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Definition of SOA
What is Service-Oriented Architecture (SOA)?

An architectural style that supports service-orientation

A way of designing software where components provide services to other components over a network via

a communication protocol

Why is SOA important?

It breaks down monolithic applications into smaller, manageable, reusable pieces

Examples:

A travel booking system (Flights Service + Hotels Service + Car Rental Service)



Services, Components, and Contracts

1. Services: The logical grouping of operations (e.g., CustomerService )

2. Components: The physical software implementation of those services (.jar files, .dlls, Docker containers)

3. Contracts: The formal specification of how to interact with the service (WSDL, OpenAPI)

The three foundational pillars of SOA:



Understanding the Service Contract
The Contract is the most important part of SOA

It dictates the inputs, outputs, and network protocols

Without a contract, a service is just a function nobody knows how to call



Recap: Example of a Service Contract (WSDL)
<definitions xmlns="http://schemas.xmlsoap.org/wsdl/"

             targetNamespace="http://example.com/currency">

    <portType name="currencyConverterPortType">

        <operation name="convertToUSD">

            <input message="tns:convertToUSDRequest"/>

            <output message="tns:convertToUSDResponse"/>

        </operation>

    </portType>

</definitions>



A Service-Oriented Analogy

A restaurant is a perfect example of a Service-Oriented business

It runs on clear communication and distinct roles

Let’s understand SOA through a real-life analogy: The Restaurant.



The Restaurant Analogy Mapped to SOA
The Customer: The Client Application (Mobile App)

The Waiter: The API Gateway / Message Router

The Menu: The Service Contract (WSDL/OpenAPI)

The Kitchen: The Backend Microservices

Grill Cook Service

Salad Station Service

Dessert Station Service



The Importance of Clear Communication
What happens if the customer orders something not on the menu? (Contract Violation: 400 Bad Request )

What happens if the Waiter yells the order in French, but the Kitchen only speaks Italian? (Protocol

Mismatch)

Solution: Standardized middleware protocols (HTTP, XML, JSON) ensure everyone speaks the exact same

language



Implications for Web Services
Service Roles: Just like the Salad station doesn’t cook steaks, a PaymentService  should never handle

UserProfile  updates. (Single Responsibility Principle)

Benefits:

If the Grill breaks down, the restaurant can still serve Salads. (Partial system availability)

If the restaurant gets overwhelmingly busy, they can hire two extra Grill Cooks without changing the

waiters or the menu. (Horizontal Scaling)



Understanding Encapsulation
Encapsulation: Hiding the internal state and implementation details of a service from the outside world

The Service Contract describes what the service does, but completely hides how it does it



Advantages of Encapsulation
1. Improved Maintainability: You can rewrite the entire backend library from Java 8 to Java 21, and the client

apps never notice

2. Scalability: You can move the database from MySQL to a massive clustered Cassandra instance invisibly

3. Better Security: The client has no visibility into your internal SQL table structures, preventing targeted

injection attacks



Service Relationships

There are three primary relationship models in SOA:

1. Composition

2. Orchestration

3. Choreography

How do distinct services work together to accomplish a massive business goal (like fulfilling an Amazon order)?



Service Composition
A higher-level service is built by aggregating several lower-level services under a single roof

Example: A DashboardService  that simultaneously calls the WeatherService , NewsService , and

TrafficService , aggregates the JSON arrays into one massive object, and returns it to the UI



Orchestration (The Conductor)

1. Orchestrator tells BillingService  to charge the card

2. Orchestrator waits for success

3. Orchestrator tells InventoryService  to reduce stock

4. Orchestrator tells ShippingService  to print a label

Orchestration: A central controller (the Orchestrator) explicitly directs the workflow. It acts like the conductor
of an orchestra.



Pros and Cons of Orchestration
Pros

Traceability: You can look at the Orchestrator

and instantly see the current state of the workflow

Easy Error Handling: If Inventory  fails, the

Orchestrator can easily issue a command to

Billing  to refund the card (Compensating

Transaction)

Cons
Single Point of Failure: If the Orchestrator

crashes, the entire business stops

The "God Service" anti-pattern: The

Orchestrator becomes massive, complex, and

unmaintainable



Choreography (The Dancers)

1. OrderService  publishes an event to a Message Broker: "Order #123 Created"

2. BillingService  hears this event, charges the card, and publishes: "Order #123 Paid"

3. InventoryService  hears "Paid", reduces stock, and publishes: "Order #123 Picked"

4. ShippingService  hears "Picked", and prints a label

Choreography: There is no central controller. Services react to events asynchronously. It acts like dancers in a
ballet — everyone knows their own steps based on the music (the events).



Pros and Cons of Choreography
Pros

Extremely Decoupled: You can add a new

EmailNotificationService  that listens for the

"Paid" event without deploying or changing ANY

existing code

Incredibly fast and scalable. No central

bottleneck

Cons
Traceability is a nightmare: If an order gets

stuck, there is no central database to tell you why.

You have to dig through the logs of 5 different

services to figure out who dropped the ball



Importance of Service Relationships
Service Reuse: The BillingService  can be orchestrated by the E-commerce team, and choreographed by

the Subscription Billing team simultaneously

Scale: Choreography allows you to scale the ShippingService  to 100 servers during Christmas without

touching the BillingService



How Services Communicate (Synchronous vs
Asynchronous)
Synchronous (Blocking)

The client sends a request and waits for the response.

Usage: HTTP REST, SOAP over HTTP, gRPC.

Asynchronous (Non-blocking)

The client sends a request (often to a queue) and
immediately moves on. The response arrives later, or
never.

Usage: AMQP (RabbitMQ), Kafka, Webhooks.



The Danger of Synchronous Chains
What if Service A  calls Service B , which calls Service C , which calls Service D ?

All using synchronous HTTP REST

If Service D  is slow (takes 5 seconds), what happens?

C  waits 5 seconds. B  waits 5 seconds. A  waits 5 seconds

Result: A massive cascade failure as connection threads lock up across the entire datacenter



Service Design Principles

1. Granularity and Cohesion

2. Loose Coupling

3. Reusability

The W3C and industry leaders define three core principles for designing a good service:



Principle 1: Granularity
Granularity: How "big" is the service?

Fine-grained: A service that just calculates Sales Tax for a zipcode. (Too small)

Coarse-grained: A service that handles all Sales, Marketing, HR, and Billing for a company. (Too big)

The Goldilocks Rule: A service should encapsulate a single, distinct business capability



Principle 1: Cohesion

Low Cohesion (Bad): A UtilityService  contains chargeCard() , sendEmail() , and generatePdf() .

High Cohesion (Good): A PaymentService  contains chargeCard() , refundCard() , and getReceipt() .
All functions revolve around the same database tables.



Principle 2: Loose Coupling
Services should have minimal dependencies on each other

If Service A  crashes, Service B  should not instantly crash

How to achieve:

Never share a database between two services. (Each service has its own private database)

Communicate only through standard contracts (REST/SOAP/Queues), never by directly calling local

language APIs or linking .jar  files



Principle 3: Reusability
Build services as agnostic utilities

Do not build a WebStoreBillingService  and a MobileAppBillingService

Build one agnostic BillingService  that accepts agnostic REST payloads. Both the Web team and the

Mobile team can reuse it



Building Blocks: The Registry
Service Registry and Repository:

In massive SOAs (10,000+ services), how do developers find the service they need?

They search the Registry (an internal search engine for APIs)

UDDI (Universal Description, Discovery, and Integration) was the SOAP standard for this

Modern teams use tools like Backstage or Consul



Service Implementation Technologies

1. SOAP: The legacy, XML-heavy standard. Perfect for rigid contracts

2. REST: The modern, lightweight HTTP/JSON standard

3. Message Queues (AMQP/Kafka): The asynchronous standard for event-driven choreographies

SOA is a philosophy. How do we physically implement it?



What is "Primitive" SOA?
In the early 2000s, SOA was heavily marketed by IBM and Oracle

Primitive SOA refers to these early implementations:

Almost exclusively based on XML and SOAP

Focused heavily on simple point-to-point data exchange over HTTP POST

Often ignored orchestration and choreography



Advantages of Primitive SOA
Easy to implement: You just generated WSDLs and client stubs

Promotes interoperability: It successfully bridged Mainframes (COBOL) to modern web servers (Java/C#)

Saved legacy systems: Instead of rewriting a 30-year-old mainframe, companies just wrapped it in a SOAP

API layer



The 5 Principles of Service-Orientation

1. Standardized Service Contracts

2. Service Abstraction

3. Service Reusability

4. Service Loose Coupling

5. Service Composability

To move beyond Primitive SOA into True SOA, Thomas Erl codified specific principles:



1. Standardized Service Contracts
Rule: Services within the same enterprise must adhere to the same communications standards

If your company standard is REST/JSON over HTTPS with OAuth 2.0…

You cannot deploy a new service using gRPC with custom binary authentication



2. Service Abstraction
Rule: Service contracts must only contain essential information. Everything else is hidden

If the service uses an Oracle Database vs a PostgreSQL database, that information MUST NEVER leak into

the WSDL or OpenAPI documentation



3. Service Reusability
Rule: Logic must be divided into services with the explicit intent of maximizing reuse

A classic failure: Building a GeneratePdfForMonthlyInvoiceService

A classic success: Building a generic HtmlToPdfService  that the Invoice team, the HR team, and the

Marketing team can all reuse



4. Service Loose Coupling
Rule: Service contracts must be decoupled from their surrounding environment

This means eliminating physical, technological, and state dependencies

A service should be entirely stateless (between requests) so it can be load-balanced perfectly



5. Service Composability
Rule: Services should be designed so that they can be easily composed into larger workflows

(Orchestrations)

They must be reliable, performant, and have absolutely clear error handling boundaries (predictable faults)



Moving past SOA: Microservices
We spent the lecture discussing SOA. But today, everyone talks about "Microservices"

Are they the same thing?

Yes and No. Microservices are essentially SOA done right, using modern cloud infrastructure

Microservices enforce the "Loose Coupling" principle fanatically (e.g., separate databases are mandatory,

not just suggested)



SOA vs Microservices (Component Size)
SOA Services

Often quite large. (e.g., The entire
EnterpriseBillingModule  deploying as a 500MB

Java EAR file).

Microservices

Very small, highly focused. (e.g., A lightweight 15MB
Node.js Docker container that only handles
RefundCalculations ).



SOA vs Microservices (Communication)
SOA

Heavily relies on smart middleware (ESBs,
Orchestrators, BPEL engines) to handle routing,
transformation, and business workflow.

Microservices

Heavily relies on decentralized Choreography (Kafka,
RabbitMQ) or simple REST/gRPC. The network is
dumb; the services are smart.



The Tradeoffs of Distributed Architecture
Monoliths

Fast in-memory function calls

Easy to debug

Hard to scale horizontally

Hard to deploy (takes hours)

SOA/Microservices
Network latency overhead

Tracing bugs is a nightmare

Infinite horizontal scaling

Instant, independent deployments



Summary of SOA Principles
Contracts: WSDL/OpenAPI define the strict rules of engagement

Relationships: Orchestration (Conductor) vs Choreography (Dancers)

Communication: Synchronous (HTTP/REST) vs Asynchronous (Queues)

Loose Coupling: The ultimate goal. Services must survive the failure of their neighbors



Deep Dive: The Enterprise Service Bus (ESB)
In early SOA, how did 500 services talk to each other?

The ESB. A massive, centralized middleware software product (e.g., IBM WebSphere, TIBCO, Oracle SOA

Suite)

All services connect only to the ESB



The Role of the ESB
1. Routing: "Message A goes to Service B."

2. Transformation: "Service A sent XML. Service C expects JSON. The ESB translates it automatically."

3. Protocol Translation: "Service A sent HTTP REST. Service D only listens to SOAP over JMS Queues. The

ESB bridges the gap."

4. Security Enforcement: "Does Service A have permission to talk to Service D?"



The Death of the ESB
The ESB solved integration, but it created a monster

The Problem: The ESB became the monolithic bottleneck

If you needed to add a new REST endpoint, you couldn’t just deploy a Node app. You had to wait 3 months

for the ESB team to configure the complex routing rules in the central bus

"Smart Pipes, Dumb Endpoints." -> Total failure of agility



The Microservices "Smart Endpoint" Paradigm
Microservices motto: "Dumb Pipes, Smart Endpoints."

Kill the ESB

The network "pipe" should just be simple HTTP or a basic Kafka Queue (dumb routing)

All the complex mapping, transformation, and business logic is pushed back into the individual Java/Python

microservices (smart endpoints)



API Gateways: The Modern ESB?
If we killed the ESB, how do we handle central security and routing?

API Gateways (Kong, Apigee, AWS API Gateway)

Aren’t they just ESBs by another name?

Yes and No. Gateways handle superficial routing and security (JWT validation), but they purposely AVOID

complex XML/JSON data transformation and deep orchestrations



Service Mesh
What about internal routing? Microservice A talking to Microservice B?

Service Mesh (e.g., Istio, Linkerd)

A dedicated infrastructure layer built right into Kubernetes

It automatically encrypts traffic (mTLS), handles retries, and performs circuit breaking transparently

alongside the container, without the developer writing a single line of networking code



Orchestration Tools: BPMN and BPEL
If we still need heavy orchestration (e.g., a massive 30-step loan approval process)…

BPMN: Business Process Model and Notation (Visual flowcharts for MBAs)

BPEL: Business Process Execution Language (XML code that actually executes the flowchart)

Engines like Camunda or AWS Step Functions physically execute the BPEL, calling the microservices in the

exact flowchart order



Choreography Tools: Event Brokers
If we need hyper-scale decoupling…

Event Brokers: Kafka, RabbitMQ, AWS EventBridge

A service publishes an event: "UserCreated: {id: 5}"

Any combination of 50 different microservices can independently "subscribe" to that event and trigger their

own local database updates without the UserService  ever knowing about them



The Strangler Fig Pattern
How do you migrate a 10-year-old Monolith to an SOA?

You don’t rewrite it in one weekend

The Strangler Fig Pattern:

1. Put an API Gateway in front of the Monolith

2. Build one new microservice (e.g., PaymentService )

3. Route /api/payments  to the new service, and everything else to the Monolith

4. Over 3 years, slowly strangle the monolith until it is completely replaced by dozens of microservices



Command Query Responsibility Segregation (CQRS)

Problem: The DatabaseService  is overwhelmed by 90% Read queries (GET) and 10% Write queries

(POST/PUT)

CQRS: Split the application completely

One microservice ONLY handles Commands (Writes), pushing data into a highly-normalized SQL

database

One microservice ONLY handles Queries (Reads), pulling data from a highly denormalized NoSQL cache

(ElasticSearch/Redis)

A complex SOA pattern.



SOA Data Consistency: The Saga Pattern
In a Monolith, you use SQL Transactions: BEGIN; UPDATE A; UPDATE B; COMMIT;

If B  fails, the database automatically ROLLBACKs  the A  update

In SOA, A  and B  are in completely different databases in different datacenters. There is no SQL COMMIT

The Saga Pattern: Application-level transactions



Contract Testing
If Service A  relies on the REST API of Service B …

How do you ensure Service B  doesn’t deploy a breaking change that crashes Service A ?

Consumer-Driven Contract Testing (e.g., Pact)

Service A  writes a strict JSON contract of what it expects Service B  to return

Before Service B  is allowed to deploy to production, the CI/CD pipeline runs Service B  against A ’s

contract. If it fails, the deployment is blocked



Service Discovery
In Kubernetes, IP addresses are volatile. The BillingService  pod might die, and a new one spins up on a

different IP

How does the OrderService  know the new IP?

Service Discovery (Consul, Eureka, or native K8s DNS)

OrderService  just asks the DNS: GET http://billing-service.internal/

The Service Discovery engine dynamically resolves that string to the active IP address in real-time



Fault Tolerance: Circuit Breakers
If BillingService  database goes down, and OrderService  keeps calling it 1,000 times a second, both

services will exhaust their thread pools and crash

Circuit Breaker Pattern (Netflix Hystrix, Resilience4J)

If OrderService  detects 50 timeouts in a row, the circuit "trips"

For the next 60 seconds, OrderService  doesn’t even bother calling BillingService . It instantly returns

a fallback ( 503 Service Unavailable ), giving BillingService  time to reboot



Distributed Tracing
A user clicks "Buy". The request hits 7 different microservices

Somewhere in the middle, it takes 4 seconds. Why?

Distributed Tracing (Jaeger, Zipkin, OpenTelemetry)

The Gateway generates a unique Trace-ID  (UUID)

This ID is passed as an HTTP Header to every downstream service

All 7 services log their performance metrics using the same UUID

A central dashboard reconstructs the entire 7-hop timeline perfectly



Bounded Contexts (Domain-Driven Design)
How do you decide where to split a monolith into microservices?

Domain-Driven Design (DDD)

Identify the "Bounded Contexts" of your business

Inventory is a bounded context. HR is a bounded context

Never let the data models bleed across contexts. Inventory  has its database. HR  has its database. They

only interact via clean APIs



The Anti-Pattern: Distributed Monolith
The worst architecture possible

You split the code into 10 microservices, but they all still share the exact same underlying MySQL database

You pay the massive latency penalty of network calls…

…but you gain none of the decoupling benefits, because if the database goes down, all 10 services instantly

crash



Immutable Infrastructure
In SOA, you do not SSH into a server to patch a vulnerability

You update the Dockerfile, build a brand new 15MB container, and the Orchestrator (Kubernetes) murders

the old server entirely and boots the new one perfectly

Servers are cattle. If they get sick, replace them



Summary of SOA Maturity
SOA is the philosophy of breaking systems into Contracts and Components

ESBs were the legacy implementation (heavy routing, SOAP)

Microservices are the modern implementation (dumb pipes, smart endpoints, REST)

True scalability requires Choreography (Events/Kafka), Circuit Breakers, and strict Database Decoupling



Application and Architecture SOTA Examples
Modernizing with Event Sourcing: Don’t just store the current state ( Balance: $100 ). Store the

sequence of events ( UserCreated , Deposit($50) , Deposit($50) )

GraphQL APIs: Evolving beyond strict REST endpoints to allow the UI to request exactly the fields they

need, dynamically composed by the middleware layer

Serverless SOA (FaaS): Evolving beyond Docker. The microservice only boots up for 50 milliseconds when

an event triggers it



Q&A
Questions regarding Service Components, ESBs, Orchestration, or Bounded Contexts?


