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Web client architecture - Virtual Machine
• 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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Browse

DOM JS

Browser logic architecture
• Source files with static content: HTML / mime-types 
• DOM abstract representation (dynamic) 

• Elements 
• Style annotations 
• Event handlers 

• User-interface (visible elements) 
• Javascript behaviour
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Client Web (mobile) Applications
• Running on a Browser 

• Cross-platform compatibility (HTML, CSS, Javascript) 
• Slow interpreted code 
• Limited capabilities (no camera, no gyro, no resources, sandboxed) 

• Native code 
• All device capabilities available 
• Fast and efficient applications 
• Proprietary languages and APIs (Java/Android ADT, Swift, C#/C++ UWP) 

• Running on a shell (PhoneGap, etc) 
• Cross-platform compatibility (HTML, CSS, Javascript) 
• All device capabilities available  
• Precompiled and packaged code (fast)
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HTML5 comes as a package
• HTML5 is divided into: 

• HTML code to define structure and basic content to  
web pages. (new tags like <video> <audio> <svg>) 

• CSS (Cascading style sheets) to define the appearance, 
layout, and some behaviour of DOM elements 

• Javascript is used to define behaviour associated to the 
webpage elements. Behaviour includes dynamic 
construction of pages. 

• The supporting structure for all these elements is 
the DOM. 
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DOM - Document Object Model
• Standard (W3C) specification of the API of the data structure 

representing a structured document (HTML, XML, etc.). 

• Defines objects and properties for all elements of a page and 
methods to access and modify them. 

• Allows the dynamic retrieval, constructions, and modification of 
HTML elements in a web page.

97http://www.w3schools.com/htmldom
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DOM - Document Object Model
• DOM is a convention to represent HTML (XML) 

documents in a tree of objects. It’s the dynamic 
supporting structure of a web page. 

• Each node of the DOM has a particular structure 
(attributes) and associated behaviour (methods).  

• DOM objects can be created, accessed, and 
modified using: 
• HTML: the static structure of DOM objects 

• CSS: using (rich) object selectors 

• Javascript: by traversing the DOM tree using the DOM API.
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HTML
• Each HTML element has a tag 

• <body>,<ul><li><p>… 

• Content 
• <p>This is a paragraph</p> 

• and a set of attributes: 
• Generic: set on any HTML element. (ex: id, class, hidden…) 

• Particular: img/src, option/value, etc. 

• Events: dependent on the kind of element  
body / onload, button / onclick, etc.
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HTML essentials in one slide
• <!DOCTYPE html> 
• <html></html> root element 
• <head></head> section to declare  

meta-information, stylesheets and scripts 
• <body></body> section to define content 
• <p> <h1>… <ul> <div> block elements 
• <span> <strong> <i> inline elements 
• &lt; &gt; &#233; escaped characters
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General structure - <html>
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Invisible info - <head>
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Visible info - <body>
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Textual block elements
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Textual inline elements
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Structural block elements
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Block elements
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Inline elements
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Attributes
• HTML elements can be modified through  

 attributes
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HTML - Basic Interaction
• Links 

• Produce a GET request to the given URL and replace  
the entire content of the DOM 

• Forms  
• Pre-defined controls (buttons) 

• Produce a request and expects a response document (HTML) 

• replaces the entire content of the DOM (depends on _target) 

• method attribute defines the request type (GET/POST) 

• called URL format depends on the used method (body/query 
string)
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HTML - FORMS

111

<form	action="/my-handling-form-page"	method="post">	
				<div>	
								<label	for="name">Name:</label>	
								<input	type="text"	id="name"	/>	
				</div>	
				<div>	
								<label	for="mail">E-mail:</label>	
								<input	type="email"	id="mail"	/>	
				</div>	
				<div>	
								<label	for="msg">Message:</label>	
								<textarea	id="msg"></textarea>	
				</div>	
					
				<div	class="button">	
								<button	type="submit">Send	your	message</button>	
				</div>	
</form>
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• Inputs 

• Other interface elements (output)

HTML

112

<button	name="button">Click	me</button>

<p>Heat	the	oven	to	<meter	min="200"	max="500"	value="350">350	degrees</meter>.</p>

<progress	value="70"	max="100">70	%</progress>

<select	name="select">	
		<option	value="value1">Value	1</option>		
		<option	value="value2"	selected>Value	2</option>	
		<option	value="value3">Value	3</option>	
</select>

<input	type="text"	name="input"	value="Type	here">
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CSS - Cascading Style Sheets
• Describes the presentation of a document  

defined using a markup language (HTML, XML) 
• Decouples presentation from the document 

structure and behaviour of a web application. 
• Based on declarative object descriptors and object 

attributes (and values) - Rules 
• Based on general application priorities on 

conflicting cases 
• Includes basic presentation behaviour (animations)
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Decorating the DOM
• A set of rules is applied to the DOM  

• rule = selector + style definitions with the form property:value 
• Rules are applied by the following order 

• Browser default 

• External and Internal Style Sheet  
(following the order in the section <head>) 

• Inline Style (HTML element) 

• Propagate hierarchically  
through the DOM 
(it depends)...
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CSS object selectors
• all elements: 

• by HTML tag 

• by id 

• by class 

• composed selector 

• composed selector 

• pseudo-classes
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CSS Selectors

116

from http://www.w3schools.com/cssref/css_selectors.asp
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CSS Selectors
• h1 {background-color: red;}
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CSS Selectors
• h1 {background-color: red;}
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CSS Selectors
• h1 {background-color: red;}
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CSS Selectors
• h1 {background-color: red;}
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CSS Selectors
• h1 {background-color: red;}
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CSS Selectors
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CSS Selectors
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CSS Selectors
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CSS Selectors
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CSS Selectors
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CSS Properties
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CSS Properties
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The Box Model
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The Box Model
• The layout of web pages is based on the setting of 

box dimensions, using 4 different measures 
• Width and height; padding; border; margin
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Display, Visible, Float, and Position
• There are three ways (properties) that control the 

positioning of an HTML element in a rendered 
page. 

• display: inline, block, inline-block, none 
• visibility: visible, hidden, collapse (tables) 
• float: left, right… 
• position: static, absolute, fixed, relative 

• associated properties: left, right, top, bottom
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Media queries
• Media queries are extra conditions on the 

application of style rules that can target media 
parameters like the width and height of a screen, 
orientation of a device and kind of device.

132https://developer.mozilla.org/en-US/docs/Web/Guide/CSS/Media_queries



Internet Applications Design and Implementation, FCTUNL, João Costa Seco, Jácome Cunha 2015-2016

Media queries
• Media queries are extra conditions on the 

application of style rules that can target media 
parameters like the width and height of a screen, 
orientation of a device and kind of device. 

• @media <media type> and <media features>

133https://developer.mozilla.org/en-US/docs/Web/Guide/CSS/Media_queries
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Media queries

134https://developer.mozilla.org/en-US/docs/Web/Guide/CSS/Media_queries
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Responsive design
• Sets of methods and techniques to optimize 

reading and navigation of a certain web design to a 
myriad of devices and displays. 

• Usually achieved by gracious resizing, hiding, and 
rearrangement of page sections. 
• Flexible (flow and grid) layouts 

• Media queries 

• Javascript reactive interfaces
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Javascript in the browser
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Javascript in the browser
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Javascript + AJAX
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Javascript Frameworks
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Javascript Frameworks
• Abstraction of browser related details  

(No, they are not the same as the standard ! ). 
• Higher abstraction level in browser related operations.  

• Searching the DOM and iterating elements (jQuery) 

• Updating values of elements in the DOM (AngularJS) 

• Inversion of control 
• Basic event model already provide it 

• frameworks extend it further… 

• jQuery is really an extensible library… 
• jQuery UI/Mobile are frameworks… 
• Bootstrap
• AngularJS
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jQuery
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jQuery
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Bootstrap
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Bootstrap Grid System

144

<p>
<container><p>

<row>

<row>

.col-md-4 .col-md-4 .col-md-4

.col-md-8 .col-md-3
.col-md-1
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Bootstrap Grid System
• Bootstrap is a CSS/Javascript client framework that 

provides simpler and effective layout tools. 
• Bootstrap divides a page into 12 columns and 

provides classes for rows and columns: 
• container, row, col-X-Y, etc. 

• X: xs (phones), sm (tablets), md (desktops), and lg (larger 
desktops) 

• Y: 1 .. 12  

• Explore bootstrap grids at: http://getbootstrap.com/
examples/grid/
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AngularJS
• AngularJS is a MVC framework that embeds 

reactivity in the client side. It simplifies greatly the 
process of watching variable modifications and 
changing the appropriate places.
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Web application variants
• “Traditional” request - response (HTML view) 

• CRUD + Custom controller/view definition 

• Full DOM reload on each request 

• Dynamic HTML Views 
• Ajax HTML requests load partial views into the DOM 

• Single page application (SPA) 
• One page, decoupled from server 

• All data is dynamically loaded by requests to web services 

• Hybrid 
• Main template loaded statically 

• Secondary data loaded dynamically and asynchronously 

• Mashups
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HTML - Templating
• In a web application HTML are “almost never”  

static. Templating is a mechanism that  
produces dynamic content out of “templates” 

• Templates 
• Parametric 

• Dynamic (loops, decisions, … ) 

• Abstract (meta-inf, scripts, links, … ) 

• Reuse (by including common blocks) 

• Templating depend on the host language:  
• Java: JSP, thymeleaf 

• Rails: ERB, haml, … 

• NodeJS: handlebars, jade, … 
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HTML - Templating
• Thymeleaf (thymeleaf.org) 

• XML based 
• special attributes in tags (th:*) 
• internationalisation expressions #{} 
• variable / model expressions ${}  
• navigation expressions @{} 
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Shells for web applications
• Mobile Applications 

• PhoneGap / Apache Cordova 

152
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Client Application Design
• Specify the data structure using data-centric resource 

based method (UML, ER, etc…) — REST interface 
• Specify the interaction using IFML 

• Interaction and (basic and compound) view components 

• Connect basic (CRUD) and custom controllers to 
IFML elements 
• Provides a decoupled design 

• Each IFML element is mapped to a resource access point: 
• View Components —— GET requests 

• Forms and Actions —— POST requests
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IFML elements

156
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IFML diagrams
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Product 
List 

Shopping Cart 

«List» 

Customer 
Information 

Customer Information 

«Form» Execute 
the 

payment  

Checkout 

«ParameterBindingGroup» 
Name ! Name 

Payment 
Information 

 Payment Information 

«Form» 

«ParameterBindingGroup» 
Name ! Name 

CreditCard ! CC 

Confirmation 

Confirmation
Message 

«Details» 
«ParameterBindingGroup» 

Total! Amount 
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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 provides (convenient) flavours 
• Web-service style pure JSON/XML Data 

• Complete/partial HTML view responses 

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

167

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

168

in … https://developers.google.com/glass/v1/reference/
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Mirror API - Google Glasses
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Mirror API - Google Glasses

170

in … https://developers.google.com/glass/v1/reference/
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Exercise
1.Consider the scenario of a web application for booking 

Hotel services. 

2.Define the standard REST interface for the application 
(resources). 

3.Define the basic hotel reservation use case using IFML. 

4.Define the resources/action used by each IFML view 
component and action.
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