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Abstract

Urban morphology has long been studied through typologies, spatial configurations, and historical
change, yet cities are not static artifacts but dynamic environments continually reshaped by people,
infrastructures, and politics. This article brings Actor–Network Theory (ANT) into dialogue with Aldo
Rossi’s notion of the locus to rethink urban design as both enduring form and relational process.
Building on Manuel Lima’s taxonomy, the study develops a methodological workflow that trans-
lates street networks into visualizations, pairing embeddings with topographic maps to highlight
structural patterns. Applied to a comparative set of cities, the analysis distinguishes three broad
morphological tendencies—archetypal, geometrical, and relational—each reflecting different logics
of urban organization. The results show how scale and connectivity condition the interpretability
of embeddings, revealing both alignments and divergences between cartographic and topological
representations. Beyond empirical findings, the article frames network literacy as a meeting ground
for design theory, science and technology studies, and information visualization. It concludes by
proposing that advancing urban morphology today requires not only new computational tools but
also sustained interdisciplinary collaboration across design, urban studies, and data science.

Keywords: Actor–Network Theory; Aldo Rossi; locus; information design; network visualization;
urban morphology; science and technology studies; urban design

1. Places and Infrastructures
Urban design, like architecture, is too often represented through static maps that freeze what

a place should look like. Yet urban environments are inherently dynamic, continually reshaped by
individual and collective activities. Latour and Yaneva argue that cities should be captured with tools
akin to Marey’s photographic gun to reveal their movements, calling for methods capable of tracing
continuous transformations [1]. Instead of relying on rigid grids, we must understand urban design as
a negotiated process, where the city is never finished but always becoming. Roads, neighborhoods, and
public spaces are not passive backdrops but active agents in the social dimension of the city. Shifting
focus from static outcomes to ongoing processes makes visible the many actors involved—residents
shaping places, workers sustaining infrastructures, planners negotiating politics. This article therefore
invites urban design theory to move beyond static representations toward situated accounts of how
cities evolve over time. It does not reject abstraction but calls for visualizations that accommodate
both complexity and movement, making infrastructures visible as the city’s connective tissue. In this
reframing, urban design appears as a multi-layered performance where meanings, functions, and even
the very boundaries of the “urban” are continuously renegotiated. The aim is to develop conceptual
“guns” that let us see the city in motion—to map resistances, surprises, and adaptations as they unfold.

Urban morphology is often regarded as the study of enduring spatial patterns—street grids,
building typologies, urban tissues—suggesting a discipline concerned with rigid classification. Yet
in The Architecture of the City, Aldo Rossi reframes the notion of place through the concepts of the
urban fact and the locus [2]. Urban facts are the permanent structures that give the city its form and
continuity: monuments, housing types, or street patterns that persist long after the original functions
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that produced them have disappeared. They embody the endurance of form, showing how the city
carries traces of its past even as it adapts to new uses. The locus, by contrast, refers to the singular
relationship between a place and the events, memories, and meanings that accumulate there. It is not
simply a site on a map but a layered knot of history, experience, and imagination. Taken together, these
concepts allow Rossi to describe the city not as a fixed artifact but as a field where permanence and
transformation coexist. The cabins of Elba or the modest houses along the Po are not frozen forms: they
are saturated with uses, emotions, and histories that reemerge in new contexts [3, 43]. They endure
not because they remain unchanged, but because they continually invite reinterpretation. For Rossi,
urban morphology thus makes legible how form survives while always being reworked, how personal
gestures and collective memory continually reshape the built environment. It is in this tension between
the stability of types and the vitality of lived experience that the city reveals its deeper identity.

If Rossi helps us understand how the city is anchored by places and their enduring forms, Bruno
Latour invites us to see how it is continually assembled through relations in complex infrastructures.
This shift—from studying what the city is to how it operates—marks a broader turn in urban theory
toward relational thinking. In Paris: Invisible City [4], Latour abandons the static map in favor of
tracing the networks that keep Paris alive. The city emerges not as a coherent whole but as a web
of circulating entities—technicians maintaining gas pipelines, engineers inspecting street surfaces,
administrators processing data. These actors do not merely sustain the city behind the scenes; they
are its very condition of possibility. Urban form, in this sense, is not a matter of typology alone but
a performative process in which space is continually produced, negotiated, and stabilized. Latour’s
hybrid visual language—mixing diagrams, photo sequences, and textual fragments—renders visible
the hidden labor behind every surface, showing the city as an ongoing coordination of heterogeneous
elements. It is an invitation to move beyond the dominant metaphors of structure and territory toward
one of flow and assemblage. Urban design, in this view, cannot be confined to drawing plans or fixing
borders; it must also learn to engage with processes that are provisional, distributed, and relational.
Latour thus lays the groundwork for a methodological shift: from planning the city to tracing its
emergence, from conceiving the urban as an object to mapping the associations and infrastructures
that keep it alive.

Building on these perspectives, the article unfolds in five steps. Section 2 develops the theoretical
framework by placing Rossi’s notions of the urban fact and the locus in dialogue with Latour’s
account of associations, framing the city as both a constellation of places and a mesh of relations.
Section 3 outlines the methodological approach, detailing the adaptation of Lima’s taxonomy, the
selection of case-study cities, and the computational workflow for generating and analyzing network
representations. Section 4 presents the results, showing how distinct morphological types emerge
when street networks are reframed through embeddings and clustering. Section 5 turns to discussion,
returning to Rossi and Latour to critically assess how network-based methods extend urban design
theory, highlighting their strengths and limitations. Finally, Section 6 concludes by synthesizing the
contributions of the study and sketching directions for future research across design, urban studies,
and data science.

2. Research Positioning and Aims
Aldo Rossi’s Analogous City [5] provides a conceptual starting point for this study (Figure 1). The

collage reassembles visual references into a layered landscape, exemplifying Rossi’s conviction that the
city is a palimpsest of memory where permanence and transformation coexist [6]. Placing this image
at the outset underscores the article’s central claim: urban form is continually recomposed, reshaped
today by memory, imagination, and digitalization.
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Figure 1. Analogous City reinterpreted through digital analysis [7]. First conceived as a collage for the Venice
Biennale, the work has been studied as a critical artifact of architectural imagination [8,9].

Urban design provides the first anchors for this argument. Rossi’s Scientific Autobiography describes
architectural types as elements of reinvention, foregrounding how forms endure even as they shift
in meaning and function [3]. A type is a structure that absorbs different uses across time, linking
permanence with transformation. This line of thought resonates with the Italian school of urban
morphology, from Saverio Muratori’s early work on typological processes [10] to Gianfranco Caniggia
and Gian Luigi Maffei’s systematization of building typologies as dynamic structures of continuity
and change [11]. Kevin Lynch’s The Image of the City complements this perspective by showing how
urban spaces are inscribed in collective memory through maps and mental images, revealing the
accumulation of meaning [12]. For Lynch, legibility is a form of cognitive mapping that connects
spatial form to lived experience, an idea later developed by Françoise Choay, who emphasized the
cultural construction of historical environments [13]. Peter Eisenman’s Diagram Diaries extends these
concerns into the computational register, conceiving diagrams as generative operators in the design
process [14]. Here, diagrams function as representational devices of abstraction and recombination,
allowing design to emerge through iterative sequences. Read together, these works suggest that urban
form is stratified, layered, and continually reshaped by memory, imagination, and interpretation.

Actor–Network Theory (ANT) adds a relational lens to this discussion. Emerging in the 1980s as
a critique of deterministic models in science and technology studies, ANT emphasized that agency
is distributed across networks of human and nonhuman actors [15]. Latour’s essay Visualisation and
Cognition showed how maps are active mediators that make knowledge stable and transportable [16].
His later project Paris: Invisible City extended this idea to the urban scale, tracing how infrastructures,
technologies, and practices sustain city life through fragile alignments [4]. ANT thus resonates
strongly with urban design: it makes visible how the city is continuously enacted through negotiations
between people and infrastructures. Rather than treating urban form as the endpoint of planning, ANT
recasts it as a choreography of associations, stabilized only through everyday work of alignment. This
perspective has been influential in urban studies and architecture, from Albena Yaneva’s ethnographies
of architectural practice [17] to Ignacio Farías’ work on urban assemblages [18] and Graham and
Marvin’s account of infrastructural fragmentation [19]. At the same time, ANT has faced criticism
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for flattening power relations and overemphasizing descriptive richness at the expense of normative
critique, a limitation that must be acknowledged when adapting it to urban design. For urban studies,
however, its enduring value lies in foregrounding the need to trace connections, mediations, and
translations that bind together the visible and invisible dimensions of the built environment.

Information design provides the methodological resources to address these complexities. Manuel
Lima’s Visual Complexity surveys how networks make hidden structures perceptible across domains,
offering inspiration for representing the entanglements that define urban assemblages [20]. Isabel
Meirelles’ Design for Information demonstrates how forms of visualization must be aligned with research
questions, showing that design decisions—choice of diagram, scale, or metric—are integral to inquiry
rather than secondary to it [21]. Johanna Drucker’s Graphesis emphasizes the interpretive nature of
visualization, arguing that every graphical form carries rhetorical force and encodes specific ways of
knowing [22]. This perspective has been reinforced by critical work in visualization studies, such as
Lev Manovich’s notion of cultural analytics [23], which highlights how computational visualization
reshapes the analysis of cultural and urban data, and Edward Tufte’s classic contributions on analytical
design [24], which insist on clarity, minimalism, and evidence-based reasoning. Taken together, these
works frame visualization as a theoretical practice that parallels the role of the diagram in architecture,
as articulated by Eisenman [14]. Visualizations are not simply means of communication; they are
engines of discovery and interpretation, structuring how we perceive relations, imagine alternatives,
and contest meanings. For urban design, this suggests that computational visualization is a generative
practice that actively shapes how urban form is conceptualized, debated, and transformed.

Building on these literatures, this article asks: How can network visualization methods be adapted
to capture urban morphology as both enduring and relational, able to register permanence and trans-
formation across time? What does a computational workflow—combining clustering, dimensionality
reduction, and case-study analysis—reveal about the coexistence of types and associations in urban
form, and how can it translate abstract relations into patterns that designers can work with? More
broadly, how might these methods reshape design theory by integrating insights from complex systems
and information visualization, making visible the fragile alignments, infrastructures, and negotiations
that stabilize or transform cities? These questions position the city as a living system of interactions,
suggesting that network visualization can act as a design instrument: a way of exploring, testing, and
communicating how urban forms emerge from the entanglement of social, material, and computational
dynamics.

3. Design Methodology
Network visualization provides a powerful lens through which the complexity of cities can be

studied. Unlike Euclidean conceptions of space—as fixed, measurable, and absolute—networks render
the world through relational configurations, aligning with the topological insights first formalized by
Euler [25]. Composed of nodes and edges, these diagrams allow us to move from describing what a
system is to tracing how it operates. In this sense, network visualization resonates with the perspective
of Actor–Network Theory: rather than privileging structure or function, both ANT and network visual-
ization foreground association, movement, and emergence. While ethnographic prose unfolds these
dynamics in narrative form, network diagrams condense them into visual arguments—hierarchies,
flows, or decentralizations can be grasped at a glance. The position of nodes, their spatial proximity,
and the topology of their connections become interpretive choices, making the diagram not only a
representational device but also a methodological approach. In urban studies, where complexity and
relationality are often acknowledged but rarely visualized beyond plans or maps, network visual-
ization introduces a new grammar for representing heterogeneity and uncovering logics—such as
centrality, clustering, or modularity—that operate across both social and spatial systems. Its appeal is
therefore not merely technical but epistemological: it encourages us to think in terms of interactions
rather than locations, and of dynamic systems rather than static forms.
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Building on this potential, the present study adapts a taxonomy of network visualizations to ex-
plore urban morphology through an interdisciplinary lens. Originally intended to trace the evolution of
network diagrams across fields, this classification distinguishes fifteen types [20, p. 158–201]. To make
it workable, the classification was reduced to a smaller set, with spherical visualizations excluded as
their perspective is incompatible with the bird’s-eye city maps. The cities were first identified through
an iterative process that began with comparing the taxonomy’s images with possible urban forms.
ChatGPT-4o was employed as a heuristic tool to generate candidate cases whose topological patterns
aligned with the classification; these suggestions were then critically assessed and refined. Final choices
prioritized the clarity of morphological form rather than historical or cultural representativeness, with
some cities deliberately retained as test cases to stress-test the workflow and reveal its limitations.
Once the set of cities was established, they were grouped into three overarching categories—Archetypal,
Geometrical, and Relational. These groups do not replace traditional morphological analysis [12], but
rather complement it by emphasizing structural affinities [26]. Grouping in this way highlights dif-
ferences among urban forms while also revealing potential similarities between them, representing
a methodological inversion: using visual grammars from data visualization to classify cities. This
transposition of *network literacy* into urban studies offers a novel framework for reading urban
form not only through historical categories—Renaissance, modernist, postmodern—but also through
patterns of connection, circulation, and emergence.

• Archetypal morphologies assemble configurations that express spatial ideals through strong
centrality, axial symmetry, and symbolic order. They are historically rooted in representations of
power, divinity, or strategic control, projecting authority through coherence and legibility. Cities
such as Rome, Vatican City, Fez, and Moscow exemplify this group (Table 1).

• Geometrical morphologies rely on abstraction, symmetry, and repetition to structure the urban
fabric. Emerging from planning logics that prioritize regularity—grids, radial divisions, and
compositional order—they reflect rational planning and systematic articulation of space. Cities
such as Medellín, Palmanova, Dubai, and Canberra illustrate this group (Table 2).

• Relational morphologies emerge from flows, interactions, and negotiated proximities rather than
fixed geometries or symbolic centers. They are layered, adaptive, and shaped by movement and
accumulation, privileging connectivity and adjacency over hierarchy and alignment. Cities such
as Los Angeles, Berlin, Cairo, and Amsterdam represent this group (Table 3).

The city maps were generated with OSMnx, an open-source Python library for modeling and analyzing
urban form from OpenStreetMap data [27]. The library extracts nodes and edges by interpreting
OpenStreetMap’s definitions of “streets” and “intersections,” a process that is not neutral: it reflects
assumptions about what constitutes a valid topological element and how these should be abstracted
into graph form. In this sense, the datasets embody both technical conventions and cultural decisions
about the representation of urban space. Once imported, networks were stored and handled as graph
objects, with intersections as nodes and street segments as edges. This representation provided a
systematic basis for comparing cities across divergent contexts while retaining a common analytic
language. At the same time, it foregrounded how infrastructural and cultural choices shape data: what
is captured as a street or junction, what is omitted, and how such abstractions condition subsequent
analyses. OSMnx thus offered not only a practical tool for data collection and processing but also an
opportunity to reflect critically on how digital infrastructures codify urban morphology.

To analyze these networks, we used a computational pipeline that translates the complex web of
streets and intersections into a form where patterns can be more easily studied. The first step employed
Node2Vec [28], an algorithm that generates embeddings—numerical representations that capture how
each node is positioned within both its immediate surroundings and the larger network. This is done
by simulating many short walks through the graph, recording how nodes are encountered together.
To ensure comparability across all cases, we fixed the main parameters as follows: walk_length =
80, num_walks = 10, dimensions = 128, with return/in–out parameters p = 1 and q = 1 to balance
attention between local neighborhoods and more distant routes. Because the resulting 128-dimensional
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vectors cannot be interpreted directly, we applied UMAP [29], a dimensionality reduction technique
that preserves neighborhood relations while compressing the data into a two-dimensional space suit-
able for visualization. Here, we used n_neighbors = 15, min_dist = 0.1, and an output dimensionality
of 2. The resulting diagrams place structurally similar intersections close together, allowing meaningful
spatial patterns to emerge. To move from visualization to systematic grouping, we then applied HDB-
SCAN [30], a clustering algorithm well suited to complex data, with parameters min_cluster_size =
30 and min_samples = 10. This balance allowed the detection of fine-grained clusters. Together, these
steps translated urban networks into forms that reveal robust structural patterns across different cities.

The results were visualized by pairing UMAP-colored embeddings with geographic city maps,
assigning consistent colors across both to make structural features comparable under two different
spatializations. This juxtaposition highlights how computational reductions and cartographic repre-
sentations reveal complementary perspectives on the same urban fabric—one emphasizing structural
affinities, the other geographic placement. To ensure transparency and facilitate reuse, the complete
workflow is openly available in the GitHub repository [31].

Table 1. Archetypal group of cities considered in this study: Rome (Italy), Vatican City (Vatican), Fez (Morocco),
and Moscow (Russia). For each city, the table provides basic data, the black-and-white map projection at the
chosen scale, and the corresponding taxonomy icon from Lima’s classification.

City Taxonomy Map

Rome
Country: Italy
Lat/Lon: (41.8941, 12.4856)
Scale: 10 km
Group: Archetypal
Taxonomy Label:
Radial Implosion

Vatican City
Country: Vatican
Lat/Lon: (41.9023, 12.4574)
Scale: 1 km
Group: Archetypal
Taxonomy Label:
Elliptical Implosion

Fez
Country: Morocco
Lat/Lon: (34.0650, -4.9730)
Scale: 1 km
Group: Archetypal
Taxonomy Label:
Organic Rhizome

Moscow
Country: Russia
Lat/Lon: (55.7558, 37.6176)
Scale: 5 km
Group: Archetypal
Taxonomy Label:
Centralized Burst
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Table 2. Geometrical group of cities considered in this study: Medellin (Colombia), Palmanova (Italy), Dubai
(UAE), and Canberra (Australia). For each city, the table provides basic data, the black-and-white map projection
at the chosen scale, and the corresponding taxonomy icon from Lima’s classification.

City Taxonomy Map

Medellin
Country: Colombia
Lat/Lon: (6.2518, -75.5836)
Scale: 10 km
Group: Geometrical
Taxonomy Label:
Arc Diagram

Palmanova
Country: Italy
Lat/Lon: (45.9061, 13.3095)
Scale: 1 km
Group: Geometrical
Taxonomy Label:
Radial Convergence

Dubai
Country: United Arab Emirates
Lat/Lon: (25.0565, 55.2070)
Scale: 1 km
Group: Geometrical
Taxonomy Label:
Segmented Radial Convergence

Canberra
Country: Australia
Lat/Lon: (-35.3082, 149.1244)
Scale: 3.5 km
Group: Geometrical
Taxonomy Label:
Centralized Ring
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Table 3. Relational group of cities considered in this study: Los Angeles (USA), Berlin (Germany), Cairo (Egypt),
and Amsterdam (Netherlands). For each city, the table provides basic data, the black-and-white map projection at
the chosen scale, and the corresponding taxonomy icon from Lima’s classification.

City Taxonomy Map

Los Angeles
Country: United States
Lat/Lon: (34.0293, -118.2144)
Scale: 1 km
Group: Relational
Taxonomy Label:
Flow Chart

Berlin
Country: Germany
Lat/Lon: (52.5200, 13.4050)
Scale: 5 km
Group: Relational
Taxonomy Label:
Area Grouping

Cairo
Country: Egypt
Lat/Lon: (30.0444, 31.2357)
Scale: 5 km
Group: Relational
Taxonomy Label:
Circular Ties

Amsterdam
Country: Netherlands
Lat/Lon: (52.3710, 4.9000)
Scale: 2 km
Group: Relational
Taxonomy Label:
Ramification
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4. Interpretative Results
The interpretative power of this methodology lies in the dialogue between embeddings and

maps. The consistent use of colors across both representations enables a scalable operation: one begins
by linking a cluster in the map with its equivalent in the embedding, then gradually extends this
comparison to adjacent clusters, reconstructing a correspondence between the two spatializations.
This back-and-forth movement makes visible both alignments and divergences between cartographic
form and topological reduction. To frame these results, the cities have been organized into three
morphological groups—Archetypal, Geometrical, and Relational—summarized in Tables 4, 5, and 6. The
following discussion highlights one emblematic case from each group.

The Archetypal group (Table 4) underscores the importance of scale. Compact entities such as
Vatican City and Fez emerge in embeddings as tightly woven and legible, where different neighbor-
hoods are clearly distinguished at small scale. In these cases, the embedding highlights the density
and coherence of historical fabrics, where layered morphologies can still be untangled into identifiable
clusters. By contrast, large metropolitan contexts like Moscow posed a particular challenge. The initial
idea was to work at a scale of 50 kilometers, considering the immense size of the capital, but the results
were not appreciable. The scale was therefore reduced to 10 kilometers, where the embedding performs
somewhat better, though still without reaching the clarity observed in smaller cities. These cases show
how scale determines whether topological reduction can yield interpretable results, emphasizing the
fragility of embeddings when cities become too expansive.

Expanding the view from Vatican City gives the full picture of Rome, where the embedding
reveals the city’s fragmented morphology (Figure 2). Rather than a unified fabric, Rome appears
as a patchwork of absorbed villages, structured by the Grande Raccordo Anulare (GRA), the orbital
motorway encircling the capital. Conceived in the late 1940s and completed in stages by the 1970s,
the GRA was not only a transportation infrastructure but also a political instrument framing the
city’s limits. This dual role has been poignantly portrayed in Gianfranco Rosi’s documentary Sacro
GRA [32], which explores the lives unfolding along the motorway’s edge. The embedding captures
this dispersed aggregation, contrasting it with Vatican City’s compact coherence, and demonstrates
how infrastructural borders such as the GRA shape the city’s topological order.

Figure 2. Rome. The embedding reveals the scattered distribution of neighborhoods unified by the Grande Raccordo
Anulare, contrasting with the compactness of Vatican City. The result highlights Rome’s character as a patchwork
of absorbed villages held together by infrastructure.

The Geometrical group (Table 5) reveals a tension between confirmation and loss of intended design.
Palmanova’s Renaissance plan, for instance, loses clarity in the embedding, its radial order blurred

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 September 2025 doi:10.20944/preprints202508.2219.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.2219.v1
http://creativecommons.org/licenses/by/4.0/


10 of 17

into indistinct clusters. Medellín, structured along valleys and linear corridors, similarly dissolves,
its cartographic legibility not surviving translation into topological space. These cases show how
geometry can either endure or collapse, depending on the rigidity of its urban plan.

Among the more resilient examples are Dubai and Canberra. Dubai retains its hexagonal slices
with striking fidelity (Figure 3); even the subdivision of individual sectors appears in the embedding,
reflecting the rationalized planning and infrastructural hierarchies that reinforce its geometric order.
Canberra, by contrast, weakens in overall radial and axial clarity (Figure 4), yet its neighborhoods
remain coherent and legible enough to echo the city’s planned design. Together, these cases illustrate
how certain planned morphologies can preserve topological coherence, while others partially dissolve
yet still maintain recognizable structures.

Figure 3. Dubai. The embedding preserves the hexagonal “slices” of the city’s planned geometry, echoing the
structural order visible in the map.

Figure 4. Canberra. The embedding weakens the city’s formal geometry, yet neighborhoods remain coherent and
spatially legible.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 September 2025 doi:10.20944/preprints202508.2219.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.2219.v1
http://creativecommons.org/licenses/by/4.0/


11 of 17

The Relational group (Table 6) highlights the connectivity and polycentricity of urban fabrics.
Cities such as Cairo and Berlin display neighborhoods as distinct but linked clusters, capturing the
adjacencies that structure them. Berlin, in particular, reflects its history as an aggregation of multiple
centers rather than a single unified plan. Los Angeles demonstrates another facet: while maps show
residential areas interlaced with highways, embeddings separate them, highlighting weak ties that
appear close cartographically.

An exemplary case is Amsterdam (Figure 5). The embedding faithfully reproduces the histori-
cal center and its ramified neighborhoods, while Amsterdam-Noord appears as a detached outlier,
reflecting its infrastructural isolation. What the map shows as adjacency is reframed topologically
as disconnection. This contrast underlines the city’s dual nature: a historically coherent core shaped
by canals and expansion, and peripheral zones whose weak infrastructural ties become visible only
through the embedding.

Figure 5. Amsterdam. The embedding mirrors the ramified morphology of the historical center while detaching
Amsterdam-Noord, visible as an isolated cluster.

Taken together, these results show that the approach is most effective at small and medium
scales. Compact cities and neighborhoods yield legible and often illuminating embeddings, while
large metropolitan cases produce scattered and incoherent results. Scale thus emerges as a critical
parameter: embeddings work best when urban fabrics are neither too microscopic nor too sprawling,
but situated at an intermediate range where patterns of connectivity remain visible.

The embeddings also resonate with theoretical perspectives. They collapse junctions into focal
points, producing computational analogues of loci—intersections of movement and connectivity that
shape urban experience. At the same time, they evoke the city as an assemblage: clusters that appear
close in the embedding often correspond to highly connected realities, while distant clusters flag
weak ties. Connectivity thus emerges at multiple levels—within nodes, between clusters, and across
scales—providing an interpretative bridge between situated forms and broader relational associations.

Ultimately, the value of this method lies in its ability to extend cartography with topology. It
shows how areas adjacent in physical space may be disconnected in terms of connectivity, or how
infrastructural detachment becomes visible as separation in the embedding. Rather than replacing
maps, it offers a complementary instrument: a photographic gun, in Yaneva and Latour’s sense, that
allows designers to anticipate how cities move and change. Network literacy thus gives urban designers
an expanded vision, opening new ways of reasoning about the evolving fabric of the city.
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Table 4. Archetypal group of cities considered in this study: Rome (Italy), Vatican City (Vatican), Fez (Morocco),
and Moscow (Russia). For each city, the table provides basic data, the UMAP+HDBSCAN embedding, and the
colored map projection at the chosen scale, together with the taxonomy label from Lima’s classification.

City Info Embedding Map

Rome
Country: Italy
Lat/Lon: (41.8941, 12.4856)
Scale: 10 km
Group: Archetypal
Taxonomy Label:
Radial Implosion

Vatican City
Country: Vatican
Lat/Lon: (41.9023, 12.4574)
Scale: 1 km
Group: Archetypal
Taxonomy Label:
Elliptical Implosion

Fez
Country: Morocco
Lat/Lon: (34.0650, -4.9730)
Scale: 1 km
Group: Archetypal
Taxonomy Label:
Organic Rhizome

Moscow
Country: Russia
Lat/Lon: (55.7558, 37.6176)
Scale: 5 km
Group: Archetypal
Taxonomy Label:
Centralized Burst
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Table 5. Geometrical group of cities considered in this study: Medellin (Colombia), Palmanova (Italy), Dubai
(UAE), and Canberra (Australia). For each city, the table provides basic data, the UMAP+HDBSCAN embedding,
and the colored map projection at the chosen scale, together with the taxonomy label from Lima’s classification.

City Info Embedding Map

Medellin
Country: Colombia
Lat/Lon: (6.2518, -75.5836)
Scale: 10 km
Group: Geometrical
Taxonomy Label:
Arc Diagram

Palmanova
Country: Italy
Lat/Lon: (45.9061, 13.3095)
Scale: 1 km
Group: Geometrical
Taxonomy Label:
Radial Convergence

Dubai
Country: United Arab Emirates
Lat/Lon: (25.0565, 55.2070)
Scale: 1 km
Group: Geometrical
Taxonomy Label:
Segmented Radial Convergence

Canberra
Country: Australia
Lat/Lon: (-35.3082, 149.1244)
Scale: 3.5 km
Group: Geometrical
Taxonomy Label:
Centralized Ring
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Table 6. Relational group of cities considered in this study: Los Angeles (USA), Berlin (Germany), Cairo (Egypt),
and Amsterdam (Netherlands). For each city, the table provides basic data, the UMAP+HDBSCAN embedding,
and the colored map projection at the chosen scale, together with the taxonomy label from Lima’s classification.

City Info Embedding Map

Los Angeles
Country: United States
Lat/Lon: (34.0293, -118.2144)
Scale: 1 km
Group: Relational
Taxonomy Label:
Flow Chart

Berlin
Country: Germany
Lat/Lon: (52.5200, 13.4050)
Scale: 5 km
Group: Relational
Taxonomy Label:
Area Grouping

Cairo
Country: Egypt
Lat/Lon: (30.0444, 31.2357)
Scale: 5 km
Group: Relational
Taxonomy Label:
Circular Ties

Amsterdam
Country: Netherlands
Lat/Lon: (52.3710, 4.9000)
Scale: 2 km
Group: Relational
Taxonomy Label:
Ramification

5. Discussion
The findings underline that scale is a decisive parameter for network-based urban analysis.

Compact morphologies generate embeddings that remain legible and coherent, while sprawling
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metropolitan fabrics tend to dissolve into incoherence. This points not only to the strengths but also
to the fragility of the method, which must be carefully calibrated to the scale of inquiry. Equally
important is the recognition that computational workflows are not neutral: every stage—from data
extraction to clustering—embeds assumptions about what counts as a street or neighborhood. To
mitigate these blind spots, the workflow has been made transparent and reproducible through the
GitHub repository [31], where the steps and scripts can be inspected, reused, and adapted by others.

At present, the methodology relies on a limited dataset consisting of street networks derived
from OSMnx. This provides a useful baseline but does not capture the full range of urban dynamics.
Graphs could be enriched with weights expressing flows of pedestrians, bicycles, cars, and public
transport, giving greater significance to heavily used connections. Similarly, networks could integrate
additional infrastructures and demographic layers—such as population density, land use, or service
distribution—to refine precision. The framework should therefore be understood as an open structure,
capable of accommodating more complex data, rather than a closed or definitive system. Its modularity
is intentional: the workflow is meant to serve as a foundation that can be extended with further layers
of spatial or social information, depending on the research questions at hand.

Beyond technical adjustments, the discussion must also consider broader implications. Visualiza-
tion is never a neutral window but an interpretative practice, and design choices carry rhetorical and
political weight, as Johanna Drucker reminds us [22]. Decisions about which data to include or exclude
have ethical consequences, shaping which actors and infrastructures are made visible or hidden. These
concerns also point toward future directions: while the present study is cross-sectional, the same
workflow could be extended longitudinally, tracing transformations in morphology over time and
offering insight into how networks evolve. Such temporal extensions would enable observation of
how urban fabrics adapt across decades, allowing designers and historians alike to explore change not
only spatially but dynamically.

The contribution of this study lies in advancing what can be called network literacy for urban design.
Network methods do not replace traditional cartography; rather, they complement it, providing a dual
lens through which urban form can be understood both territorially and relationally. This dual vision
supports adaptive and interdisciplinary practice, bridging design, data science, and urban studies. In
this respect, the article extends earlier reflections on network literacy in design [33], demonstrating
how its principles can be applied to questions of morphology and infrastructure in the contemporary
city. Understood in this way, network literacy equips practitioners with a grammar for interpreting not
only what cities are but also how they operate as systems of relations.

From a practical perspective, this dual lens is most useful as a complementary method in contexts
where understanding connectivity is crucial. The workflow proves especially effective in compact and
medium-scale urban fabrics, where embeddings remain legible, and in neighborhoods undergoing
transformation, where topological analysis can complement cartographic views to identify shifting
alignments. It can also be valuable in planned environments, where the resilience of geometric order
can be tested, and in evolving metropolitan areas, where dispersion, peripherality, or infrastructural
isolation becomes visible. In addition, its prospective use as a form of simulation allows planners
to anticipate how proposed modifications might reshape the relational fabric of a city. Rather than
replacing existing approaches, it extends the interpretive and diagnostic repertoire available to urban
design.

6. Conclusions
Yaneva and Latour called for tools akin to a photographic gun, able to register the city’s move-

ments rather than freeze it in static form. The workflow proposed here takes a step in that direction
by reframing urban morphology through network visualizations that reveal continuities, disruptions,
and fragile alignments. While the approach remains limited—its effectiveness varying by scale and
by the scope of data included—it demonstrates how embeddings can extend cartography by tracing
relations that maps alone cannot capture.
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The contribution is both theoretical and practical. By situating network visualization within
design theory, the study shows how urban form can be read simultaneously as enduring and relational.
By making the workflow transparent and reproducible, it offers a structure that others can adapt,
enrich, and extend with additional data. Above all, the conclusions reinforce the need for sustained
interdisciplinary collaboration: network literacy provides designers, planners, data scientists, and
urban researchers with a shared grammar for engaging the city as a dynamic, negotiated, and ever-
changing assemblage.
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