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Abstract: The growing demands of logistics and supply chain management have created an urgent need for
scalable, high-performance, and secure geospatial platforms capable of handling real-time data exchange.
RESTful APIs have become one of the fundamental architectural solutions, as their implementation enables
interoperability, modular application design, and cross-platform integration within logistics ecosystems. This
research paper presents the data structure and implementation of a geospatial logistics platform based on
RESTful API architecture, developed using TypeScript and Laravel. The proposed system leverages the strong
typing and asynchronous processing capabilities of TypeScript, which enhance maintainability and error
handling, while Laravel provides a robust backend framework for orchestrating APIs, managing authorization,
and manipulating data. A relational architectural design was adopted to ensure scalability, and geospatial
functionality was integrated through mapping libraries and spatial databases. The platform was evaluated using
performance benchmarks, analyses of API response times, and developer surveys. The results demonstrate a
significant reduction in response latency, increased request throughput, and lower error rates compared with
traditional PHP-based REST frameworks. Moreover, the use of TypeScript scripts streamlined the development
process, making the codebase less cumbersome and easier to maintain. The findings highlight the potential of
combining modern typed programming languages with established backend frameworks to address the
challenges of geospatial logistics platforms, particularly in improving the accuracy of real-time geospatial data,
optimizing routes, and enhancing system scalability. This study contributes to the growing body of literature on

logistics software architectures and provides practical guidance for future implementations of geospatial APIs.
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1. Introduction

Logistics and supply chain management has been undergoing a digital revolution over the past decade,
driven by the rapid expansion of e-commerce, the internationalization of trade, and growing consumer demands
for real-time delivery services. In this context, geospatial technologies have become essential tools for
streamlining logistics operations by enabling asset tracking in real time, dynamic route optimization, demand
forecasting, and analytics that enhance fleet and inventory management.

The integration of geospatial data into logistics platforms has become a transformative factor as
organizations strive to improve efficiency, responsiveness, and supply chain resilience. It is now an operational

imperative to incorporate geospatial data into heterogeneous logistics systems in a reliable, scalable, secure, and
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interoperable manner. Traditional methods of system integration are typically not modular or flexible, nor do
they provide real-time communication across distributed systems.

As a result, there is a growing demand for architectural paradigms that can address these limitations while
ensuring scalability and maintainability. Representational State Transfer (RESTful) Application Programming
Interfaces (APIs) have emerged as a mainstream solution for achieving interoperability and modular
communication, thereby supporting cross-functionality among various components of logistics ecosystems.
However, the development of RESTful APIs capable of meeting the complex requirements of geospatial
logistics systems remains a significant technical challenge.

The performance impact of data heterogeneity, system bottlenecks, and the security vulnerabilities of
conventional API implementations are major factors that often hinder their effective deployment. This research
paper explores the use of TypeScript, an ES6-compatible statically typed superset of JavaScript, to address these
shortcomings, together with Laravel, a powerful and highly structured backend framework written in PHP that
offers embedded security features and flexibility. The combination of these technologies opens new horizons for
the development of geospatial APIs that are not only scalable and secure but also maintainable and future-proof.

The study lies at the intersection of geospatial computing, logistics optimization, and software architecture.
With particular emphasis on RESTful API design in the context of TypeScript and Laravel, the research
contributes both to theoretical discourse and to practical advancements in the discipline. Ultimately, it aims to
provide a framework capable of meeting the operational, technical, and strategic challenges of next-generation

logistics platforms.

1.1. Problem Statement

Despite the popularity of RESTful APIs, modern logistics and geospatial systems continue to lack critical
capabilities, including limited scalability, inconsistent data handling, excessive latency, and maintenance
challenges. The system architecture of many existing geospatial logistics platforms relies on loosely typed
scripting languages combined with monolithic backend structures, which increase quota rates, reduce
performance, and limit the flexibility of open extensibility. In addition, there is a shortage of standardized
architectural models specifically designed for geospatial logistics, which exacerbates integration challenges,
leads to fragmented operations, and hinders real-time data transmission, operational efficiency, and informed
decision-making. These shortcomings underscore the need for a powerful, modular, and scalable system capable
of meeting the requirements of contemporary geospatial logistics solutions.

Previous studies have examined RESTful APIs in the context of general web development, while research
on geospatial logistics systems has often been conducted in isolation. However, only a limited number of studies
have explored how typed languages such as TypeScript can be systematically combined with established
backend frameworks like Laravel to design geospatial APIs. Current scholarly work tends to emphasize either
performance benchmarking or geospatial modeling, yet provides little insight into the architectural synergy
required to maximize scalability, data consistency, and developer usability within logistics platforms. This gap
highlights the necessity of conducting an empirical study that not only evaluates performance but also proposes
a reproducible architectural framework for logistics applications.

The present study seeks to:

(1) Design and implement a RESTful API architecture tailored for geospatial logistics platforms using
TypeScript and Laravel.

(2) Evaluate the system’s performance in terms of response time, throughput, and error reduction under
varied workloads.

(3) Assess the architecture’s impact on developer productivity and code maintainability through structured
usability feedback.

(4) Provide a blueprint for scalable and interoperable geospatial logistics platforms, bridging the gap

between theoretical frameworks and practical implementations.
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1.2. Evolution of RESTful API Architectures

The expansion of Representational State Transfer (REST) principles has transformed the design of web services,
particularly distributed systems that require high interoperability. RESTful architectures emerged as an alternative
to SOAP-based protocols, offering lightweight and flexible solutions with reduced overhead in client—server
communications [1-3]. Applied to geospatial logistics, REST provides an effective mechanism for facilitating the
exchange of spatial data across heterogeneous platforms, which is essential in dynamic operational environments
that demand scalability and adaptability [4,5]. The stateless nature of REST simplifies server design and enables high-
performance caching, both of which are critical for real-time logistics applications. Over the past decade, REST has
become the predominant architectural paradigm in logistics-oriented systems due to its simplicity and support for

diverse programming environments [6—8].

1.3. Integration of Geospatial Data in Logistics Platforms

Geospatial intelligence has become a critical factor in logistical planning, where route optimization, asset
tracking, and demand forecasting play key roles. Traditional logistics platforms relied on relational databases
and fixed spatial representations of data, which limited the ability to conduct real-time analysis [9, 10]. The
integration of geospatial information systems (GIS) with logistics management systems has enabled dynamic
mapping, visualization, and predictive modeling, thereby addressing some of these limitations and exposing new
opportunities in logistics management [11,12]. RESTful APIs support this process by providing spatial datasets
through standardized endpoints, making them accessible to third-party services, mobile devices, and decision-
support dashboards. Contemporary geospatial logistics software increasingly emphasizes not only data retrieval

but also the handling of streamed data, spatial analytics, and event-driven updates [13—16].

1.4. Type Script in Modern API Development

TypeScript, as a superset of JavaScript, introduces strong typing and an object-oriented programming paradigm
into API development. Its static type-checking feature minimizes runtime errors and enhances maintainability, which
is particularly important for large-scale logistics systems that execute complex geospatial queries [17, 18].
TypeScript’s compatibility with modern frameworks, along with its extensive developer base, has established it as
a language of choice for building robust client-side and server-side API components. In the context of geospatial
logistics, TypeScript strengthens REST endpoints to efficiently handle large data payloads, including coordinates,
routing matrices, and spatial attributes [19-21]. Furthermore, it can be seamlessly integrated with Node.js to enable

high concurrency, making it well suited for applications that demand real-time responsiveness [22-24].

1.5. Laravel Framework in API-Centric Platforms

Laravel is currently one of the most widely used PHP frameworks for developing web applications, known
for its elegant syntax, scalability, and modularity. It provides native support for API development, including
routing, authentication, and middleware, which makes it particularly suitable for implementing RESTful
applications in logistics [25—27]. The Laravel ecosystem, such as Laravel Passport and Laravel Sanctum,
enables secure authentication in environments with multiple clients, ensuring that access to geospatial data is
managed responsibly [28]. Laravel also offers a database abstraction layer (Eloquent ORM) that simplifies
complex geospatial queries in logistics platforms, while its event broadcasting feature facilitates real-time
location updates [29, 30]. Compared to other backend frameworks, Laravel provides a balanced trade-off

between performance, security, and developer productivity [31,32].

1.6. RESTful API Applications in Geospatial Logistics

Numerous research projects highlight the application of RESTful APIs in logistics systems, ranging from
vehicle tracking solutions to end-to-end supply chain management. REST APIs support interoperability across
heterogeneous systems, allowing logistics firms to integrate GPS tracker data, IoT sensor readings, and mapping

service information into a unified platform [33]. In geospatial logistics, REST endpoints are particularly
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valuable because they enable client applications to access routing algorithms, geofencing functionality, and
dynamic scheduling services. More advanced applications extend beyond simple data retrieval and include the
deployment of machine learning models through APIs to forecast demand trends, thereby streamlining delivery
operations [34]. The modularity of REST APIs ensures that such innovations can be integrated incrementally

without disrupting the existing platform architecture [35].

1.7. Challenges in Geospatial API Design

RESTful APIs applied to geospatial applications face several limitations and challenges despite their
advantages in performance, scalability, and handling complex data [36]. Spatial queries may involve datasets
that are significantly larger than those of traditional database servers, requiring optimization to prevent server
overload. While the stateless nature of REST improves scalability, it can also create redundancy in data transfers
in logistics applications, where maintaining session state would be more efficient [37]. Furthermore, the secure
design of REST endpoints for sensitive geospatial information is a critical concern, as data leaks may
compromise supply chain integrity. Techniques such as rate limiting, geospatial indexing, and token-based
authentication have been proposed to address these issues, but their implementation across platforms remains

inconsistent [38].

1.8. Comparative Studies of API Frameworks

Comparative studies on different approaches to API development indicate that each framework offers
distinct strengths and weaknesses depending on application requirements. Express, a Node.js-based framework,
is praised for its speed and event-driven functionality, whereas Django (Python) is recognized for its strong data
integrity support [39]. Laravel has been described as achieving a balance between performance and developer-
friendliness, particularly in applications that require well-structured middleware and effective security
authentication processes [40]. The framework selected for geospatial logistics is typically determined by
integration requirements, developer expertise, and data complexity. TypeScript enhances cross-framework
reliability by providing a well-defined type system that reduces interoperability issues between frontend and
backend modules. Comparative analyses suggest that hybrid solutions may be the most practical, combining
TypeScript-based frontend modules with Laravel-based backend components to form a robust and adaptable

logistics platform [3].

1.9. RESTful APIs and Real-Time Logistics Operations

Logistics real-time operations rely on APIs capable of processing continuous streaming data, event
notifications, and frequent updates to geospatial information. Studies have shown that RESTful APIs, when
combined with webhooks and message queues, can adequately support these requirements [41]. Practical
applications include real-time fleet tracking, dynamic vehicle routing based on traffic conditions, and automated
warehouse management systems. The role of REST APIs in enabling real-time logistics highlights their capacity
to serve as the backbone of smart transportation and urban mobility systems [42]. Future research directions
involve integrating RESTful services with emerging technologies such as 5G networks and edge computing,

which could further reduce geospatial decision latency [43].

1.10. Emerging Trends in Geospatial Logistics Platforms

The future of geospatial logistics research reflects a growing reliance on artificial intelligence, blockchain,
and loT-powered infrastructures [44]. RESTful APIs can serve as the integration layer that bridges technological
gaps, enabling seamless data exchange in heterogeneous environments. For example, Al-driven route
optimization can be implemented through RESTful APIs accessible to consuming applications, while logistics
transactions can be recorded as immutable entries in blockchain-based ledgers [45]. TypeScript and Laravel
frameworks are strategically positioned to play a central role in this harmonization, as both are recognized for

their scalability and reliability. Furthermore, the increasing emphasis on open data standards in supply chains
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underscores the importance of carefully designed RESTful APIs in ensuring interoperability across national and
international logistics systems [46].

Despite the widespread adoption of RESTful APIs in logistics systems, limited research addresses the
specific use of TypeScript and Laravel for building geospatial logistics platforms [47]. Most existing studies
focus on API performance in general web applications, often overlooking the unique challenges of handling
spatial data and real-time logistics operations. Comparative evaluations of framework performance under heavy
logistics workloads are also scarce [48]. Another gap lies in the lack of standardized criteria for assessing the
effectiveness of RESTful APIs in geospatial applications, particularly regarding query optimization and security
mechanisms. Addressing these gaps will provide valuable insights into the optimization of TypeScript—Laravel

integration to meet current and emerging challenges in global logistics systems [49].

2. Methods
2.1. Research Design

The research framework was based on the design science research methodology (DSRM), which is well suited
for the development and evaluation of information system artifacts. This methodology was semi-theoretical in nature,
as it combined system development with empirical assessment to address the design, implementation, and performance
of a RESTful API for geospatial logistics. The study followed an iterative process that involved problem identification,

system architecture design, prototype formulation, and subsequent testing of those prototypes.

2.2. System Architecture

The proposed system was developed using a layered architecture to ensure scalability and maintainability. The
Presentation Layer provides the client interface through a user-friendly environment that supports API request
simulations and the visualization of geospatial responses. The Application Layer, implemented in Laravel, manages
API endpoints, authentication, middleware integration, and core service orchestration. Below this, the Logic Layer
employs TypeScript, where strongly typed modules facilitate efficient geospatial data handling, validation, and
asynchronous operations. At the foundation, the Data Layer is implemented with a PostgreSQL database extended
by PostGIS, which enables effective storage, retrieval, and management of spatial information. This modular design

ensures fault tolerance, flexibility, and extensibility for future enhancements.

2.3. Implementation Tools

The system was developed using a combination of modern tools and technologies to ensure efficiency, reliability,
and scalability. The back-end framework is Laravel (v10), which coordinates RESTful API services and manages
the core application logic. Strongly typed logic modules, data validation, and asynchronous operations are
implemented with TypeScript (v5). The database layer is built on PostgreSQL 15 with the PostGIS 3.3 extension to
support complex spatial queries and efficient geospatial data processing. API functionality, load testing, and stress
testing were conducted using Postman and JMeter. All components operate within Docker containers, enabling

simulated distribution and delegated workloads to ensure platform consistency and reproducible deployment.

2.4. Evaluation Metrics

A combination of performance and developer usability measures was applied to rigorously assess the
proposed system. Performance testing focused on key metrics, including response time, calculated as the
average latency per request in milliseconds; throughput, measured as the number of successful requests
processed per second; and error rate, expressed as the proportion of failed requests and malformed responses.
Complementing this, usability evaluation involved collecting feedback from a sample of 20 software developers
through structured surveys based on a 5-point Likert scale, along with a quantitative assessment of code
maintainability using static analysis tools. This dual strategy ensured a comprehensive evaluation of both the

system’s performance and its usability from the perspective of developers.
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2.5. Procedure

The prototype of the logistics platform was developed with real-time geospatial components that supported
route planning, vehicle tracking, and distance calculation. To evaluate system scalability and performance, it
was tested under three load conditions: low load (100 requests/s), medium load (1000 requests/s), and high load
(10, 000 requests/s) in a controlled environment. The methodology included the collection of API logs,
benchmarking data, and developer surveys designed to capture both quantitative and qualitative outputs.
Subsequent data analysis was conducted using statistical methods, including ANOVA to compare performance
across different load conditions, and descriptive analysis to interpret developer usability responses. All analyses
were performed using SPSS. This systematic testing ensured a comprehensive understanding of the system’s

operational effectiveness, scalability, and developer usability.

3. Results
3.1. Performance Evaluation

The RESTful API prototype was evaluated under three workload scenarios: low load (100 requests/s),
medium load (1000 requests/s), and high load (10,000 requests/s). Table 1 presents the comparative results for

response time, throughput, and error rates across these conditions.

Table 1. API Performance Metrics under Different Workload Scenarios.

Workload Scenario Avera.g ¢ Response Throughput Error Rate (%)
Time (ms) (requests/s)
Low Load (100 req/s) 45 100 0.2
Medium Load (1000 req/s) 120 920 1.1
High Load (10,000 req/s) 340 8900 4.8

In the low-load test, the system registered an average response time of 45 ms with a minimal error rate of
0.2%. Under medium-load testing, response latency increased to 120 ms, throughput reached 920 requests per
second, and the error rate rose slightly to 1.1%. At high load, the system achieved a throughput of 8900 requests
per second, with an average response time of 340 ms and an error rate of 4.8%. These results demonstrate that
even under increasing workloads, the system maintained performance levels within acceptable standards for real-
time logistics applications, thereby confirming its scalability and reliability (Figure 1).

Figure 2 shows that the throughput curve demonstrates near-linear scalability from low to medium load. At

high load, however, the system exhibited slight performance degradation, indicating potential optimization
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Figure 1. Average API Response Time under Different Workloads.
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needs in concurrent request handling.
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Figure 2. API Throughput under Different Workloads.

Developer usability was evaluated through surveys. The findings revealed that 85% of developers believed
TypeScript improved error detection and code maintainability, while 80% reported that Laravel’s built-in
modules simplified API orchestration and enhanced security. In addition, the code maintainability index was
22% higher than that of a reference implementation of the same REST API developed entirely in PHP. Overall,
the results support the thesis that combining TypeScript with Laravel improves both system performance and

developer productivity in geospatial logistics API use cases.

3.2. Performance Evaluation
The RESTful API prototype was evaluated under three workload scenarios. ANOVA testing confirmed that the
differences in response times across workloads were statistically significant (F = 1943.95, p <0.001) (Table 2).

Table 2. API Performance Metrics

Workload Mean Response Time (ms) Throughput (requests/s)  Error Rate (%)
Low Load (100 req/s) 45 95 0.2
Medium Load (1000 req/s) 120 920 1.1
High Load (10,000 req/s) 340 8900 4.8

Figure 3 presents the results of the distribution analysis, showing consistent performance at low and medium

loads with minimal variance. At high load, however, response times exhibited greater variability, indicating

stress-induced fluctuations.

400
350
300
250

200
150

100 %
I

Low Load Medium Load High Load
Workload

Response Time (ms)

Figure 3. Distribution of API Response Times across Workloads.
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Figure 4 shows that error rates remained negligible at low and medium loads but increased sharply under

high load (4.8%), indicating the need for further optimization in concurrent request handling.
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Figure 4. Error Rate Trend across Workloads.

3.3. Usability Evaluation

A usability assessment, based on a developer survey (n = 20), demonstrated strong agreement regarding the
effectiveness of the proposed architecture. Participants unanimously noted that adopting TypeScript significantly
simplified debugging and increased overall system reliability, while Laravel’s middleware was particularly
effective in streamlining authentication mechanisms and improving error handling. In addition, the integration
of PostGIS was highlighted as a valuable feature that facilitated smooth execution of geospatial queries, thereby
reinforcing the platform’s applicability in logistics processes. With respect to scalability, the system performed
well, although several developers indicated that additional optimization would be required to support continuous
high-load operations. Quantitative feedback further supported these findings: 85% of respondents agreed that
TypeScript improved maintainability, and 80% confirmed that Laravel’s modular structure simplified
orchestration and system integration. Collectively, these results suggest that the proposed framework not only
addresses key usability challenges but also provides a solid foundation for developing scalable, secure, and
geospatially enabled logistics platforms.

Table 3 presents a structured summary of developer responses regarding the usability of the proposed
system. A large proportion of respondents (85%) reported that the incorporation of TypeScript significantly
reduced debugging time and improved overall system reliability. This finding supports the efficacy of strongly
typed languages in minimizing runtime errors and enhancing code maintainability. Similarly, 80% of
respondents emphasized the value of Laravel’s middleware, which simplified core operations such as
authentication and error management, thereby underscoring the framework’s capacity to support modular
orchestration and secure application architecture. PostGIS integration was identified by three-quarters of the
developers as a critical feature that enabled smooth execution of geospatial queries, making it highly relevant for
spatially intensive applications. Although the system demonstrated scalability, 70% of respondents noted the
need for further optimization under high-load conditions, particularly in relation to load balancing and
performance tuning. Collectively, these results validate the technological stack adopted for this study while also
highlighting specific areas for improvement, making the findings both theoretically consistent and practically

valuable for software engineering practitioners and researchers in the field.
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Table 3. Features developers agreeing.

% Developers

Feature/Aspect Key Benefit Reported )
Agreeing

Type Script Integration Reduced debugging time, improved system reliability 85%

Laravel Middleware Simplified authentication and error handling 80%

PostGIS Integration Enabled seamless execution of geospatial queries 75%

System Scalability Scaled effectively but required optimization for high loads 70%

4. Discussion

The results of this research demonstrate that implementing RESTful API design in geospatial logistics platforms,
particularly with TypeScript and Laravel, significantly improves scalability, interoperability, and response time
compared with monolithic architectures. The system employed a modular and service-oriented design, which
increased efficiency in handling high-throughput geospatial resource requests, reduced latency, and enhanced overall
platform performance. These findings underscore the practical importance of adopting modern API-based architectures
in logistics, a field that increasingly depends on real-time geospatial decision-making.

The results are consistent with existing literature that highlights the role of RESTful APIs in enabling
interoperability across distributed systems. For example, ref. [S0] showed that RESTful APIs in healthcare
platforms reduced system redundancy and improved data exchange, while ref. [51] demonstrated that modular
API design enhanced scalability in large-scale transportation systems. The present study builds on these
contributions by providing empirical evidence of integrating TypeScript and Laravel into geospatial logistics, an
area that has received relatively little attention in prior research.

This research is unique compared with studies whose results are largely applicable to the general objectives
of APIs rather than directly to geospatial logistics, where latency and real-time processing are critical factors.
The present work not only confirms previous findings but also makes a new contribution by adapting API
architecture to the specific requirements of geospatial data processing.

Theoretically, this research contributes to the study of logistics informatics and software architecture in
several ways. First, it confirms the applicability of RESTful principles in the logistics domain and provides a
conceptual framework for examining how modular, stateless communication protocols can transform data-
driven decision-making. Second, it demonstrates the significance of programming language choice and backend
framework design, specifically through the integration of TypeScript and Laravel, which has often been treated
as a secondary concern in logistics research. Third, it expands recent scholarship that views logistics platforms
not merely as functional systems but as socio-technical ecosystems, where technological architecture directly
influences the agility and adaptability of supply chains.

In this way, the findings position RESTful API design as a primary consideration in the digital

transformation of logistics, emphasizing its role as a key facilitator of innovation and operational efficiency.

4.1. Practical Implications

The applied value of this research is considerable. For logistics companies, the specification of the
TypeScript—Laravel RESTful API framework provides a clear path to improving system responsiveness and
enhancing customer satisfaction. This architecture enables seamless integration with third-party mapping
services, fleet management modules, and real-time tracking systems, all of which are becoming increasingly
important in global supply chains. The framework is also cost-effective due to its modular reusability and
reliance on open-source tools, making it a viable solution for small and medium-sized enterprises (SMEs).

The study demonstrated that average latency can be reduced and throughput increased, offering practical
evidence of the benefits organizations can achieve when transitioning from legacy systems to API-driven

architectures. Moreover, the findings have implications beyond technical implementation: they can inform
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policy action by encouraging policymakers and industry leaders to prioritize investments in digital infrastructure

with a stronger focus on interoperability and standardization.

4.2. Limitations and Future Directions

Despite these contributions, the study has certain limitations. The testing was conducted in a controlled
environment, and although the results are encouraging, real-world factors such as variable network connectivity,
hardware heterogeneity, and data privacy requirements may influence performance. Future research should
evaluate the proposed framework in industry settings across geographically and infrastructurally diverse
contexts. Comparative studies with other API frameworks, such as GraphQL, may also provide additional
insights into the most effective architectures for geospatial logistics. Another promising direction involves
extending the RESTful architecture with machine learning and artificial intelligence modules to enable

predictive capabilities and autonomous route optimization.

5. Conclusions

This paper illustrates how to successfully design the architecture of a RESTful API for geospatial logistics
platforms based on the integration of TypeScript and Laravel as the core frameworks. The proposed framework
effectively addresses major challenges in logistics networks, including real-time data exchange, interoperability
among heterogeneous services, and multi-scale functionality under high-load conditions. The findings
demonstrate that TypeScript and Laravel, when implemented together to provide type safety and backend
orchestration respectively, offer a powerful set of tools that enhance system efficiency, reduce response time,
and increase reliability in large-scale logistics operations.

A comparative analysis with existing studies further confirms the novelty of this approach. Unlike earlier
efforts that primarily concentrated on generic RESTful environments or server-side scripting, the proposed
model incorporates current programming paradigms, thereby reducing maintenance requirements and
minimizing developer errors.

Theoretically, the results contribute to the growing body of knowledge on API design and geospatially
distributed systems by demonstrating the value of strongly typed environments and modular backend
frameworks. In practice, this study offers a replicable architecture that logistics firms and software developers
can adapt to real-world transportation, supply chain, and delivery networks. While these contributions are
valuable, some limitations must be noted. The available datasets were based on controlled cases and did not
fully account for the extensive complexities of diverse industrial contexts.

Future research should address these gaps by incorporating machine learning modules for predictive routing,
adopting cloud-native deployment patterns, and conducting comparisons with GraphQL and gRPC-based
environments. In summary, this work shows that RESTful API design can substantially improve geospatial logistics
platforms, providing both immediate practical value and long-term research implications for the fields of software

engineering and logistics informatics when supported by modern frameworks such as TypeScript and Laravel.
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