WSDL & Service Discovery

Web Services and Middleware Technologies




The Core Problem of Distributed Systems

= [n a monolithic application, you just read the source code
= [n distributed web services, the source code is hidden behind a network boundary
=  You need a formal, machine-readable contract

= The Solution: WSDL (Web Services Description Language)



What is WSDL?

= Web Services Description Language

= An XML-based language used to describe the functionality offered by a web service
=  The "Interface Definition Language" (IDL) for the SOAP era

= Maintained by the W3C (World Wide Web Consortium)



The 4 Core Elements of WSDL

A standard WSDL 1.1 document is broken into four distinct parts:

1. <types> : The data structures (usually defined in XSD)

2. <message> : The explicit data elements for inputs/outputs

3. <portType> : The abstract operations (methods) and the messages they use
4

. <binding> and <service> : The concrete physical details (SOAP over HTTP, URL)



WSDL Element 1: <types>

= Defines the data types used by the web service
=  Almost always uses XML Schema Definition (XSD)

=  Guarantees maximum interoperability

<types>

<schema targetNamespace="http://example.com/stockquote.wsdl'">
<element name='"TradePriceRequest'>

</element>
</schema>
</types>



WSDL Element 2: <message>

= Acts as an abstraction layer between <types> and the operations
= A message consists of one or more <part> elements

= Think of it like the parameter list of a function call

<message name='"GetLastTradePriceInput'>

<part name="body'" element='"tns:TradePriceRequest'/>
</message>

<message name='"GetLastTradePriceOutput'>

<part name="body'" element='"tns:TradePrice"/>
</message>



WSDL Element 3: <portType>

= Defines a web service, the operations that can be performed, and the messages that are involved

= Analogousto aJava Interface or C++ Abstract Class
» Abstract definition: It does not care how the operation occurs over the network

<portType name='"StockQuotePortType'>
<operation name="GetLastTradePrice'>
<input message='"tns:GetLastTradePriceInput"/>
<output message="tns:GetLastTradePriceOutput" />
</operation>
</portType>



WSDL Element 4: <binding> and <service>

®  <binding> : Binds the abstract <portType> to a specific protocol (like SOAP 1.1 over HTTP)

m  <service> : Defines the exact URL endpoint where the service is hosted

<service name="StockQuoteService'>
<port name="StockQuotePort" binding="tns:StockQuoteSoapBinding">
<soap:address location="http://example.com/stockquote" />
</port>
</service>



WSDL Generation in Practice

= You will rarely write these massive XML files manually
=  Code-First Java Example:

= Ifyoudeploya @wWebService classto a]Java EE container (like Glassfish or JBoss), you can navigate your
browser to http://localhost:8080/MyService?wsdl

= The application server magically generates the XML on the fly



Generating Clients from WSDL

The client takes your WSDL URL and runs a generator tool:

= Java: wsimport -keep -s ./src http://localhost:8080/MyService?wsdl
» C# (NET): svcutil.exe http://localhost:8080/MyService?wsdl
m C++: wsdl2h -o myservice.h http://localhost:8080/MyService?wsdl



WSDL Versioning

=  What happens when a contract changes? (e.g., You add a new required parameter)
= If you modify the WSDL, all existing clients break instantly
= Strategy: Never modify an active WSDL. Deploy a new WSDL alongside the old one

m e.g., UserServiceVl.wsdl and UserServiceV2.wsdl



WSDL Extensions (WS-Policy)

=  WSDL describes what the service does, but what about its requirements?

= WS-Policy: A WSDL extension that describes capabilities

= e.g., "This service requires WS-Security UsernameTokens." or "This service supports WS-ReliableMessaging."

= Allows clients to pre-configure their channels automatically



WSDL vs OpenAPI/Swagger (The Modern Equivalent)

WSDL was built for SOAP/XML. What solves this problem for modern REST/JSON APIs?

OpenAPI (formerly Swagger) is the modern standard

It is a language-agnostic interface description for REST APIs

Replaces the verbosity of XML with standard YAML or JSON



Comparing OpenAPI (Swagger) to WSDL

WSDL

Format: XML
Strengths: Complex typing, deep validation, WS-*
integration

Weakness: Verbose, hard to read manually

OpenAPI

Format: YAML or JSON

Strengths: Human readable, natively maps to
HTTP/JSON concepts

Weakness: Weaker type enforcement compared to

XSDs



OpenAPI YAML Example

paths:
/users:
get:
summary: "Returns a list of users.
responses:
200" :
description: "A JSON array of user objects
content:
application/json:
schema:
type: array
items:
type: object
properties:



Non-Functional Descriptions in WSDL (and OpenAPI)

= Neither WSDL nor standard OpenAPI inherently describe Performance
= How does a client know if they can hit the API 10 times a second or 10,000 times a second?
= Rate Limits and SLAs: Can be bolted onto WSDL using WS-Policy, or into OpenAPI using vendor

extensions (e.g., x-rate-limit )



Service Discovery

How do we find services in a distributed world?



What is a Service Registry?

m A centralized database of available services within a network
»  Think of it like a DNS Server, but for Web Services

= Registration Phase: When a service boots up, it pings the registry: "I am the Billing Service, I live at IP
10.0.0.5"

= Discovery Phase: When a client needs the service, it pings the registry: "Where is the Billing Service?"



Universal Description, Discovery, and Integration
(UDDI)

= UDDI was the industry’s first attempt at standardizing service registries
=  An XML-based registry for businesses worldwide to list themselves on the Internet
= The original vision: A public "Yellow Pages" for B2B web services

=  Companies would search a public UDDI node, dynamically download a WSDL, and execute a trade



The UDDI Architecture

A UDDI registry consists of three conceptual directories:

1. White Pages: Address, contact, and known identifiers (Company Name, DUNS number)
2. Yellow Pages: Industrial categorizations based on standard taxonomies (e.g., NAICS codes)

3. Green Pages: Technical information about services exposed by the business (the WSDL URLs!)



Mapping WSDL to UDDI

UDDI and WSDL are intimately linked:

= A WSDL <service> maps toa UDDI businessEntity
= A WSDL <port> maps toaUDDI bindingTemplate (providing the physical URL)
= AWSDL <portType> maps toa UDDI tModel (technical model/blueprint)



Querying the UDDI (The Theory)

= (Client sends a massive SOAP request to the UDDI Registry
= The query uses the UDDI Inquiry API (e.g., £ind_business )
= The Response is a SOAP envelope containing the details and WSDL URL of the target

= The client then generates proxies and hits the target



Example: UDDI Query Language (Inquiry API)

A conceptual search for businesses containing "Shipping" in their name:

<find_business generic="2.0" xmlns="urn:uddi-org:api_v2'">
<findQualifiers>
<findQualifier>caseSensitiveMatch</findQualifier>
</findQualifiers>
<name>Shipping</name>
</find_business>



The Fall of Public UDDI

Why did public UDDI fail?

= Trust: No company wanted to dynamically bind to a random, unverified financial API

= Complexity: The spec was too heavy to implement easily

= Stale Data: Companies changed their WSDLs or IPs and forgot to update the public global registry
=  Microsoft, IBM, and SAP shut down their public UDDI nodes in 2006



The Rise of Private UDDI and Modern Discovery

= While Public UDDI failed, the architecture survived internally

= Private Service Registries: Massive corporations implemented internal UDDI nodes to manage their
thousands of internal web services

= Modern Era (Microservices): As systems moved to Kubernetes and lightweight containers, UDDI was

replaced by modern Discovery mechanisms (Consul, Etcd, ZooKeeper)



Stateful vs Stateless Web Services

Application State in Distributed Systems



Stateless Web Services

= The server forgets you existed the millisecond the HTTP connection closes
=  Every request must contain all necessary authentication and context

=  Pros: Trivially easy to scale horizontally — just add more servers behind the load balancer



Stateful Services

= The server remembers data between requests. The state changes over time
= e.g., A"shopping cart" hosted purely on a massive Application Server’s RAM
=  Cons: Very hard to scale. If Server 1 holds your state, the Load Balancer must use "Sticky Sessions" to route

you back to Server 1. If Server 1 crashes, your cart is gone



Managing State

How do we manage state safely in modern architectures?

External State Stores

Keep the Web Service mathematically stateless

Store the state in a rapidly accessible, external distributed cache (e.g., Redis or Memcached)

Any web service node can fetch the state using a Session Token



Managing State: Cookies and Tokens

=  Cookies: Still widely used for browser-to-server state. The browser automatically sends the cookie back on

every request
= Tokens (JWT): The modern standard for API-to-API state. The client holds a cryptographic token. They

pass it in the HTTP Header ( Authorization: Bearer <token> ). The token itself contains the user’s state



WS-Resource Framework (WSRF)

» Historical Context: How did Enterprise SOAP handle stateful resources like long-running business jobs or
physical grid computing jobs?
=  WS-Resource Framework: A set of heavy SOAP specifications that defines how to associate a stateless web

service with a stateful resource using physical XML definitions and "Endpoint References"



Notification and Eventing

How does the Server push data to the Client?



Web Services Notification (WSN)

= A set of specifications for the Publish/Subscribe (Pub/Sub) pattern over SOAP
= Provides a standard XML message format for subscribing to topics

= A client sends a SOAP message: "Subscribe me to the 'InventoryUpdate' topic."

=  When the server updates inventoryj, it fires a SOAP message to a registered callback URL on the client



WSN Example (Subscription Request)

<wsnt:Filter>
<wsnt:TopicExpression Dialect=".../SimpleTopicExpression'>
tns:PriceFluctuations
</wsnt:TopicExpression>
</wsnt:Filter>



Web Services Eventing (WS-Eventing)

= Similar to WSN, but lighter and spearheaded by Microsoft and IBM
= Standard for asynchronous event notification between web services

= Uses WS-Addressing tightly

= Defines standard roles: Event Source, Event Sink (Subscriber), Subscription Manager



The Modern Alternative: Webhooks

=  How does the modern REST ecosystem handle asynchronous notifications?

=  Webhooks (User-Defined HTTP Callbacks)

= You go to GitHub’s Ul, and paste a URL: https://my-api.com/github-events

= When a commit happens, GitHub makes an HTTP POST to your URL with a JSON payload
= [t is the exact same architectural concept as WS-Notification, just JSON and REST



The Modern Alternative: SSE & WebSockets

= How do you push events directly to a Web Browser (which cannot expose a public webhook URL)?
=  SSE (Server-Sent Events): A unidirectional stream over HTTP where the server pushes text events to the

browser

=  WebSockets: A full, persistent, bi-directional TCP connection over HTTP. Used for modern chat apps and

real-time dashboards



Deep Dive: WSDL Validation with XSD

WSDL allows strict constraints on your data using XSD facets:

<xs:restriction base='"xs:string'>
<xs:minLength value="8"/>
<xs:maxLength value="20"/>
<xs:pattern value='"[a-zA-Z0-97]+"/>
</xs:restriction>



WSDL Extensibility Points

= WSDL 1.1 allows <extension> elements almost anywhere

= This is how specific application server vendors (like IBM WebSphere or MS IIS) added custom properties
without breaking the W3C standard

=  Warning: Heavy use of vendor extensions destroys interoperability



Understanding WSDL 1.1 vs WSDL 2.0

= WSDL 2.0 was released in 2007. It changed the terminology:
= <portType> became <interface>
=  <port> became <endpoint>
= [t added native support for binding to REST HTTP APIs
m  The Reality: WSDL 2.0 was a massive failure. Industry adoption remained firmly stuck on WSDL 1.1



The Role of DNS in Discovery

=  Before invoking UDDI or a Service Registry, how does the lowest transport layer resolve an endpoint
natively?

= DNS (Domain Name System)

= If your WSDL <service> location points to http://billing-service.internal/api ,the OS queries
local DNS

= DNS Round Robin: A primitive load balancer. One internal hostname returns multiple different IP

addresses in succession



Addressing the "Stale Client" Problem

= A client caches the WSDL locally. The server adds a new <message> type in a minor patch

= The client sends a request without the new data. The server rejects it

= Best Practice: The WSDL URL should be versioned natively

http://api.corp.com/v1l/billing?wsdl Vs http://api.corp.com/v2/billing?wsdl



Tooling: Viewing WSDLs Graphically

= Reading raw XML WSDL files is difficult and prone to missing subtle changes
= Tools like Eclipse Web Tools Platform (WTP) or Altova XMLSpy provide GUI editors
= They visualize the PortTypes as trees and map the inputs to outputs visually, making it easy to identify

broken bindings



Summary: SOAP vs REST via Documentation

SOAP Flow REST Flow

1. Developer writes Java 1. Developer writes Node/]S

2. Server generates WSDL 1.1 2. Developer writes OpenAPI YAML

3. Client runs wsimport to generate Proxy Code 3. Client uses Swagger-UI for Documentation

4. Client writes fetch() requests manually



Endpoint References (WS-Addressing)

http://fabrikaml23.com/purchasing
<wsa:ReferenceParameters>
<customer:ID>12345</customer:ID>
</wsa:ReferenceParameters>



What about GraphQL? (A Preview)

= We’ve discussed WSDL (SOAP) and OpenAPI (REST)

= Later in the course, we will explore GraphQL (Lecture 12)

=  GraphQL radically shifts this paradigm. It acts as both the endpoint and the dynamic schema at the same
time

= (Clients dynamically query exactly the fields they want based on an introspective type system



Service Registries and Microservices

As you prepare for your final projects, consider how components find each other.
If Node 1 crashes and restarts with a new IP, how does Node 2 know?
1. Hardcode IP (Bad)

2. Use Internal DNS (Okay, but slow cache propagation)

3. Use an active Discovery Service like HashiCorp Consul/Zookeeper (Excellent - Industry Standard)



Securing the Discovery Phase

= A major issue with UDDI was security. Who is allowed to query the directory of your internal financial

services?
=  Modern Service Meshes (like Istio) handle Service Discovery at the infrastructural proxy level

= The application simply requests http://billing-service/ , and the Mesh interceptor securely resolves it

via integrated discovery, ensuring mTLS encryption



Architecting for High Availability with Discovery

= [fyour entire cluster relies on a Service Registry (like Consul) to find each other...
=  What happens if the Service Registry crashes?
= Total cluster failure. The registry requires its own distributed consensus algorithms (like Raft or Paxos) to

ensure it survives network partitions



WSN and Eventing Challenges

Why did WS-Notification never fully conquer the enterprise?

1. Firewall issues: Having the server POST back to the client requires the client to expose a public IP/Port.
Most corporate clients sit behind NAT/firewalls
2. State overhead: The server must maintain a database of every client’s subscription URL and manage retries

if that URL is temporarily offline



The "Contracting” Mindset

= Before writing logic, sketch the OpenAPI YAML or the WSDL
= Agree on the JSON/XML payload with the frontend team
=  Upload the mock schema to a server so the frontend can generate their mocks and start building UI parallel

to your backend work



Caching WSDL Files Automatically

= Libraries like Apache CXF will fetch the WSDL over HTTP on startup
= [f the WSDL server is down, your application crashes on boot

= Best Practice: Download the .wsdl and .xsd files, place them inside your Java src/main/resources

folder, and point your framework to the local file



Debugging SOAP with cURL

If SoapUl isn’t available, you can use raw cURL in the terminal:

-H '"SOAPAction: "http://example.com/GetTrade"' \



The SOAPAction Header

m Used in SOAP 1.1 over HTTP

= Allows the application server’s firewall or router to look at the HTTP Header to determine the intent of the

message (e.g., SOAPAction: "ProcessPayment" )

= [t routes the traffic to the correct internal server before fully unpacking the heavy XML body
= Deprecated in SOAP 1.2 (merged into the Content-Type header)



Understanding WSDL 1.1 Imports

WSDLs can be modular. A single WSDL can <import> external XSD files or other WSDL fragments.

<import namespace="http://example.com/types"
Llocation="http://example.com/types.xsd" />



The Complexity of XSD Imports

= What if ServiceA.wsdl imports Employee.xsd from Server B ?
= During generation, the wsimport tool follows the HTTP links natively

= If Server B isbehind a VPN or requires Authentication, the WSDL generation will fail silently or throw

obscure errors



Modern Equivalents for SOA

Instead of SOAP/WSDL, modern Service Oriented Architectures usually comprise:

1. Transport/Protocol: HTTP/2 or HTTP/3

2. Payload: JSON or Protobufs

3. Discovery: Consul, Etcd, Kubernetes CoreDNS

4. Documentation/Contract: OpenAPI (Swagger) or gRPC .proto files

5. Security/Routing: API Gateways (Kong) and Service Meshes (Istio)



Summary of Today’s Concepts

=  WSDL: The rigorous, XML-based contract that defines SOAP endpoints, messages, and schemas
= Discovery (UDDI): The historical attempt to dynamically search for B2B web services

= Stateful Systems: Avoiding state in web tiers, utilizing Webhooks, WS-Addressing, and Eventing
=  OpenAPI: The modern YAML/JSON equivalent replacing WSDL for REST architecture



Q&A

Questions?



Next Steps

=  The next two lectures will pivot entirely away from XML

= We will cover the standard of the modern public web: HTTP and RESTful Web Services
= We will start building native Node]S and Java APIs that leverage JSON



