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WWW: the �rst steps

Nov. 89: Berners-Lee (at CERN) publihes his �rst work on
an elaborated data �les management system that will give
birth to the WWW

Dec. 1990: Berners-Lee has built all the tools useful for the
Web: the �rst browser, the �rst Web server and the �rst
Web pages (describing this project), still at CERN

1991: he proposes the unique Web identi�cation (URI)

April 93: CERN announces WWW is avalaible for free,
apparition of the �rst browsers

1994: Berners-Lee creates at MIT the W3C
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WWW: a constant growth

Number of Web sites

10 in 1992

10,000 in 1995

1,000,000 in 1997

10,000,000 in 2000

100,000,000 in 2007

Number of Web pages indexed

2 billion in 2002

11.5 billion in 2005

63 billion in 2007

1000 billion at end of
2008??

but...

... that only the visible part of the iceberg, since in 2001 we
estimate there exist more than 550 billion of Web pages
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Querying the Web: search engines
objectives

storing and indexing information on a set of Web pages

evaluating queries according to the information stored

sending the results, sorted by pertinence

The Google success

1996: Larry Page and Sergey Brin, at 23, work for their
PhD thesis on a search engine based on popularity

1998: creation of the Google compagny with 1 million of $

Feb. 1999: 500,000 queries a day; Aug. 1999: 3,000,000

2003: 200,000,000 queries a day

2009: revenue: 23.651 billion, pro�t: 6.520 billion, Brin a nd
Page at the 24th place in Forbes with 17.5 billion each
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So... what's the problem?

1 more and more Web pages (1000 billion of pages indexed
in 2008)

2 Web is dynamical: 40% of the Web pages have a content
that changes within a week

3 problem 1: how to �nd information related to topics of
interest

4 problem 2: how to be aware of updates concerning this
information

) solution: the Web syndication
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Web Data Syndication - Overview

Web data syndication is a publishing framework for
frequently updated web information.

Information in web syndication is available under the form
of feeds.

Each feed consists of a set of items.

Each item contains information such as (a) title, (b) brief
description, (c) metadata, and (d) a link to the actual story.

The two most popular standards for web syndication are
(a) RSS (Really Simple Syndication ) and (b) Atom
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Web syndication systems
The web site of a news source

provides links towards available feeds.

automatically appends an newly created item to the feed
for every new news publication that gets created.

The Web Syndication Aggregator is responsible for

managing users subscriptions to feeds

fetching newly created content,

presenting content to the user in a readable manner.

RSS hubs: intermediates between sources and aggregators

they implement speci�c push model protocols (i.e. PSHBB)

they inform web syndication aggregators when newly
created content is available
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Web syndication - advantages
Pull paradigm not suitable due to:

the great amount of data available on the web

the dynamically changing aspect of data

RSS supports the push paradigm

information content �ows from providers to consumers

burden of searching and obtaining information shifted from
end user to underlying web syndication system
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Pub/Sub principles

a system where publisher and subscriber do not
communicate directly

publisher sends a message, possibly following some
publishing rules, without any knowledge about the
subscribers interested by

subscriber submits to the system interest for particular
classes of information

subscribers receive messages corresponding to their
interest as soon as they are published, without knowing the
publisher that produced it
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Filtering messages: 2 strategies

Topic-based system

the publisher associates his message to a classe or topic

the subscriber receives all the messages published in the
classes/topics he subscribes to

Content-based system

the publisher publishes a message following the data
schema of the system, i.e. giving values to different
attributes

the subscriber receives only messages whose attribute's
values match his criteria
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What is a RSS feed?

an XML �le created from an update of a Web page

its content delimited by a <rss> tag

a tag <channel> contains all the feed's metadata and
feed's content

3 required metadata: <title> , <description> and
<link>

several optional metadata: <pubDate> ,
<lastBuildDate> , <language> ,: : :

the content: ordered set of items, delimited by <item>
tags, one by article (or update)
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RSS syndication

a message published is a new item added to a feed

a subscriber registers a subscription (at an aggregator)
concerning a given topic (topic-based) or specifying a set
of keywords (content-based)

the aggregator detects any update within a feed and
noti�es the subscribers for this topic (content-based) or
with a subscription whose all keywords are contained in
the item

examples of aggregators: email software (Outlook), Web
browser (IE, �refox), online softwares (Google Reader,
Yahoo pipes),: : :
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So... here is the solution!!!

... that's why we are all fond
of RSS ! :-)

Don't you??
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The Roses Project

Context: The Roses project founded by the French National
Research Program ANR (2007-11)
http://www-bd.lip6.fr/roses/doku.php?id=start

Main objectives of Roses

de�ning a set of web resource syndication services

de�ning tools for localizing, querying, generating,
composing and personalizing RSS feeds available on the
Web.
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The Roses testbed

Currently:

in literature many statistics concerning digital libraries,
Web pages, browsing behavior, : : :

statistics about document/page size, access, terms
frequency, cross-references, : : :

BUT...

no study about characteristics of Web syndication, and
especially RSS

needs of statistics on publishing rate, structures of items,
vocabulary used, : : :

) Study in the Roses context of RSS characteristics.
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Feeds acquisition
Sources

We consider 100,000 feeds during 3 months crawled from

major RSS/atom directories (such as syndic8.com)

portals (such as completeRSS.com)

search engines (google.com/reader, feedmil.com,
retronimo.com, thoora.com)

Filtering sources

Out of these 100,000 feeds, 15,000 kept for analysis because

some feeds URL did not exist or were modi�ed

some URL accessible through (user sessions) forms

feeds with missing or ill-formed XML tags or with wrong
characters encoding
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Our dataset

from the 15,000 feeds we acquire 12,275,588 items in 3
months

among these items 7,110,413 were in English

since the publication date is often missing, we add a
timestamp at acquisition time

vocabulary analysis performed after extraction of the words
from title and description, after a stemming step (using
SnowBall stemmer) (+stop words)
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2 characteristics for the feed activity

Publication rate

Corresponds to the average number of items published over a
unit of time (we choose the day as unit in the following)

Level of burstiness

Corresponds to the average number of items published during
short periods of time or bursts where the activity is signi�cantly
higher than the average.
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A �rst classi�cation
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3 classes of activity

1 a relatively low number of feeds with a high publication rate
(> 240 items per day, i.e. > 10 items per hour), denoted
”active+”, with a low burst strength (< 20).

2 a very large number of feeds with low publication rate (< 24
items a day), denoted ”active-”, with burst strength that
ranges from low (5) to extremely high (84)

3 in between, a small number of feeds with middle
publication rate (24 to 240 items per day, i.e. 1 to 10 items
per hour) and middle burst strength (5 to 47), denoted
”active”.

Christophides, Hmedeh, du Mouza, Scholl and Travers RSS Web syndication 23



Problem
RSS Web Syndication

Characterization of RSS feeds
Characterization of Web queries

Conclusion

Feed acquisition
Feeds publishing rate
Structure of the items
Vocabulary analysis

3 classes of activity

1 a relatively low number of feeds with a high publication rate
(> 240 items per day, i.e. > 10 items per hour), denoted
”active+”, with a low burst strength (< 20).

2 a very large number of feeds with low publication rate (< 24
items a day), denoted ”active-”, with burst strength that
ranges from low (5) to extremely high (84)

3 in between, a small number of feeds with middle
publication rate (24 to 240 items per day, i.e. 1 to 10 items
per hour) and middle burst strength (5 to 47), denoted
”active”.

Christophides, Hmedeh, du Mouza, Scholl and Travers RSS Web syndication 23



Problem
RSS Web Syndication

Characterization of RSS feeds
Characterization of Web queries

Conclusion

Feed acquisition
Feeds publishing rate
Structure of the items
Vocabulary analysis

3 classes of activity

1 a relatively low number of feeds with a high publication rate
(> 240 items per day, i.e. > 10 items per hour), denoted
”active+”, with a low burst strength (< 20).

2 a very large number of feeds with low publication rate (< 24
items a day), denoted ”active-”, with burst strength that
ranges from low (5) to extremely high (84)

3 in between, a small number of feeds with middle
publication rate (24 to 240 items per day, i.e. 1 to 10 items
per hour) and middle burst strength (5 to 47), denoted
”active”.

Christophides, Hmedeh, du Mouza, Scholl and Travers RSS Web syndication 23



Problem
RSS Web Syndication

Characterization of RSS feeds
Characterization of Web queries

Conclusion

Feed acquisition
Feeds publishing rate
Structure of the items
Vocabulary analysis

Characteristics of each class

active+ active active-
avg. nb. of items 1,153.82 77.96 2.89
variance 14.46 x 106 7.24 x 103 78.45
covariance 1.26 x 10� 6 7.48 x 10� 8 2.97 x 10� 9

max. nb of items 186,110 5,597 1,068
nb of bursts 3.46 2.36 4.21
avg. bursts strength 18.78 9.81 25.99
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Feeds distribution
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Classi�cation by topics

categories are seldom available in the items

we try to classify items under 4 categories, namely
Economy, News, Health and Sport

we identi�ed a set of terms (in several languages) as
representative for a category.

an item is classi�ed under one category if either the item
category or -if non available- the feed category, or the title
tag, if the item category is not available, or the URL)
contains one of the corresponding terms

3,225 feeds were �nally classi�ed in these categories
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What publishes each activity class?

Economy Health News Sport
Active+ 6.29% 28.45% 17.16% 5.90%
Active 7.97% 1.80% 13.45% 4.58%
Active- 41.71% 3.65% 15.35% 2.37%
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Which activity class contributes the most to a topic?

Active+ Active Active-
Economy 29.79% 20.03% 50.18%

Health 93.80% 3.15% 3.05%
News 60.88% 25.29% 13.83%
Sport 66.11% 27.17% 6.72%
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Popularity of XML tags in items

title link pubDate description Language
99.83% 99.93% 60.39% 98.88% 81.39% (feed)

author category GUID extensions mix RSS/Atom
4.90% 27.47% 66.63% 42.37% 34%
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Textual content characteristics in items

title + description title description
Average 40.36 6.93 33.43

Max 10,716 243 10,715
Variance 9463.74 16.77 9395.75

Most frequent 345,599 940,479 407,444
nb (size) of items (18) (6) (12)
Title size > Description Empty title Empty description

10.66% 0.36% 1.71%
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Settings for experiments on vocabulary

we consider the stemmed version of the words

only English items are considered: 7,110,413 items

we distinguish common words (found in WordNet) (voc.
denoted by VW )

and other words (mainly named entities for persons and
places, typos, etc, denoted by VW )
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Evolution of the WordNet/non WordNet vocabularies

Christophides, Hmedeh, du Mouza, Scholl and Travers RSS Web syndication 34



Problem
RSS Web Syndication

Characterization of RSS feeds
Characterization of Web queries

Conclusion

Feed acquisition
Feeds publishing rate
Structure of the items
Vocabulary analysis

Analysis of the evolution of VW

a fast increase: 15,000 terms added after 200,000 items

after more than 6,000,000 items only 27,000 words added

A traditional(?) Heap's law behavior

jVW j = 3:5 � 1016 � n0:19

Coef�cients analysis

3:5 � 1016 explains the important initial increase
corresponding to the acquisition of the very-popular terms

low value 0:19 for the exponent illustrates the slow
acquisition of less common terms
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Analysis of the evolution of VW

size of VW >> size of VW

100,000 terms added after 100,000 items
then almost linear: 6,000,000 items ! 600,000 words

A traditional(?) Heap's law behavior

jVW j = 33:5 � n0:7

Coef�cients analysis

coef�cients close to those reported in literature for Web
documents (� � n� with � 2 [30 � 100] and � 2 [0:4 � 0:6])

difference: small or medium-size collections of Web
documents with large size(on average 256-512Ko) < RSS
feeds with large collections of small-sized items
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Term frequencies for VW and VW

term rank 1-99 100-499 500-1999 2000-4999 � 5000
ratio (WordNet) 0.94 0.96 0.94 0.90 0.10
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Term frequencies analysis

terms from VW are present in many more items than the
terms from VW (almost 2 orders of magnitude for more
frequent terms)
for terms ranked before the 25,000 positions the situation
has reversed
reason: rare use of terms ranked after position 25,000 for
VW

Expected power law behavior (Zipf and modi�ed power-law)

fVW (r ) = 1
0:8� r1:5

fVW
(r ) = 1

1+ 0:025� r1:45+ 1:25� 10� 16� r1:45
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Analysis of unfrequent terms

term rank 1-99 100-499 500-1999 2000-4999 � 5000
ratio (WordNet) 0.94 0.96 0.94 0.90 0.10

) total size of the vocabulary found in English items reaches
806,864 terms

) terms with less than 5 occurrences represent
approximately 2=3 of the vocabulary
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Analysis of terms with a single occurrence

Christophides, Hmedeh, du Mouza, Scholl and Travers RSS Web syndication 40



Problem
RSS Web Syndication

Characterization of RSS feeds
Characterization of Web queries

Conclusion

Feed acquisition
Feeds publishing rate
Structure of the items
Vocabulary analysis

Daily variation of the vocabulary used
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Sources: query logs

Motivation

We do not have any data on RSS subscriptions. Our intuition:
close to Web queries

Our sources

We used query logs from the following sources:

Excite 1997, Excite 1999, Excite 2001

AlltheWeb 2001, Alltheweb 2002

Altavista 2003

Why no more? why not more recent? ) despite good friends at
Yahoo or Google, problem of con�dentiality
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Data preprocessing

1 punctuation removal: All non-letters and non-digits have
been replaced by spaces

2 case sensitivity: all queries have been converted to lower
case

3 stop words removal: We removed stop words. Used list of
words can be found here:
http://www.webconfs.com/stop-words.php

4 stemming: Snowball stemmer was used:
http://snowball.tartarus.org/

5 term duplicates in a query are ignored.
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Experiments settings
Query size
Term frequency
Vocabulary evolution
Query frequency

Query size

average #terms per query (query length) 2.5248148
#queries 11,636,347
#unique terms 994,860
#queries containing only stop words (not included) 12,539 (0.1%)

Average size is 2.52 but without stop word removal, it reaches
2.88 terms per query,and when keeping punctuation symbols
(with stop word removal) size is 2.35

Eliminating duplicate queries leads to an average of 3.1295 )
frequent queries have a smaller length than the average.
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Query size's distribution
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Term frequency for terms found in more than 10,000
queries
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Most frequent terms and their number of occurrences

term #occurrences % of queries
www 518289 4.45%
link 377189 3.24%
i 235922 2.03%
free 213312 1.83%
host 171290 1.47%
a 163393 1.40%
�nd 153619 1.32%
s 125893 1.08%
sex 121353 1.04%
pictur 110934 0.95%
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About term frequencies...

1 the most frequent term only appears in 4.45% of total
queries

2 from these ten most frequent words, “www”, “i” and “a” are
considered to be stop words by some other lists of English
stop words

3 more than half of the terms (52.73%) are found in only one
query (typos? uncommon words? uncommon named
entities?)
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Vocabulary evolution
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Vocabulary evolution analysis

No surprise...

Here again, we found that vocabulary growth follows a Heap's
law

jV j = 6:63 � n0:69

Coherent with items' analysis?

Yes! we found for items a Heap's law

jV j = 33 � n0:69

when not distinguishing VW and VW .
) same exponent, only the constant changes, because items
are longer than Web queries (avg. 40 vs 2.5 here)
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Query frequency
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Some comments about query frequency

only 38.72% of queries appear three times or less in the
logs

considering queries as lists (with term duplicates and order
of words) does not change the outcome much: 39.59% of
total queries were found more than three times in the logs

in literature... generally said that only around 20% of
queries appear more than 3 times

why? because based on a small set of queries (around
50,000, while we use 11,000,000)
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Outline

1 Context and problem

2 RSS Web Syndication

3 Characterization of RSS feeds

4 Characterization of Web queries

5 Conclusion
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Conclusion: RSS items characterization

Feeds publishing rate

3 classes of feeds regarding their productivity

5% of feeds produces 85% of items

Structure of the items

many tags are missing

an average item size of 40 terms (title 7, description 33)

Vocabulary analysis

common words from VW quickly acquired

jVW j >> jVW j but that is opposite phenomenon regarding
term frequency
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Conclusion: Web query characterization

Query size

average query size of 2.52 terms

Term frequency

The most frequent term appears in 4.45% of the queries (while
stop word!), while 52% found in only one.

Vocabulary evolution

Vocabulary grows following a Heap's law

Query frequency

Only a third of queries appear 3 times or less.
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Future work: proposing a Web syndication system

Problem 1: scalability

million of subscriptions, hundreds of thousands of feeds

how to quickly notify the subscribers?

Problem 2: dynamicity

adding/deleting subscriptions

apparition of new terms, others becoming obsolete

Solution?

Proposal of a dynamic and scalable index
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Future work (?): an inverted lists-based solution

for each term, a list of the ids of subscriptions that contain it

a counter C, where C[i] is the number of terms of the
subscription Si

for an incoming item I:
for each term w of I, decrease C[i] by 1 if m 2 Si

when C[i]=0 ) notify Si

hash table with collision for indexing inverted lists (term
dynamicity)

space re-allocation in inverted lists and counter for
subscription dynamicity
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Future work (?): a trie-based solution

build a trie structure over subscription subsumption
relations by simultaneously obeying total order

by construction subscriptions can be only stored once

matching proceeds top down selecting paths that
correspond to terms that are present in the item

no need of counter as traversal implicitly “counts”
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Future work: an hybrid structure

Comparison of the two approaches

with IL, no term redundancy while with trie, no
subscription's id redundancy

IL save more space while trie saves time

Hybrid index?

a trie structure with nodes that could be bags of
subscriptions

each bags is indexed by an IL

to be studied...
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Obrigado...
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