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All pictures used in these slides are from original article, and the Internet
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Introduction

❖ Twitter
➢ A microblogging service  
➢ Within the 140-character limit
➢ No reciproction require (user being followed need not follow back)
➢ Retweet mechanism empower users to spread information 
➢ Some well-defined markup culture:

■ ‘RT’ stands for retweet
■ ‘@’ followed by a user identifier address the user
■ ‘#’ followed by a word represents a hashtag
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❖ Want to know:
➢ How are people connected on Twitter? 
➢ Who are the most influential people? 
➢ What do people talk about? 
➢ How does information diffuse via retweet?

❖  The goal:
➢ Study the topological characteristics of Twitter
➢ Its power as a new medium of information sharing
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            TWITTER SPACE CRAWL

              Twitter offers an Application Programming Interface (API) 
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Data Collection
❖ User profile

➢ A Twitter user keeps a brief profile about oneself
➢ The number of user profiles : 41.7 million
➢ Directed relations exist : 1.47 billion (following and being followed)

❖ Trending topics
➢ Collected the top ten trending topics every five minutes
➢ Collected 4, 262 unique trending topics and their tweets

❖ Tweets
➢ Collected all the tweets that mentioned the trending topics
➢ Remove spam tweets 
➢ 106 million tweets totally
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 ON TWITTERERS’ TRAIL

How the directed relationship in Twitter impacts the                  
topological characteristics?
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Basic Analysis

CCDF:complementary cumulative distribution function

20 2000

❖ Solid line: number of followings
❖ Observations：

➢ x = 20, Twitter recommends an 
initial set of 20 people

➢ x = 2000, Twitter made an upper 
limit on the number of people a 
user could follow before 2009

➢ A very small number of users follow 
more than 10, 000
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❖ Dashed line: number of 
followers

❖ Observations:
➢ Up to              fits to a power-

law distribution
➢ Beyond              represent 

users who have many more 
followers than the power-law 
distribution predicts

➢ Only 40 users with more than a 
million followers and all of them 
are either celebrities or mass 
mediaPower law: a power law is a functional relationship 

between two quantities, where a relative change in 
one quantity results in a proportional relative change in 
the other quantity

9



Followers vs. Tweets

❖ Median number of tweets increases up to x = 100 against both the numbers of followers 
         and followings 
❖ Remains relatively flat up fromx=100 to x = 1000
❖ Beyond x = 5, 000 the number of tweets increases by an order of magnitude or more.

5000 5000
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Reciprocity
❖  Twitter shows a low level of reciprocity:

➢ 77.9% of user pairs are connected one-way link
➢ only 22.1% have reciprocal relationship between them
➢ 67.6% of users are not followed by any of their followings

❖ Top users by the number of followers are mostly celebrities and mass media and 
most do not follow back

❖ Reciprocity much higher on other social networking services: 68% on Flickr 
and 84% on Yahoo! 

❖ Twitter is rather a source of information than a social networking site
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Degree of Separation

❖ Expect the average path length 
between two users in Twitter to be 
longer 

❖ Use random sampling approach
(obtain the shortest path between seeds)
❖ Sample size of 8, 000 is large 

enough
❖ The average path length of 4.12
❖ People follow others not only for 

social networking, but for 
information
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Homophily
❖ Homophily is a tendency that “a contact between similar people occurs at a 

higher rate than among dissimilar people”
❖ Take time zone of a user as indicator for user location(user chooses one of the 

24 time zones around the world)

❖ Observations:
➢ Time difference slowly increases before x = 

2, 000
➢ 75% of users the time difference is 3 hours 

or less
➢ x>5, 000, the average time difference is 

more than 6 hours
➢ Twitter users who have reciprocal relations 

of fewer than 2, 000 are likely to be 
geographically close

2000
5000
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❖ Popularity: use number of followers as an indicator of the user’s popularity

❖ Users tend to follow similar popularity users?

❖ Observations:
➢ Positive correlation below x = 1, 000 

and dispersion beyond that point
➢ Users with followers less than 1000 

have similar popularity with their r-
friends

➢ Both geographical locaton and 
popularity degree show some level of 
homophily
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Summary of Analysis

❖ Twitter diverges from well-known traits of social networks:
➢ Distribution of followers is not power-law
➢ The degree of separation is shorter than expected
➢ Most links are not reciprocated
➢ For reciprocated relationships, exhibit some level of homophily
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RANKING TWITTER USERS

Rank users by the PageRank algorithm and also by the number 
of retweets and compare the outcome
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Twitter Users Ranked in 3 ways
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❖  Ranked by 
➢ The number of followers
➢ PageRank in the follower network
➢ The number of retweets 

❖ List#1 and list#2 do not match exactly, but users are ranked similarly
❖ List#3 is very different, only 4 out of 20 users are common in all three 

rankings

18



 Comparison among Rankings 
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❖ K = 0 means complete disagreement
❖ K = 1 means complete agreement

❖ Kendall’s tau ：a measure of rank 
correlation 

❖         indicates a gap between other 2
❖ Popularity of one’s tweets brings a 

new perspective in influence in 
Twitter



TRENDING THE TRENDS

Obtain 4, 266 unique trending topics from June 3rd to 
September 25th, 2009

20



Comparison with Trends in Other Media
❖ What topics are popular in Twitter?
❖ Compare Twitter’s trending topics with those in other media

➢  Collected top 40 keywords per day from Google Trend and top 40 trending topics on Twitter  

❖ How close are trending topics to CNN Headline News in time and coverage?
➢ Collected CNN Headline News of our Twitter data collection period
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❖ Observations:
➢ Most of them are real world events, 

celebrities, and movies
➢ Freshness of topics:95% of topics each 

day are new in Google while 72% of 
topics are new in Twitter

➢ Role of Twitter as a media for breaking 
news in a manner close to omnipresent 
CCTV for collective intelligence



Singleton, Reply, Mention, and Retweet
❖ Retweet: retweets are marked with either “RT” followed by ‘@user id’ or “via 

@user id”
❖ Mention: write a tweet addressing a specific user
❖ Both replies and mentions include ‘@’ followed by the addressed user’s Twitter 

id
❖ Singleton: a tweet has no reply or a retweet
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❖ Top 20 topics ranked by the proportion of 
retweets
➢ singletons are most common, followed by 

replies and retweets. Mentions are least 
common in tweets

❖ Most topics are about offline news, 
➢ A campaign (‘remembering 9’) 
➢ Suspect, a bug (‘rt &’) of Twitter in 

extracting frequent words from retweets.



User Participation in Trending Topics
❖ How many topics does a user participate on average?
❖ 41 million Twitter users
❖ A large number of users (8, 262, 545) participated in trending topics
❖ 15% of those users participated in more than 10 topics during four months
❖ Different topics have different participation
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❖ Long-lasting topics with an increasing number of tweets do not always bring in 
new users into the discussion
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❖ Two topics have similar numbers of 
tweets

❖ The number of user participating in ’
apple’ is five times larger than that of ’
#iranelection’

❖ Pace write on the topic ’#iranelection’ 
slows down after the first 20 days

❖ Core members generating many tweets 
for a long time 



 Active Period of Trends
❖ A trending topic does not last forever nor dies to never come back. 
❖ If no tweet on the topic for 24 hours → inactive
❖ 6, 058 active periods from 4, 266 trending topics
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❖ Peroids:
➢ 73% topics have a single active 

period
➢ 15% of topics have 2 active 

periods and 5% have 3
➢ Very few have more than 3 

active periods
❖ Duration:

➢ Most of the active periods are a 
week or shortert 

➢ 31% of periods are 1 day long
➢ 7% of periods are longer than 10 

days



❖ How many tweets does a topic attract at different phases during a duration?
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ephemeral  headlıne news

 persıstent news

❖ Exogenous subcritical : topics have 
hashtags

❖ Exogenous critical :they are mostly timely 
breaking news

❖ Endogenous critical :more lasting nature
         (such as: professional sports teams, cities,   
and brand）

❖ Twitter users tend to talk about topics 
from headline news and respond to 
fresh news



IMPACT OF RETWEET 

Retweet is an effective means to relay the information beyond 
adjacent neighbors
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Audience Size of Retweet
❖ On Twitter people acquire information not always directly from those they 

follow, but often via retweets
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❖ Count the number of 
additional recipients 

❖ Up to about 1, 000 followers, 
average number of additional 
recipients is not affected by 
follower number

❖ Retweet has given every user 
the power to spread 
information broadly



Retweet Trees

30

❖ How far and deep retweets travel in Twitter
❖ Different colors represent different tweets
❖ Large number of one or two-hop chains
❖ Interesting retweet patterns:

➢ repetitive retweet: repeatedly retweeting the same tweet
➢ cross-retweet: retweeting each other



❖ Retweet tree heights and the number of users in a retweet tree
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❖ The height of 1 is the 
most common, 95.8%

❖ 97.6% of node pairs have 
less than 6 degrees of 
separation

❖ No tree goes beyond 11 
hops

❖ The distribution of the 
users in a retweet tree 
follows power-law
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Temporal Analysis of Retweet
❖ how soon retweets appear and how long they last 
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❖ Half of retweeting occurs 
within an hour

❖ 75% under a day
❖ 10% of retweets take 

place a month later



❖ Time lag between two nodes on a retweet tree
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❖ The time lag on the first 
hop is spread out

❖ From the second hop to 
fifth is much more 
responsive

❖ Twitter as a medium for 
information diffusion 
stands out by the speed of 
retweets



Conclusions
❖ Follower-following topology analysis 

➢ Non-power-law follower distribution
➢ Low reciprocity
➢ Some level of homophily

❖ Rank users by the number of followers, PageRanke and number of retweets
➢  First two rankings are similar
➢  A gap ranked by number of retweets from the other two

❖ Top trending topics
➢  Majority (over 85%) of topics are headline or persistent news in nature

❖ Retweets
➢ Retweeted tweet is to reach an average of 1, 000 users no matter the number of followers 
➢ Fast diffusion of information after the 1st retweet
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Questions(1)
1.Why the percentage of new topics in Google Trends is a little higher than in 
twitter?

2.What’s the advantagea and disadvantages of twitter comparing with other media?

3.Why the result of users ranked by the number of retweets is very different with 
users ranked by the number of followers?

4.What other kinds of data in twitter you think is useful to collect?

5.Is there any limitation or problem in all of the analysis in this paper？
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Measurement and Analysis of Online Social 
Networks

Authors:

Alan Mislove，Massimiliano Marcon， Krishna P. Gummadi，Peter Druschel，Bobby 
Bhattacharjee 

Note: 

All pictures used in these slides are from original article, and the Internet
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Introduction
❖ Web is largely organized around content
❖ Online social networks are organized around users
❖ Large-scale (11.3 million users, 328 million links) measurement study 
❖ Analysis of the structure of four popular online social networks: 

➢ Flickr 
➢ YouTube
➢ LiveJournal
➢ Orkut

❖ Study the properties of the large weakly connected component (WCC) in the 
user graphs
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MEASUREMENT METHODOLOGY

Crawl the user graphs by accessing the public web interface provided by the sites

Focus on the large weakly connected component (WCC)
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Challenges in crawling large graphs

❖ Covering the entire connected component
➢ Common algorithms: breadth-first search (BFS) and depth-first search
➢ Partial BFS crawls 

■ overestimate node degree 
■ underestimate the level of symmetry
■ underestimate the power-law coefficient
■ more closely match other metrics (including the overall clustering coefficient)

➢ Obtain and study much larger samples of the user graphs
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❖ Using only forward links
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❖ Many graphs can only be crawled 
by forward direction

❖ Cannot determine the set of nodes 
which point into a given node

❖ Using both forward and reverse 
links can crawl the entire WCC

❖ Using only forward links can 
crawl a subset of the WCC



Crawling social networks

❖ Most popular social networking sites
❖ Allow to view the links out of any user in the network
❖ Use breadth-first search (BFS)
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Flickr
❖ A photo-sharing site based on a social network
❖ Provide an API for third-party developers
❖ Flickr only allows to query forward links
❖ Obtain over 1.8 million users and 22 million links
❖ 26.9% users had been discovered during the crawl
❖ The crawl covers a large fraction of the WCC
❖ Unable to determine information about groups(allow private groups)
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LiveJournal
❖ A popular blogging site whose users form a social network
❖ Offers an API that allows us to query for both forward and reverse links
❖ Contain over 5.2 million users and 72 million links
❖ 95.4% of the users
❖ Crawled the entire large WCC
❖ Obtained group membership information
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Orkut
❖ A “pure” social network,no content is being shared
❖ Orkut graph forms a single SCC
❖ Does not export an API
❖ Crawled a subset of 3,072,441 users (11.3% of Orkut’s user )
❖ The properties of the smaller crawls were similar
❖ Partial BFS crawls tend to over-sample high-degree nodes, and under-sample 

lowdegree nodes
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YouTube
❖ A popular video-sharing site that includes a social network
❖ Exports an API
❖ Allows to query only in the forward direction(similar to Flickr)
❖ 1.1 million users and 4.9 million links
❖ Unable to estimate the size of the user population (user identifiers do not follow 

a standard format)
❖ Obtain group information by screen-scraping the HTML pages
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 Summary
❖ The Flickr and YouTube data sets may not contain some of the nodes in the 

large WCC, but this fraction is likely to be very small
❖ The LiveJournal data set covers almost the complete population, and contains 

the entire large WCC
❖ The Orkut data set represents a modest portion of the network, and is subject 

to the sampling bias resulting from a partial BFS crawl
❖ The majority of missed nodes in Flickr, and YouTube have low degree and are 

likely to be part of small, isolated clusters
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ANALYSIS OF NETWORK STRUCTURE 

Characterize the structural properties of the four networks we measured
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 Link symmetry

❖ Flickr, LiveJournal, and YouTube with directed links have a significant degree 
of symmetry

❖ In Orkut, links are undirected and link creation requires consent from the 
target, thus,the links symmetric is 100%
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 Power-law node degrees

❖  The majority of the nodes have small degree, and a few nodes have significantly higher degree
49



❖ The best power law coefficients approximate the distributions very well for Flickr, LiveJournal, and 
YouTube

❖ The Orkut data deviates significantly
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❖ Two factors:
➢ Partial BFS crawls tend to 

undersample nodes with 
lower degree

➢ Both LiveJournal and Orkut 
artificially cap a user’s 
number of outgoing links 
(leads to a distortion in the 
distribution for high degrees)

❖ Stability 
➢ Estimate of the power-law 

coefficient were remarkably 
stable



❖ In the Web, the indegree and 
outdegree power law exponents have 
been shown to differ significantly

❖ In social networks，indegree and 
outdegree distributions are very 
similar

❖ For example: see 5%
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❖  Difference between the structure of social networks and that of previously observed networks

5%



 Correlation of indegree and outdegree
❖ In the Web, the population of pages 

that are active is not the same as the 
population of pages that are popular 
➢ active: have high outdegree
➢ popular: have high indegree

❖ In social networks, the nodes with 
very high outdegree also tend to 
have very high indegree
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❖ The social networks show a remarkable 
correspondence between indegree and 
outdegree

❖ The distribution for the Web is 
markedly different

❖ High number of symmetric links is the 
reson for high correlation between 
indegree and outdegree in social 
networks 
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Path lengths and diameter

❖ The path lengths and diameters for all four social networks are remarkably 
short

❖ Reason：high degree of reciprocity
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Link degree correlations
❖ Joint degree distribution (JDD)
❖ Degree correlation function Knn

➢ increasing Knn indicates a tendency of higher-degree nodes to connect to other high-degree 
nodes

➢ decreasing Knn represents the opposite trend

❖ Result: The high-degree nodes in social networks tend to connect to other high-degree nodes, forming 
a “core” of the network（ scale-free metric s，assortativity r also show the same result）
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due its more 
“celebrity”-driven 
nature

undersampling 
of users



Densely connected core
❖ What is core?

➢ Necessary for the connectivity of the 
network

➢ Strongly connected with a relatively small 
diameter

❖ Remove increasing numbers of the highest 
degree nodes 

❖ Calculate the size of the largest remaining SCC
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❖ how much the network core contributes towards the small path lengths?
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❖ Result:
➢ The average path length 

increases sub-logarithmically 
with the size of the core

❖ Implications for Information flow, trust 
relationships
➢ Design of techniques for finding 

paths in such networks
➢ Verify the trustworthiness or 

relevance of received information



Tightly clustered fringe
❖ Significant clustering among 

low-degree nodes
❖ The users with few “friends” 

are tightly clustered
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 Groups
❖ Smaller user groups tend to be more clustered than larger groups
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❖ Many of the small groups in these networks are cliques
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❖ Low-degree nodes tend to 
be part of very few 
communities

❖ high-degree nodes tend to 
be members of multiple 
groups
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Summary
❖ The degree distributions in social networks follow a power-law
❖ The power-law coefficients for both indegree and outdegree are similar
❖ Social networks are composed of a large number of highly connected clusters 
❖ Clusters connect to each other via a relatively small number of high-degree 

nodes 
❖ The clustering coefficient is inversely proportional to node degree
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Conclusions
❖ This four Online Social networks are structurally different from previously 

studied networks (Web)
❖ This four Online Social networks have a much higher fraction of symmetric 

links(high degree of reciprocity)
❖ Exhibit much higher levels of local clustering
❖ Online social networks have a tight core that consists of high degree nodes
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Questions(2)
1.Compare Twitter with those 4 online social networks, what are the similarities 
and what are the differences?

2.Which structure of these four social netwoks is similar to Facebook?

3.Core represent “supernodes”, then how to prevent apam or viruses spread?

4.Why there is a different distribution between outgoing and incoming links in the 
Web?

5.Based on the result of studying this two papers, what can be done to improve 
applications for social networks?
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   Thank you for your attention!

LU LIU
10/03/2016
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