SOFTWARE ARCHITECTURE
12. WORLD WIDE WEB

Tatsuya Hagino
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lecture URL
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Birth of Web

- Developed around 1989 in Geneva, Switzerland

- Tim Berners-Lee
- Information management at CERN
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{ Web = Hypertext + Internet




The first Web Server and Browser

WordWidewen | |

This version ofthe WY application can pick up hyperext
infomation from files in a number of formats, from (ocal files, from
remote files using NFS or anonymaus FTP, from hypertext servers by
name or keyword search, and fram internet news. Hypertextfiles
may be editied, and links made fram hyperextfiles to otherfiles ar
any other infarmatian.

Formore help, use "Help" fram the menu. If that doesn’twaork, then
your application has been incompletely installed

If you have any comments ar have bugs, please mail
timbl@infa.cern.ch. quoting the version number (abave).

Welcome to ¥orb , the electn
neighborhood hits|

Wired, 24 May. vig

Flux Med hears rumors of a deal between G

Corparate recruiting form letters = i

Altocynicism . What’s the Point?

JFG’s home page at InfoDesign

This home page demonstrates some simple concepts ofthe
World-Wide Weh infrastructure for global information sharing

Today, | showed Tim’s ariginal Web browser to Mare Webe | just taok
some notes about him and linked them to his name an the fly.

| use this World-Wide Web editor exactly like any word processar, with
the power to create links from sensitive pieces of text to other places,
for instance to personal notes or to any information source in the warld

WWW research stuff

Hyperext Resources (IN-Box)

Geographical list of WWW servers (at (]
same list. Example : CERM phone book

WWW project documentation {(at CERM|

Marc Weber

A computer cansultant, small publisher and freelance journalistwha is

currently investigating the early history ofthe Web, to be published in
Wired. He \oves&.

Welcome To HolWired!

How to Join: Register Mow  kMembers Cnly:
Unguided Tour  Overview Meed Help?  What's New
Your View &copy; 1995 Hotwired Ventures LLC

Powered by Silicon Graphics




Compare Three Methods of Information Management

hierarchical
keyword hypertext
structure Y& P
: Search is fast. Arbitrary structure.
Easy to manage. Need to put keywords Easy to represent real
Cannot represent real before search without relations.
relations. knowing Keywords can be nodes.

actual user keywords.

P
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What is Web?

Web = internet + hypertext

- Internet
- Connecting global networks.

- Hypertext
- Text with links to other texts.




Web Basic Mechanism

- Write documents as hypertexts using HTML
- Use URL to specify locations
- Use HTTP to transfer documents from server to browser

HTML A HTTPM
document - i Internet R HTML
¢ « S - document
ent
— ! W URL
|

client
Web browser

Web server



First Important Inventions for Web

- HTML + CSS }
- Web page description language @
- HTML: Hypertext Markup Language m

- for content + ‘

- CSS: Cascading Style Sheet

- for style HTML
- added later

- HTTP: Hypertext Transfer Protocol
- Web page transfer protocol
- Simplification of Anonymous FTP HTTP ' HTTP ' HTTP ' HTTP
- Multimedia 0.8 1.0 1.1 2
- Multi-language

- URL: Uniform Resource Locator

- Web page position URL E=) URI =) Rl
- Hypertext pointer



Why Web becomes so popular?

- Free
- Gopher had a license problem.

- Open system Q\

- Anybody can join. —

- Search engines automatically create indexes.
- Network effect. like snow ball

- Not strict

- Broken links (404 Not Found) — defective product
as hypertext system

- HTML grammar error

- Standardization efforts

° |ETF LA N ®
- World Wide Web Consortium lETF WSVW




. S
From Web 1.0 to Web 2.0

1990 2000 2010 2020
Web 1.0 Web 20 Web 3.0
HTML CSS XML Ajax blog SNS
HTTP Web Services  Social Bookmark RIF
URL RDF OWL SPARQL Linked Data

p'al —_— co.te —_— p'al —_—

read read read
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Web Layer Structure

HTML

— documents

XML

— protocols

Unicode




URI (Uniform Resource Identifier)

- Identifier
- Names and numbers which identify objects and concepts.

- Identifiers around us.
- personal identifier
- book identifier
- PC identifier
- place identifier

id.er

object

concept



Web Concept, Identifier and Representation

- Concept

- Web Resource httIO:”WW”“-r‘“'e"'h“‘“'

‘identify
- |dentifier - resource
elo
- URI (Uniform Resource ldentifier)

_ l represent
- Representation
° HTML+CSS :L?n?lgTYPEhtmb

<head>
° G | F <title>Keio University</title>
</head>
<body>
<h1>Keio University</n1>

<}Body>
</html>




URI Syntax

http://www. sfc. keio. ac. jp/teacher/hagino. html?title=webit|lecture

\_Y_} \ Y T Y J\ T J
schema authority path query fragment
- Schema - Path
- protocol - location in the authority
- file name
- Authority
- host name - Query
- server name - query variable and value pairs
- Fragment

- location in a document

Web server handles up to the query part and
the fragment is handled by Web browser.



URI Axioms

- Universality
- Any Web resource has URI.

- Global Scope
- The meaning of URI is always the same.
- unigueness

- Sameness
- The same URI means the same thing.
- Contents may be differ with the same meaning.

- Opacity
- URI itself does not show the type of resource.
- Resource type may depend on its representation.



URL, URN, IRI

- URL (Uniform Resource Locator)
- location of resource
- example: http, ftp

- URN (Uniform Resource Name)
- urn:<nid>:<nss>
NID needs to be registered to IANA

http://www.iana.org/assignments/urn-namespaces/urn-
namespaces.xml

62 URN are registered as of 2017-06-26
example: ISBN

- IRI (Internationalized Resource ldentifier)

- Internationalized URI

- URI cannot use Unicode characters but needs to represent character
codes in hex.

- Allow to use Unicode characters in host name and path.



What is XML?

- XML (Extensible Markup Language)
- Markup Language
- Version 1.0 is standardized in 1998/2 by W3C.
- Currently version 1.0 and 1.1 are available.

- Why XML is necessary?
- SGML is too old to be used for internet documents.
- HTML cannot be used for all the documents.
- Documents as well as data.
- Allow mixing multiple documents.

HTML XHTML - application

SGML l

XML - language definition




Structured Document

document

- Each document has structure.
- paragraph, section, chapter, index Chapter 1
- CV, applications

Chapter 2

- markup
- Specifies document structure
- Derived from ““marking up"
- SGML introduced tags as markup.

<coffee price="250">Cafe Latte</coffee>

I I

markup markup



Structure of an XML Document

- XML declaration

- XML document <';’xml versiog="1.0" encoding="'EUC-JP'?>

o <!-- Kei -—>
- specified character code 0 S
<restaurant>

- Element <name>Keio Restaurant</name>

- markup using start and end tags <place>SFC</place>

- empty element tags st _ _

<item price="150">coffee</item>

- CharData <item price ="250">cafe latte</item>

- character data <item price="400">sandwich</item>
- Reference </;:§er: price="700">spaghetti</item>

. u
- character reference like &lt; and <open from="10:00" to="17:00" />
&H#65; <networks>

- CDSect <network type="wireless LAN" />

- CDATA section /<netwo]1:k type="wired LAN" />

</networks>
- Pl :
<misc>

- processing instruction Enjoy international foods.
- Comment <

. comment </restaurant>




HTML

- HTML
- XML(SGML) application
- Hypertext document

XML

- HTML features

- separation of content and presentation
- CSS for style

- Combines orthogonal technologies:
- content: HTML

- presentation: CSS .

* programming: Javascript video

orthogonal

technology movie - audio

subtitle

—



HTML Versions

1989 HTML SGML—XML

N IETF standardize

1994 HTML2 2000 1 XHTML1.0 mobile
\% \% mOdmarize\\

\ 4

1995 | HTML3 2001 XHTMLL.1 2000 XHTML Basic
|, merge extensions ) XML like

1997 | HTML3.2 XHTML2.0
{ valid HTML

1907 | HTML4

9991 HTML4.01

2014 HTML5




Simple HTML Document

<?xml version="1.0" encoding="UTF-8"?>

<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN"
"http://www.w3.0rg/TR/xhtmll/DTD/xhtmll-transitional.dtd">

<html>

<head>
<title>My first HTML document</title>
<meta http-equiv="Content-Type" content="text/html; charset=UTF-8"/>

<link rel="stylesheet" href="sample.css" type="text/css"/>

</head>
<body>
<hl1>Simple HTML</hl>
<p>Anybody can write HTML documents.</p>
<p>There are multiple paragraphs.</p>
</body>
</html>

- DOCTYPE declaration specifies the version.
- DOCTYPE declaration is too long for beginners.
- HTMLS5 simply:
- <IDOCTYPE html>



HTML Elements

- Elements which define the
whole document structure html

- html, head, body, etc.
- section, article, etc.

head
- Elements to start new
paragraph body
- block elements
block

- hl1, h2, ul, ol, table, etc.

elements
- Elements used in a inline
paragraph elements
- inline elements (text
elements)

- 1, b, em, strong, etc.



HTTP

- Hyper Text Transfer Protocol

- TCP protocol
- port 80

- Simplification of anonymous FTP

HTTP

TCP

IP

Ethernet, etc.
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HTTP (Hypertext Transfer Protocol)

- Protocol for manipulating Web resources

- Methods HEAD

- HEAD

‘etneve’
- get information about a resource

GET process
- get a representation of a resource resource “ POST
- PUT odify
: |
- create or modify a resource

- DELETE PU DELETE
- delete a resource

- POST

- send data to a resource and process it



HTTP Versions

- HTTP/0.9
- 1991
- Request
- GET <uri> CR LF
- Reply

- <html| document>

- HTTP/1.0
- 1992, 1996 RFC1945

- Request
- <Method> <uri> HTTP/1.0 CR LF
- [<request header>*]
- [CR LF <data>*]
- Reply
- HTTP/1.0 <status code> <reason>
CR LF
- [<response header>*]
- [CR LF <data>*]

- HTTP/1.1

- 1999/11 RFC2616
- Virtual Hosting
- TCP/IP Persistent Connection
« TCP/IP Pipelining
- Proxy Cache Control

- HTTP/2

- 2015/5 RFC7540

- Extend SPDY developed by
Google.

- Do not replace HTTP/1.1
- Make HTTP/1.1 faster
 Multiplexing connection
- Flow control

- Header compression

- Server push



HTTP@®Request and Reply

<method> <URI> HTTP/1.0
<headerl>: <valuel>
<header2>: <value2>

<body>

4

>

(browser)
HTTP Reply

HTTP/1.1 <status code>
<reason>

<headerl>: <valuel>
<header2>: <value2>

<body>

.

Web server

Web

resource

status code

meaning

200

OK

301

Moved Permanently

303

See Other

401

Unauthorized

403

Forbidden

404

Not Found




GET and HEAD Methods

- GET method

- Get one representation of a Web
resource. HTML document movie

- Content negotiation ‘ GET ’

- Language negotiation
Web

- HEAD method -

- Get information about a Web resource or
) ) GET
its representation

- Subset of GET Japanese English

- Property of GET
- GET is safe to use multiple times.

- GET is idempotent. @ X @ — @
- GET has no side effect.



Content Negotiation

- Document and image format

GET keioPenMark Web resource

Accept: image/png
Euser agent} keioPenMark

_‘ keioP'rk.png

» Language format

GET index.html

keioP‘rk.jpg

keioPe‘rk.png

keioP‘rk.gif

0.7

Accept-Language: ja, en-us;q=0.8, en;qg=
Euser agent}

ﬂ index.html.ja J

index.html.en J

index.html.ja

index.html.kr




PUT and POST Methods

- PUT method GET PUT
- Create a new resource or modify an existing one. t '
eb

- Inverse of GET

- Web browser does not use PUT. W
resource

- POST method

- Send data to a resource.
- The resource process the data.

- HTML FORM uses POST.
x £

- GET vs POST
- Specify GET or POST by the method attribute of FORM.
- When there is no side effect, use GET.

- If the resource is updated or there is a side effect, use POST.
- POST is not idempotent.



HTTP Header

- General Header - Entity Header
- Allow
- Date :
- Content-Encoding
- Pragma

- Content-Length
- Content-Type

- Expires

- Last-Modified

- Request Header
- Authorization
- From
+ ["Modified-Since - Additional Header
- Referer
- User-Agent * Accept
- Accept-Charset
- Accept-Encoding
- Accept-Language
- Content-Language
- Link
- MIME-Version
- Refer-After
- Title
- URI

- Response Header
- Location
- Server
- WWW-Authenticate



HTTP Response Code

response meanin response meanin
code g code g
200 OK 400 Bad Request
201 Created 401 Unauthorized
202 Accepted 402 Payment Required
204 No Content 403 Forbidden
301 Moved Permanently 404 Not Found
302 Moved temporarily 405 Method Not Allowed

th
303 See Other 500 Internal Server Error
304 Not Modified
501 Not Implemented

305 Use Proxy




Other HTTP Features

- Forwarding - Effective use of TCP/IP
- The resource is moved to a - Persistent connection (keep-
different location. alive)
- Pipeline

- Authentication

- User name and password - Control proxy cache
authentication - max-age
- Basic or Digest authentication - no-cache

- public or private
- Virtual Host

- Support multiple Web sites on . Extension to WebDAV

one server. | - COPY, MOVE, LOCK,
- Use DNS aliases. UNLOCK



HTTP/2

- 2015/5 RFC7540 browser server  browser server

- Based on SPDY proposal by Google e | S %
- Features }g
- Do not replace HTTP/1.1 s » %Q/m/
- Make HTTP/1.1 faster. e
- Multiplexing T
- Pipeline processes requests one by one. lmultiplexing
- Multiplexing can process requests dependingon | server
priority.
- Flow control / \\ e s
- Avoid overflow of receiver buffer. < {\/ S )
- Header compression reqest—— 13
- Compress header by HPACK T — /
- Server push Wil .
- Server may inject data to browser cache \V 7

beforehand.



HTTPS

- HTTP on top of SSL (Secure Sockets Layer).
- Host authentication
- Encrypt communication

=ol
==L Change | S50 Alert
AIEINEE i Ciphet Spec | Protocol Telnet e
Protocol

mol Fecord Protocol

TCH

IF

http://www.modssl.org/docs/2.8/ssl_intro.html



Summary

- Web
- history
- URL
- XML
- HTML
- HTTP

- Future topics:
- Search engines (Page Rank Algorithm)
- Web site design (Information Architecture)
- Web data (Semantic Web, Linked Data)



Final Exam

- Area
- Class 1 (OS) to 12 (World Wide Web)

- Date & Time
- July 17th, 2018, from 9:30am for about 30min

- Condition

- The answer need to be written on a mark sheet paper, so please
bring an HB or B pencil (and a eraser).

- You may bring in anything except electric devices like PC, mobile
phones.



