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Tehran’s District 12, as one of the capital’s cultural and tourism hubs,
hosts a collection of prominent cultural institutions and museums that
serve as major attractions for domestic and international visitors.
However, the absence of systematic planning for routing between these
centers leads to wasted time and energy for tourists and diminishes the
quality of their visitation experience. This study aims to optimize museum
visitation routes in Tehran’s District 12, focusing on minimizing travel
time and distance, by selecting 22 active and significant museums in the
area as case studies. To achieve this, the mathematical model of the Open
Traveling Salesman Problem (Open TSP) was applied within the
framework of network analysis in a Geographic Information System
(GIS) environment. Precise spatial data—including the geographic
locations of museums and the local street network—were imported into
ArcGIS software and processed using the Network Analyst tool. Travel
cost matrices (based on time and distance) between all museum pairs
were calculated, and optimal visitation routes were extracted and ranked
using heuristic Open TSP algorithms according to the criteria of
minimum time and shortest distance. Findings indicate that applying the
Open TSP model within network analysis leads to the identification of
significantly more efficient routes compared to conventional patterns or
unplanned visits. Quantitative results show that, under normal (non-
optimized) conditions, visiting all 22 museums covers a distance of 25.91
km with a travel time of 310 minutes, whereas the optimized proposed
route requires only 9.896 km and 118 minutes of travel time. This
improvement represents a 62% reduction in both distance and travel
time. The study demonstrates the high efficiency of integrating
combinatorial optimization models with GIS spatial analysis capabilities
for urban tourism planning and can serve as a model for intelligent
management of tourist visitation routes in other urban areas. The results
enable informed decision-making and optimal planning for both group
and individual visits, significantly enhancing the tourism experience by
reducing time and physical costs.
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Introduction

In the contemporary era, cultural tourism stands as one of the most vibrant and sustainable forms of
tourism, playing a pivotal role in the development of historic cities and the revitalization of cultural
fabrics. Within this context, museums—as repositories of cultural heritage—not only safeguard the
historical identity of societies but also serve as primary attractions for tourists in major cities (Zal et
al., 2020; Zhang et al., 2025). Tehran’s District 12, with its exceptional concentration of prominent
museums such as the National Museum of Iran, Golestan Palace, and the Glassware and Ceramic
Museum, functions as the historical heart of the capital and one of Iran’s most significant hubs for
domestic and international cultural tourism (Moshkini et al., 2017). However, fully leveraging this
rich potential is hindered by a fundamental challenge: “inefficient accessibility” for tourists
navigating the dense, complex, and traffic-congested urban fabric of this historic district.

Urban tourism experience is fundamentally rooted in the act of “movement” between attractions
(Heydari et al., 2013). The quality of pedestrian and vehicular pathways directly impacts tourist
satisfaction, reduces fatigue, increases meaningful visitation time, and even prevents physical and
functional decay of historic districts (Talebi et al., 2021; Goodarzi et al., 2021). Therefore, designing
optimal routes for museum visits is not merely a practical necessity but a strategic imperative for
promoting sustainable tourism and revitalizing historic urban tissues.To address this challenge,
modern technologies such as Geographic Information Systems (GIS)—particularly Network
Analysis tools in platforms like ArcGIS—provide powerful capabilities for realistically modeling
street networks and optimizing travel routes (Mohammadi & Kazemi, 2020; Esquivel et al., 2015).
Additionally, the mathematical model known as the Open Traveling Salesman Problem (Open
TSP)—which seeks the optimal sequence of visiting a set of locations without requiring return to the
origin—has emerged as an efficient framework for planning urban tourist itineraries (Sirirak &
Pitakaso, 2018; Iulio & Cofrancesco, 2023). The present study, focusing on Tehran’s District 12,
applies a combined methodology of GIS Network Analysis and the Open TSP algorithm to determine
the optimal visiting sequence for its key museums. The ultimate goal is to significantly reduce
tourists’ total travel time and distance, enhance the visitor experience, and provide an operational
tool for intelligent crowd management and historic district revitalization.

The concept of “route” in tourism predates the formal definition of tourism itself. In recent decades,
specially designed thematic tourist routes—such as Germany’s Beer Route, Scotland’s Whisky Trail,
Belgium’s Textile Route, or transnational cultural-religious paths like the “Abraham Path” and the
“Hajj Route” from Istanbul to Mecca—have gained global attention (Flognfeldt Jr, 2005). This trend
reflects the emergence of the “route-based tourism” paradigm, developed since the 1950s, which
emphasizes linking attractions under a unified thematic framework, dispersing visitor flows,
extending length of stay and spending, introducing lesser-known sites, and ultimately enhancing the
sustainability of tourism products (Vada et al., 2022; Meyer, 2004).

Material and Methods

(Step-by-Step Methodology): This study is an applied research project employing a
quantitative-analytical approach, designed to optimize pedestrian and vehicular access routes
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to 22 museums and cultural attractions in Tehran’s District 12. The core methodology
combines the Open TSP algorithm with GIS-based Network Analysis using ArcMap 10.8
and its Network Analyst extension (Curtin et al., 2014). The implementation proceeded
through the following stages: Data Collection and Preparation: Precise geographic
coordinates of the 22 attractions and the urban street network (including main and secondary
roads) were collected. All spatial data were georeferenced and converted into vector layers
in ArcGIS: point features for attractions and line features for streets. Topological Network
Construction: A Network Dataset was built using the Network Analyst tool, modeling the
street network as interconnected nodes and edges. Network attributes such as directionality,
speed limits, and access restrictions were incorporated. Topology rules ensured connectivity,
continuity, and integrity of the street network for accurate routing analysis. Cost Matrix
Calculation: Using Dijkstra’s shortest-path algorithm, the system computed the Origin-
Destination (OD) Cost Matrix, determining the shortest travel cost (time or distance)
between every pair of attractions. The resulting matrix was asymmetric, reflecting real-world
variations in travel impedance. Route Sequence Optimization via Tabu Search: An initial
tour sequence was generated using heuristic methods such as Nearest Neighbor (NN) or
Insertion Algorithm. This initial solution was then refined using the Tabu Search
metaheuristic, applying local search moves (e.g., 2-opt swaps) while avoiding recently
visited solutions via a Tabu list, to minimize total travel cost. Result Visualization and
Analysis: The final optimized route was solved and displayed within ArcMap. Attractions
were ranked according to their visitation order in the optimal sequence. A final map
illustrating the optimized tourist route was produced for practical and strategic use. This
methodology, grounded in real-world spatial data and advanced network modeling, provides
an intelligent, operational solution to enhance tourist experience and mobility efficiency
within Tehran’s dense historic urban fabric.

Results and Discussion
To evaluate and optimize access to tourist museums in District 12 of Tehran, network

analysis within a Geographic Information System (GIS) environment and the Open TSP
algorithm were employed. Initially, the precise geographic locations of 22 active museums
in the study area were recorded and imported into GIS software as a point layer. Additionally,
the road network of the district—including all streets and public thoroughfares—was
extracted with appropriate practical accuracy and designated as the transportation network
layer.In the first phase, without applying any optimization algorithm, routing was performed
directly and non-optimally through the road network. This route is illustrated in Figure 2,
revealing that the selected paths between museums were designed illogically, with redundant
repetitions across various areas—particularly in the northern and central parts of the district.
This condition leads to increased travel distance, time, and transportation costs, which is
undesirable from both tourism and resource management perspectives. In the subsequent
phase, the Open TSP algorithm—a method for solving the open traveling salesman
problem—was applied to determine an optimal route with minimal total length and distance.
In this algorithm, the route begins at a designated starting point (e.g., a bus station or tourist
center) and terminates at a different endpoint (e.g., accommodation or parking lot), without
requiring a return to the origin—making it operationally and touristically much more
efficient. The results of this analysis are depicted in Figure 3.Comparing the two maps clearly
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demonstrates that implementing the Open TSP algorithm has led to a significant reduction
in total route length and a substantial improvement in routing structure. The optimized route
is designed to avoid repetitive and circuitous paths, moving linearly and logically from one
museum to the next. Moreover, the optimized route passes through key tourist attractions
such as historical and cultural museums located in the district’s center, guiding visitors more
efficiently to these sites.This analysis indicates that integrating GIS with routing
optimization algorithms like Open TSP constitutes a powerful tool for tourism planning,
designing tourist itineraries, and improving access to cultural and historical sites in densely
populated cities such as Tehran. Ultimately, this approach can serve as a generalizable model
applicable to other urban areas and urban tourism planning initiatives.

Conclusion

One of the fundamental challenges in urban tourism—particularly in dense areas with
multiple cultural attractions such as District 12 of Tehran—is the optimization of visitor
routes to minimize tourists’ travel time and distance. In this study, by applying the Open TSP
model within a network analysis framework in a Geographic Information System (GIS)
environment, the optimal route for visiting 22 prominent museums in District 12 of Tehran
was extracted and compared with the conventional (non-optimized) route. This comparison
reveals a 61.8% reduction in both travel time and distance traveled, demonstrating the high
efficiency of the proposed method in optimizing tourist itineraries. From a tourism planning
perspective, this improvement enables visitors to allocate more time to cultural and
experiential activities rather than commuting between attractions—consistent with the
findings of Sirirak & Pitakaso (2018), who identify TSP as an effective framework for
minimizing time and distance in multi-destination tours. Moreover, integrating
combinatorial optimization algorithms with the spatial analysis capabilities of GIS allows
for precise modeling of the urban street network—including narrow and complex streets
characteristic of District 12. This finding aligns with the results of Grigolato et al. (2017)
and Gentilucci et al. (2019), who emphasize the effectiveness of GIS in simulating
movement within uneven urban environments. The identification of traffic bottlenecks, such
as Toopkhaneh Square, also corroborates similar challenges reported by Sahitya & Prasad
(2019) in developing megacities. Furthermore, the significant reduction in travel time and
distance not only enhances the tourist experience but can also contribute to revitalizing urban
life and reducing physical deterioration in historical and cultural districts—consistent with
the perspectives of Nasiri & Ganji (2021) and Heydari et al. (2013). This underscores the
critical role of intelligent tourist route planning in promoting sustainable urban
development.The innovative aspect of this research lies in being the first application of the
integrated Open TSP model with realistic network analysis within a GIS environment for
museum routing in Tehran, thereby addressing the research gap highlighted by Shahabian
(2020). This approach can serve as the foundational core for developing intelligent urban-
scale tourist navigation systems and can be utilized in planning cultural, educational, and
recreational tours.

Keywords: Open Traveling Salesman Problem (Open TSP), Museum, Tourism, Network
Analysis, Tehran
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