previous concepts refer to a one-way
interaction process, SynDI can be defined as a
two-way interaction process in which creative
processes are co-produced in the human-com-
puter relationship. HCI models often describe how
the designer interacts directly with the computer.
SynDI differs from this concept in that it allows
designers to reconstruct their fragmented role in
the process. It conceptualises the use of Al tools
as collaborators in the construction of this role.
This partnership therefore creates fragments of
feedback loops that leave gaps for the designer to
intervene by creating a non-linear iteration process
instead of direct and continuous manipulation.
In this study, the beginning of the hypothetical
implementation of a SynDI process relies on the
use of discrete design tools. The following section
explains the implementation of discrete design
principles as a generative process of fragmented
spatial configurations that align with the inter-
cepted relationships within the SynDI concept.

Experiment with a Discrete
Design Tool

Architectural software integrated with program-
ming languages combines hard-core computational
and spatial thinking. For almost two decades, the
development of plugins has continuously received
interest from architects and designers as well as
engineers whose scripted solutions continue to be
published as pockets inside plugin libraries. This
has created a visual programming environment for
architects that is introduced, along with its compo-
nents, in this section.

The conception of a unique workflow made of
four steps questions how synergetic intelligence
between the designer and the computer emerges.
Each of these experiment-orientated steps is akin
to developing different hypotheses, but this paper
focuses on discussing only the main question
of how discrete architecture helps us improve
spatial thinking with computers. Beginning

with a stochastic aggregation method, the first
phase of the experiment demonstrates the use
of combinatorial tools; the second adds manual
model improvements on top of the outcome of
the initial stochastic search; the third calls for
material information and production knowledge
in computational design thinking by optimising
the previous design outcome to meet hyperspatial
requirements; and the fourth augments the whole
process with the use of Al tools, once again taking
control from the designer to trigger new possibil-
ities, which are identified as part of the optimisa-
tion process of the computational-spatial thinking
in this research.

To stochastically search sets of hyperspatial
compositions, this study deploys Rhinoceros’s
Grasshopper visual programming environment to
complete the integration of parametric production
into the digital model while providing an adaptable
design output. Grasshopper allows for designing
with both tools, including third-party plugins. The
general purpose of these plugins is to expand the
range of production by providing users with tools
in the areas of simulation, structural analysis, data
processing and visualisation, geometry manipu-
lation and architectural visualisation. Users can
customise their own projects through these plug-
ins. Wasp, which is used in this project and works
as a plugin for the platform, is a Grasshopper
component developed in Python.

One of the most important advantages of Wasp,
which combines the geometric representation of
modules with abstract graphical information and
offers different methods for these combinations,
is the opportunity to produce without the need
for prior programming knowledge (Hageman n.d.;
Rossi 2017; Yu 2021). Wasp allows for the transi-
tion between scales and adopts the principles of
discrete design used for the generation and repli-
cation of spatial components. Its working logic is
based on a set of aggregation procedures that allow
the creation of specific structures from a combina-
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tion of different modules. Wasp components allow
users to manipulate geometrical inputs with the
basic information needed to join them as parts of a
whole (Figure 1).

Conceiving a connection set in Wasp generates
topological graphs of parts, enabling new joint
variations, each consisting of optional aggregation
rules informing the model growth pattern into a
variety of modules (Rossi 2017). In this study, differ-
ent types of aggregation are tested to meet diverse
spatial requirements. Wasp rules are used to con-
struct an aggregation system consisting of one or
more geometries: points, which are created on this
geometry, joint vectors and virtual planes. Wasp
allows designers to build conditions from a rule
generator component by assigning various aggrega-
tion types. If no additional grammar rules are pro-
vided in the input, the component generates rules
between connections of the same type. The main
Wasp procedure involves the use of the following
components: modules, anchor points, connection
directions, connection planes and generators.

1. A module is the geometric unit that
forms the first step of aggregation, with
the points and lines assigned to this
unit. The first module or modules cre-
ated contain a system of connections.

2. Anchor points are then created by
the point assigned to the module and
provide the base for the direction of the
aggregation.

3. With the connection direction, the
module considers the point assigned
to it as the starting point. It contains
information on which direction the
summation will be multiplied by the
assigned line.

4. The connection planes determine from
which surfaces the summation will
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continue according to the point and
line assigned to the module.

5. The generator allows the aggregation
to work additively by allowing modules
to incrementally multiply on them-
selves in accordance with the assigned
rules. When the number of parts of the
aggregation increases, the generator
adds new parts to the existing module
without recalculation.

Stochastic Aggregation with Visual
Programming Components

Within the scope of this study, different typolo-
gies of buildable parts are categorised and then
converted into 2D diagrams. Open and closed
geometries are selected from these categories and
transformed into modules with 3D equivalents

(Figure 2).

These modules are replicated in an algorithm that
allows stochastic aggregation by assigning the
rules, as shown in the outcomes above. In the dia-
gram, the parts are typologized according to their
volumetric properties and transformed into 3D
representations with the help of modules assigned
to these typologies. The spatial impact of the num-
ber of pieces is diagrammed to show the spatial
logic behind it (Figure 3).

For each collection, a new set is constructed that
relies on the main module parameters. In this
way, the modules are positioned according to
the positions of their connections in space. All
connection parts, such as the points, lines and
surfaces of the first module, turn into repeating
connection elements in the next stage. The virtual
plane of the second geometry matches the plane
of the first geometry and is multiplied by the
transformation of the second geometry (Figure 4).
Subsequently, a collision check is organised using



Serdar Aydin & Beryar Ziibeyde Balaban - Beyond Artificiality: Synergistic Design Intelligence (SynDI) in Digital and Discrete Architecture| 178

the Wasp algorithm to prevent overlapping and
nesting between the parent geometries and the
new geometries that arise from the virtual planes
of these geometries.

Stochastic processes involve randomness and
probability, while aggregation refers to the com-
bination of elements. The specific case of this
study involves the use of probabilistic methods to
combine and replicate architectural and structural
elements. Stochastic aggregation can produce
more adaptive and diverse solutions that can
accommodate various scenarios. In this sense, the
assigned parameters enable product outputs to
vary under different conditions with this form of
generation. The stochastic search continues super-
ficially until the fourth phase of this experiment
setup, at which point even the Al begins to perform
aggregation over a single geometrical output with-
out defining specialised rules, but certainly another
layer of aggregation.

Wasp and stochastic aggregation provide a pro-
cess to approximate the target geometry, but
at the same time, the myriad possibilities and
repetitive production at some point can limit the
final product decisions. The main limitation of
the manufacturing approach presented by Wasp
is that the design is constructed in a way that is
predetermined either by using the smallest-part-
to-largest aggregation and stochastic aggregation
or by a directional domain based on master mod-
ules or generated density. These methods impose
limitations on the application of Wasp in a flexible
design process, whereby heuristic modelling is
often at odds with rule-based processes (Johns,
2014). Wasp also has limitations since it relies on
modules defined by the designer during the design
process and therefore does not offer a ready-made
module library. This requires extra preparation
before making alternative productions. The code
for the combination of modules needs to be elab-
orated upon at the beginning. Since the rules are
defined according to the geometries of the module,

changing these rules during the process may have
undesirable consequences since it may disrupt the
integrity of the geometric structures and the con-
sistency of the design. In this context, it is impor-
tant for the effectiveness of the process to define
the rules at the beginning and to update them
with minor interventions, when necessary, with
reference only to the outputs. The plugin also has a
limited capacity to reproduce complex geometries
and organic forms.

Geometrical Rules with Textual Input

In the next step, three main geometries are
designed: horizontal semi-open modules (slabs),
vertical columns and connecting ramp elements.
The top and bottom surfaces of each element
are transformed into connection planes through
assigned points and lines. Geometries only repro-
duce through these points and planes in Wasp’s
most basic form of aggregation (Figure 5). In this
study, collections can be seen as an example
of one of Wasp’s limitations. These collections
increase the variety of products but produce
aggregates that do not correspond to the desired
hyperspatial organisations.

We can describe these aggregation experiments
based on geometric connection rules as a refer-
ence aggregation before moving on to code-based
rules. In the aggregation based only on geometric
connections, deviations from the connection rules
may be seen, requiring the intervention of new
text-based rules (Figure 6). At this point, the rules
entered as text into a panel component work as a
dataset and turning points that change the course
of the collection. Some constraints were imple-
mented through the rules assigned to the code
to redefine the mode of production and generate
spaces that corresponded to the envisioned hyper-
spatial organisation. These constraints regulate
the spatial relationships between geometrical
elements, as follows:
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1. The upper surface of the slab aligns
with the base plane of the column.

2. The bottom of the slab aligns with the
top plane of the column.

3. The side of the floor connects to the
bottom of the ramp.

4. The top of the ramp aligns with the
side of the floor.

5. The top of the ramp is positioned
directly above the bottom of the ramp
within the collection.

Introducing Spatio-Structural Design
Criteria

The following phase regulates the outputs by
providing manual interventions at the designer’s
disposal based on two sets of structural and spatial
design criteria. The first criteria set contains (1) the
number of modules to match the number of parts
entered; (2) horizontal and vertical elements to
join the hierarchy; and (3) no overlapping modules.
In addition, the following spatial criteria were
considered: (1) gaps required for light; (2) space
dimensions; (3) horizontal and vertical circulation;
and (4) potential relationships between spaces.

Algorithm 1. Pseudo-code of
structural criteria.

/7 (1)

matches the number of parts entered

Ensure the number of modules

IF num modules
THEN ADJUST num_modules
num_parts_entered

END IF

/1 (2)

elements join hierarchical

FOR EACH horizontal element IN design

!= num parts entered
TO MATCH

Ensure horizontal and vertical
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FOR EACH vertical element IN design
IF intersection (horizontal
element, vertical element) IS
valid based on spatial logic
THEN CONNECT (horizontal element,
vertical element)
ELSE
ADJUST positioning OR modify con-
nection parameters
END IF
END FOR
END FOR
/7 (3)
FOR EACH module A IN modules
FOR EACH module B IN modules
IF module A
lap (module A, module B)
THEN RESOLVE OVERLAP (module A,
module B)
END IF
END FOR
END FOR

Ensure modules do not overlap

!= module B AND over-

Algorithm 2. Pseudo-code of
spatial criteria.

// (1)
FOR EACH space IN design

IS NOT present
BASED ON

Ensure gaps are present for light

IF light gap (space)
THEN ADD gap(space)
lighting requirements

END IF

END FOR
/7 (2)
FOR EACH space IN design

IF dimensions (space)

Check space dimensions

NOT WITHIN
allowable range
THEN ADJUST dimensions (space)
spatial constraints
END IF
END FOR
/7 (3)
circulation is maintained
FOR EACH circulation path IN design

TO FIT

Ensure horizontal and vertical
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IF circulation path IS BLOCKED
THEN MODIFY layout TO CREATE clear
circulation
END IF
END FOR
/7 (4)
between spaces
FOR EACH space A IN design
FOR EACH space B IN design
IF relationship (space A,

Establish potential relationships

space B) IS
required
THEN ENSURE adjacency OR define
transition condition (space_ A,
space B)
ELSE
MAINTAIN functional separa-
tion(space A, space B)
END IF
END FOR
END FOR

The generated module combinations that meet
these structural and spatial design criteria are
subsequently transferred to the optimisation
process by manual intervention to increase spatial
diversity. Based on material and production knowl-
edge of the generated modules as state-of-the-
art architectural elements, form-based functional
manipulations are informed in the process. These
manipulations enable spatial diversity in line with
an assumed layer of optimisation (Figure 7).

These interventions involve creating contours at
a 45-degree angle with 200 cm intervals along the
solid units, which are then deepened using the
extrude curve command to add spatial depth and
transform the contours into three-dimensional
forms. The resulting large-scale modules are final-
ized through manual interventions that enhance
spatial possibilities, including overlapping, mirror-
ing, subtracting mass to create light gaps at mate-
rial joints, integrating translucent materials and
modifying the modules in a way that allows them
to multiply for later articulation (Figure 8).

Informing Text-Based Design Fiction
into the Process

In this last phase of the experimental setup, the Al
interventions are explained. With the transforma-
tion of each created piece into a relational design
element by gaining tectonic aspects, it becomes a
feasible speculation that simultaneously produces
architecture at different scales. At this point, the
results of this study suggest that designing with
discrete elements directly contributes to the effi-
ciency of a new type of thinking based on SynDI,
which uses Al in terms of object-based definitions
and image segmentation.

Thanks to the integrated work regarding methods
for generating visuals from text and visuals from
visuals through Al, it becomes possible to evaluate
the design idea in different design fictions. We
produce dispersed process management at many
different scales and points without relying on only
a single representation of the design. In this way,
the transformation that the project undergoes
regarding changing the material, the type of user,
the space in it and the way of production - that is,
the fiction of the project - can be quickly multiplied
with powerful representations. The contributions
of a model created with such a synergistic under-
standing of design intelligence can be explained by
the following concepts (Table 1).

At this stage, different scenarios suitable for the
context of the project are entered into the Al,
and how the design will change and look in line
with these scenarios is simulated quickly and
effectively. The Al simulates how the scenarios
determined by the designer in the optimisation
process will look, either together or separately,
and offers the designer new possibilities beyond
the existing structure. Figure 9 shows the images
before Al intervention (left), the concepts entered
as text and the images interpreted with these texts
(right). The original visuals were reinterpreted with
an Al tool that generates visuals from visuals with
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Table 1. Expectations and results according to the concepts using the synergistic intelligence model. Source: Authors.

Design process/ Enhanced Possibility of making continuous adjustments using the

iteration decision-making feedback mechanism to improve the design

Creativity Augmented space  Advancing the designer’s creativity through the multipli-
cation of design variations

Functionality Adaptable solutions Ability to adapt to changing conditions over time.

specific text and concept inputs. Thanks to the
Al, which quickly visualises different scenarios
determined by the designer, each visual provides
the opportunity to explore the possibilities of a
particular scenario on a spatial plane. In the first
row, the theme of ‘modular cyber city’ includes
units surrounded by neon colours and the produc-
tion processes of robotic arms. In the middle row,
spatial organisation proposals are presented with
Al-supported health monitoring systems, robot
doctors and drone ambulances. In the bottom row,
a hyper-realistic complex design is envisioned,
representing a complex urban setting with vertical
tanks and production pipes. The diagram illus-
trates the potential of Al-assisted design processes
to produce multilayered and functional spaces
from conceptual text inputs. In this respect, the Al
becomes a tool that increases the creativity of the
designer through the production of multiple space
forms and circulation alternatives between spaces.
A building is expected to be produced in such a
way that it exists in a futuristic city. In this respect,
a flexible process that can observe the changes in
the physical conditions in which the building is
located and the structure has been created.

As described throughout this paper, the concept
of SynDI in the context of HCI in architectural
design processes represents advanced computa-
tional design thinking. SynDI seeks to seamlessly

integrate human creativity and intuition with the
analytical and computational capabilities of AL
This integration allows for a holistic approach,
leveraging the strengths of both human designers
and intelligent algorithms. It aims to enhance deci-
sion-making in architectural design.

By utilising Al, which can process vast amounts of
data and generate insights, designers can make
more informed choices and optimise factors such
as sustainability, efficiency and aesthetics (Castro
Pena et al. 2021). The use of Al in architectural
design processes can significantly improve effi-
ciency (Almusaed and Yitmen 2023). Al algorithms
can rapidly iterate through numerous design
possibilities based on specified criteria, providing
designers with a range of options to consider and
refine (Tamke et al. 2018). In this context, SynDI
augments irreplaceable human creativity within
new digital workflows. Somehow, Al tools can
assist in generating innovative design solutions,
acting as creative partners rather than substitutes
for human ingenuity. However, implementing
SynDI requires addressing technical challenges,
such as developing Al systems capable of under-
standing complex design preferences. Additionally,
ensuring seamless and user-friendly interaction
between architects and Al tools is crucial. Issues
related to bias in Al algorithms, accountability for
design outcomes and the ethical use of Al-gener-
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ated designs require careful attention. As for user
behaviour changes, designers may face a learning
curve in adopting Al tools effectively. A full-fledged
SynDI design system may provide sufficient flexi-
bility and adaptability in diverse design contexts.
Systems that can evolve with changing project
requirements, design paradigms and technological
advancements will be more resilient and sustaina-
ble. In conclusion, the concept of SI in architectural
design, integrating human and artificial intelli-
gence, holds immense promise for advancing the
field. While challenges exist, the potential benefits
in terms of enhanced creativity, efficiency and
decision-making make it a compelling avenue for
exploration in the ever-evolving intersection of
architecture and technology.

Discussion and Conclusion

Computational design environments allow
architects to generate, explore and develop more
design solutions more efficiently compared to
linear processes. This makes the design process
faster, more effective and more understandable by
enabling continuous feedback and adjustments
at the initial stages of design (Bhooshan 2017). In
this context, a workflow was developed outlining
a systematic approach to architectural design
through the integration of new modes of human-
computer interaction, emphasising the iterative
nature of design processes (Figure 10). Utilising
parametric computing tools such as Rhinoceros
and Grasshopper, the workflow enables different
data to transform into customised 3D geometries
as inputs of the parametric design process. Based
on twitching textual input to generate 3D modules,
the proposed workflow aims to expand the design
space with diverse module outputs and enhance
architect-computer communication.

The proposed framework in this study also aims
to enhance the optimisation and improvisation
of desired design modules by fostering a dynamic
feedback loop between the computational layer

and the human layer, leading to a new definition
of SynDI. The inclusion of Al-based analysis, which
has recently been one of the most discussed topics
in architecture, enhances the creative process
by providing alternative design scenarios, thus
expanding the scope of design exploration. The
optimisation workflows attempted in this work
address multiple performance objectives simulta-
neously rather than focusing on only one perfor-
mance objective, while the architect in control can
choose from multiple high-performance solutions.

The workflow starts with data collection and data
processing and then produces alternative design
solutions in 3D. The model continues with optimi-
sation processes for an effective design process and
is completed with visualisation and presentation in
the next stage. The iterative feedback loop between
the Al and the designer provides a dynamic contri-
bution with the ability to develop suggestions and
generate variations at each layer of the design. The
feedback obtained at each stage of the design can
continuously improve the process. This model, in
which optimisation processes, in particular, come
to the forefront, enables the rapid and flexible
generation of various design alternatives in design
problems with different scales and requirements.
In this way, it can be adapted to different projects,
revealing, in general terms, a repeatable process.
In this sense, this research’s experiments add to
previous research showing balancing solutions to
conflicting design objectives (e.g. Feng et al. 2024).
The iterative feedback mechanism outlined in
the present work contributes to innovative design
solutions by addressing possible errors and fail-
ures. This methodological approach around the
speculative concept of SynDI highlights the impor-
tance of collaboration between human intelligence
and computational capabilities, leading to the
development of highly optimised, context-relevant
and visually engaging architectural designs.

In terms of the application of discrete architecture
principles, digital compositions derived from small
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parts carry clues from the data from which they
are produced. The parts are differentiated in terms
of the aspects that guide the emergence of the
content. At the same time, they do not completely
break away from their function on the plane from
which they were detached and present a coherent
sequence within themselves. By creating scripts,
the designer can generate answers to design ques-
tions, such as the automation of diverse and com-
plex tasks, quickly experiment with a wide range of
design possibilities and create new forms that may
be difficult to produce using traditional methods
(Fernandez-Alvarez and Lépez-Chao 2023). Archi-
tectural design has undergone a transformative
change process with the integration of digital tools.
The combination of new methods has opened new
and different avenues for creativity and efficiency,
allowing more time for conceptual thinking and
less time for repetitive tasks. The design and
representation techniques used by architects are
undergoing a transformation through new soft-
ware and technologies. Unlike traditional design
methods, parametric design automates repetitive
tasks and provides feedback on structural and
environmental performance from the beginning of
the design process, thus allowing for a more flex-
ible and interactive approach (Haidar et al. 2019).
Similarly, architectural visualisation and space
generation with Al is one of these transformations.
Al design generation tools allow architects and
designers to increase productivity in parts of their
daily work.

Al serves to expand the limits of a designer’s
creativity and forms of representation. With the
data entered as text, this work aimed to explore
additional design fictions conditioned by move-
ment patterns within the space with hyperspatial
features. In this way, new and alternative final
products were obtained quickly without going
back on the final product outputs. At every stage
of the process, a feedback mechanism was created
between the designer and the computer. The
mutual interaction and production means allowed
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us to imagine new digital production processes
incorporating the trio of the designer, the geom-
etry and the computer. In other cases in which a
designer works with Al, design alternatives can be
automated based on the parameters specified by
the Al resulting in adaptable and flexible design
processes. However, in this research, a synergistic
understanding of the digital design workflow, in
which the designer remains in control and uses Al
as a tool to expand the boundaries of thought and
representation forms, is proposed.

As a joint production by designers and computers,
contemporary architecture requires us to deepen a
new understanding of the integration of different
applications, which is associated with the concept
of SynDI in this paper. A SynDI process in which
Al and the designer produce together reveals the
potential of fast thinking in contrast to the general
acceptance of learning concepts that prioritise
slow thinking (e.g. Kannengiesser and Gero 2019).
In this context, production with the SynDI model
in architectural design processes can provide fast,
flexible design alternatives that allow for inter-
disciplinary collaboration with the multiplicity of
products and the coexistence of different forms of
representation. Against the risk that parametric
design may restrict architects’ creative features by
reducing them to repetition after a certain point,
the SynDI model will pave the way for looking at
the process from a wider perspective and exploring
new areas by pushing the creative process out of
the design field.
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Figure 1 (top). The code conceived in Grasshopper, one of  Figure 2 (bottom). Two-module multiplication with

the most widely used visual programming languages in the  stochastic addition. Source: Authors.

field of architecture. Source: Authors.
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Figure 3 (top). Diagram of an aggregation trial Source: ~ Figure 4 (bottom). Collection attempt with repetition

Authors. of the same module. Source: Authors.
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1. Main space 2. Added contour lines 3. Dividing areas extruding in

different directions

4.Scale, delete, and material add 5. Spaces reproduced with mirror 6. Joining details that allow

for expansion.

Figure 8. Experimenting with spaces from modules.

Source: Authors.
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