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Abstract— Urban blue-collar service markets remain highly fragmented, resulting in inefficient
worker discovery, inconsistent service quality, and limited trust between customers and service
providers. This paper presents Kaargar, a geo-aware hyperlocal service marketplace designed
to enable real-time matching between customers and skilled workers such as plumbers,
electricians, and technicians. The system integrates geospatial intelligence, transactional
integrity, and real-time communication within a modular, scalable architecture. The platform
leverages Post-GIS-powered proximity search and availability filtering to enable precise worker
discovery within defined geographic radii. A structured job lifecycle engine supports job
posting, bidding, assignment, execution, and approval workflows, while an escrow-backed
digital wallet ensures secure financial transactions and transparent payment release. Trust and
platform governance are strengthened through KYC verification, ratings, complaint resolution,
and administrative moderation. To deliver a responsive user experience, the system employs an
event-driven architecture using Web-Sockets and Redis-based messaging to provide real-time
notifications and job-specific chat. The backend is implemented using FastAPI with
asynchronous processing for high concurrency, while Supabase services provide authentication
and secure media storage. The proposed architecture demonstrates a scalable and trustworthy
digital infrastructure capable of reducing worker discovery time, improving service reliability,
and strengthening governance in hyperlocal labor ecosystems.

Keywords— Hyperlocal Service Marketplace, Location-Based Services, PostGIS, Real-Time
Systems, Digital Escrow, Event-Driven Architecture, Workforce Platforms, Trust &
Governance Systems.

1. INTRODUCTION

Today’s economy is built on changing from a Tangible Goods-Based (TGB) Economy to a Services-Based (S-B)
Economy. In this transition, many businesses are now placing greater emphasis on services rather than tangible
products as a means of generating revenue. As a result, this trend has spurred remarkable growth within the
hyperlocal service market, as services that can be delivered within specific geographic and time boundaries or
limitations, such as plumbing or repair services, are being created and made available.

However, the market that exists for this type of labor is inefficient due in part to the informal structure for
managing blue-collar labor. There is no established digital form of Verification or transparent Pricing, resulting
in an unreliable experience for Customers and causing Service Provider’s Workflow to be inconsistent.
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Additionally, integrating such a workforce into the digital economy presents Ethical/Psychological challenges.
Workers face immense Job Demands that include being increasingly subject to continuous digital Traceability
and pressured to Respond Instantly, contributing to low levels of Occupational Well-Being.

The purpose of this document is to outline the design & Architecture of the Platform and describe how the Core
Allocation Logic operates within it - a Hyperlocal On-Demand Labor Allocation System designed to solve both
of these issues.

Technical Rigor. This means having an advanced location-based service (LBS) centred around the almost
mathematically precise Haversine Formula using PostGIS for pinpointing proximity based on a strictly narrow
radius. Because of this technical foundation, we have developed what is called as an "Intelligent Allocation
System" able to not only dispatch but also incorporate both geospatial proximity and quality assurance metrics to
create a trustworthy marketplace.

Microservice Architecture. This microservice architecture is modular, scalable, and built using high-performance
frameworks (FastAPI, PostGIS). This architecture was chosen to allow for the extreme speed of data associated
with real-time location tracking and to address the difficulties of maintaining transactional integrity between
decoupled services. Furthermore, the platform design is also shaped by ethics (worker empowerment is defined
by having the ability to select and priorities tasks). This plan will convert the technology into an ICT-enabled job
crafting mechanism enabling workers to have autonomy and to enhance their overall well-being through market
efficiency.

This paper provides a guideline for designing a sustainable digital infrastructure. It shows how accurate
geometry and strong architectural patterns are used to achieve both commercial efficiency as well as address the
human costs associated with digital management within the hyperlocal economy.

II. LITERATURE REVIEW

The fast development of digital platforms has had a considerable impact on the operation of labor markets,
especially those that are dependent on the flexible and on-demand services. The contemporary digital labor
platforms are mediators which bring workers and customers into a mobile and web-based system that allows
task-driven employment beyond conventional employer-employee relations. These sites enable companies to
distribute labor in real time, which enables flexible service provision and the multiplication of the working
positions of independent employees, working in various fields. Nevertheless, the organization of these systems
also brings new problems concerning work security, employee protection, and governmental regulations in new
gig-economies.[1], [2]

The recent literature on the dynamics of the gig economy includes the insight that digital platforms have a
substantial influence on transforming the participation of the workforce. Specifically, the growing adoption of
smartphones, the internet, and digital payment systems has boosted the growth of gig-based work models. These
models enable people to engage in flexible labor markets and at the same time customers to access services like
transportation, domestic services and delivery via digital means. Although these advantages exist, researchers
underline that gig workers can be exposed to an unreliable income, employment benefits, and few regulatory
guarantees, which are significant concerns about the sustainability of the platform-based labour systems. [3], [4]
The life of gig workers on various digital labor platforms has been under extensive research to understand the
dangers and opportunities of the new work structure. Studies regarding digital labor platforms show that gig
workers face various forms of risks which are, financial instability, dependency on technology, and the lack of
social safety. Simultaneously, employees tend to exhibit labor agency practices by modifying working strategies,
selective work, and finding their coping strategies to address uncertainties brought about by platform-mediated
employment. These results indicate the thin line between the autonomy of workers and their economic
vulnerability in the gig-based labor economy. [5], [6]

The other important point that is covered in the recent studies is the role of algorithmic management in the
digital labor platforms. Most gig websites operate based on automated decision-making processes which
distribute jobs, worker performance, and pay packages. Although these algorithmic systems enhance the
efficiency in the operations, it has been shown that they may also lead to transparency problems and cause stress
among the workers because of the unclear decision-making mechanisms. These systems are sometimes seen by
the workers as unpredictable and hard to comprehend and this could cause mistrust to the platform governing
systems. [7], [5]

Together with changes in the labor market, the accelerated development of cloud computing and cloud-native
solutions has made it possible to create scalable digital platforms that can handle a great number of users and
services at the same time. Microservices, containerization, and orchestration platforms are the technologies
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applied in cloud-native architectures to enhance the scalability of the system, its resilience, and flexibility in
deployment. These architectures enable digital platforms that may dynamically scale computing resources
according to changing workloads and are thus especially relevant to on-demand service platforms which run on
gig economies. [8], [9]

The use of microservice-based architectures have taken over the role of a modern cloud-native architecture as
compared to the monolithic architecture where individual services can be deployed and maintained separately.
Studies have revealed that the microservices enhance the maintainability of the system, enabling it to develop
software faster, and managing distributed services in the cloud setup. Nevertheless, they also come with
challenges of how to coordinate the services, monitor complexity, and overhead of communication among the
distributed components, necessitating the need to employ proper orchestration and events management
strategies. [10], [11]

EDA has become an efficient design paradigm in the construction of performable distributed systems in the
cloud. Event-driven architectures also make system components loosely coupled by permitting services to
communicate via asynchronous events instead of direct and synchronous requesting supporting responsiveness
of the system with high workloads. Results of experiments that have explored the migration of older systems to
event-driven systems have demonstrated that the design improves the maintainability and scalability of the
system as well as minimizing dependency among services. These advantages render event-driven systems
especially appropriately applicable in applications that need real-time periodic changes and dynamic service
coordination. [12], [13]

Besides the development of architecture, geospatial technologies and location-based services have become
crucial especially regarding the aspect of the contemporary digital platforms. Location based services allow
applications to query the spatial query and geographic data processing technique to identify nearby resources,
services or workers. Spatial database systems like PostgreSQL equipped with PostGIS extension offer high
geospatial capabilities which enable effective search of proximity as well as spatial indexing. These functions
allow applications to recognize a service provider in a specified geographical radius as well as achieve high
performance despite handling of huge volumes of data. [14]

The studies on optimization of spatial databases have shown that spatial indexing methods can greatly enhance
efficiency of location-based queries by fewer search times and the ability to support location-conscious
applications at scale. Operators like STD within enable the system to find entities effectively within a certain
distance that is why it is incredibly valuable to hyperlocal services platforms that depend on the distance-based
worker distribution. A significant number of current location-based service applications in the transportation,
logistics, healthcare, and on-demand service platforms are built upon these geospatial capabilities. [15]

III. METHODOLOGY

A. Requirement Analysis

The functional and non-functional specifications used to describe the requirement analysis of the Kaargar
hyperlocal service platform outlines the functional and non-functional specifications needed to guarantee the
technical feasibility and scalability of the operations.

The platform is functionally focused on Geospatial Allocation (FR1) where customers can find workers in their
area depending on proximity, category of skills, and availability. As shown in Fig. 3, spatial queries that are
executed using PostGIS are used to accomplish worker discovery. The search pipeline integrates the geospatial
filtering and weighted scoring system based on the worker proximity and service ratings to attain intelligent
worker allocation.

It is also a platform with the implementation of a Transactional Workflow (FR2) using structured Job Lifecycle
Engine. The process of the lifecycle, including job creation, through releasing final payment, is shown in Fig. 2.
The integrity of finances is established by using an escrow-based wallet system whereby the money is held
temporarily until the job completion is confirmed by a confirmation procedure between the customer and the
worker.

To provide the interaction between the user and the system in real time, the system uses Real-Time
Synchronization (FR3) which is through communication architecture using the WebSockets and Redis
messaging. This client polling-based model can be represented as inefficient as shown in Fig. 4 and allows
changing job status instantly, responding to bidding, and communicating via chat.

Non-functionally, there is Performance and Scalability (NFR1) which requires the system to achieve ultra-low
API latency (<=200 ms) with high concurrency. This is implemented with asynchronous request processing with
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the AsynclO architecture of FastAPI, efficient database access, and container deployment on a Google
Kubernetes Engine (GKE).

Security and Resilience (NFR2), is the second non-functional requirement, which is achieved through the set of
strict JWT authentication, Role-Based Access Control (RBAC), and secure data storage. Location obfuscation
protects worker privacy, meaning that the raw geographic positions will never be provided to the clients. GIST
spatial indexing and GIN indexes are used to ensure data integrity, search speed in a normalized PostgreSQL
schema (3NF).

B. System Design

The platform logical scheme is microservice-oriented, which is presented in Fig. 1, where the system
functionality is split into a few autonomous modules that cover various business areas. These modules involve
management of workers, job allocation, pay processing and communications.

An API Gateway layer that is a centralized API Gateway layer that is implemented with Fastapi serves as a point
of entrance to all client requests. The gateway performs the duty of request routing, validation of authentication,
and implementation of Role-Based Access Control policy.

Data persistence layer is created on the top of PostgreSQL with PostGIS extension that offers the texture of the
spatial data manipulations. Workers and job locations are geographic data types that are processed with the help
of spatial functions like STDWithin and STDistance.

To enhance the performance of geospatial queries the database is using the GIN indexing of array based
attributes like worker skills and service category, and the GIST spatial indexing of location attributes. These
indexing algorithms enable their spatial search functions to be performed with almost logarithmic complexity as
opposed to the linear scans in large data sets.

The system execution environment will be made to provide high concurrency and fault tolerance. FastAPI builds
on an asynchronous I/O processing framework to support high quantities of active requests with minimal
resource consumption in the system.

To correct the performance problems of the constant client polling, the platform uses the event-driven
communication pattern in the Fig. 4, where Redis is utilized as the underlying messaging foundation of the real-
time updates.

Privacy of the workers is maintained by indulging server-side distance calculation. Geographic calculations are
carried out in the backend services in this method and the calculated value of the distance is only sent back to the
client. Schema optimizations and row-level security policies are also used in order to minimize query complexity
and ensure effective access control.
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Fig. 5. Cloud Deployment Architecture (GCP + GKE)

C. Technology Stack Selection

The architecture of the system is composed of a Python based technology stack that is scalable and concurrent.
FastAPI (Python 3.10+) is used as the backend framework because of its asynchronous nature that allows it to
handle numerous requests at a time and excellent performance when under concurrent load. The frontend
interface is designed based on React and Vite and allows creating a modular and responsive Single Page
Application (SPA).

PostgreSQL Data warehousing is done in PostGIS extension which supports high-performance geospatial
querying needed to do hyperlocal service discovery.

Supabase Auth implements authentication and identity management and is a secure JWT based authentication
with integrated storage of user uploaded data like KYC verification files and job proof images.

The system is entirely implemented on Google Cloud Platform on Google Kubernetes Engine, which is shown in
Fig. 5, to allow container coordination, group scaling, and group availability.

D. Implementation

The Hyperlocal service is developed on a high-performance Python based technology stack that can be used to
facilitate concurrency, resilience and scalable performance. The platform architecture allocates duties on
multiple coordinated layers, as shown in Fig. 1; the client interface, API gateway, service layer, geospatial data
processing layer, and the real-time messaging infrastructure.

The core backend services are implemented in FastAPI (Python 3.10+) because it is based on the AsynclO
asynchronous execution model, which allows workflow operations with high concurrency to be effectively
handled, e.g., worker discovery queries and transactional workflows. The feature enables the system to serve
many concurrent API calls without interrupting execution threads. The frontend interface is built in React with
Vite offering a modular Single Page Application (SPA) with a structure that allows fast rendering, serviceable
component structures, and easy communication with backend APIs.

Upstate data storage is achieved with the help of PostgreSQL with the PostGIS extension which supports the
native forms of geospatial data and spatial queries needed to identify hyperlocal services. Fig. 3 shows the spatial
processing workflow that worker discovery uses. The architecture assigns geospatial functions of computational
intensity (computation distance calculation, spatial filtering, etc.) to the database layer itself, via optimized
PostGIS functions like STDistance and STDWithin. Performing these tasks within the database reduces the
network overhead as well as performance is enhanced greatly in response to the location based queries.

GIST spatial indexes are also placed on location fields in the database schema to achieve further fastening of
space searches. This indexing approach converts geospatial search functions into a linear scan whose complexity
is worst case.

O(N) to a near-logarithmic search O(logN), which allows one to quickly identify any nearby worker even with
the largest datasets.

The platform architecture allocates the functional loads over the specialized infrastructure elements. FastAPI
services are designed as the main API Gateway, which will perform a verifying action and check JWT
authentication tokens, implement the role-based access control (RBAC) policy, and send requests to the modules
that can serve them. Fig. 1 shows the interaction between the geospatial database, service layer, the real time
messaging components, and the gateway.

An Event-Driven Architecture is applied to update the platform in real-time by substituting the ineffective client
polling with persistent WebSocket communication channels, as shown in Fig. 4. These channels are backed by a
Redis messaging layer which facilitates lowly latency eventization communication between connected clients.
This process allows the users to be notified about the status of their jobs, bids by workers and chat in real time.
Supabase is a platform that offers a combined Backend-as-a-Service (BaaS) layer, which takes care of secure
identity management and storing media. The authentication is provided by using the JWT tokens issued by
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Supabase Auth which is verified at the API Gateway level by all incoming requests. The storage of user-
generated content, including KYC verification documents, job proof images, and chat attachments, is also
provided by Supabase storage.

With this multifaceted architecture, -geospatial maximum computing in PostGIS, -asynchronous services in
FastAPI, and -real-time events in WebSockets, the system may distribute the workloads of its infrastructure
layers in a balanced way. This architecture will allow the platform to be highly throughput, low latency, and
highly reliable in terms of operation.

E. Testing and Debugging

The Hyperlocal platform is subjected to an extensive testing plan, which is meant to ensure that functional
correctness, performance stability and security compliance is passed.

The verification of the algorithmic correctness is done with unit and integration tests which are carried out with
the help of pytest testing framework. These tests are used to test the accuracy of critical system logic such as the
Weighted Scoring Algorithm applied to worker ranking and integrity of the Job Lifecycle Engine as shown in
Fig. 2. The lifecycle change operations as the creation of the jobs, the assignment of the workers, the submission
of the work and the ultimate approval are systematically checked to guarantee that each of them runs properly
under various circumstances of work.

End-to-End (E2E) testing is performed on the entire work pipeline of operations to test the overall platform
workflow. These tests model the entire system interactions starting with job creation and discovery of workers,
progressing to the bidding and communication, and finally the work verification and releasing of escrow
payments. The flow of interactions between the customers/workers and the platform infrastructure is based on
the model of operation as shown in Fig. 6.

To perform performance testing, the established Non- Functional Requirements (NFRs) are checked, in
particular, the need to ensure that the system can respond to API calls within 200 ms even when working with
high concurrency and a high number of requests is necessary. Load testing simulations measure the stability of
infrastructure elements like read replica databases and connection pooling softwares like PgBouncer so that the
system does not become unresponsive during a heavy load condition.

Particular consideration is also paid to the functionality of the Event-Driven Architecture, also demonstrated in
the Fig. 4, in which the functionality of the WebSocket communication with the real-time updates is
demonstrated instead of the constant polling requests. This will greatly decrease the load on the back end, at the
same time ensuring real-time communication between the participants of the platform.

Security testing The security testing is used to test the implementation of JWT authentication and Role-Based
Access Control policies and location obfuscation. These tests make sure that geographic coordinates of the
workers are not compromised and only the authorized individuals have access to restricted system resources
because of the API Gateway layer.

F. Deployment, Demonstration, and Evaluation

The architecture of the deployment of the Hyperlocal platform is built to provide high availability, resilience,
and scalability, and the architecture is represented in Fig. 5.

The platform infrastructure is implemented on Google Cloud platform (GCP) with Google Kubernetes Engine
(GKE) to orchestrate containers. The services implemented with FastAPI and installed in the Kubernetes cluster
as containerized workloads are to be provided with functionality of dynamic scaling of the application instances
based on the changing traffic conditions.

The React frontend application is deployed as a Single Page Application (SPA) on a content delivery platform
like Vercel that allows quick distribution of the content globally of the static assets and provides better
performance on the client side.

The persistence layer is based on PostgreSQL using the PostGIS extension that gives it the ability to store
transactional data as well as high-performance geospatial queries necessary to do worker discovery operations.
Location searches, the workloads that are read-intensive, are replicated on read replicas, whereas connection
pooling by using PgBouncer helps prevent the primary database being overwhelmed by connection saturation
when demand is high.

The Event-Driven Communication Architecture shown in Fig. 4 facilitates real-time coordination of the system
with WebSocket connections comprising of Redis messaging to provide the real-time job status and
communication event.

The last evaluation stage confirms that the platform meets the Non-Functional Requirements of the platform
such as the ability to scale its system, low response latency and the ability to be available when required. Load
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testing simulations confirm that the FastAPI architecture based on AsynclO and Kubernetes deployment
environment can support high concurrent traffic rates and ensure that the API response time does not exceed the
target level of 200 ms.

Security validation will be used to ensure that the policies of JWT authentication, RBAC enforcement, and
location obfuscation work properly throughout the request processing pipeline.

IV. FUTURE SCOPE

The Kaargar platform already has a secure and scalable base of hyperlocal service distribution; however, there
are numerous possibilities to expand the platform with its intelligent allocations and the entire infrastructural and
development.

Regarding growth potentials, the development of the workforce assignment feature by adding more sophisticated
machine learning-based recommendation systems is one of the largest areas. The existing workforce allocation
systems are based on physical location and rank of employees. The future of labor distribution will depend more
on predictive modeling based on historical job completion time, average response time, reliability of the workers
and customer satisfaction level. The modeling of this type may utilize gradient boosting algorithms or neural
network ranking algorithms within the current PostGIS search system of the company.

The other opportunity area is in the execution of the dynamic pricing abilities. The platform can track demand
trends, seasonal demand trends, and density of service offering by region and dynamically set prices of services.
These initiatives like dynamic pricing will contribute to the establishment of equilibrium (balance) between the
services offered and the services demanded which also guarantee the financial recompense of the workers
offering the services.

Also, there are numerous infrastructure alternatives the company can consider to transform to the entirely
distributed microservice environment. The current architecture is modular and it is already utilizing
containerization in Google Kubernetes Engine (GKE) though should payment, search, and messaging services be
fully turned to microservices, the business would be in a better place to gain even more flexibility as the
company extends to new cities and with increased volume.

Moreover, the stack could be enhanced in numerous ways as it would be in the future. One of them would be the
addition of measurements of tools like Prometheus and Grafana to collect metrics, Distributed Tracing Tools like
OpenTelemetry to gain better access to the performance of your system and that of the services and even the
infrastructure your specific K8S cluster is running. These other observability and operational monitoring features
may result in significantly improved understanding of the performance of your Application, and may also assist
you in knowing how long a specific request is taking to complete, at the service level, and at the infrastructure
level.

Another area that would be in need of significant improvements, or/and increased functionality, would be further
development of better trust and governance systems. Certain instances of these are the installing of automated
fraud detecting systems to ascertain the occurrence of any fraud incidents, or absence thereof, based on the
patterns of transactions and/or behavior relating to the transaction. Also, you might use Al assisted moderation to
make the administrators work out any disputes or complaints that may be lodged against the actions and/or
behaviors of an individual customer by analyzing the data he/she posted on the system and the communications
that were made.

Finally, there exist multiple opportunities to develop this platform into a digital labor ecosystem, which is
potentially larger. The hypothetically released implementation of digital payment gateways, the fact that people
can certify themselves in their specific skills and workforce programs by the government would bring this
platform to a full scale of a full workforce enablement platform. Due to the construction and availing of worker
skills verification, training and professional rating to this platform, as a direct consequence, may not only present
a good avenue towards the blue collars to secure a job, but also establish credibility with your customers.

These improvements would cause the Kaargar platform to become more a digital infrastructure allowing the
workforce to be organized within the local service economies of large metropolitan cities, as opposed to a
hyperlocal service marketplace.

V. CONCLUSION

This research offered to conceive and implement the Kaargar, an on-demand labor allocation system which was
hyper-local and would eliminate the structural inefficiency and lack of trust, which was prevalent in the current
blue-collar service markets in cities. The proposed system has used geospatial intelligence, real time
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communication and secure transactional workflow to create a reliable digital infrastructure to close the divide
between the customers and the proficient workers.

The platform works in a worker discovery, which in terms of operation is efficient, through the Location-Based
Service (LBS) core, which operates on PostGIS spatial queries. The operations such as STDWithin and
STDistance are spatial operations that are categorized to classify the proximity of workers and the availability of
services and enable a given geospatial filtering and ranking on a predetermined service radius. The GIST indexes
of spatial indexing enable worker discovery to be high performance even with large volumes of data and high
query load.

The system architecture is a modular architecture, which is developed around FastAPI asynchronous processing
and is made on microservices that offer the platform to utilize high concurrency and large volumes of service
requests in real-time. Architecturally, real time customer-worker coordination is done through the event driven
layer of communication through WebSockets-based and Redis-based messages which enables the platform to
support high concurrency and intensive real-time service request volumes. WebSockets and Redis are used to
coordinate with customers and workers in real time with the use of event-based communication layer based on
WebSockets and message-driven based on Redis, which provides instant notifications, job updates, and chat
communication

The platform in addition to improving operational efficiency also results in social sustainability of the digital
labor ecosystems, through offering worker autonomy (self-selection of jobs), transparent reputation, and
institutionalized dispute resolution processes. Through incorporation of geospatial computing, event-driven
system design, and trust-based governance, the Kaargar platform demonstrates how the existing cloud-native
designs can transform the fragmented hyperlocal labor markets into scalable and trusted ecosystems of services.
To ensure that the system delivers platform trust and financial integrity, it has deployed an escrow-backed wallet
system, job life lifecycle management, and a governance system, comprising of identity verification, ratings and
complaint resolution. These mechanisms provide a clear working ground and this increases the confidence of the
users and reduces the risks of informal service market.

The site has been implemented on Google Cloud platform under Google Kubernetes Engine (GKE) that provides
scalable container orchestration, fault tolerance and auto-managing resources. This deployment architecture
enables the system to dynamically scale without the implementation of high latency and high availability.

Social sustainability of digital labor ecosystems are also related to the platform besides improving efficiency in
the operations as workers can enjoy autonomy through task self-selection, transparent reputation systems, and
well-structured dispute resolution systems. The Kaargar platform demonstrates how the existing cloud-native
designs can transform the dispersed hyperlocal labor markets into scalable and trusted service ecosystems with
the integration of geospatial computing, event-driven system design, and trust-based governance.
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