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S SCSCMU

e Part 1: Patterns

e Part 2: Matrix and Tensor Tools
= Part 3: Proximity

e Part 4: Case Studies
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s SCSCMU

Part 3: Proximity on Graphs

-Definitions, Fast Solutions, and Applications
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£ Slcicgcap: Graphs are everywhere!

Internet Map Food Web
[lumeta.com] [Martinez '91]

Friendship Network Protein Interactions
[Moody '011 [genomebiclogy.com]
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SCsSCMU

Graph Mining: Big Picture
+ Graph Level
-Patterns
-Laws
-Generators
+ Subgraph Level
- Community

Adam

+ Node Level
-Association
-Correlation

Anna

-Causality
Cell Phone -Proximity
~—— Message
E-Mail
N Copyright: Faloutsos, Tong (2009) 3-5
ICDE09 We are here!

s SCSCMU
Proximity on Graph: What?

opNG

a.k.a Relevance, Closeness, ‘Similarity’...
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g SCSCMU

Proximity on Graphs: Why?

e Al: Link Prediction [Liben-Nowell+], [Tong+]

* A2: Neighborhood Search [sun+]

* A3: Image Captioning [pan+]

e A4: Conn. Subgraph [Faloutsos+], [Tong+], [Koren+]

» Ab5: Best Effort Pattern match [Tong+]

e A6: Proximity Tracking [Tong+]

e A7: Mining Time [Chakrabarti+]

» A8: Interactive Querying and Summarization [Tong+]
* Many more...

Will return to this later

ICDE'09 Copyright: Faloutsos, Tong (2009) 37

Al: Link Prediction

Footnote: Prox (deleted) >> Prox (absent) !

- Red pair: ““deleted”;
- Blue pair: “absent”

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-8

A2: Neighborhood
Search on graphs

il

Conference Author
Q: what is most related conference to ICDM?
A: Proximity! [sun+ icom2005]
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Test Image

chbosese

Q: How to assign keywords to the test image?
A: Proximity! [Pan+ 2004]

ICDE'09 Copyright: Faloutsos, Tong (2009)

g SCSCMU
A4: Center-Piece Subgraph(CePS)

Input Output

oo:>§>
OQQ

d -O— (}
Original Graph
Q: How to find hub for the black nodes?
A: Proximity! tong+ Kbb 2006]

ICDE'09 Copyright: Faloutsos, Tong (2009) 311

CePS

Input _~ ~_Query Graph | Output
¥ 1
/ | A5: Best-Effort
1 Pattern Match
* 1
Data G h !
ata rap | / \
m| CEO : /
.SEC | Matching Subgraph
Accountant 1
Manager !
How to flnd matching subgraph?
IcDE09 A: Proximity![Tong+ KDD 2007 b]




Faloutsos, Tong

g SCSCMU .
Outline; Part 3
» Basic: RWR
* Motivation « Variants
== Definitions

.  Properties
» Fast Solutions P

 Applications
» Conclusion

* Generalizations
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ICDE, 2009

Why not shortest path?

e - @

e o @
O @@

‘pizza delivery guy’

scscMu — .
S Some “bad” proximities

Why not max. netflow?
e - @
@@

No punishment on long paths

ICDE'09 Copyright: Faloutsos, Tong (2009)

problem
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A Some “bad” proximities
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SSCSCMU
What is a “"good” Proximity?

« Multiple Connections
g ¢ Quality of connection
@ *Direct & In-directed Conns

eLength, Degree, Weight...

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-16

g SCSCMU
Random walk with restart

O,
Q&e ) ()
)

90
AN
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s SCSCMU
Random walk with restart

Node 4

Node 1 013
Node 2 0.10
Node 3 013
Node 4 0.22
Node 5 013
Node 6 0.05

K Node 7 0.05
Node 8 0.08
0'05 Node9  |004

Node 10 0.03

& el o
Nearby nodes, higher scores Ranking vector,
More red, more relevant r,
ICDE'09 Copyright: Faloutsos, Tong (2009) 318
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SCSCMU

Why RWR is a good score?
i Qi j) o< i

— A/ 71 fd =i Y
Q=(l-cwW)" = ! W adjacency matrix.
c: damping factor

Q=c W4 +c2W2'T+ ¢ Waf + -

all paths from i all paths from i all paths from i
tojwithlength 1 tojwith length 2 to j with length 3

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-19

o Outline: Part 3

e Basic: RWR
Variants

« Motivation

« Definitions
 Fast Solutions
 Applications

« Conclusion

* Properties

* Generalizations
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s SCSCMU
Variant: escape probability

» Define Random Walk (RW) on the graph

« Esc_Prob(CMU->Shanghai)
— Prob (starting at CMU, reaches Shanghai before returning to CMU)

o

graph

-~

I

ICDE'09 ESC_PrOb =Pr (Sm"e before Cry)

21
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g SCSCMU
Other Variants

» Other measure by RWs
— Community Time/Hitting Time [Fouss+]
— SimRank [Jeh+]

All are “related to” or “similar to”

random walk with restart!
- Spring Systems
 Katz [Katz], [Huang+], [Scholkopf+]

» Matrix-Forest-based Alg [Chobotarev+]

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-22

SCSCMU

? Overview of different measurements

Regularized
Un-constrained
Quad Opt.

Harmonic Func.
Constrained
Quad Opt.

s scscMu .
Outline: Part 3
» Basic: RWR
¢ Motivation e Variants
» Definitions i
Properties

» Fast Solutions
 Applications
» Conclusion

t Generalizations

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-24
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gscscmu
Property #1: Monotonicity

Original Graph

Candidate Graph

@ @

We want: Prox® (a — b) < Prox ®®"®a — b)
A: degree preserving! [koren+ KDDO6][Tong+ KDDO7a][Tong+ SDMOS]

ICDE'09 Copyright: Faloutsos, Tong (2009) 25

S SCSCMU

Property #2: Asymmetry [rong+ kopo7 a]

e oo @

000 OO0

What is Prox from Ato B?
What is Prox from B to A?

What is Prox between A and B?

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-26

.gscscmu
Asymmetry in un-directed graphs

» Hanghang's # 1 Conf. is ICDE
» The #1 author of ICDE is ...

Hanghang ’ S~
\ Pl ICDE

1 /

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-27
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gscscmu - )
Outline: Part 3
e Basic: RWR
¢ Motivation  Variants
» Definitions _
. * Properties
» Fast Solutions -
+ Applications Generalizations

» Conclusion

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-28

g SCSCMU
Group Proximity [Tong+ KDDO7 a]

* Q: How close are Accountants to SECs?

LN —
Oco e
SEC ,/ .\\ / ;.
P /
‘Accountant *. o - ,.r'f
.Manager . ° /_,.-
N

» A: Prob (starting at any RED, reaches any
before touching any RED again)

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-29

SCSCMU

Proximity on Attributed Graphs (rong+ kppo7 b)

O cEo gg
O SEC N
5

‘ Accountant

. Manager o e
@

What is the proximity from node 7 to 5?
If we know that...

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-30
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g SCSCMU
A: Augmented graphs [rong+ KDD07 b]

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-31

ICDE, 2009

S SCSCMU

More on Generalizations

* Attributes on edges [Chakrabarti+ KDD 06]

» Proximity w/ Time

— [Minkov+], [Tong+ SDM 2008], [Tong+ CIKM 2008]

» Proximity w/ Side Information [Tong+ 2008]

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-32

s SCSCMU
Summary of Proximity Definitions

» Goal: Summarize multiple ... relationship

» Solutions

— Basic: Random Walk with Restart
« [Pan+ 2004][Sun+ 2006][Tong+ 2006]

— Properties: Asymmetry, monotonicity
« [Koren+ 2006][Tong+ 2007] [Tong+ 2008]
— Variants: Esc_Prob and many others.
« [Faloutsos+ 2004] [Koren+ 2006][Tong+ 2007]
— Generalizations: Group Prox, w/ Attr., w/ Time,

w/ Side Information
« [Charkrabarti+ 2006][Tong+ 2007] [Tong+ 2008]

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-33
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o Outline: Part 3

« Motivation

« Definitions
=) Fast Solutions

 Applications

» Conclusion
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LA C ting RWR
~
=cWr, +(1-c)é
Ranking vector ~ Adjacency matrix ~ Restartp Starting vector
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SSCSCMU
Q: Given query i, how to solve it?
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Y3 0 U3 00 00 V4O0
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0000 1201312
000 V40130 12|
0000 0v3w30)l

w r
a7 No pre-computation/ light storage

cooocooo
coocococo

cooo
Mcocsoo

Slow on-line response  O(mE)

ICDE'09

Copyright: Faloutsos, Tong (2009)

g SCSCMU

ICDE'09

Find Community

B_Lin: Basic ldea
[Tong+ ICDM 2006]

Fix the remaining

Copyright: Faloutsos, Tong (2009)

s SCSCMU

&

ICDE'09

Query Time vs.

Log|Query Timé

Pre

OniThely
B_Lin{100, 4000)
&_Lin0 4000)
B_LinS0 4000}
PreConpute

*re N

Pre-Compute Time

*Quality: 90%+
*On-line:

*Up to 150x speedup
*Pre-computation:

«Two orders saving

Log Pre-compute [Time

100 X
Compute Tima(Hour)

Copyright: Faloutsos, Tong (2009)

3-39
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gscscmu
Summary of Fast Solutions

e B_Lin: one large linear system [ong+ IcDM06]

< BB_Lin: the intrinsic complexity is small
— [Tong+ ICDMO06]

« FastUpdate: dynamic linear system [Tong+ Somos]
* FastAlIDAP: multiple linear systems [Tong+ KDDO7 a]
e MT3: multiple-resolution analysis [Tong+ CIkM 2008]

» Fast-ProSIN: incorporate on-line user’s feedback
— [Tong+ ICDM 2008]

More Details: Off-line!

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-40

ICDE, 2009

o Outline: Part 3

« Motivation

« Definitions

 Fast Solutions
=) Applications

« Conclusion
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o Outline: Part 3

« Motivation

« Definitions TLink Prediction & +
 Fast Solutions

 Applications
« Conclusion

» Ranking Related Tasks
 User Specific Patterns
» Time Related Tasks

Interaction w/ Users

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-42
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s A1l: Link Prediction - existence

Footnote: Prox (deleted) >> Prox (absent) |

- Red pair: “deleted”;
- Blue pair: “absent”

ICDE, 2009

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-43

A1l: Link Prediction-
existence

| Prox. Hist. for a set
ox (j»i)| of deleted links

..Prox. is effective to ‘deleted’ and absent edges!

o 1 Prox. Hist. for a set
Prox (i=>j)+Prox (j>i) 1 of absent links

Q: How to predict the existence of the link?
A: Proximity! [Liben-Nowell + 2003]

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-44

.g SCSCMU

Link Prediction: direction
[Tong+ KDD 07 a]

* Q: Given the existence of the link,
what is the direction of the link?
* A: Compare prox(i=]) and prox(j—=>1i)

.  >70%
density: —_—

-0&6 -04 -02 ] 02 0.4 0.6 - T | .
Copyright: Faloutsos, Tong (2009) Prox 69]) - Prox (J%|)

ICDE'09

15
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gscscmu
Beyond Link Prediction

C. Faloutsos

« Collaborative Filtering rouss+ /
J. Pan
‘ M.-J. Li

« Name Disambiguation
— [Minkov+ SIGIR 06]

Hanghang Tong

« Anomaly Nodes/Edges
— ‘a’ is abnormal if the neighborhood of ‘a’ is so different
— [Sun+ ICDM 2005]

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-46

ICDE, 2009

o Outline: Part 3

* Motivation
o Definitions « Link Prediction & +
* Fast Solution Ranking Related Tasks
 Applications .
.  User Specific Patterns
 Conclusion
» Time Related Tasks
Interaction w/ Users
ICDE'09 Copyright: Faloutsos, Tong (2009) 3-47
3 :  A2: Neighborhood
Search on graphs
@) S

Conference Author

Q: what is most related conference to ICDM?
A: Proximity! [sun+ icom200s]

ICDE'09 Copyright: Faloutsos, Tong (2009) 3
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g SCSCMU
NF: example

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-49

g SCSCMU
A3: (gCaP) Automatic Image Captioning

A: Proximity!
[Pan+ KDD2004]

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-50

Keyword

Copyright: Faloutsos, Tong (2009) 3-51

e

17



Faloutsos, Tong

Region

@ 6 DB @ @

Keyword

ICDE, 2009

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-52

o Outline: Part 3

* Motivation
Definitions e Link Prediction & +

Fast Solutions | . Ranking Related Tasks
Applications

» Conclusion

User Specific Patterns
» Time Related Tasks

Interaction w/ Users

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-53

SSCSCMU
A4: Center-Piece Subgraph(CePS)

Input Output

/ O/'/i\\o\ % CePS node
6 Lo B .
. o 9

o e
Original Graph
Q: How to find hub for the black nodes?
A: Proximity! (tong+ kpb 2006]

CePS

Red: Max (Prox(A, Red) x Prox(B, Red) x Prox(C, Red))

18
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g SCSCMU
CePS:

Example

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-55

ICDE, 2009

g SCSCMU
CePS:

R. Agrawal

R
.

\
4~ Corinna
Cortes

15— H.V. 10 Laks V.S. N
/. Jagadish akshmana 13,
_ 10

Example

D

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-56

S SCSCMU

K_SoftAnd: Relaxation of AND

Disconnected
Communities

Asking AND query? =» No Answer!

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-57
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g SCSCMU
CePS: 2-SoftAND

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-58

X" CePS: 2 SoftAND

~10-
15 - 13
/ - - N\

R. Agrawal

Input _— ~Query Graph | Output
* |
.ﬂ | A5: Best-Effort
e 1 Pattern Match
1
Data Graph@ 1 12— 13
n) o
/* .\\ P /\ \
0O CEo ./

Matching Subgraph

|
@ SEC :
Accountant — 1

bManager * \' ! .
Q: How to find matching subgraph?
A: Proximity![tong+ KDD 2007 b]

ICDE'09

20
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s SCSCMU
G-Ray: How to? %ﬁ

matching node

12— 13
matchingn/ode \ s

*matching node { *
-
.@g node .

Goodness = Prox (12, 4) x Prox (4, 12) x
Prox (7, 4) x Prox (4, 7) X

Prox (11, 7) x Prox (7, 11) x

Prox (12, 11) x Prox (11, 12)

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-61

ICDE, 2009

g SCSCMU
Effectiveness: star-query

Peopl
| . 2 Thillips. 5. Yu
People ] -
Cr | G o)
Query Result
ICDE'09 Copyright: Faloutsos, Tong (2009) 3-62

o Outline: Part 3

Motivation
Definitions « Link Prediction & +
Fast Solutions (

Applications
« Conclusion

» Ranking Related Tasks

 User Specific Patterns
Time Related Tasks

Interaction w/ Users

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-63
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Challenge
» Graphs are evolving over time!
—New nodes/edges show up;
—EXxisting nodes/edges die out;
—Edge weights change...

Q: How to generalize everything?
A: Track Proximity! [Tong+ SDM 2008]

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-64

SCSCMU

pTrack/cTrack: Trend analysis on graph level

Rank of Influential-ness /T SeJnOWSkI

-

Googseh-
Trend histery

. G.Hinton
C. Koch

The Ranking of the Centralty

N
. M. Jorda

Va—— —.--Year
™ [T T

g
1050

)

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-65

SSCSCMU
A6: (pTrack) Problem Definition

 [Given]
— (1) alarge, skewed time-evolving bipartite
graphs,
— (2) the query nodes of interest
e [Track]

— (1) top-k most related nodes for each query
node at each time step t;

— (2) the proximity score (or rank of proximity)
between any two query nodes at each time
step t

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-66
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g SCSCMU

pTrack: Philip S. Yu’s Top-5 conferences up to each year

1992

CIKM KDD
ICDCS SIGMOD
ICDE ICDM
SIGMETRICS CIKM
ICMCS ICDCS
1997 2002

2007

ICDE, 2009

ICDE'09

DBLP: (Au. x Conf.)

- 400k aus,
- 3.5k confs
- 20 yrs

Copyright: Faloutsos, Tong (2009)

S SCSCMU

Prox. |
Rank®/

10

15}

Rank
]

35+
40+

45+

sol—L
ICDE'09 1985

L L
1987 1999

L
2001
Year

Data Mining and Databases
are getting closer & closer

2003

KDD’s Rank wrt. VLDB over years

Rank of Proximity from VLDB to KDD

Year

005 2007 38

SCSCMU

cTrack:10 most influential authors in
NIPS community up to each year

T. Sejnowski

1595

1589

1991

1997 1599

M. Jordan
Author-paper bipartite graph from NIPS 1987-1999.

3k. 1740 papers, 2037 authors,
spreading over 13 years

3-69
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g SCSCMU

A7: (T3/MT3) How to mine time
iIn some complex settings?

ICDE'09 Copyright: Faloutsos, Tong (2009) 70
g SCSCMU
A Motivating Example: Inputs

Eventeq. session) En“ty

SSCSCMU
A Motivating Example: Outputs

06-

04r

ar N\ Abnormal Time

ol Oct.28 @ — Rep. Entities:

“Beck” “'Dan”
-0.2F
oA (o @ Time Cluster
-06F oct 27 @ —> Rep. Entities:
“Tom”, “"Bob”,"Alan”
0.8+
1 o5 0 o5 1

24
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£ Problem Definitions:

(How to Mine Time in such complex context)

» Given datasets collected at different
time stamps;
 Find
—Q1: Time Cluster
—Q2: Abnormal Time stamp
—Q3: Interpretations
—Q4: Right time granularity

ICDE'09 Copyright: Faloutsos, Tong (2009) 73

s T3: Basic Idea — Graph + RWR

<4

ICDE'09

s Data Sets

e CIKM: from CIKM proceedings

» Time: Publication years (1993-2007, 15)
» Event: Paper (952)

* Entities: Authors (1895) & Sessions
(279)

* Attribute: Keyword (158)

ICDE'09

Copyright: Faloutsos, Tong (2009) 3-75
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Rep. Authors  Rep. Keywords oo 2007

James. P. Callan Web 2004 2005
2003
W. Bruce Croft Cluster 2002
James Allan Classification
Philip S. Yu XML
George Karypis Language
Charles Clarke Stream

Rep. Authors Rep. Keywords

Elke Rundensteiner Knowledge
Daniel Miranker System
Andreas Henrich Unstructured
Il-Yeol Song Rule
Scott B Huffman Object-oriented
Robert J. Hall Deductive
0, , ; 0

1884
1997, 1996
-1995

1983
3 ,3-76
02 03 04

o Outline: Part 3

* Motivation

* Definitions * Link Prediction & +
* Fast Solutions | . Ranking Related Tasks
 Applications

.  User Specific Patterns
 Conclusion

* Time Related Tasks

Interaction w/ Users

ICDE'09 Copyright: Faloutsos, Tong (2009) 3-77

GO()gle g o [NtEraction with Users

Web

User Feedback
Hanghang Ton
Hanghang Tong. 4th .D Student. Program: Computational and Statistical Learning.

Affiliation: MLD SCS CMU. Email: htong AT cs DOT cmu DOT edu ...

www_cs.cmu_edu/~htong/ - 26k - Cgglied - Similar pages -
rror Hanghang Ton, —> User Feedback

File Format: PDF/Adobe A« - View as HTML

Hanghang Tong, Spiros Papadimitriou, Philip S Yu and Christos Faloutsos. Fast ...
Hanghang Tong and Christos Faloutsos. Center-Piece Subgraphs: Problem ...
www.cs.cmu.edu/~htong/pdficy_Tong.pdf - Similar pages -

by B Info - Relate All 62 versions

More results from u 5

User Feedback
DBLP: Hanghang Ton
Hanghang Tong. List of publi om the DBLP Bibliography Server - FAQ ... 17 = EE,
Hanghang Tong. Christos Faloutsos: Center-piece subgraphs: problem ...

www_informatik_uni-trier de/~ley/dbfindices/a-tree/t/Tong-Hanghang_html - 24k -

Cached - Similar pages - > User Feedback

Hanghang Tong - CMU

Hanghang Tong - Fast BestY attern Matching in Large Attributed Graphs as author

at Research Tracks, 149 views ... 78
videolectures_net/hanghang_tong/ - 9k - Cached - Similar pages -
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SCSCMU =
g ﬂmg JoinDigg | About  Login

Technology ~ World & Business ~  Science v Gaming v Lilestyle v  Entertainment v Sports

|| Popular | Upcaming wrrs Mews  Videos images & Customize

MNews, Images, Videos == -

Discover the best of the web o

User Feedback s e s simiied i i

Justice probe may pose 'enarmous consequences’ for n

User Feedback

2 ar T mmin 8o

One Lough econ |

s would only uel

Recession Threatens To Burn Cut Medical Marijuana Clubs g r
ICDE'09

SCSCMU

“Interaction with Users (Querying)
[Tong+ ICDMO08]

Initial Results

'ICDM'
'ICML
'SDM'

'VLDB'
'ICDE'

'SIGMOD'

‘NIPS'

'PKDD’
'IJCAI'
'PAKDD'

what are most related conferences wrt KDD?
(DBLP author-conference bipartite graph)

i(’Interaction with Users (Querying)
[Tong+ ICDMO08]

Initial Results

'ICDM'
oML X
'SDM'
'VLDB'
'ICDE'
'SIGMOD'
‘NIPS'
'PKDD’
'JCAI' &
'PAKDD'
two main sub-communities
in KDD: DBs (green) vs.
Stat (Red)

what are most related conferences wrt KDD?
(DBLP author-conference bipartite graph)
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SCSCMU

Interaction with Users (Querying)
[Tong+ ICDMO08]

Initial Results No to "ICML’
'ICDM' 'ICDM'
oML X 'SDM'
'SDM' 'PKDD'
‘VLDB' '|ICDE'
'ICDE' ‘'VLDB'

'SIGMOD' 'SIGMOD'
‘NIPS' 'PAKDD'
'PKDD' . . ‘CIKM!
ICAI F sicr vV
'PAKDD' 'WWW'
two main sub-communities | Negative feedback on
in KDD: DBs (green) vs. ICML will exclude other
Stat (Red) stats confs (NIPS, IJCAIl)

what are most related conferences wrt KDD? o
(DBLP author-conference bipartite graph)
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i"’Interaction with Users (Summarization)
[Tong+ ICDMO08]
m

(CePS between ul

“Yiming Yang”)

1

| :
Mccallum
ur 4 Yang

There are two main connections
between “Mccallum” and “Yang” S8

* iteraction with Users (Summarization)
[Tong+ ICDMO08]

(CePS between “Andrew Mccallum” and “Yiming Yang”, but avoiding “Tom
M. Mitchell)

2

:

2 4

2 Yiming
ang
4

The feedback guides to avoid the entire ‘Text’
connection, and brings more connections on ‘Statistics’

3-84
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More Applications
Clustering
— Proximity as input [Ding+ KDD 2007]
Email management [Minkov+ CEAS 06].
Business Process Management [Qu+ 2008]

» Ghost Edge
— Within Network Classification [Gallagher & Tong+
KDDO08 b]
L]
ICDE'09 Copyright: Faloutsos, Tong (2009) 3-85
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[Tong+ 2008]

[Tong+ 2008|

BU”dlng block Tongs 2008]
(gCap | CePS..)

[Tong+ 2008

[Tonig+ 2007]

[Tonig# 2006]

Weighted
Multiple
Refatropsip

arti+ 2006][Tong+ 2007, 2008]

s SCSCMU
Take-home messages
* Proximity Definitions

-RWR ZE=IWH (-

— and a lot of variants

— Sherman-Morrison Lemma
— Fast Incremental Computation

» Applications
— Proximity as a building block
ICDE'09 Copyright: Faloutsos, Tong (2009) 3-87
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