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Outline

• Software Architecture - Introduction 
• Software Architecture for Internet Applications 

• Three-tier architecture 

• Service-based architectures 

• Microservice-based architectures 

• Frameworks at the service of Software Architecture 
• The architectural style REST to instantiate webservices
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Software Architecture 
Introduction 

based on the book “Software Architecture in Practice”
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Software Architecture

• What is software architecture?  
• What are the benefits of using one?
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Software Architecture

• What is software architecture?  

“The software architecture of a system is the set of structures needed to reason 
about the system, which comprise software elements, relations among them, 
and properties of both.” (in Software Architectures in Practice) 

• Structures can be: 
• the module decomposition structure, which divide computational responsibilities and work 

assignment (among teams). Identify modules or components 

• runtime structures (connectors, e.g. HTTP, bus, mailboxes) that deal with the communication 
between components (e.g. services) 

• organisational structures. How components are developed, tested, deployed
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Software Architecture…

… is a form of Abstraction  
(different views over the same system) 

… is in every software system 

(from caos to tidy) 

… includes Behaviour  
(names and connectors have semantics) 

Not All Architectures Are Good Architectures
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What is it? Why do we need it?

Good organisation of the internal 
structure of systems leading to:


• Productive development


• Easy evolution


• Easy maintenance


• Trustworthiness  
(Functional Correctness, Security)


• High-Performance

Software Architecture
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Software Architecture (Structures)

• Module structures 
• What is the primary functional responsibility assigned to each module? 

• What are the dependencies to other software elements? 

• What modules are each module related to? by generalisation or specialisation. 

• Component and connector structures 
• How do modules interact? 

• What are the shared data stores? 

• What is the data flow in the system? 

• Can the structure change? how? 

• What are the security requirements? performance bottlenecks? 

• Allocation structures 
• What is the hardware/cloud infrastructure? module ownership? which are the regressions tests? etc.
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(slides)

https://www.youtube.com/watch?v=DvLvHnHNT2w
https://gotocon.com/dl/goto-berlin-2014/slides/AdrianCockcroft_MigratingToCloudNativeWithMicroservices.pdf
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Death-start architecture diagrams
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From Monoliths to MicroServices

• Design from scratch, aim for separation of data domains. 
• Changing existing applications requires a careful step-by-step process. 
• Tension between database keys and API IDs (use natural keys) 
• Loss of data consistency and (maybe) synchronicity
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Internet Applications Design and Implementation, FCTUNL, © 2015, João Costa Seco, Jácome Cunha, João Leitão

Evolution is hard in MicroServices

• Any change to an interface may be a breaking change. Many are adaptable. 
• Versioning is usually manual
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https://arxiv.org/pdf/2002.06185v1
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Break Down
Partition is related to

Abstraction/Reuse


Different Concerns


Complexity


Technology


Ownership


Performance
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@2021 João Costa Seco

Break Down
Microservices at Netflix (2016)
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https://www.infoq.com/presentations/netflix-chaos-microservices/


Internet Applications Design and Implementation, FCTUNL, © 2015, João Costa Seco, Jácome Cunha, João Leitão

Architectural Patterns

• Pre-determined compositions of architectural elements provide strategies for 
solving common problems in software systems.  

• Examples: 
• Layered pattern — Linear (unidirectional) dependencies between multiple elements 

• Shared-data pattern — Components and connectors to create and manipulate persistent 
data, connectors are languages like SQL. 

• Client-server pattern — Components: Clients and servers; Connectors: protocols and 
languages 

• Multi-tier pattern — A generic deployment structure of components in different 
infrastructures 

• Competence center — Work assignment division by expertise (eg. departments)
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Internet Applications Design and Implementation, FCTUNL, © 2015, João Costa Seco, Jácome Cunha, João Leitão

More Architectural Patterns

"The architectural pattern captures the design structures of various systems and elements of 
software so that they can be reused. During the process of writing software code, developers 
encounter similar problems multiple times within a project, within the company, and within their 
careers. One way to address this is to create design patterns that give engineers a reusable way 
to solve these problems, allowing software engineers to achieve the same output structurally for a 
given project."
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https://www.redhat.com/architect/14-software-architecture-patterns
https://www.redhat.com/architect/5-essential-patterns-software-architecture


Internet Applications Design and Implementation, FCTUNL, © 2015, João Costa Seco, Jácome Cunha, João Leitão

5 architectural Patterns of software architecture

• Model-view-controller pattern 
• Microservices pattern (by Martin Fowler) 

(Aggregator pattern, API gateway design pattern, chain of 
responsibility pattern, branch pattern, and asynchronous messaging 
design pattern) 

• Client-server pattern 
• Controller-responder pattern 

“The controller component distributes the input or work among 
identical responder components and generates a composite result 
from the results generated from each responder.”  
- components may replicate data from the controller (writer) 

• Layered pattern (the most common among developers)
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Image Credits: RedHat

https://martinfowler.com/articles/microservices.html


Internet Applications Design and Implementation, FCTUNL, © 2015, João Costa Seco, Jácome Cunha, João Leitão

Extra software architecture patterns

• Circuit breaker 
• Prevents effects of faults by rerouting to other services 

in case of failure. It needs to be tested thoroughly. 

• Command query responsibility segregation 
• Separates reads from writes when convenient. Hard to 

ensure consistency. 

• Pub-Sub (Asynchronous) 
• Sharding 
• …
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The Layered Architecture
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Presentation 
Layer

Internet Applications are Data-Centric
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Patterns of Enterprise Application Architecture
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User 
Interface Layer

Presentation 
Layer

Application 
Layer

Internet Applications are Data-Centric

82

https://dzone.com/articles/layered-architecture-is-good
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Layer
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https://dzone.com/articles/layered-architecture-is-good


©2024 João Costa Seco 83

User/
System Interface

Application 
Logic

Data

Internet Apps



@2021 João Costa Seco

Monoliths can be agile if well structured

https://dzone.com/articles/layered-architecture-is-good

https://dzone.com/articles/layered-architecture-is-good


Internet Applications Design and Implementation, FCTUNL, © 2015, João Costa Seco, Jácome Cunha, João Leitão

Internet Applications are also Decentralised

85

https://dzone.com/articles/introduction-to-microservices-part-1
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Architecture of Web applications

86
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Architecture of Web applications - The Big Picture

• A web application is made of code deployed to the independent and different 
physical components.
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Web client architecture

• Browser (HTML5) 
• HTML (structure and semantics) 

• CSS (style and UI behaviour) 

• JS + AJAX,  
Socket interfaces (behaviour) 

• DOM  
(the supporting data structure) 

• UI Events & callbacks  
(mechanism for dynamic structuring of behaviour)
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Web client architecture

• Other kind of web clients (asking for HTML) 
• simulate web requests and sessions with web-servers 

• parse/crawl the results to extract information 

• should be built with web-services instead (if possible).
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Service based web client architecture

• Provide web content based on data providing services 
• Data can be exchanged in “machine-friendly” formats. 

(e.g. JSON, XML) 

• Combined and refurbished in HTML or data formats. 

• Even reused inside the same application, in the same server.
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Interconnection layer (low-level support)

• HTTP/1.1 (Hypertext Transfer Protocol) Protocol 
• Method: GET, HEAD, POST, PUT, DELETE (3 more) 

• Arguments (query string and body) 

• Multi-typed message body 

• Cookies 

• Return codes: 1XX, 2XX, 3XX, 4XX, 5XX 

• Websockets (standard RFC6455 2011 - ws:// wss://) 
• supported by browsers and web servers to allow two way data communication between client and servers. 

• HTTP/2 approved May 2015. 
• Faster, compressed, and cyphered transmission of data 

• TLS (successor of SSL) 
• Provides cryptographic support for web communications (handshake+symmetric crypto)
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Web server / App server architecture

• Web servers handle HTTP requests, map URLs to local files, execute local 
scripts (e.g. CGI, PHP), or locally bound code (e.g. Servlets). 

• App Servers modularly manage bound code, and associated resources (e.g. 
sessions, context, connections).  

• One web server, many applications. 

• Allows the assembly of components of applications (controllers, views, models)
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Web architectures, patterns and styles

• Increase the level of abstraction, reusability, and maintainability 
• Software Architectures 

• Architectural and design patterns 

• Architectural styles  

• Software frameworks implement some, and complement with libraries and 
tools. 

• User-defined pieces are required to specify the “core” logic, and configure 
general purpose code. 

• All implement the “inversion of control” pattern.
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Example of an Architecture built with Spring

95

HTTP Server 
Tomcat

Controller

ServiceZ

RepositoryZ

• Spring is a component framework 
• Resolves component dependencies by dependency injection 
• Uses annotations to configure components

@RestController
@RequestMapping("/")
class EmpController(val employees:EmployeeService) {

   // http GET :8080/api/projects/2/team
    @GetMapping( "/api/projects/{id}/team")
    fun teamMembersOfProject(
            @PathVariable id:String
    )
    = employees.teamMembersOfProject(id)

}

@Service
class EmployeeService(val employees:EmployeeRepository) {
    fun teamMembersOfProject(id:String) = employees.findAll()
}

interface EmployeeRepository : CrudRepository<Employee, Long>
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Service Oriented Architectures

• Are the technological and methodological basis for building open-ended Internet Applications. 
• Provide a model of distributed computation based on loosely coupled interactions. 
• Define heterogeneous ecosystems of service implementations. 
• Use implementation-independent data formats (JSON, XML) 
• Allows independent development of services by different vendors and technologies 
• A service: 

• Is a logical representation of a repeatable business activity that has a specified outcome (e.g., check 
customer credit, provide weather data, consolidate drilling reports) 

• Is self-contained 

• May be composed of other services 

• Is a “black box” to consumers of the service
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Web architectures, patterns, and styles

• Web services are usually defined over HTTP protocol 

• SOAP (Simple Object Access Protocol) 
• Operation based protocol (on HTTP) to implement web services (XML as format) 

• REST (Representational State Transfer) 
• Resource based architectural style to implement web services over HTTP (or another 

connection protocol)
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Micro Service Architectures

• Are an extreme interpretation of service based architectures. 
• Have smaller grained services and interfaces. 
• Provide independent and lightweight deployment. 
• Allow flexible management (e.g. replicas). 
• Based on a clear service ownership model  

(team responsible for all stages of dev&ops). 
• Isolated persistent state (sometimes bad).
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Amazon’s API Mandate (by Jeff Bezos, 2002)

• All teams will henceforth expose their data and functionality through service interfaces. 
• Teams must communicate with each other through these interfaces. 
• There will be no other form of inter-process communication allowed: no direct linking, 

no direct reads of another team’s data store, no shared-memory model, no back-doors 
whatsoever. The only communication allowed is via service interface calls over the 
network. 

• It doesn’t matter what technology you use. 
• All service interfaces, without exception, must be designed from the ground up to be 

externalizeable. That is to say, the team must plan and design to be able to expose the 
interface to developers in the outside world. No exceptions. 

• The mandate closed with: Anyone who doesn’t do this will be fired. Thank you; have a 
nice day!
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Web architectures, patterns and styles

• Most common web applications follow the MVC architectural pattern. 
• Model layer - isolate the representation of persistent data and its operations, validations and conditions 

• Controller - contains the core application logic implementing the application interface (e.g. ad-hoc URL 
mapping, REST convention) 

• View - defines the way in which responses are formed (e.g. HTML, JSON)
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Web architectures, patterns and styles

• Most common web applications follow the MVC architectural pattern. 
• Model layer - isolate the representation of persistent data and its operations, validations and conditions 

• Controller - contains the core application logic implementing the application interface (e.g. ad-hoc URL 
mapping, REST convention) 

• View - defines the way in which responses are formed (e.g. HTML, JSON)
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Web architectures, patterns and styles

• Most common web applications follow the MVC architectural pattern. 
• Model layer - isolate the representation of persistent data and its operations, validations and conditions 

• Controller - contains the core application logic implementing the application interface (e.g. ad-hoc URL 
mapping, REST convention) 

• View - defines the way in which responses are formed (e.g. HTML, JSON)
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Web architectures, patterns and styles

• Most common web applications follow the MVC architectural pattern. 
• Model layer - isolate the representation of persistent data and its operations, validations and conditions 

• Controller - contains the core application logic implementing the application interface (e.g. ad-hoc URL 
mapping, REST convention) 

• View - defines the way in which responses are formed (e.g. HTML, JSON)
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Web architectures, patterns and styles

• Most common web applications follow the MVC architectural pattern. 
• Model layer - isolate the representation of persistent data and its operations, validations and conditions 

• Controller - contains the core application logic implementing the application interface (e.g. ad-hoc URL 
mapping, REST convention) 

• View - defines the way in which responses are formed (e.g. HTML, JSON)
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Web architectures, patterns and styles

• Most common web applications follow the MVC architectural pattern. 
• Model layer - isolate the representation of persistent data and its operations, validations and conditions 

• Controller - contains the core application logic implementing the application interface (e.g. ad-hoc URL 
mapping, REST convention) 

• View - defines the way in which responses are formed (e.g. HTML, JSON)
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Web architectures, patterns and styles

• Most common web applications follow the MVC architectural pattern. 
• Model layer - isolate the representation of persistent data and its operations, validations and conditions 

• Controller - contains the core application logic implementing the application interface (e.g. ad-hoc URL 
mapping, REST convention) 

• View - defines the way in which responses are formed (e.g. HTML, JSON)
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Summary - Web Frameworks

• Web Frameworks are “languages” that carry libraries and abstractions that get 
compiled to run on the “web virtual machine”.
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(web & local) Services

• Service oriented architectures are a way of decoupling implementation from use. 
• Services are implemented based on a “contract” or interface and provided by a 

broker.

110
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<?xml version="1.0" encoding="UTF-8"?>
<flow xmlns="http://www.springframework.org/schema/webflow"
      xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
      xsi:schemaLocation="http://www.springframework.org/schema/webflow
                          http://www.springframework.org/schema/webflow/spring-webflow-2.0.xsd"
                          
                          
        <start-state="welcome">
    
        <view-state id="welcome" view="/welcome.jsp">
            <transition on="continue" to="finish"/>
            <transition on="cancel" to="cancelled"/>
        </view-state>
        
        <end-state id="cancelled" view="/cancelled.jsp"/>
        
        <end-state id="finish" view="/finish.jsp"/>
    

</flow>

Service Orchestration Languages

• Spring Web Flow  

• Jolie
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Process Specification Languages

• From processes to code…
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Restful interface design (Recap)

• Follows an architectural style (convention) 
• Architectural style that promotes a simpler and more efficient way of providing and connecting web 

services. Built on top of basic HTTP 

• Promotes the decoupling from Data-centric server side applications and client user-
centric applications 

• Implementations provide (convenient) flavours 
• Web-service style pure JSON/XML Data 

• Complete/partial HTML view responses 

• Javascript code responses (e.g. Rails AJAX responses) 

• Fielding, Roy Thomas (2000). "Chapter 5: Representational State Transfer (REST)". 
Architectural Styles and the Design of Network-based Software Architectures (Ph.D.). 
University of California, Irvine
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REST - Representational State Transfer

• Resource Based  
• Representation 
• Uniform Interface 
• Stateless 
• Cacheable 
• Client-Server 
• Layered System 
• Code on Demand (optional)
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Representational State Transfer

• Resource Based  
• vs Action Based 

• Nouns and not verbs to identify data in the system 

• Identified (represented) by URI 

• Aliasing is admissible 

• Representation 
• Uniform Interface 
• Stateless 
• Cacheable 
• Client-Server 
• Layered System 
• Code on Demand (not talking about it)
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Representational State Transfer

• Resource Based  
• Representation 

• JSON or XML representation of the state of a given resource transferred between client and server at a 
given verb in a given URL. 

• Well identified interface (the information retrieved at an URL — the type) 

• Uniform Interface 
• Stateless 
• Cacheable 
• Client-Server 
• Layered System 
• Code on Demand (not talking about it)
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Representational State Transfer

• Resource Based  
• Representation 
• Uniform Interface 

• standard HTTP verbs (GET, PUT, POST, DELETE) 

• standard HTTP response (status code, info in the response body) 

• Uniform structure of URIs with a name, identifying the resource  

• References inside responses must be complete. 

• Stateless 
• Cacheable 
• Client-Server 
• Layered System 
• Code on Demand (not talking about it)
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Representational State Transfer

• Resource Based  
• Representation 
• Uniform Interface 
• Stateless 

• Server does not hold session state  

• Messages are self contained  

• Cacheable 
• Client-Server 
• Layered System 
• Code on Demand (not talking about it)
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Representational State Transfer

• Resource Based  
• Representation 
• Uniform Interface 
• Stateless 
• Cacheable 

• Responses can be tagged as cacheable (in the server) 

• (also) Bookmarkable 
• Layered System 
• Code on Demand (not talking about it)

120



Internet Applications Design and Implementation, NOVA SST, © 2015, João Costa Seco

Representational State Transfer

• Resource Based  
• Representation 
• Uniform Interface 
• Stateless 
• Cacheable 
• Layered System 

• Establishes an API between a client and a “database” 

• Code on Demand (not talking about it)
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EXAMPLES

122

in … http://rest.elkstein.org/2008/02/real-rest-examples.html
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Mirror API - Google Glasses

123

in … https://developers.google.com/glass/v1/reference/

https://developers.google.com/glass/v1/reference/
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Mirror API - Google Glasses
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Mirror API - Google Glasses
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in … https://developers.google.com/glass/v1/reference/
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Tesla API 
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RESTful design
• Resource = object or representation of something 
• Collection = a set of resources 
• URI = a path identifying resources and allowing actions on them 
• URL methods represents standardised actions 

• GET = request resources 

• POST = create resources 

• PUT = update or create resources  

• DELETE = deletes resources 

• HTTP Response codes = operation results 
• 20x Ok 

• 3xx Redirection (not modified) 

• 400 Bad Request, 401 Unauthorized, 403 Forbidden, 404 Not Found 

• 5xx Server Error 

• Searching, sorting, filtering and pagination obtained by query string parameters 
• Text Based Data format (JSON, or XML)
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Example

• Application to manage contacts of partner companies (e.g. for security 
clearance in events) 

• Resources 
• Companies (name, address, email, list of contacts (employees)) 

• Contact/Employee (name, email, job, company) 

• Operations (CRUD) 
• List, add, update, and delete resources 
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Partner companies
• GET /companies - List all the companies 

• GET /companies?search=<criteria> - List all the companies that contain the substring <criteria>

• POST /companies - Create a company described in the payload. The request body must include all the necessary 
attributes. 

• GET /companies/{id} - Shows the company with identifier {id} 

• PUT /companies/{id} - Updates the company with {id} having values in the payload. The updatable items may vary 
(name, email, etc.) 

• DELETE /companies/{id} - Removes the company with {id}
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Partner contacts
• GET /contacts - List all the contacts 

• GET /contacts?search=<criteria> - List all the contacts that contain the substring <criteria>

• POST /contacts - Create a contact described in the payload. The request body must include all the necessary 
attributes. 

• GET /contacts/{id} - Shows the contact with identifier {id} 

• PUT /contacts/{id} - Updates the contact with {id} having values in the payload. The updatable items may vary 
(name, email, etc.) 

• DELETE /contacts/{id} - Removes the contact with {id}
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Partner contacts of companies
• GET /companies/{id}/contacts - List all the contacts of a company 

• GET /companies/{id}/contacts?search=<criteria> - List all the contacts of a company that contain the 
substring <criteria>

• POST /companies/{id}/contacts - Create a contact of company {id} described in the payload. The request body 
must include all the necessary attributes. 

• GET /companies/{id}/contacts/{cid} - Shows the contact of company {id} with identifier {cid} 

• PUT /companies/{id}/contacts/{cid} - Updates the contact with {cid} of company {id} having values in the 
payload. The updatable items may vary (name, email, etc.) 

• DELETE /companies/{id}/contacts/{cid} - Removes the contact with {id}
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Example: Contacts in a Spring Controller and Java
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@RestController
@RequestMapping("/people")
public class PeopleController {

    @Autowired
    PeopleRepository people;

    @Autowired
    PetRepository pets;

    @GetMapping("")
    Iterable<Person> getAllPersons(@RequestParam(required = false) String search) 
{
        if( search == null )
            return people.findAll();
        else
            return people.searchByName(search);
    }

    @PostMapping("")
    void addNewPerson(@RequestBody Person p) {
        p.setId(0);
        people.save(p);
    }

    @GetMapping("{id}")
    Optional<Person> getOne(@PathVariable long id) {
        return people.findById(id);
    }
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JAX-RS: A standard for API declaration

• A lightweight specification 
method with (Java) annotations 

• Implemented by RESTEasy and 
Jersey 

• Similar to Spring annotations 
• Official Java Specification 
• //jcp.org/en/jsr/detail?id=339
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@Path("/notifications") 
public class NotificationsResource { 
    @GET 
    @Path("/ping") 
    public Response ping() { 
        return Response.ok().entity("Service online").build(); 
    } 
  
    @GET 
    @Path("/get/{id}") 
    @Produces(MediaType.APPLICATION_JSON) 
    public Response getNotification(@PathParam("id") int id) { 
        return Response.ok() 
          .entity(new Notification(id, "john", "test notification")) 
          .build(); 
    } 
  
    @POST 
    @Path("/post/") 
    @Consumes(MediaType.APPLICATION_JSON) 
    @Produces(MediaType.APPLICATION_JSON) 
    public Response postNotification(Notification notification) { 
        return Response.status(201).entity(notification).build(); 
    } 
} 


