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Abstract

Many enterprise information systems continue to rely on legacy Service-Oriented Architecture (SOA) implementations using SOAP-based
web services to support critical business operations. Although SOAP provides standardized messaging, strong security, and reliable
interoperability, its XML-based communication format and rigid service contracts introduce significant complexity, increase
communication overhead, and limit compatibility with modern web and mobile applications. In contrast, RESTful APIs have become the
dominant integration paradigm because of their lightweight communication model, scalability, stateless architecture, and native support
for JSON-based data exchange. However, replacing legacy SOAP services with newly developed REST APIs is often costly, time-
consuming, and disruptive to existing enterprise workflows. This paper proposes an automated middleware framework that transp arently
transforms legacy SOAP web services into RESTful APIs without modifying existing business logic or backend service implementations.
The proposed framework automatically analyzes Web Services Description Language (WSDL) specifications, maps SOAP operations to
REST endpoints, and performs bidirectional XML-JSON serialization and deserialization to ensure seamless interoperability between
legacy and modern systems. Framework performance is evaluated using three quantitative metrics: the Transformation Efficiency Ratio
(TER), measuring transformation correctness; the Payload Reduction Ratio (PRR), measuring communication overhead reduction through
JSON serialization; and the Latency Overhead Index (LOI), measuring additional processing delay introduced by the transformation layer.
Experimental evaluation was conducted using five representative enterprise SOAP services commonly found in legacy information systems.
The proposed framework achieved an average TER of 98.7%, PRR of 63.0%, and LOI of 10.1%, demonstrating high transformation
accuracy, substantial payload reduction, and minimal latency overhead. The results indicate that automated middleware-based
transformation provides an effective migration strategy for modernizing enterprise integration architectures, enabling organizations to
expose lightweight, high-quality RESTful APIs while preserving existing SOAP services, minimizing redevelopment effort, and supporting
gradual digital transformation initiatives.
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1. Introduction

Enterprise systems developed over the past 20 years often use SOAP (Simple Object Access Protocol) web services to enable
communication between a user's software applications deployed across distributed systems. SOAP services use XML messaging and are
defined through WSDL (Web Services Description Language) for service contract, operation, and data type definitions [1][2]. In the early
days of SOA, organizations typically used services internally, which brought standardization, reliability, and formal contracts before
communication efficiency [1].

As application environments have become more demanding, the limitations of a SOAP-based architecture have become more apparent.
SOAP messages typically generate important overhead due to the XML envelope, which can inflate both the size of payloads and the
complexity of parsing [3][4]. Also, clients need to generate stubs from the WSDL, which can lead to tight coupling between the client
implementation and the service contract. Finally, modern web and mobile applications have limited native support for SOAP endpoints,
requiring client implementations to undergo additional transformations to consume SOAP services [5]. These characteristics make it more
difficult to integrate SOAP services into modern, cloud-native, and microservices-based architectures [1][6].

REST (Representational State Transfer) specifies a set of architectural constraints or properties for distributed hypermedia systems [7].
REST APIs expose resources through standard HTTP methods, JSON representations, and scalable, stateless interactions between clients
and servers. Some of this trend can be explained by the rise of cloud computing, mobile apps, and microservices architecture [8]. Other
organizations have some legacy services implemented using SOAP, which they cannot easily replace at a reasonable cost or risk [9].
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In this paper, we propose an automatic transformation framework that exposes legacy SOAP services as RESTful services through a
transformation layer [10]. A WSDL document is parsed and mapped to RESTful service endpoints. An XML to JSON bi-directional
transformation is performed in the transformation layer on the fly [11]. This allows existing legacy services to be exposed as RESTful
services with no modification. The conversion accuracy, payload efficiency, and latency overhead are evaluated using three quantitative
metrics [12].

2. Literature Review

2.1. SOAP-Based Web Services

SOAP is a protocol for exchanging structured information in different distributed computing environments. It is widely used and well-
documented in the enterprise integration literature [13]. A SOAP message consists of an envelope, an optional header, and a body
containing the operation request or response. Service contracts are defined using WSDL documents [14]A service contract specifies a list
of supported operations, the expected and returned messages, the transport-level bindings, and the service endpoint address. SOAP supports
advanced messaging patterns such as message-level security (WS-Security), reliable delivery (WS-ReliableMessaging), and distributed
transaction coordination (WS-Transaction). As a result, SOAP was the standard used in enterprise integration during the SOA era, when
reliability and the notion of contracts were key [15].

However, SOAP has two practical limitations due to its verbose syntax and rigid structure: (1) its use of XML is more heavyweight than
JSON, and (2) its envelopes have more overhead than strictly necessary to communicate messages between web services (see). As clients
are tightly coupled to the WSDL-defined contract, any changes to the service interface require regenerating the client stubs [16]. This can
be cumbersome. The previous disadvantages also limit the agility of the SOAP-based systems in a fast-paced cloud-native ecosystem [17].

2.2. RESTful Web Services

Representational State Transfer (REST) is an architectural style for distributed hypermedia systems. A RESTful system exposes resources
via a set of URIs and uses standard HTTP verbs to retrieve, create, update, and delete them. REST APIs are stateless; every request from
the client to the server must contain all of the information required to understand and complete the request. REST APIs typically use JSON
as a data representation format, as it is more compact than XML and is native to the JavaScript-based clients.

The ease of scaling and the architectural simplicity of REST have made it popular in cloud computing, mobile computing, and microservices
architectures. RESTful APIs are easier for web browsers and mobile clients to consume without the need for additional tools, such as API
gateways, service meshes, and service proxies that are often used in cloud-native architectures [18][19]. Although REST is not specific to
microservices, the shift from SOA to microservices (small, independently deployable services that communicate via a lightweight protocol)
is increasing the use of REST [20]. Murala et al. demonstrated the use of service-oriented microservice frameworks using REST interfaces
in industrial IoT applications [21].

2.3. Service Modernization Approaches

Additionally, several approaches have been proposed for migrating existing SOAP services to REST APIs, one being manual rewriting, in
which services are completely redesigned and reimplemented as REST APIs. This is the most complete solution, but also the most costly
and disruptive [22]. An API gateway-based transformation places a gateway in front of existing SOAP services, converting the protocol
used by incoming requests, but this requires configuring the gateway for each service. Middleware adapters wrap SOAP services and
expose a REST interface, but still require meaningful effort for each service.

In the context of type-based migrations of legacy services, Trabelsi et al. have suggested leveraging machine learning and semantic analysis
techniques to derive systematic and repeatable mapping from legacy to the new models [23]. Blinowski et al. have comprehensively
evaluated the performance and scalability of monolith microservice architectures. Surantha et al. compared the performance of middleware
used to migrate a bank application from a monolithic to a microservices architecture. REST has better throughput and lower latency at the
same load. Goswami studied migrating SOAP-based enterprise integrations to REST and event-driven architectures and concluded that
middleware-based transformation is the most appropriate for organizations with large legacy service portfolios. Neelan studied how API
gateways fit into a scalable microservices architecture and demonstrated that gateways can be used to expose legacy services. The
framework extends this work by generating endpoints from WSDL and thus removing the need for gateway configurations per service that
have been proposed in [24].

3. Methods

Organizations that already have large portfolios of existing legacy SOAP services have additional issues to deal with when modernizing
their API stacks, including the sheer volume of their investment into individual SOAP endpoints and the cost to rewrite all of them [25].
Second, enterprises may have hundreds of SOAP services with multiple operations per WSDL file, each defining years of business
decisions in their operation names, data types, and fault management strategies. Thus, migrating an existing system to reduce its monolithic
architecture while maintaining the source system's structure and transforming service interfaces is technically challenging and error-prone.
For instance, Saucedo et al. show in a systematic mapping study that dealing with the structural variability, type mapping, and interface
transformation is a non-trivial task for all migration approaches from monolithic systems to microservices.

Third, using SOAP services also raises the risk of regressions during migration. SOAP services are often used in mission-critical functions
such as financial transactions, order management, and regulatory reporting. In particular, any migration strategy that involves code changes
to the service implementations risks accidentally leaking behavioral differences to dependent systems [26]. Finally, client teams have also
come to expect APIs to be accessible to clients via JSON over HTTP, without the need to generate SOAP stubs or process XML. This then
creates an interoperability gap between legacy service providers and modern client consumers [27].

In summary, we have described a design for a mechanism to transform SOAP services into REST-style APIs that meets the requirement
of preserving the semantics of the underlying service, incurs a low performance overhead, and does not require modifying the service's
implementation. The framework we introduced represents a practical path to API moderization for organizations with large inventories
of SOAP services, without the expense and risk of rewriting all services.
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4. Result and Discussion

4.1. Framework Overview

The proposed architecture acts as a middleware transformation layer between RESTful clients and legacy SOAP web services. At
application startup, the layer reads WSDL definitions to determine available SOAP operations, and performs automatic runtime REST
endpoint mapping and format transformation between SOAP and RESTful representations. From the point of view of REST clients, the
framework exposes a standard HTTP API; from the point of view of legacy SOAP services, the framework acts as a SOAP client [28].
Neither the REST client nor the SOAP service needs to be aware of the transformation layer.

The framework consists of five steps that are executed sequentially for each REST request: parse WSDL to analyze the SOAP service for
which the request is intended, map the request to a SOAP operation, build a SOAP envelope using the request by transforming the input
JSON payload to XML format, invoke the legacy SOAP service, and map the SOAP response to a REST response by transforming it from
XML back to JSON format. The statelessness of the steps enables the proxy to be horizontally scaled.

One of the stated design goals of the framework was to avoid modifying legacy services. The design separates the transformation layer
from service implementations (SOAP services), so an organization may deploy the framework in front of legacy services without requiring
any changes to service code, contracts, or deployment. This allows for a gradual migration, in which individual SOAP services could be
gradually replaced with new REST APIs as needed, rather than requiring a complete migration to be successful [29].

4.2. System Architecture

The framework architecture consists of five components. The WSDL Parser takes WSDL documents as input and emits operation names,
input/output message schemas, binding information, and service endpoint addresses. An in-memory service model is built that is used by
the rest of the components at runtime. The Service Mapping Engine then maps the WSDL operations extracted from the WSDL to the
REST resource paths/HTTP methods. For retrieving operations, use GET. For creating operations, use POST. For updating, PUT is used.
For deleting, DELETE is used. Path parameters correspond to the identifiers of the input objects of operations.

The Transformation Engine performs a bi-directional format transformation. For example, it can convert the incoming REST JSON request
body into a SOAP XML envelope using WSDL input message types as the schema [30]. For an outbound response, it converts the SOAP
XML response envelope to JSON and maintains the data fields. The results also comply with camel casing conventions for REST requests.
The SOAP Client Adapter (SCA) sends the generated SOAP request to the legacy service endpoint and returns the XML response
(including authentication and protocol encapsulation headers). The REST API interface is responsible for exposing the generated REST
endpoints over HTTP/HTTPS, routing incoming requests, and mapping SOAP faults to their corresponding HTTP status codes.

4.3. SOAP-to-REST Mapping

Mapping of the SOAP operations to REST endpoints is based on a set of rules defined by the HTTP semantics and resource-oriented
semantics of REST [31]. In this process, the names of the WSDL operations are analyzed to infer the HTTP method and resource path.
Operations prefixed with 'get', 'fetch’, 'query' or 'search' are mapped to HTTP GET. Prefixes 'create’, 'add' or 'insert' map to HTTP POST;
prefixes 'update', 'modify’ or 'set', to HTTP PUT; and prefixes 'delete’ or 'remove' to HTTP DELETE. Where the operation names are
ambiguous, the framework defaults to POST, but it can instead be configured to use other mappings.

Table 1 lists specific example mappings from WSDL operations for a customer management SOAP service to REST resources and HTTP
methods. The SOAP operation mapping preserves the operation's semantics and is consistent with REST resource conventions. The input
parameters that identify the requested resource, such as the customer ID or order number, are extracted from the WSDL's input schema
and mapped to URI path parameters in the REST endpoint definition.

Table 1. Sample SOAP Operation to REST Endpoint Mapping

. . HTTP ..

SOAP Operation REST Endpoint Method Description
getCustomer /customers/{id} GET Retrieve customer by ID
createCustomer /customers POST Create a new customer
record
updateCustomer /customers/{id} PUT Update an existing
customer
deleteCustomer /customers/{id} DELETE Remove a customer record
9 —

searchCustomers feustomers ;:ame {nam GET Search customers by name
getOrderHistory /customers/{id}/orders GET Retrieve order history

4.4. Request and Response Flow

The end-to-end request-response workflow can be summarized in six steps. The REST client sends an HTTP request containing a JSON
payload to an endpoint generated by the framework. The REST API Interface delegates the request to an operation handler appropriate for
its HTTP method and request path [32]. In the Transformation Engine, the JSON body is converted into the envelope of a SOAP XML
message defined in the Input schema of the WSDL model. The SOAP envelope is then directed to the legacy SOAP service endpoint by
the SOAP Client Adapter. The XML response is then translated back to JSON by the transformation engine, mapping XML element names
and hierarchy to their corresponding JSON equivalents. The REST API returns a response to the requesting client, along with the
appropriate HTTP status code. SOAP response errors (SOAP Fault elements) are mapped to the appropriate HTTP 4xx and 5xx response
codes, and structured JSON error bodies are included in the response payload.
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Fig 1. Framework Architecture and Request-Response Pipeline

4.5. Methodology and Metrics

To evaluate the impact of the proposal, we define three measures. These measures quantify the three primary characteristics of a SOAP-
to-REST transformation framework: (i) correctness of transformation, (ii) communication overhead, and (iii) transformation layer
overhead. We define these measures below. Sample calculations of the communication and transformation-layer overhead are provided in
Section VI.

Transformation Efficiency Ratio (TER): the percent of SOAP operations of the input WSDL that were successfully transformed into a
functional REST operation by the transformation framework. A TER of 100% implies that every SOAP operation in the input WSDL was
successfully transformed into the generated REST interface. Values below 100% indicate operations that could not be automatically
converted, often because of SOAP extensions such as WS-Security headers, MTOM attachments, or multipart messages, which have no
REST equivalents.

TER = (Successfully Converted Operations / Total SOAP Operations) x 100 1)

The Payload Reduction Ratio expresses how much smaller the message payload is when the same information model is sent in a RESTful
JSON content representation than when it is sent in a SOAP content representation. Since JSON does not require element tags, namespaces,
or SOAP wrapper envelopes, the ratio is large. The PRR is the ratio of the number of bytes in the SOAP request envelope to the number
of bytes in the REST JSON body for the same operation and data.

PRR = [(SOAP XML Payload Size — REST JSON Payload Size) / SOAP XML Payload Size] x 100 (2)

Latency Overhead Index (LOI) measures the additional response latency contributed by the transformation layer as a percentage of the
direct SOAP response time. This measures the cost of WSDL-based routing, converting JSON to XML, invoking SOAP, and converting
the XML response back to JSON, expressed as a percentage of issuing the SOAP service directly outside the framework. A low LOI
suggests that the transformation layer's performance impact is low.

LOI = [(REST via Framework Response Time — Direct SOAP Response Time) / Direct SOAP Response Time] x 100 3)

4.6. Implementation

The framework itself is implemented as a Node. js-based middleware service, chosen for its event-driven, non-blocking I/O architecture,
which is well-suited to the concurrent request handling expected of a transformation proxy. The WSDL parser uses the 'soap' npm package
to read WSDL documents and the 'xml2js' npm package to convert XML to JSON. Dynamic REST endpoints are created at runtime using
an Express.js HTTP server, based on a parsed WSDL model. The SOAP Client Adapter uses the built-in SOAP library to send SOAP
requests, process WS-Addressing headers, and resolve endpoint bindings.

WSDL files can be loaded at runtime to expose new SOAP services without restarting the transformation layer. A mapping manifest file
specifies mappings between WSDL service URLs and their corresponding base REST path prefixes. This allows multiple SOAP services
to be exposed via a single transformation layer instance, using the same base URI. This multi-service capability is important for enterprise
deployments where dozens of SOAP services need to be exposed as REST APIs simultaneously, and the entire framework can be
containerized with Docker and run behind a load balancer or API gateway for horizontal scalability.

Error handling works at multiple levels. The transformation engine catches SOAP faults and converts them into structured JSON error
responses. HTTP response codes correspond to the fault type: a SOAP Client fault uses HTTP response code 400, a SOAP Server Fault
uses 500, and a VersionMismatch fault uses 501. SOAP timeout and connection errors sent by the SOAP backend to the application are
returned with an HTTP 502 status code, meaning REST clients are always served a standard HTTP error message regardless of the specific
SOAP error (for compatibility with REST-native error handling).
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Fig 2. SOAP-t0-REST Request Transformation Flow with JSON-XML Conversion Steps

4.7. Evaluation and Results

The architecture was then tested against five legacy SOAP services spanning different levels of runtime complexities, payload sizes, and
call frequencies. These services were the Customer Management Service (12 operations), the Order Processing Service (8 operations), the
Product Catalog (15 operations), the Invoice Management Service (6 operations), and the Notification Dispatch Service (10 operations).
The services were all deployed locally, and baseline SOAP response times were recorded by calling them directly, bypassing the
transformation layer. The framework's response times are measured by calling its REST endpoints. The payloads are calculated using a
sample request body for each service's read operation.

Table 2 presents the TER and PRR for all five services. Table 3 outlines the LOI results based on measured response times. All of these
measures are discussed below.

Table 2. Transformation Efficiency Ratio (TER) and Payload Reduction Ratio (PRR) by Service

Service Total Converted TER SOAP Payload PRR
Ops Ops (%) (B) (%)

Customer 12 12 100.0% 4,200 60.0%
Management
Order Processing 8 8 100.0% 6,800 65.0%
Product Catalog 15 14 93.3% 3,500 60.0%
Invoice Management 6 6 100.0% 5,200 65.0%
Notification Dispatch 10 10 100.0% 2,800 65.0%
Average / Total 51 50 98.7% -- 63.0%

TER Analysis: Four of the five services shown in Table 2 have a TER of 100%. In other words, the framework created a working REST
endpoint for every SOAP operation defined by the WSDL. The exception is the Product Catalog Service, which uses a TER of 93.3%
because one of its operations uses WS-Security signing for a regulatory reporting process that uses a SOAP-level digital signature, which
does not have a direct REST equivalent and cannot therefore be automatically transformed. Considering the overall average TER of 98.7%
across all five services tested, it can be concluded that the framework can handle the vast majority of WSDL patterns in practice.

PRR Analysis: The payload-reduction percentages shown in Table 2 yield PRRs of 60%- 65% for each of the five services. The PRR for
Order Processing and Invoice Management services is 65%, as these two services have the largest absolute SOAP payload sizes of 6800
and 5200 bytes, respectively (the overhead increases with payload size). The PRR of the CMC services and the Product Catalog services
are 60% and 63%, respectively. The results confirm that when the same information can be represented using either SOAP XML or REST
JSON, messages using REST JSON are more than 50% smaller than those using SOAP XML, as found in earlier SOAP and REST
performance evaluations.
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Table 3. Latency Overhead Index (LOI) by Service
. Direct SOAP . Overhead LOI
Service (ms) Via Framework (ms) (ms) (%)
Customer 245 268 23 9.4%
Management
Order Processing 312 341 29 9.3%
Product Catalog 198 221 23 11.6%
Invoice Management 275 302 27 9.8%
Notification Dispatch 156 172 16 10.3%
Average 237 261 24 10.1%

LOI Analysis: Response times for invoking SOAP calls directly and for REST calls via the transformation framework are shown in Table
3. The average response time for directly invoking SOAP calls was 237 ms, while that for REST calls was 261 ms (including the 24 ms
overhead per invocation). This gives us an average LOI of 10.1%, with the highest being 11.6% for the Product Catalog Service. The higher
LOI for the Product Catalog Service can be attributed to its more complex WSDL, which requires more parsing. The Order Processing
Service has the lowest LOI, 9.3%, with respect to the baseline processing latency. The fact that a single-digit or low double-digit LOI is
observed across all services indicates that the performance overhead of the transformation layer is negligible during deployment.

The score in Table 4, the Development Effort Reduction Score (DERS), is the effort required to implement a service as a native REST API
versus configuring the framework to deploy it. The manual effort to implement is based on the number of WSDL operations and the
complexity of the data types utilized by the service. The integration testing effort needed for the service must also be considered. Framework
setup involves WSDL registration, mapping configuration review, and functional validation.

Table 4. Development Effort Reduction Score (DERS) vs. Manual API Rewriting

Service Manual Rewrite (hrs) ~ Framework Setup (hrs) Tlm(irssved D(IE/‘I){)S
Customer 2 5 37 88.1%
Management
Order Processing 35 4 31 88.6%
Product Catalog 52 6 46 88.5%
Invoice Management 28 3 25 89.3%
Notification Dispatch 38 5 33 86.8%
Average / Total 39 5 34 88.3%

DERS Analysis: The DERS analysis in Table 4 shows that, on average, the time required to implement a service was reduced by 88.3%
with the framework's support. The Invoice Management Service has the highest DERS score of 89.3%, as it requires very little configuration
and only a few simple CRUD operations. The Notification Dispatch Service shows the lowest DERS of 86.8% due to the higher
configuration effort of dispatch patterns. However, on all five services, the framework gives a consistent benefit of an eight-fold reduction
in the time that it would take to rewrite the code manually: from the 39 person-hours needed for manual rewrite to 5 person-hours to use
the framework. The result correlates well with Goswami's work on middleware-based SOAP migration strategies and the efficiencies
realized.

4.8. Advantages and Limitations

4.8.1. Advantages

The primary benefit of this architecture is that it does not require redeploying or modifying the legacy SOAP service(s), so organizations
can quickly expose their legacy SOAP services as REST APIs without the risk of behavioral regressions that may occur if the change were
made in the service code itself. The WSDL-driven, automated nature of the solution eliminates the operational overhead normally
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associated with manual configuration in gateway-based transformation solutions, and a service library can be onboarded very quickly. As
a result, the platform can scale horizontally and be deployed in an enterprise environment with large volumes of transformation requests.
Since our measured PRR was 63%, a request through the framework is approximately 37% the size of the original SOAP payload. This
reduces bandwidth usage and response time for clients with link size limitations (e.g., mobile clients). A 10% LOI is acceptable in most
cases. For example, as shown in the evaluation, SOAP takes between 156 ms and 312 ms without our framework. This means that the 24
ms average overhead is not noticeable. It is also amenable to incremental transition, as each service can transition when appropriate rather
than requiring the whole organization to transition at once.

4.8.2. Limitations

The main disadvantage of the framework is that SOAP features cannot be implemented straightforwardly in REST and lack equivalent
representations, such as WS-Security message-level signing and encryption, WS-ReliableMessaging, and MTOM binary attachments,
which must be emulated with workarounds or implemented manually [1, 6]. For example, the Product Catalog Service has a TER 0f 93.3%
and a single point of failure if it relies on a centralized proxy. To overcome this issue, it is recommended to deploy several framework
instances behind a load balancer in production. The transformation layer introduces a small but measurable latency overhead, which may
be an issue for use cases requiring response times < 10 ms.

4.9. Future Work

More changes to the framework are planned for future versions; the most immediate is WS-Security transformation, which will bring the
TER of services using message-level security to 100%. This could be done by introducing an OAuth 2.0 token exchange layer that maps
SOAP WS-Security credentials to REST bearer tokens, thus maintaining the security context across the transformation boundary.

Support for an API management tier such as AWS API Gateway, Azure APl Management, or Kong would allow the framework to benefit
from enterprise-grade features such as rate limiting, analytics, developer portals, and policy enforcement without requiring a custom
implementation. Support for GraphQL and gRPC as output protocols would allow the framework to be used by organizations moving to
modern API models beyond HTTP and JSON. Moreover, using Al to map SOAP operation names to REST resource definitions
semantically may further improve accuracy in automatically generating endpoints, particularly for services with non-standard or ambiguous
operation names [33].

5. Conclusion

This paper describes an automated middleware framework that converts legacy SOAP-based web services into RESTful services without
requiring any modifications to the existing web services. This paper describes a framework that parses WSDL definition files, generates
REST endpoint mappings, converts JSON and XML bi-directionally, and enables REST clients to invoke legacy SOAP web services. The
three metrics were applied over five fully fledged enterprise services. The resulting overall TER of 98.7% and PRR of 63.0% provide
strong evidence that service conversion is almost complete and that using JSON-based REST rather than XML-based SOAP reduces
payload size by more than half. The LOI of 10.1% indicates that the transformation layer only adds a small amount of latency (24 ms per
request). The average DERS of 88.3% indicates that, using a transformation framework, the migration effort can be reduced to one-eighth.
The approach provides a low-impact migration path for organizations to easily modernize APIs without replacing existing SOAP
implementations. It allows SOAP services to be consumed by REST clients in organizations with a large inventory of SOAP services.
Further work could be done to extend the framework to support WS-Security transformations, integrate with API management tools, and
leverage Al for semantic mapping and endpoint generation.
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