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Outline

m Signed networks and the multiplication rule
s The Slashdot Zoo

= Analysis at global level: Signed clustering coefficient
= Analysis at node level: Trust and troll detection
= Analysis at edge level: Link sign prediction

m Conclusion
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Signed Networks and the Multiplication Rule

= Signed social networks have enemy relations in addition to

friend relations CP
+1
s Assumption: The enemy of my enemy is my friend |
— See e.g. (Hage&Harary 1983) I
— Assumption of structural balance (Harary 1953) I
|
17

= Mathematical formulation: if edges are weighted by +1, ; —
relationships between unconnected nodes may be predicted |

by multiplying the weights along a path |
|
= Study a social network with negative edges ! /
— At the global level 6

— At the node level
— At the edge level
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http://slashdot.org/

News for Nerds. Stuff that matters,

m Technology news website founded in 1997 by Rob Malda (a.k.a.
CmdrTaco)

m Powered by Slash (http://slashcode.org/)

m Features: user accounts, threads, moderation, tags, journals and the
zoo (and more)

=

Chrome iPhone 5, Funny)

by oldhack (1037484 on Wednesday September 03, @09:55PM (#2438

‘lm‘ NEWS FOR NERDS. STUFF THAT MATTERS. Stick Chrome with iPhone and you can run them stories to fill up @
- Log In | Create Account | Help | Subscribe | Firehose

m Slashdot is powered by your submissions, so send in your scoop Re:Chrome iPhone ||
Main
Apple Hardware: Sony Recalls 73,000 Vaio Laptops Due To Burn Worry by commodoresloat (172735) * on Wedne sday September 03, @10

AckSlashdot
Posted by CmdrTaco on Thursday September 04, @11:43AM should be easyfor google to do coz all they have to do to get th
Backslash from the meretofear deft.

Bosks Friends of turg (19864)
so T e

5, Funny)

Developers .
Sony is recalling 73,000 Vaio TZ laptops because of a possible manufacturing defect that infa | Journal | Firehose | Friends | Fans | Foes | Freaks | Tags | Baokmarks
Games may cause them to overheat, the U.S. Consumer Product Safety Commission said Thursday. The recall
[ — relates to a problem with wiring near the computer's hinge, which could short-circuit and overheat in ¢ Re:Firefox Damage Control Is More Than Enough ( Erignds of Friends | Fges of Friends
T circumstances, perhaps burning the user. One person has suffered a minor burn as a result of the late
- defect, and Sony has received 15 other reports of overheating computers, according to the Commissic by Ananymous Coward on Wednesday September 03, @10:45 User Last Journal
En Hielixl (231155 fans Wednesday October 03 2007, @05:41PM
Index P hardware, sony (tsgging beta) *no comment* (239368 fans Tuesday May 13 @l11:55AM
Interviews Read More... hardwars.sashdot.or 32.com Forget the IPhone. The AMount of dAmage conTROL a AB3A (192265 fans Monday April 30 2007, @11.15PM
Linux the Net. AbmOraz (663337 fans Saturday August 19 2006, @04:024M

fans Wednesday February 01 2006, @03:394M

Mobile - — . adzoox (615327)
N Insects May Have Had a Hand In Dinosaur Extinction There. You said it all there
Palitics Alan Cox (27532

Scionce Posted by CmdrTaco on Thursday September 04, @11:00AM Aliath (221270
E from the sodid myeeoking deft Reply to This
Lechnolagy Py . andrOmeda (167375

fans Sunday August 24, @03:53PM
fans Tuesday |anuary 29 2008, @10:41AM

p— eldavojohn writes AndroidCat (229562 fans

— "Everyone's gat their favorite thearies of Dinasaur extinction but new speculation is rampant in a book " angel'o'sphere (80593, fans  TuesdavNovember 22 2005, @11:48A1
m : N i Re:Firefox Damage Control Is More Than E

cause to believe it may have been disease carrving insects. Due to the length of their slow and eventuz anitar (100150 fans

140 (the "K-T Boundary"), it s arqued that this would more likely be attributed to the spread of disease and - by mweather (1089505) on Wednasday Septemb: annielaurie (257735 fans Saturday Auqust 28 2004, @07:01PM

Buas parasitic insects like ticks or biting flies. Are our immune systems the only reason any animals survivec AntiFreese (31247 fans  TuosdayFebruary 27 2007, @04.236M
m Konqueror has a windows port, too Apreche (2392721 fans Wednesday November 09 2005, @12:17AM

Old Stories P setence earih (izgging beio) ——— a— arb (452787 fans  Sundav April 08 2007, @11-51PM

0ld Polls Read More... | news.slashdot.org aridhol (112307 fans  ThursdayMay 17 2007. @11:38A1

Achtazd (ELAGTM Fanc Saturdss Auanct 16 @02-A900
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The Slashdot Zoo

Slashdot Zoo: Tag users as friends and foes
You are the fan of your friends and the freak of your foes.
Graph has two types of edges: friendship and enmity

Your Relationship with eldavojohn (898314) ®

Info | Relation | Journal | Firehose | Friends | Fans | Foes | Freaks Foe Friend
Friends of Friends | Foes of Friends /\ /\
" & Friend ‘
Change this? & <7 MNeutral  Yup, I'm positive O N v V /O
o Foe N 7/ N ”’
-~ S
Freak Fan

The resulting graph is sparse,
square, asymmetric and has
signed edge weights.
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Statistics about the Slashdot Zoo

Statistics about the giant connected component:
* 77,985 users

* 510,157 endorsements (388,190 friends / 122,967 foes)
* 75.9% of all endorsements are positive

» Sparsity: 0.00839% of all possible edges exist

* Mean links per user: 6.54 (4.98 friends / 1.56 foes)

* Median number of links: 3

* Diameter = 6, Radius = 3

» Degree distribution: power law

10% "y
100 0 ‘1 ‘2 ‘ ‘ ‘3 4
10 10 10 10 10
||||| DAI-Labor , i . - -
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Famous (and Popular?) Slashdotters

From left to right:
s CmdrTaco (Rob Malda, founder/editor)
s John Carmack (Quake, Doom, etc.)
m Bruce Perens (Debian, Open Source Definition)
m CleverNickName (Wil Wheaton, Star Trek)
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The Slashdot Zoo

Centered at
CmdrTaco
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Analysis at the Global Level: The Clustering Coefficient

Characteristic number of a network, 0 < C <1 (Watts & Strogatz, 1998)

Def.: Percentage of incident edge pairs completed by an edge to form a
triangle.

C=|AoA?,/|A?, A = abs(a)

High clustering coefficient: clustered graph with many cliqgues. (Graph
IS clustered when the value higher than that predicted by random graph
models.)

O
Slashdot Zoo has C = 3.22%
(vs. 0.0095% random)
Also works for directed graphs. Edae present ?
A L L S ®
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Signed Clustering Coefficient

“The enemy of my enemy is my friend”
— multiplication rule

» Denote the amount to which the network is balanced by counting
“‘wrongly” signed edges negatively

Cs=1A0 A2, /]A2,
* Range: -1 =< Cg=s +1
» Slashdot Zoo has Cq = +2.46% (vs. O for random)
* Relative signed clustering coefficient: Cg/ C = 76.4% @)
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Analysis at the Node Level: Centrality

Measures that apply to single nodes: centrality, trust, reputation, etc.

Simple functions:
 Fan count minus freak count

Algebraic function:
« PageRank, ignoring edge sign (Page&Brin 1998)
e Signed variants of PageRank, e.g. (Kamvar 2003)
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PageRank and the Multiplication Rule

* Let A be the network's adjacency matrix

» Compute PageRank by iterated multiplication of a vector with
normalized, A (+ extra node for teleportation)

» Result: Dominant eigenvector of matrix A given by repeated
multiplication with A

* Implicit assumption: powers of A denote relations in the network

Matrix multiplication:
(AA)ij = 2k Ak Ay

Observation: Matrix multiplication relies on edge weight products

Thus: Methods based on matrix multiplication assume the validity
of the multiplication rule.
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Top Users

* For each user score, show the top 6

TU Berlin

#1 #2 #3 #H4 #5 #6
Fans CleverNickName | Bruce Perens | CmdrTaco | John NewYorkCountryLawyer | $$$$$exyGa
minus Carmack I
Freaks
PageRan k | FortKnox SamTheButc Ethelred turg Some Woman gmhowell
her Unraed
Signed FortKnox SamTheButc | turg Some Ethelred Unraed gmhowell
PageRank her Woman
Conclusion:

Fans minus Freaks denotes prominence,
PageRank denotes community.

DAI-Labor

Kunegis et al.

The Slashdot Zoo: Mining a Social Network with Negative Edges 12



Detecting Trolls

trolling, n. posting disruptive, false or offensive information to fool and
provoke readers

« Slashdot is known for its trolls
« Task: Predict foes of blacklist “No More Trolls” (162 names!t)

PhvsicsGeni
DElEesHie Profane Motherfucker

Klerck ObviousGuy CmderTaco

s34 sexynMissionbRrTo9M¥eT RUSSTA

SexyKellyOsboufkof America_Adi,

jonkatz o 4-Taco (editor sz:?it: (:'rroll)
TrollBurger Twirlip of the Mists

[1] See http://slashdot.org/~No+More+Trolls/foes/
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http://slashdot.org/~No+More+Trolls/foes/

PageRank for Trolls

016 T T T T T T T T

0.14 ® ftroll .

® non-troll Lt
0.12 : -

0.1 oot i

T
L 4
.

0.08 T 1

0.06 RN

I

0.04

0.02

PageRank —

-0.02 0 0.02 0.04 006 0.08 01 0.12 014 0.16
Signed PageRank —

-0.02 '
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Negative Rank

* Observations:
m PageRank and signed PageRank are almost equal for most users
m For trolls, signed PageRank is less

 Conclusion:
m Define NegativeRank = Signed PageRank — PageRank

How does Negative Rank peform at troll prediction?

lIlj DAI-Labor
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Performance at Prediction

» Mean average precision (MAP) at troll prediction
* Negative Rank works best!

DAIl-Labor

TU Berlin

Kunegis et al.
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Analysis at the Edge Level: Link Sign Prediction

Task: Predict the sign of links
« Use the adjacency matrix A {-1, 0, +1}™n
» Powers of A implement the multiplication rule

Simple algorithms
= Mutual friendship (AT)
= Signed triangle completion (A?)
Algebraic algorithms
s Rank reduction (A)
s Symmetric dimensionality reduction (A sym)
m  Matrix exponential (A exp)
m  Symmetric matrix exponential (A sym exp)
m Inverted signed Laplacian (Ls sym)

lIlj DAI-Labor
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Algebraic Link Prediction Algorithms

Compute the rank-reduced eigenvalue decomposition:

Matrix exponential: (multiplication rule)
exp(A) = Uy exp(Dy) U,
=I+A+1/2A2+1/6 A®+ ...

Inverted signed Laplacian (Kunegis 2008):
L*=(D-A)*

||||| DAI-Labor
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Evaluation Results

0.68 : . . , | . | | .
- — ......-||-m---ll"""II"""'II"-----~||.....,, .
08 e o Accuracy Is
measured on a
0641 scale from -1
to +1.
&> 062 F
©
=2
(&)
g o06¢f
0.58 |
1 0.517
0.56 | -
A SYym €xp A 0.536
Ls sym
0.54 | 1 | 1 1 L A2 0.552
0 2 4 6 8 10 12 14 16 18 20

k (dimensional reduction)

Best link sign prediction: matrix exponential, confirms multiplication rule
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Ongoing and Future Work

* More datasets
m Essembly.org, Epinions.com, LibimSeTi.cz

» Study Negative Rank in detall
» Social networks with semantic relationships (more than two types)

» Other networks that can be extended to negative values
m Folksonomies with negative tags (e.g. tags like !funny on Slashdot)

lIlj DAI-Labor
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Conclusions

 Multiplication rule confirmed at global, nodal and relational scale

» The foe relationship can be used for trust computation and link sign
prediction in social networks

* New concepts:
m Signed clustering coefficient
m Negative Rank
m Link sign prediction in signed networks

lIlj DAI-Labor

TU Berlin Kunegis et al. The Slashdot Zoo: Mining a Social Network with Negative Edges 21



. DAI-Labor —_—

TU Berlin I

Thank You

= CC IRML

Information Retrieval
& Machine Learning



References

S. Brin and L. Page. The anatomy of a large-scale hypertextual Web
search engine, Proc. Int. Conf. on World Wide Web, pages 107-117,
1998.

P. Hage and F. Harary. Structural models in anthropology, Cambridge
University Press, 1983.

F. Harary. On the notion of balance of a signed graph, Michigan Math.
J., 2:143-146, 1953.

S. D. Kamvar, M. T. Schlosser, and H. Garcia-Molina. The EigenTrust
algorithm for reputation management in P2P networks, Proc. Int. Conf.
on World Wide Web, pages 640-651, 2003.

J. Kunegis, S. Schmidt, C. Bauckhage, M. Mehlitz and S. Albayrak.
Modeling Collaborative Similarity with the Signed Resistance Distance
Kernel, Proc. Eur. Conf. On Artificial Intelligence, pages 261-265,
2008.

D. J. Watts and S. H. Strogatz. Collective dynamics in ‘small-world’
networks, Nature 393(6684):440-442, 1998.

lIlj DAI-Labor

TU Berlin Kunegis et al. The Slashdot Zoo: Mining a Social Network with Negative Edges 23



Appendix -- Degree Distributions

10° 10° \\~ 10° 10°
10 x,,q‘ - 10 : 10 LI‘"u‘ 10 N
10’ 10’ (.‘““g'l 10’ 10’ ""-;" |
o _____Wuwl___.. I MW SN Wm' - | M .
10° 10' 10° 10° 10" 10° 10" 10° 10° 10 10 10 10° 10° 10" 10 10" 10° 10° 10
Friends Foes Fans Freaks
* Observation: power laws for all Total
four relationship types
10° 10
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Chrome iPhone (Scaore:5, Funny)

by oldhack (10374841 on Wednesday September 03, @09:55PM (248

Appendix — Screenshots

Stick Chrome with iPhone and you can run them stories to fill up :

Reply to This

Re:Chrome iPhene (Scaore:5, Funny)

“a‘mo‘ NEWS FOR NERDS. STUFF THAT MATTERS.

b= Log In | Create Account | Help | Subscribe | Firehose

by commodoresloat (172735] * on Wednesday September 03, @10:]

should be easy for google to do coz all they have to do to get tt

m Slashdot is powered by your submissions, so send in your scoop = ply to This

Apple Hardware: Sony Recalls 73,000 Vaio Laptops Due To Burn Worry
AskSlashdaot
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