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Internet Applications Design and Implementation

An Internet Application (or System) is a global concept 
instantiated into many different components running in many 

different devices/systems and communication over 
heterogeneous channels
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Internet Applications Design and Implementation

The challenge is to design, specify, and implement  
 

modular,  
loosely-coupled, 

large-scale applications,  
 

so that the software development process is more efficient and the 
longevity of the applications is longer.
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Internet Applications Design and Implementation

Faster development cycles, 
functionally correct applications, 

applications that can easily be used by other systems, 
heterogeneous development and execution environments, 

applications are easily maintainable (corrections and extensions) 
secure systems 

reliable and available systems 
performant applications
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Internet Applications Design and Implementation
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Many of these goals are specific of Internet 
Applications and should be attained using 
specific methods, tools and techniques.



What about Internet Applications?
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Skills for Internet Applications
• Special skills because 

• software evolves fast, we need to develop 
extensible and maintainable software. 

• data and code have different wills, we need 
to develop code in sync with data. 

• software is “open” and connected  
(the world changes), we need to develop 
loosely coupled, robust software that follows 
standard API conventions. 

• Internet Apps may grow to have a huge user 
base (millions of requests)…  

• It also needs to be scalable, secure, 
replicated, reliable, concurrent, safe…
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“Tools” for Internet Applications

• Software Specification (UML, OpenAPI, IFML) 
• Software Architecture (Web MVC, SOA, Micro Services, Lambdas, Serveless) 
• Software Patterns (Observer, Chain of Responsibility, Facade, Builder, …) 
• Programming Languages (Statically Typed, Dynamic, Concurrent, …) 
• Software Frameworks (Web, Component, Reactive, Data-Abstraction,…) 
• Development Methods (Agile, TDD, BDD, Continuous Integration, C. Delivery) 
• Deployment Tools (Cloud Managers, Containers, Lambdas, … )
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Software Specification for Internet Applications

• Data schema specification 
• Behaviour specification 
• Interface-flow specification 
• Security specification
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Software Architecture for Internet Applications

• Architecture refers to the internal design of a software system 
• It describes the way the highest level components are wired together.  
• A good architecture allows a system to be expanded with new capabilities 
• A good architecture pays off in quality
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GOF (Design) Patterns for Internet Applications

• Observer (Web Controllers, Reactive web) 
• Chain of Responsibility (Security filters on requests) 
• Facade (Service objects, REST interfaces, ORMs) 
• Builders (inner to outer representations of data) 
• … 
• Frameworks implement design and architectural 

patterns and styles 
• Layered Architecture 

• Model View Controller 

• Inversion of control 

• REST interfaces
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Software Frameworks for Internet Applications

• provide re-usable code (as libraries) 
• provides controlled and managed resources  

• e.g. transactions, log, security 

• introduce abstraction layers  
• to hide complexity of concrete execution scenarios (hardware/software configuration) 

• Sometimes by scaffolding code (does not evolve well) 

• support test driven development and code evolution 
• They work by explicit configuration or by conventions
• Improve the overall quality! (correction, maintainability, extensibility)
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Software Frameworks for Internet Applications

• provide re-usable code (as libraries) 
• provides controlled and managed resources  

• e.g. transactions, log, security 

• introduce abstraction layers  
• to hide complexity of concrete execution scenarios (hardware/software configuration) 

• Sometimes by scaffolding code (does not evolve well) 

• support test driven development and code evolution 
• work by explicit configuration or by conventions
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https://dzone.com/articles/how-does-spring-transactional

• it's repetitive and error prone 
• any error can have a very high impact 
• errors are hard to debug and reproduce 
• this decreases the readability of the code base 
• What if this method calls another transactional method?

https://dzone.com/articles/how-does-spring-transactional
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Software Frameworks for Internet Applications

• provide re-usable code (as libraries) 
• provides controlled and managed resources  

• e.g. transactions, log, security 

• introduce abstraction layers  
• to hide complexity of concrete execution scenarios (hardware/software configuration) 

• Sometimes by scaffolding code (does not evolve well) 

• support test driven development and code evolution 
• work by explicit configuration or by conventions
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A spectrum of frameworks for a spectrum of domains

• Web Frameworks 
• Data manipulation Frameworks 
• Resource Oriented Frameworks (REST) 
• Process Oriented Frameworks 
• Client-side frameworks 
• Tierless frameworks 
• Low-code platforms
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Software Frameworks for Internet Applications

• Examples of Web Frameworks:  
• Ruby on Rails, Django and Python, Spring and Java, Cake and PHP, nodeJS, Meteor, Revel and Go 

• Examples of Client Frameworks:  
• AngularJS, React, Vue, Lightweight form, Svelte 

• Examples of Data Frameworks:  
• LINQ, Hibernate (JPA), … 

• Examples of Web Service Frameworks/Languages:  
• WS-BPEL…  

• Examples of Tierless and Multi-tier Languages:  
• Meteor, Ocaml (w/ Ocsigen), LINKS, UrWeb (research), Hop (research) 

• Reactive languages: Loom, Elm, … (demo)
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My Personal Research Perspective

• Component-Based, Live and Reactive Programming 
• Abstract View of Systems (let compilers and frameworks deal with the details) 
• Build tools, frameworks, and programming platforms (e.g. low-code)
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Example 1: DCR Choreographies

36

Geraldo, E., Braga, B., Fernandes, N., Ye, D., & Costa Seco, J. (2024). Local Projections of DCR Choreographies with Data and 
Spawn. 1st Workshop on Principles, Theory, and Practice for Decentralized Applications, Co-Located with ECOOP 2024.
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Example 2: Meerkat language (Live Programming)

37

Costa Seco J., Aldrich J. The Meerkat Vision: Language Support for Live, Scalable, Reactive Web Apps. International 
Symposium on New Ideas, New Paradigms, and Reflections on Programming and Software (Onward)@SPLASH 2024
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Software Frameworks for Web Applications

• Based on Ruby (dynamically typed language) 
• Implements the MVC architectural pattern 

• Pattern components assembled by conventions on folders, filenames, and language identifiers 

• Very flexible programming language 
• Everything is “re-programmable” 

• Rails is a versatile tool 
• Support for scaffolding, migrating code and data, and TDD 

• Convention over configuration (even more) 
• Big community 

• Big pool of top-of-the-line gems
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Software Frameworks for Web Applications

• Java + J2EE / Spring / Play  
• Most used programming language 

• Statically typed and dynamically assembled 

• Well know 

• Easy to start web development 

• Huge amount of ready-to-use libraries (Beans) 
• Industrial grade efficient implementations 

• Beans framework (MVC is just a module - webmvc) 

• Patterns are assembled programatically, or by XML configuration files
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Software Frameworks for Web Applications

• Elixir + Phoenix is a web development framework written in Elixir which 
implements the server-side Model View Controller (MVC) pattern. 

• Provides high developer productivity and high application performance 
• Scaffolding tools like Rails and Django 
• Provides LiveView 

• based on web sockets 

• efficiently handle cross border events  

• efficiently refresh web pages based on server side templates
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• Spring + Kotlin 
• Advantages: 

• It's Completely Interoperable With Java 
• It's (way) More Concise Than Java 
• Safer Code 
• It Comes With a Smarter and Safer Compiler 
• It's Easier to Maintain 
• It's Been Created to Boost Your Productivity 
• It “Spoils” You with Better Support for Functional Programming 
• It Has Null in Its Type System

Software Frameworks for Web Applications

41https://spring.io/blog/2017/01/04/introducing-kotlin-support-in-spring-framework-5-0
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Jobs for Internet Applications
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https://medium.com/codingthesmartway-com-blog/the-2019-roadmap-to-fullstack-web-development-1bba67a54ae8
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Programming Languages for Internet Applications
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Programming Languages for Internet Applications
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Development Methods for Internet Applications

• Test Driven Development  
• Founded as part of the “extreme programming (XP)” 

methodology (1999) 

• Part of the Agile methodology 

• Steps:  
Add a test; Run all tests and see if the new test fails; 
Write the code; Run tests; Refactor code; Repeat 

• Behaviour Driven Development 
• Tests are complete examples 

• Generic Tests and Test Generation  
(e.g. QuickCheck)
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Deployment Methods for Internet Applications

• Software development is increasingly competitive 
• Any mistake can be extremely expensive  
• Pressure is on to deliver fast and change even faster 
• Companies deploy software at 

an astonishing pace: 
• Amazon: “every 11.7 seconds” 

• Netflix: “thousands of times per day” 

• Facebook: “bi-weekly app updates”
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Deployment Methods for Internet Applications

• Processes and Methods for software construction and software deployment. 
• Specification and development methods 
• Testing tools and toolchains 
• Validation and Verification techniques
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https://puppet.com/blog/continuous-delivery-vs-continuous-deployment-what-s-diff
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Internet Applications Design and Implementation

We focus on the principles and concepts on the development of Internet applications.  

The syllabus follows an approach based on the fundamentals of software development 
based on web and service oriented architectural patterns, advanced modularity 

mechanisms, data persistency abstractions, good development practices, 
performance concerns, and validation techniques.  

Lectures run along practical assignments and the development of a running project 
using frameworks, languages, and programming tools for Internet Applications that ensure 

the safety and compliance of the solution with relation to a specification
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Goals: To Know

• Essential aspects of architectural patterns for inversion of control and software architectures 
specific for Internet Applications. 

• Principles of the development of web applications and single page web applications. 

• Mechanisms of specifying and implementing web services and web service orchestrations. 

• Internal structure of an Internet browser and its client applications. 

• Principles of data-centric and user-centric development in the context of Internet applications. 

• Main data abstraction mechanisms used in Internet applications. 

• Major performance pitfalls of Internet applications and their workarounds. 

• Main specification and implementation mechanisms for security policies in Internet 
Applications.
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Goals: To Do

• Use development frameworks that implement architectural styles for Internet 
applications. 

• Specify and build web and cloud applications to support thin, flat, and native 
clients. 

• Specify and build client applications with reactive and rich behaviour. 

• Implement authentication mechanisms and specify the core security rules of an 
Internet Application 

• Specify and efficiently use abstraction data layers such as Object Relational 
Mappings in Internet applications. 

• Design and deploy Internet Applications that are efficient and maintainable.
51
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Resources

• Github classroom (assignments/project, starter code) 

• iadi2024.github.io (slides and other documents) 

• Discord (direct contact, conversation, questions)

52

http://iadi2024.github.io
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Evaluation

• Written evaluation component (60%) — two on-campus Tests or one Exam  
• Laboratory work component (40%) — there is no “frequência”/not valid next year 

• teams of 3 members 

• 1 project, 2 submissions using GitHub classroom 

If you don’t know how to operate with git, go learn TODAY!

• A final report (fixed template) presentation and discussion to assert the obtained results.
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12x, 2h Weekly Lectures. aka “a long and steep 12 week hike”
23 Sep  - Course Overview       

30 Sep  - Software Architecture. Services and Micro Services        

7 Out     - Data Abstraction, JPA & Hibernate         

9 Out (Extra)   - More Data Abstraction, Associations and Custom Queries        

14 Out  - Continuous Integration, Unit Testing, Mock Services       

21 Out  - No Lecture (SPLASH 2024)    Autonomous Study      

28 Out  - Security Mechanisms in Internet Applications          

30 Out (Extra) - Model-Based Access Control        

4 Nov   - Q&A       

11 Nov  - User-centric development - Client Side Reactive Programming (React)       

18 Nov  - IFML and UI Design. IFML to React         

25 Nov  - Client Side State Management          

2 Dez   - TBD       

9 Dez   - Q&A      
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Lab Exercises

• Tech Stack (mandatory): 
• Server-side: SpringBoot + Kotlin + Swagger + JUnit5 + MySQL 
• Client-side: TypeScript + React + Redux 

• Tools stack 
• git (GitHub — mandatory), 
• GitHub classroom 
• IntelliJ 
• httpie/curl/postman

55



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

Project Deliverables

• A single project from the beginning: 
• Data-driven development of service based application, specification of data model and API 

• User-driven development of a progressive/single page client application, specification of 
user interaction 

• A single git (mandatory) repository with client and server code, 
documentation, presentation and report - GitHub classroom 

• Report will include UserStories, UML/ER, IFML, OpenAPI spec, security spec 
• Unit and Integration Test suite (including security aspects) 
• Evaluation will cover documentation, functional correctness, code 

construction, coverage, security and performance issues.
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Code of conduct

• You are expected to do the practical work in teams independently with the help of the 
instructor in the lab sessions. You can also use Discord to ask questions anytime. Don’t 
paste code or links to code in Discord. 

• We assume fair treatment and a fair balance of work between team members. 
• Look for a team that works. Talk about work style, schedule, commitment level, etc. 

• You can use GitHub Co-Pilot and ChatGPT as an aid to understand code or any other 
topic, not as a primary source of code or text. A reflection on the use of LLMs should be 
included in the report if used. 

• Cheating:  
• If you are looking into someone else’s code, you are probably beyond the scope of legal behaviour. 

• Unreported use of Co-Pilot or ChatGPT can be considered cheating. 

• Drastically unbalanced work is cheating and will be penalised (possibly disqualified)
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