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Background Knowledge

 Social Networks

e Definition: A social network Is a social structure
made up of a set of social actors and a set of ties
between these actors.

 Example:
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Background Knowledge

 Social Networks

* Representation:
G = (V,F)

where G is the social network, V is the set of
actors and E is the set of ties among actors.



Background Knowledge

« Homogeneous Social Networks

 Definition:
G = (V,FE)

It V contains one single type nodes and E
contains one single type of links, then G is a
homogeneous social network.



Background Knowledge

« Homogeneous Social Networks

 Example:

where V Is the set of users and E IS the set of
social links among users.



Background Knowledge

 Heterogeneous Social Networks

* Definition:
G = (V,FE)

where V = | J, V; is the sets of various kinds of
nodes in the network and V; is the 4 kind of
nodes in G; £ = |J; Ej is the sets of various types

of links in the network and £ is the j:» kind of links
N G.
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 Heterogeneous Social Networks
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Background Knowledge

* Multi Aligned Heterogeneous Social Networks

e Definition:

g — (Gseta Aset)

where Gger = {GW GP) ... GUGDV s the set of
|G st | different heterogeneous networks;

Aset — {A(172)7 A(1>3)7 e 7A,4(|Gset|>|Gset|_1)}iS the set
of anchor links among networks.
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Background Knowledge

 Homogeneous Social Networks

* Definition & Example

* Heterogeneous Social Networks

* Definition & Example

 Multiple Aligned Heterogeneous Social Networks

* Definition & Example
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Problem Formulation

 Link Prediction Problem

* Definition:
Based on a snapshot of social network, e.g., G,
oredicting the set of potential links to be formed In

the future is formally defined as the Link Prediction
Problem.
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Problem Formulation

| ink Prediction Problem
e Definition

e Example
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Reminder

« Homogeneous Social Networks

 Definition:
G = (V,FE)

It V contains one single type nodes and E
contains one single type of links, then G is a
homogeneous social network.



Link Prediction for Homogeneous
Social Networks

- Unsupervised Link Predicators

* Local Neighbor based Link Predicators

e Path based Link Predicators

- Random Walk based Link Predicators



Link Prediction for Homogeneous
Social Networks

- Unsupervised Link Predicators:

* measuring the closeness among nodes

*+ assuming that close nodes are more likely to be
connected




Link Prediction for Homogeneous
Social Networks

- Local Neighbor based Link Predicators:

 Preferential Attachment PA(u,v) = |I'(u)| |IT'(v)]

user u neighbors T'(u)




Link Prediction for Homogeneous
Social Networks

- Local Neighbor based Link Predicators:

e Common Neighbor CN(u,v) = |I'(u) NT'(v)

ﬂ'\‘ user neighbors
I w“

K
e




Link Prediction for Homogeneous
Social Networks

- Local Neighbor based Link Predicators:

['(u)NI(v)]

+ Jaccard's Coefficient JC(u,v) = [roro]

ﬂ ‘ ‘ user neighbors




Link Prediction for Homogeneous
Social Networks

- Local Neighbor based Link Predicators:

+ Adamic/Adar Index AA(u,v) = 3, erqunr)) Teiw

* Resource Allocation RA(u,v) = ng(r(u)mF(v)) |I‘(%w)|



Link Prediction for Homogeneous
Social Networks

- Path based Link Predicators:

 Shortest Path SP(u,v) = min{|pywv|}




Link Prediction for Homogeneous
Social Networks

- Path based Link Predicators:

e Katz Katz(u, U) — Z?il 5l {pzw»v

)

- Random Walk based Link Predicators:

e Hitting Time

e Commute Time



Link Prediction for Homogeneous
Social Networks

* Unsupervised Link Predicators

* Local Neighbor based Link Predicator
« Preferential Attachment, Common Neighbor, Jaccard’s Coefficient,

» Adamic/Adar , Resource Allocation

e Path based Link Predicator

 Shortest Path, Katz

e Random Walk based Link Predicators

e Hitting Time, Commute Time
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Reminder

 Heterogeneous Social Networks

* Definition:
G = (V,FE)

where V = | J, V; is the sets of various kinds of
nodes in the network and V; is the 4, kind of

nodes in G; £ = |J; Ej is the sets of various types
of links in the network and £ is the j«, kind of
nodes in G.



Reminder

 Heterogeneous Social Networks
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Link Prediction in Heterogeneous
Networks

* Supervised Link Prediction

Other sources:
interaction activities

/ Pairs Feature Vector Label x

Uy, Uz

S| =
! -

\ Us, Uy -1 )
‘ Sampling pairs labeled 0

A testing pair
Binary classifiers: -lorl
Us, Uy »(SVM) ‘ {




Link Prediction in Heterogeneous
Networks

* Supervised Link Prediction

e Feature Extraction
* |Local Neighbor, Path, Random Walk based Closeness Measures

 Meta Path based Features
» Classification Algorithm
 Decision Tree, Nalve Bayes, ....

¢« SVM



Link Prediction in Heterogeneous
Networks

Supervised Link Prediction

e Meta Path based Features for
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Link Prediction in Heterogeneous

Networks
 Supervised Link Prediction :ﬁ

 Meta Path based Features tor Heterogeneous Networks

e Schema Definition:

e

I'he schema of network G is defined to be Sqg = (T, R),
where T', R are the sets of node types and link types in G.

e Meta Path Definition:

Based on the given the network schema, S = (T, R),

® =T, ELI 15 LN Rk_1> T is defined to be the

meta path of network G, where T; € T,1 € {1,2,--- , k}
and R; € R,i1 € {1,2,--- ,k—1}




Link Prediction in Heterog = ~fi~
Networks = Q

checkin a checkin at

Supervised Link Prediction

e ID 1. Follower of Follower: User Jollow, User L1242, User, whose nota-

tionis “U - U — U” or ®,(U,U).

follow follow ™ ?

e ID 2. Common QOut Neighbor: User Joow, Use
notation is “U — U « U” or ®,(U,U).

» User, whose

follow™! follow

e ID 3. Common In Neighbor: User » User —— User, whose

notation is “U «+ U — U” or ®3(U,U).

contain contain '

e ID 4. Common Words: User Write, Post <24 Word » Post
e User, whose notation is “U — P - W <« P + U” or ®4(U,U).

contain contain 1

e ID 5. Common Timestamps: User write, Post <4 Tim >
Post <7 User, whose notation is “U — P — T < P < U” or
o5 (U,U).

attach

e ID 6. Common Locatzon Checkins: User write, Post ——— Location

attach * write

y Post —> User, whose notation is “U - P - L + P« U”
or <I>6(U U).




Link Prediction in Heterogeneous

Networks
S ised Link Predicti
 Supervised Link Prediction el
* Meta Path based Features

Definition:

For a given link (u,v), the feature extracted for it

Ri_
based on meta path ® = T} LN S R T ~ T,

from the network is defined to be the expected number
of meta path instances between v and v in the network.




Link Prediction in Heterogeneous

Networks

Supervised Link Prediction ‘:‘ - ()
e Meta Path based Features
 Example:

meta path: “UT s U = U

rer
path instance: n . 0 _ &

meta path: “U =+ P = L+ P« U”




Link Prediction in Heterogeneous
Networks

* Supervised Link Prediction

» (Classitication Algorithms

ai ector Labe
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‘ Sampling pairs labeled 0
inary classifiers: or

¢ SVM




Link Prediction in Heterogeneous
Networks

» Supervised Link Prediction Method
* eature Extraction
* Meta Path based Features
» Classification

¢ SVM
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Reminder

* Multi Aligned Heterogeneous Social Networks

e Definition:

g — (Gseta Aset)

where Gger = {GW GP) ... GUGDV s the set of
|G st | different heterogeneous networks;

Aset — {A(172)7 A(1>3)7 e 7A,4(|Gset|>|Gset|_1)}iS the set
of anchor links among networks.
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Link Prediction across Alignead
Heterogeneous Networks

e Anchor Link Prediction

Foursquare Network Twitter Network
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Link Prediction across Alignead
Heterogeneous Networks

e Anchor Link Prediction
» Supervised Link Prediction Methods
e Feature Extraction

» Classification Algorithm
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Heterogeneous Networks

Social §

5
Content
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foursquare




Content

Choice of Words
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Link Prediction across Alignead
Heterogeneous Networks




Traditional Supervised Link Prediction




Max Sum of Scores w.r.t. 1-1 Constraint
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Stable Matching/Marriage




Stable Matching/Marriage




Stable Matching/Marriage




Stable Matching/Marriage




Stable Matching/Marriage




Stable Matching/Marriage
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Link Prediction across Alignead
Heterogeneous Networks

* |Information Transfer across Aligned Networks for
Link Prediction Tasks

S8AM 4PM 11 PM




Link Prediction across Alignead
Heterogeneous Networks

e Anchor Link Prediction

e Supervised Link Prediction

* Stable Matching

* |Information Transfer across Aligned Networks
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Future Works

e Class Imbalance Problem in Supervised Link

Prediction
existing links unconnected lINkS
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Future Works

* |Information Transfer across Aligned Networks for
both anchor and non-anchor users
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summary

Link Prediction Problem Definition

Link Prediction for Homogeneous Networks

e various unsupervised predicators

Link Prediction for Heterogeneous Networks

» Supervised Link Prediction Methods
Link Prediction across Aligned Heterogeneous Networks

* Anchor Link Prediction Problem: Supervised Method + Stable Matching
Future Works

e Class Imbalance Problem, Information Transfer across Aligned Networks
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