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Architecture, often regarded as a three-dimensional art form, relies on a multitude of abstractions during the design process. In this
context, architectural elements are effectively represented through vector-based data processing techniques, offering a canvas for
creative exploration. To further our understanding of spatial configurations and generate multiple design insights, mathematical
structures known as graphs come into play. Graph theory, a fundamental component of this process, it is a mathematical field that
studies relationships and connections between objects using vertices and edges, finding applications in computer science, network
analysis, and more finds application in architectural design. This study delves into the application of graph theory in the analytical
exploration of urban networks, with a focus on tourism parameters in the picturesque town of Pondicherry, Tamil Nadu, India.
Traditionally, urban network analysis seeks to determine the shortest distance between origin and destination, a metric rooted in
accessibility. However, in leisure destinations, a novel approach involving an optimized distance-based algorithm is introduced.
This innovative methodology aims to facilitate efficient access to all tourist destinations within the spatial extent while minimizing
discrete physical distances. To illustrate this concept, we take the iconic French Quarters in the White Town of Pondicherry as a
case study. By applying the optimized distance-based algorithm, we endeavor to uncover the most efficient route for tourists to
navigate and leisurely explore the area. The outcome of this analysis reveals a path graph structure, which, when compared to a
circular graph structure, demonstrates superior efficiency in guiding tourists through the space. The implications of this tourist
route extend beyond the realm of tourism itself. It has the potential to enhance the organization of tourist activities, allowing
stakeholders to manage and regulate the flow of visitors. Additionally, it presents an opportunity to promote and develop the
region’s often-underestimated tourist destinations, which can, in turn, have a positive impact on the local economy. In summary,
the integration of graph theory into architectural and urban design methodologies enriches the approach to tourism and offers a
holistic perspective on spatial optimization.
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1. Introduction

Architecture, as a discipline, embodies the essence of three-
dimensional artistry, and it grapples with intricate challenges
that demand the utilization of diverse abstractions as tools
for creative problem-solving. These complexities inherent to
architectural design necessitate a process of abstraction to
simplify, analyze, and transform them into dynamic design
possibilities. The multifaceted intricacies of architectural
design can be approached and comprehended through the
lens of architectural abstraction. This method of abstraction
allows designers to deconstruct complex architectural pro-
blems, making them more manageable and facilitating a
deeper exploration of potential solutions. It is essential to
note that architectural complexity can be defined in numer-
ous ways, depending on the context and objectives of the
design. In this context, we choose to represent architectural
design intricacy through a graph–theoretical approach. Graph
theory, a branch of mathematics, offers a powerful framework
for modeling and understanding spatial configurations. By
utilizing graphs, architectural intricacies can be efficiently
translated into a structured and visual representation, enabling
designers to analyze spatial relationships, connectivity, and
functional aspects within the architectural context. The prac-
tice of architecture thrives on the dynamic interplay between
artistic creativity and technical problem-solving. Architec-
tural abstraction, particularly when harnessed through graph
theory, serves as a valuable tool to navigate the intricacies of
architectural design, allowing designers to transform com-
plexity into innovation and realize their creative visions.

Graph theory, a branch of discrete mathematics, has
witnessed a significant surge in relevance over the past two
decades, particularly in the realms of engineering and tech-
nology, owing to advancements in computational techniques
[1]. Among its many applications, the field of architectural
design stands out as an area where graph theory plays a
pivotal role. This research venture delves into the nuanced
applications of graph theory within the domain of spatial
network analysis, specifically focusing on a heritage tourist
town. By leveraging graph theory as a foundational design
tool, this study aims to unravel the underlying principles of
architectural design, offering insights into the intricate urban
planning aspects that are integral to fostering sustainability.
Notably, the promotion of walkability emerges as a critical
concern, not only for the betterment of public health but also
for nurturing environmentally conscious and socially engaged
communities.

Urban design research discovered a relationship between
urban form and active transportation. Urban pattern struc-
ture has a subtle duality of interpretation. Spatial configura-
tion affects travel behavior, accessibility influences the social
aspects, and the pair is recognizable by humans as well by
computers once modeled as a graph (networks) [2]. And
about the structural facet of urban systems, there are various
traditional methods to carry out a quantitative analysis.
Discrete network-based spatial representations work better
for urban studies, especially those involving human life as it
enables the consideration of actual network distance [3].

Much of the built environment design literature focuses on
walkable space variables such as design, density, diversity,
and accessibility. There is an evident gap in understanding
the surrounding spaces and their accessibility from the user’s
view in algorithmic design while traversing from origin to des-
tination. This intense process proposes an alternative approach
for route structuring for historic towns principally in the case
of leisure purposes also for other instances to prove the effec-
tiveness of the accessibility parameter not only in terms of
discrete relations. The general objective is to contribute primar-
ily to the network navigation possibilities through a graph–
theoretical approach that focuses on spatial structures and
their effect on parameters such as proximity, accessibility,
and connectivity.

The word “tour” is borrowed from the Latin term tornus,
meaning “a tool for making a circle” indirectly means a
circuit structure. Tourism is described as the peoples’ move-
ment from their usual place of residence to another space
(to return) for a minimum period of 24 hr to a maximum of
6 months for leisure and pleasure [4]. Tourist route is the
influential element of tourist products even long before the
concept of tourism came into play. First travel routes were
components of trading systems or religious practices. Inven-
tions of automobiles lead to incredible possibilities of travel.
During the last two decades, tourist routes came into a larger
lens worldwide especially the themed itinerary. Tourism and
travel are research arenas not based on a single theory but
relatively depend on the circuit drawn by the tourist from
when leaves the home navigates through the path and ends
the travel by reaching home [5].

The tourism industry is itself a complex entity compris-
ing of independent providers that focus on the consumer.
The tourism system is explained by five elements—a traveler-
generating region, a destination region, a transit region, travel,
and the tourism industry with the external environment [6].
These five domains function when there is an efficient con-
nection between them and hence have a considerable impact
on accessibility [6, 7]. Connectivity in the built environment
design literature focuses on walkable space variables such as
design, density, diversity, and destination accessibility [8].
From the facet of tourism, accessibility in diverse dimensions
at divergent geographic levels is the macro, meso, and micro
levels. Each one is based distinctly on the physical connection,
approach to information, or social activities and services [9].
Three perspectives of access are physical access, sensory access,
and communication access, provision of access becomes an
inclusive marketing process for the exploration of tourism
products and services for the broad client database [10]. Phys-
ical access here means the users flow through networks to
reach the destination [11]. There is an evident gap in under-
standing the importance of adjacent spatial features and their
accessibility in the tourist town from the users’ point of view.
Adjacent spatial features here in the case of tourist cities means
the tourist attracted destinations as such. Recent research
methods focus on subjective measures to analyze urban fabric
through surveys or objective measures through computer-
aided design software GIS [12]. Network accessibility eventu-
ally over lays itself on urban design as an essential parameter.
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The spatial analysis could bridge between the space and ulti-
mate users through the configurational properties [13]. Ana-
lytical urban design is made possible through a configurational
approach based on theoretical foundations, analytical meth-
ods, and modeling techniques such as space syntax [14].

In the application arena, since there is “n” number of
components in multiple layers in a particular domain that
would involve interpretation, it is better to adopt an algorith-
mic design that would process data, manipulate, analyze, and
automate results following the conditions assigned. The algo-
rithmic structure for determining accessibility always finds
the shortest path to reach, between the origin and the desti-
nation or any two nodes in the network wherein the imme-
diate surrounding context is hardly considered. The shortest
path problem is one of the classical algorithmic issues in
graph theory. Dijkstra’s Shortest Path First (SPF) algorithm
works well in numerous cases. Widely used in solving path
search problems includes network routing algorithm, artifi-
cial intelligence, game design [15]. Not only fit to find the
shortest distance in the general geographical complication.
But it is also used in finding the most reliable path for the
communication networks and the critical path problem as
well utilized in comparing and analyzing the time and cost
complexity [16].

Accessibility through the lens of an analytical approach
has been explored only in terms of shortest distance. But the
shortest path problem does not work efficiently for leisure
places in case of visiting multiple tourist destinations. This
paper tries to derive the efficient relationship between the
urban design parameters and the urban network through the
analytical graph–theoretical approach to seek new interven-
tions about the reachability in tourist towns by solving the
network accessibility and is explored in the case of Pondi-
cherry city in Tamil Nadu.

2. Graph Theoretical Aspect

Examining the inherent characteristics of network nodes and
their hierarchical arrangement, particularly in relation to
their discrete physical distances from other nodes within
the network, emerges as a pivotal consideration [17]. To

address the secure transmission of voluminous data in wire-
less cloud networks, this study introduces an innovative
approach: the deg-greedy algorithm, grounded in the prin-
ciples of graph theory [18]. This algorithm revolves around
the selection of a dominating node (DN) through a degree-
based evaluation of the cloud network. Elevating the effi-
ciency of the network, a dominating-node-based broadcast-
ing algorithm prioritizes nodes with the highest degree [19].
Additionally, if global positioning system (GPS) data are
accessible for periodic updates, the maintenance of DNs is
seamlessly integrated into the location variable, enhancing
the network’s adaptability and robustness. Conceptual illus-
tration of novel deg-greedy algorithm represents the nature
of DN, adjacent dominating node (ADN), next to adjacent
dominating node (NADN) based on degree distribution and
its connectivity to the related nodes (Figure 1).

3. Architectural Perspective

In the context of urban fabric (Table 1) any architectural fea-
ture, a monument, a building is contemplated as a NODE
(Vertex). The element which connects the nodes is described
as LINKS (Edges). The neighborhood is assumed as a district.
The district is an important element of the city that holds itself
by a character/nature [20]. Nodes attributed as DN based on
the degree distribution (higher degree priority in the cloud
space). In such a case, the nodes (building or the spaces which
adapt to the context) adjacent to the DN is named ADN, and
the node farther to the DN and adjacent to ADN assigned as
NADN. A set that contains three types of nodes DN, ADN,
and NADN can constitute a cloud space interlinked by street
networks (edges) in urban cape. Several cloud networks
together form a Neighborhood. Overlooking the mapping
of tourist destinations in Pondicherry, it is evident that the
White Town is flooded with multiple tourist destinations.

4. Optimised Distance-Based Algorithm

Analyzing the French Quarters in White Town in detail
(Figure 2), overlaying with the analytical graph–theoretical
concept. Consider the tourist destinations as nodes (Vertices)
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FIGURE 1: Conceptual representation of cloud network.
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of the urban fabric and the road network that links nodes are
edges where people commute. Here the physical distance
between the nodes is appropriated as a critical parameter of
concern in the analytical approach.

In geospatial technology, the vector line data represents
the geographic center of road rights-of-way on transporta-
tion networks. Delayering the urban fabric—the building
block layer, the urban network layer, the axial line map
(Figure 3), plan showing tourist destinations as nodes, sketch
plan showcasing the number of streets network leading to the
destinations, plan to portray the assigned degree distribution

based on the number of edges leading to the destination
(possible number of ways leading to the node; Figure 4).
Plot the node based on the higher priority degree from the
spatial extent and assigned as source node for the route
structure analysis in the tourist user perspective. For instance,
in a real-time situation, the google map application happens to
be doing this for a long time identifying the shortest distance
between the origin and the destination for the user, say it any
purpose. Most times it works based on calculating the shortest
discrete physical distance between destinations assigned,
where time (a component of accessibility, reachability) is given

TABLE 1: Correlation aspect: graph theory and architecture.

S. No Architectural perspective Graph–theoretical interpretations

1 Destination Node
2 Street networks Edges
3 Adjacency-based approach Degree-based approach
4 No. of streets connecting to the destination Node degree
5 Spatial extent Cloud network
6 Accessibility Connectivity
7 Efficient destination coverage Optimized route
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FIGURE 2: Area-based development—Pondicherry (smart city proposal).
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FIGURE 3: French town, Pondicherry—building block, street network, and axial line maps.
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utmost importance [21]. But in the case of a tourist accessing
the space, reachability and the maximum coverage of tourist
spots between origin and destinations becomes an equal com-
ponent of consideration in this algorithm. To pitch the leisure
time in this research problem in the right sense, the algorithm
clearly defines that the tourist user is beneficial and convincing
only when it is directly proportional to the number of tourist
spots viewed with minimal discrete physical distance as well to
cover the entire existing destinations in the confined spatial
extent planned effectively. Higher the number of tourist desti-
nations visited higher is the social value added to space and its
live ability and indirectly reflects in economic growth and
related aspects.

A user standing in a space can navigate along with the
road networks only in any of the directions that lie between
0° and 180° [20]. Hence, here the point of consideration in
navigation concerning the orientation of the person is con-
sidered as 180°. Route structuring algorithm is examined as
the multiobjective optimization model, wherein it involves
multiple criteria and multiple attribute optimizations to find
the optimized route for the tourist users in the French quar-
ters of the Old Town, Pondicherry (Figure 5). Node with a
higher degree within the spatial extent is selected as the
source node for navigation represented as DN of the cloud
for an instance of analysis. In such a case, the cloud network
is illustrated with DN, ADN, and NADN and the edges
leading to them with discrete physical distance. Manipula-
tion of DN and each ADN with the respective physical dis-
tance and the number of NADN nodes interlinked is studied.

To navigate from DN–ADN=maximum number of nodes
ADN is connected with (i), and minimum discrete distance
between DN and ADN (ii; Figure 5). Based on these criteria,
the successive node is chosen to navigate from the source DN.
At present, the active node is selected as the DN for the next
cloud network, and the cloud network is illustrated by map-
ping the respective ADN and NADN (Figure 4). In a similar
case, the same process is followed to select the next node to
navigate. This methodology is looped until all the nodes in the
chosen network are visited (Figure 6). Hence, this algorithmic

procedure at the end of complete functioning finds the best
optimal route for navigation in the case of leisure places solv-
ing all the complexities ranging from finding the shortest path
between the origin and the destination to visiting all the tour-
ist destinations considered in the spatial extent SE (Figure 6).

5. Flowchart

The algorithm is demonstrated in a preciseflowchart (Figure 7)
with the terminator, input, process, decision, and statements
for clear understanding. The function terminates and is fol-
lowed by input statements: (i) input geographical maps and (ii)
input each tourist destination as a Node. Follows the process
statements: (i) assign each node with Degree D, (ii) calculate
Degree D, (iii) assign highest degree node as S, (iv) consider S
as DN, (v) label adjacent nodes as ADN and NADN, (vi) if no
nodes; end, (vii) if nodes present continue to construct cloud
network with DN, ADN, andNADN, (viii) navigate 360° from
DN, (ix) fix user orientation direction as 180° from DN, (x)
find Nx, (xi) calculate d, and (xii) find total d. The decision
statements: (i) if (Max Nx, Min d), (ii) if yes, assign as NSNy,
(iii) if no, (iv) if (Max Nx, Max d), and (v) if yes, assign as
NSNy. Repeat process statements: (i) exclude the previous node
as VNx, (ii) assign NSNy as S, (iii) consider S as DN, and (iv)
repeat the process till the end. Output statement: (i) store the
best solution (tourist route is outlined). Terminator statement
indicates the end of the program functioning (Algorithm 1).

6. Results and Discussions

Pondicherry, despite its inherent tourist appeal, has often
fallen short of being recognized as a premier tourist destina-
tion over an extended period. This shortfall can be attributed
to the absence of a well-structured link connecting the vari-
ous tourist destinations within the region. In the context of a
tourist town, the concept of reachability and the comprehen-
sive coverage of tourist attractions between the origin and
destination assumes equal importance compared to merely
finding the shortest path between these two points, especially
when the surrounding context is given limited consideration.
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The algorithm, we propose offers a clear perspective on the
optimal utilization of a tourist’s time and experience. It
emphasizes that the tourist can derive maximum benefit
when they manage to visit all the designated tourist destina-
tions within a specified timeframe, taking into account the
leisure aspect of their journey. In essence, the algorithm
recognizes that the extent to which a tourist can explore
and experience the various spaces within a region is directly
proportional to the social value added to that place. This, in
turn, has indirect implications for the region’s economic
growth and related socioeconomic aspects. In summary,
Pondicherry’s potential as a top-tier tourist destination can
be fully realized by not just considering the shortest path
between points but also by strategically optimizing the cov-
erage of its attractions, thereby enhancing the overall appeal
and contributing to the region’s economic prosperity and
social well-being.

Taking an analytical approach to establish a clear rela-
tionship between urban design parameters and the urban
network is instrumental in identifying the most optimal
routes within a city. This analytical process plays a pivotal
role in determining a key factor that can elevate a heritage
town to the status of a global tourist destination. The routing
algorithm employed in this analysis results in a path

structure, a concept derived from graph theory, which has
proven to be superior to a circular or cyclic structure when
viewed from a tourist’s perspective. The very nature of tour-
ism implies a journey that typically begins and ends at the
traveler’s place of residence. Therefore, if the tourism net-
work also exhibits a circular structure, it can be understood
as a graph–theoretical concept, where the resulting graph
effectively becomes a “pseudo graph” comprising two loops
converging at the same point.

In the case of a city with a linear grid–pattern layout,
particularly one influenced by a water edge, it becomes pos-
sible to efficiently connect all the tourist destinations along
this linear axis. This arrangement not only piques the interest
of tourists but also aligns with the development of an active
network designed for people to leisurely stroll along. Conse-
quently, the path planning of urban infrastructure facilities
seamlessly integrates with the network, leveraging the inter-
connected nature of the tourist destinations. The advantages
of adopting a path structure approach extend beyond tourism.
They provide opportunities for the network to evolve in vari-
ous directions, fostering growth, connectivity, and accessibil-
ity throughout the city. This, in turn, contributes to the overall
enhancement of the urban environment, making it more
appealing and functional for both residents and tourists alike.

Existing route for french quarter (heritage walk)
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FIGURE 6: French town, Pondicherry—existing route and proposed route.
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FIGURE 7: Algorithmic flowchart—route structure.
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7. Conclusion

The optimized distance-based algorithm represents a versatile
solution applicable across various leisure contexts, effectively
tackling pathfinding complexities within intricate urban net-
works, regardless of the number of facilities involved. This
algorithm operates in real-time, enabling dynamic mapping
of multidimensional user preferences to ensure the determi-
nation of the most optimized and efficient routes between
tourist destinations. It incorporates a holistic evaluation of
the surrounding context, allowing it to guide tourists through
spaces in an organized manner. This, in turn, facilitates the
structured flow of people, contributing to easier monitoring
for assessment teams.Moreover, this algorithm plays a pivotal
role in identifying and highlighting the often overlooked, yet
promising tourist destinations within a region. By connecting
these hidden gems, it establishes a robust tourist link, which
has a significant indirect impact on the local economy. As

such, future endeavors will focus on expanding the application
of this optimized distance-based algorithm to encompass all
potential tourist districts, further enhancing the overall tour-
ism experience and its positive socioeconomic implications.

Notations

SE: Spatial extent
D: Node degree
S: Source node
DNx: Dominating node
Cx: Cloud network
ADNx: Adjacent dominating node
NADNx: Next to adjacent dominating node
Nj: Number of NADN connected to ADN
d: Distance
NSNy: New source node
VNx: Visited node.

Input:

Geographical map of the spatial extent SE with tourist destinations.

Output:

Optimized path for tourists to visit various destinations in SE.

Procedure:

1. Start

2. Input geographical map of the spatial extent SE with tourist destinations.

3. Create an empty list for nodes.

4. For each tourist destination in SE:

a. Create a node for the tourist destination.

b. Assign a Degree D to the node.

c. Calculate Degree D as the number of streets leading to the destination.

5. Find the node with the highest Degree D and assign it as the Source Node (S).

6. Consider S as the Dominating Node (DN).

7. Create two empty lists for Adjacent Dominating Nodes (ADN) and Non-Adjacent Dominating Nodes (NADN).

8. Construct a Cloud Network with DN, ADN, and NADN.

9. Set the initial orientation direction as 360° from DN.

10. Fix the user orientation direction as 180° from DN.

11. For each ADN in the list:

a. Find Nx for the ADN.

b. Calculate the distances:

i. Distance (d) from DN to ADN.

ii. Distance (d) from ADN to NADN.

c. Calculate the total distance (Total d).

12. Check the ADN node with the maximum Nx and minimum total d.

13. Assign the selected node as NSNy (next stop node).

14. Alternatively, check the ADN node with the maximum Nx and maximum total d.

15. Assign the selected node as NSNy.

16. Exclude the previous node (if any) as VNx (visited node).

17. Assign NSNy as S, as the new dominating node DN.

18. Repeat steps 7–17 until all nodes are visited or the desired path is complete.

19. Stop.

ALGORITHM 1: Optimized tourist pathfinding algorithm.
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Data Availability

This real time optimization study input data was available
from the corresponding author upon request. Due to the fact
the data were collected from different tourist heritage places.
It is used for research purpose only.
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