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Beyond Text and Images

1 Wenjie Jerry' Fu and Yanxin Shi
r b Facebook friends since August 2007 * Carnegie Mellon, Facebook
- ‘-7 g Gt WallPosts Seeal
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) walp o See
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Even
Y Likes
18 B

Events They Attended See Al
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Friday, October 22 at 7:00pm
Xin Qi, Yanin Shi, and 40 other guests
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Mining Multimedia Data (1)

- Labeling Satellite Imagery

Labels: [l City Urban Trees [ Water [l Forest

[] outlier
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Mining Multimedia Data (2)

 Network Traffic Log Analysis

Mining Multimedia Data (3)

- Web Knowledge Base

cmunell
bd I think "monkishness" is a #PhysicalCharacteristic (bit ly/pZADRe)

(‘city-has-
company-office’)

cmunell
bd I think "Yavapai County Sheriff” is a #JobPosition (bit ly/qDX0wF)

perpignan

cmunell

o 11think "nothing moder is an

#AreaOfStudyWithinTheFieldOfMachineLeaming (bit ly/r5PToW)

emunell I:>

bd I think "East Gate Mal” is a #ShoppingMall (bit ly/r8A3dE) friedrichshafen
cmunell m
ko) 1think “Eugeniusz Dabrowski® is a #VisualArtist (bitlyir2Jdec)
tampere

1 ryanair

emunell
I think "US A
(LcofavBLNYI)
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Mining Multimedia Data

- Data-driven problem solving over multiple
modes at a non-trivial scale.
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Querying Multimedia Data (1)

- A querying system provides an interface to
retrieve records that best match users’
information need.

Querying Multimedia Data (1)

- Here is another example:

& Discover Facebook Pages

0 www facehaok com /mages/browser nhnl
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Querying Multimedia Data (1)

- May be transformed into a graph search problem

Awnbic

Querying Multimedia Data (2)

- Calibrate ranking from user feedback

thesis defense &
About 1,840,000 resuts (0.13 secands)
» Whatis a thesis defense?
www.cc.gatech.eduffaculty/ashwin/... /what-is-a-thesis-defense_html - Cached
What is a thesis defense? A thesis defense has two parts: a thesis and a defense. The
second mistake many students make is not knowing what their thesis is. ...
Thesis Defense Taboos
www-psych.stanford_edu/~pinto/orals htmi - Cachad
148 THINGS (NOT) TO DO OR SAY AT OR FOR YOUR THESIS DEFENSE Written by Master
Peter A Dutton contributions by Jim Lalopoulos, Alison Berube, ...
Thesis - Wikipedia, the free encyclopedia
en wikipedia org/wiki/Thesis - Cached
In India, as in Great Britain, the thesis defense is called a viva voce (Latin for "by live voice”)
examination (viva in short). Involved in the viva are two examiners ...
How to survive a thesis defence
www. phys.unsw.edu.au/~jwhiva.html - Cached
This document is an appendix to. How to write a thesis. The thesis defence or viva is like an
oral examination in some ways. It is different in many ways, however. ...
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Querying Multimedia Data (2)

- Calibrate ranking from user feedback

Web Search
‘ I Activity
[ |

-

Search Engine
Presentation

] User Interaction
Logs

; i !
Madels for
Leveraging User

Feedbacks
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Data

- Large-Scale Heterogeneous Networks

IP-destination

131.243.2.10

128.3.1.50

Goal

« How can we automatically detect and visualize
patterns within a local community of nodes?

9/20/2011

10



Preliminary

- Tensor for high-order data representation
= 3 data modes: source IP, destination IP, port #

Approach

MultiAspectForensics
1. Data Decomposition

— 7
| =n.i|?‘:’ o N,
2. Spike Detection

:é‘f

e

—_—
P

{0

o a0 IR
Airtte ten Fromacy Court

3. Substructure Discovery
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Data Decomposition

« The canonical polyadic (CP) decomposition can
factor tensor into a sum of rank-1 tensors

I X1, X 15 7.0
1
f=
=1 A
X 1
/o

CoH A

=2

5';[2)

E’R(l)

- A special case is Singular Value Decomposition

L,

X

RIS W |
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Attribute Plot
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Spike Detection

- Iteratively search for spikes in the histogram
plot along each data mode.

“attribute plot” ‘histogram plot”
GREa T R S .
q‘_J opR ‘¥ E t >
Q- e o- .
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mg mni.
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D. o .
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Substructure Discovery

- Focus on part of the data within the spike

- Categorize into a few subgraph patterns

Pattern 1: Generalized Star (1)

IP-src’s sending Sowrse P ¢
packets to the (Berkeley Lab)
Pont #
same IP-dst & Source-IP 524(NCP)

131.243.%* 7

the same port (LBNL)

Y 13:243.141.187

' Destination-TP
(LBNL)

Typical et
client/server (1BNL)

system
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Pattern 1. Generalized Star (1)

. Source-IP
A ‘bar’in a carefully | 1981290 T

(Berkeley Lab)
reordered tensor

198.129.91.129
131.243.203.86
131.243.200.228
Source-IP
1312430 | 2R
eny
Source-IP
1283%% -
o

Port #
524(NCP)

Y 131.243.141.187

' Destination-TP
(LBNL)

Pattern 1. Generalized Star (2)

Extending along
“Port-Number”

Port Numbers

2423, 2473, 2516, 2561, 2606,
2650, 2695, 2739, 2782, 2832
andomly selected out of 435 ports

59.183.237.213

Source-IP
(an Indian ISP)

131.243.141 232

Destination-IP
(LBNL)
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Pattern 1: Generalized Star (2)

Port numbers
used in packets
from the same

IP-src to the
same IP-dst

Port scanning
or P2P

59.183.237.213

Source-IP
(an Indian ISP)

Port Numbers

2423, 2473, 2516, 2561, 2606,
2650, 2695, 2739, 2782, 2832
andomly selected out of 435 ports

131.243.141 232

Destination-IP
(LBNL)

Pattern 2: Generalized Bipartite-Core (1)

A ‘plane’ in a carefully
reordered tensor

Source-IP

(LBNL)

Source-IP
128.3.*%.*
(LBNL)

131.243.** 7

Port #
524(NCP)

Destination-[P
131.243.%*
(LBNL)
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Pattern 2: Generalized Bipartite-Core (1)

/IP-src’s sending
packets to the

same [P-dst’s &
Y the same port

p
Clients talking

to a shared

server pool

Port #
) 524(NCP)
Source-IP \
(LBNL) N
a0

: s T
Source-IP ;}/
128.3.%* / Destination-IP
(LBNL) 131.243.%*

- e

Pattern 2: Generalized Bipartite-Core (2)

A ‘plane’ in a carefully
reordered tensor

Port Numbers
i 135(epmap),
139(netbios-ssh),
Source-IP |
131.243. % *
(LBNL)
- Destination-IP
[ (LBNL)
o]
o)
[ i
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Pattern 2: Generalized Bipartite-Core (2)

/IP-src’s sending
packets over

1 Source-IP
multiple ports StueeB,
to one IP-dst (LBNL)
\
A mUIti- Source-IP
128.3.*.* .
purpose e

\windows server

Port Numbers
135(epmap),
139(netbios-ssh),

Destination-IP
(LBNL)

128.3.194.250
128.3.147.147

128.3.78.120

M1: MultiAspectForensics

- Automatically detects novel patterns in

heterogenous networks

INPUT

Ej G
8}2‘ 2. SplkfeDe :}_ctlon

3. Substruéﬁr’e
Discovery

MultiAspectForensics
1. Data Decomposition

ouTPUT

Local
Patterns
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Thesis Outline

M1: MultiAspectForensics O

Mining
M2: QMAS

Q1: Click Models

Querying |Q2: C-DEM

Q3: BEFH

QMAS: Mining Satellite Imagery (1)

« Low-labor labeling

Labels: [liCity [ Urban Trees [ Water [l Forest [] outlier

9/20/2011
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QMAS: Mining Satellite Imagery (2)

- Identification of Representatives

QMAS: Mining Satellite Imagery (2)

- Identification of Representatives and Outliers

9/20/2011
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QMAS: Mining Satellite Imagery (2)

- Identification of Representatives and Outliers

QMAS: Mining Satellite Imagery (3)

- Linear in time & space

10°

—-GCap P
~+-GCap-ANN /Q/ T
1| = QMAS i 40x |

3
®

Time (in seconds)

10° 10" 10° 10°
# of Node

9/20/2011
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Thesis Qutline

M1: MultiAspectForensics

Q

Mining
M2: QMAS

O

Q1: Click Models

Querying |Q2: C-DEM

Q3: BEFH

Web Search

9/20/2011
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User Clicks as Quality Feedback

# of total clicks

techcrunch facebook

About 4,280,000 resuts (0.13 seconds)

TechCrunch | Facebook 49
Welcome to the official Facebook Page about TechCrunch. Join Facebook ta start

connecting with TechCrunch

ww facebook comitecherunch - Cached - Similar

TechCrunch | Facebook

Sign UpTechCrunch is on FacebookSign up for Facebook to connect with ...
www.facebook.com/techcrunch?=info - Cached

TechCrunch Disrupt | Facebook
Don't forget to watch the "graduation day” at TechCrunch Disrupt , an ...
www facebook com/event php?eid=336856251125 - Cached

& Show more results from faceboak com

9
2
Facebook 25
We've killed a lot of things recently at Techcrunch: the phone call, cable tv, books, the
mouse, and many more. Regrettably, I'm ready to ...
4
4

Ntechcrunch com/tag/facebook/ - Cached - Similar
TechCrunch
The winner of Kynetx's Facebook App contest, Stay's browser plugin uses ...
Don't Buy The HTC EVO, It Is - Europe - Android - Apple

www_techcrunch.com/ - Cached - Similar

Facebook Acquires FriendFeed (Updated) - TechCrunch
Facebook has acquired FriendFeed, we've learned. We're gathering details now ...
h h.com/2009/08/ book-acq dfeed/ - Cached - Similar

40 60

o
[¥]
[=]

Motivation

- Leverage the signal from click data to improve
search ranking.

Session!D | A4cf1303bSaedd2c | tfochorunch facebook Seacn
Rank/Position |DocumentID| Click | - . [ TE T — m——
Connimmin | 1 1cebook
[ [1__SessionID ad6edf389984 comnaing W TecNCInGh e
[ [] Rank/Position | DocumentID| Click Le_;.::ib‘:m‘_.‘::hg:' s "
] 1 “Erkywprl 1 v facobook comTeehErunchAminto - C h G
T 2 h8mbuaHE6r 0
 H 3 ADodIYC38a 0 il
M 4 S5vglobixl 1
L1 5 dC64ouEakB | 0 e Bt o iy  Yochemrcth phss e cate v bocks. W]
T 6 E91mflmJst 0 . ind Ay s Regmcaty. v iy 1
1 Tfotiw | 0 L
. M 8 ingY2NSHLp 0 Do By Twh MIC £V H s - Evipr Antot- Ay
*.H 9 yjereoR7C4 0 Fu TechCrunch
1 10 ImodfDAMdE| 0 Inrumeh o 0808 T acebook s qses hnrdoed v~
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Click Through Rate (CTR)
« CTR = # of Clicks / # of Impressions

/(= +06)

24
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Relevance of Web Document

» Relevance = CTR @ Position 1

# Clicks @ Position 1
# Impressions @ Position 1

Problem Definition

- Estimate the relevance of web documents given
clicks and their positions.

Session ID 4cf1303bSaedd2e |, Docimentinl Relevance

RanklPts'ltit?n lE:(:ct.l‘ment:ID:[’l f:i‘c‘l‘(“l . { omoafDAMdL 012
H  SessionID ad6edf389984 ADodIYC38a 0.63
H Rank/Position | DocumentID| Click E91mflmJst 0.03

 H 1 itErkywPrl 1 .

—H 2 h8mbuaHE6r | 0 S5vglobixl 0.36

—H 3 ADodIYC38a 0 Tidfn201YW 0.64

 H 4 S5vglobixl 1 Zfds832lkke 0.36
I 5 dCé4outakB 0 dC64ouEakB 0.88
I 3 :Z:“;g';‘m g h8mbuaHE6r 0.21
1 idfn -

1 3 ingYaNSHLp 0 itErkywPrl 0.09
M 9 yjcreoR7C4 0 . o
. 10 9mo4fDAMdt 0

25



Design Goals / Constraints
- Scalable: single-pass, easy to parallel.
« Incremental: real-time updates possible.

- Accurate: consistent with past and future
observations.

Approach
INPUT Click Models OUTPUT
1. Redefine Relevance
@ Go=ao i
&o 5 &0 ~Esinfimst | 003

2. User Modeling

ssvglobixl | 0.36
SR EE 0.64
Zfds832lkkc | 0.36
dC64ouEakB 0.88
h8mbuaHE6r | 0.21
iterkywPrl | 0.09

Document

e

Relevance

Click Data

3.Inference. Learning

9/20/2011
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User Behavior Model

Facebook

We've killed a lot of things recently at Techcrunch: the phone call, cable tv, books, the
mouse, and many more. Regrettably, I'm ready to ...

techcrunch.com/tag/facebook/ - Cached - Similar

Facebook has acquired FriendFeed, we've leamed. We're gathering details now ...

Facebook Acquires FriendFeed (Updated) - TechCrunch : ?
-L’,
techcrunch.com/2009/08/10/facebook-acquires-friendfeed/ - Cached - Similar =( Y ®

Facebook | CrunchBase Profile
(techcrunch.com) []; Elevation Invests Another $120 Million in Facebook as that IPO Looks 5 ?
More Distant {techcrunch.com) [J; Facebook adds comments to the ... Q @
www.crunchbase.com » Companies - Cached - Similar

Facebook: TechCrunch Confirms $35B Valuation - Tech Trader Daily ... -,
Nov 22, 2010 ... | don't know if everyone already saw this on Friday, but it's worth posting as a eﬁ? g
reminder for those who didn't: Michael Arrington with ...
blogs.barrons.conv.../facebook-techcrunch-confirms-35b-valuation/ - Cached

Last Clicked Position

techcrunch facebook Search
About 4,280,000 resuts (0.13 seconds) Advanced search
TechCrunch | Facebook & =

Welcome to the official Facebook Page about TechCrunch. Jein Facebook® ]

connecting with TechCrunch.

www.facebook.com/techcrunch - Cached - Similar
TechCrunch | Facebook A‘f‘
Sign UpTechCrunch is on FacebookSign up for Facebook to connect with ... =
www.facebook.com/techcrunch?v=info - Cached |
TechCrunch Disrupt | Facebook
Don't forget to watch the “graduation day” at TechCrunch Disrupt , an ... 4,$ﬁ
WWW. m/event.php?eid=336856251125 - Cached
4 Show more results from facebook.com el
Facebook i
We've killed a lot of things recently at Techcrunch: the phane call, cabl em,& 2 §)
mouse, and many more. Regrettably, I'm ready to ... )
techcrunch comitag/facebook! - Cached - Similar
TechCrunch
The winner of Kynetx's Facebook App contest, Stay's browser plugin uses ... ”«\
Don't Buy The HTC EVO, It Is - Europe - Android - Apple ()
www.techcrunch.com/ - Cached - Similar
Facebook Acquires FriendFeed (Updated) - TechCrunch -
Facebook has acquired FriendFeed, we've leamed. We're gathering details now ... \?i

h h.com/2009/08/10/facebook-acqui iendfeed/ - Cached - Similar
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Empirical Results

« Click data after pre-processing
= 110K distinct queries, 8.8M query sessions.

« Training time: <6 mins ()
« Online update: ()

= Bump impression and click counters
> No data retention required

Empirical Results

- Higher log-likelihood indicates better quality.

—»=ICM
" —&-DCM

27% accuracy in prediction
2% improvement over ICM,
the baseline model ()

Log-Likelihood

-4 . " . . . !
10° 10 10'° 107 10°° 10° 10%%
Query Frequency

28



Empirical Results

» Position-bias visualized

10

——|CM Click
—8-DCM Click
—o—Empirical Click

Click Probability

G d Truth
— roun ra

Position

Scaling to Terabytes

- 265TB data, 1.15B document relevance results,
running time on wall clock ~ 3 hours

N

o

Normalized Time
OCJ -“- nN w L w o ~ 2]

F;U 1 60 130 260 25‘)0 300
Click Log Data in Terabytes (TB)

9/20/2011
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Q1: Click Models

- A statistical approach to leveraging click data for
better ranking aware of position-bias.

« They are incremental,
more accurate than the baseline,
scaling to almost petabyte-scale data.

Thesis Qutline

M1: MultiAspectForensics O

M2: QMAS P

Mining

Q1: Click Models O

Querying |Q2: C-DEM

Q3: BEFH
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Q2: C-DEM

- A flexible query interface for 3-mode data:

images, genes, annotation terms.

’ C-DEM - Mozilla Firefox
Bl Gon Vew Hgory podkmans Jook Hep

@« »-Cude

Carnegie Mellon
School of Computer Science

Image Query Term Gene
nSh28465 pg

(o)
=

C-DEM: Carnegie-Mellon Drosophila Embryo Mining

Q2: C-DEM

»CDEM - Mozilla Firefox

Carnegie Mellon
ool of Computer Scsance

C-DEM: Carnegie-Mellon Drosophila Embryo Mining

Result

Relevant image Score  Relevant image. score

) oz oauss

Images —

Relevant Term Score
‘ambryonic dersal epidermis 0006261 C Al 0072133 &
oyt st 00001785 [lsc oo
Terms —— | s omsrie - fcoseen —ouomen
i g om0 fcarmsis — acomes
‘embryoniciarval acheal system 0.005169 CG8532 0.002601 ©
e o e

(G| soweh by chacking hebox o Rt o the ery page!

Genes

9/20/2011
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Q2: C-DEM

- Solution: random walk with restart on graphs.

.

Images

cad (CG1759) [LD29596]
Map: 38E6-38E7

Function: RNA polymerase I
transcription factor

Genes

Terms embryonic hindgut

Thesis Qutline
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Mining
M2: QMAS

Q1: Click Models

QOO0 QO

Querying |Q2: C-DEM

Q3: BEFH
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Q3: BEFH (1)

Model
‘-7"-"'_‘> - —

- Bayesian exponential family harmonium
« Deriving topical representations for multimedia
corpora (e.g., video snapshots and captions)

Q3: BEFH (2)

0.98

0.6 — — 0.85;

Better 094 0.8

Quality | o ge 075
0.9

Error Ra
Classification Accuracy

- Bayesian exponential family harmonium
« Deriving topical representations for multimedia
corpora (e.g., video snapshots and captions)

Validation — Synthetic Data Validation — TRECVID Data

8- BOWH
e DWH

-+ LI

o GM-LDA Better
Quality

25 50 100 200
Size of Training Dataset

5 10 15 20 2:‘:
Number of latent topics

30 35

9/20/2011
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Thesis Qutline

M1: MultiAspectForensics

Mining
M2: QMAS

Q1: Click Models

Querying |Q2: C-DEM

Q0 Q0O

Q3: BEFH

Conclusion

- Data-driven research under the theme of pattern
mining and similarity querying.

9/20/2011
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Conclusion

- Data-driven research under the theme of pattern
mining and similarity querying.

- An array of practical tasks addressed:
= Internet traffic surveillance (M1)

aftribute piot histogram plot -, S
o RIS EMY o}
O- 5 o.
O’ oLl
(38 @j.
oi- 5i-
. o . (LBNL)
D . o .

index count

Conclusion

- Data-driven research under the theme of pattern
mining and similarity querying.

- An array of practical tasks addressed:
o Internet traffic surveillance (M1)
= Satellite image analysis (M2)

9/20/2011
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Conclusion

- Data-driven research under the theme of pattern
mining and similarity querying.

- An array of practical tasks addressed:
o Internet traffic surveillance (M1)
= Satellite image analysis (M2)
= Web search (Q1)

ocur

ExaminaiCiick Probatilty

Conclusion

- Data-driven research under the theme of pattern
mining and similarity querying.

- An array of practical tasks addressed:
= Internet traffic surveillance (M1)
s Satellite image analysis (M2)
= Web search (Q1)

o
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Thank You!

« http://www.cs.cmu.edu/~fanguo/dissertation/

¥ RTW Knowledge Base Query Interface

This is a simple interface to query the knowledge base from Read The Web (RTW) Project,
which consists millions of (entity, relation, value) triplets, also known as facts, such as
("pittsburgh", "citylocatedinstate", "pennsylvania"). It supports the following two functions:

1. Fact Browsing: list all facts for a given query word and its role;
2. Similarity Query: based on a fast approximation of personalized pagerank.

Query word: [T Show query suggestion

Choose a task for the query word: |

Fact Browsing
Similarity Query

Query Results:

9/20/2011
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