Intelligent Computing
In Smart Reality

2012. 05.

- Sang-goo Lee
O O School of Computer Science & Engineering
@) | W)

SNU-SAMSUNG Joint Center for Intelligent Computing
Seoul National University, Seoul, Korea
sglee@snu.ac.kr




Gartner’s IT Predictions
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Cloud Computing
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Cloud Computing .
everything and the kitchen sink "';f:ﬁ"

Web as a Programming Platform
Elastic Computing: SaaS, PaaS, laas, ...
Supercomputing for everyone & everything!



http://kellepcharles.blogspot.com/2009/09/cloud-computing-and-security-concerns.html

Smart Apps & Gadgets
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Data Explosion

» 1,800,000,000,000,000,000,000 Bytes (1.8ZB)
= Digital data produced in 2011 [EMC, 2012]
= Doubles every 1.5 years => X 44 in 2020




Data = Intelligence

Large Scale Bio—Network Inference

sentence (2 &): 95,119,665,584

unigrams (2 & 0): 13,588,391
bigrams (& &0 £ &): 314,843,401
trigrams (Ml &0 =&

A eh): 977,069,902
4-grams (Ul &0 £&) 1,313,818,354
5-grams: (CtA &0 ): 1,176,470,663
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Robots => Cloud-bots
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IPhone !

Profit shares of eight mobile phone vendors
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Smart Everything!
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Sensors in Smartphones

» Multi-touch More sensors to come!
» Accelerometer (aka motion » Temperature, humidity
sensor) » Barometer

= Acceleration in 3-axis, gravity
» Proximity sensor (InfraRed) » Biomedical sensors

» Ambient light sensor = Apple has patents for an earbud
» A-GPS « Blood oxygen, heat flux, body

» Camera temperature, heart rate,...
» Microphone
= E.g. stethoscope
» Digital/electronic Compass
= Magnetic sensor
» Three-axis Gyroscope

» Chemical sensors like smell
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Sensors & Actuators

» Open-source physical computing platform

= sense and control more of the physical world

= board + SW
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000,000,000 Smart Devices

Mobile

» Programmable (ZE= 12 &&= 0/ Z7t50f11)
» Internet connected (OIEf Sl &= El)

New Computing Cycles — 10x More Devices
New = Reduce Usage Friction Via Better Processing Power + Improved User
Interface + Smaller Form Factor + Lower Prices + Expanded Services
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SMART REALITY

... a world where reality and cyberspace are tightly integrated by billions of

sensing and control devices that are capable of autonomous computation and

communication, thereby, empowering the reality with computational intelligence.
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Smart Reality Service Scenario

» Infinitely many choices of contents, devices, services
» Information overload, device overload, service overload

—————————————— ~




Context-Awareness in Smart Reality

» Ability to provide the right service through the right device at
the right situation for the right person is essential in a
successful implementation of smart reality.

» Challenges

* |nfinitely many contexts => a Long Tail problem

» Must deal with abnormal, unexpected, extraordinary situations as well as
the normal, expected, ordinary ones

= Data integration and interoperability
= Privacy!
= New
* NO metrics, no testbeds, little or no logs available




What iIs Context-Awareness?

» Intelligent Office
= Sense
= Recognize
= Decide
= Action

» Augmented Reality
= Sense
= Recognize
= Decide
= Action

l

Menu ‘1 0.2 Miles then turn right on Cambridge St. 5,1 Tafe®




Recommender Systems

Given
User
User Item Known
Ratings \

/

Estimate Unknown
Ratings!

Sort Items according to
estimated ratings




Content-based
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http://www.pandora.com/

Collaborative Filtering
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http://www.last.fm/
http://www.last.fm/tools/downloads/

Modeling Context for Recommendation (Multidimensional)

R:User X Season X VacationLocation — Rating

R:User X Time X Song — Rating

R (RATINGS)
/////// R(101,7.1)=6
| - —~
101 6
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User
103
3
Id Name Ag 104 2
1
10 John 25 2 3 5 7
H—j Time
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( 7 ( 7, Fig. 2 Multidimensional model for the User x frem x Time recommendation space.




Incorporating Context into Recommender Systems
|

\/ \
Loose coupling of context and user preferences Tight coupling of context and user

i preferences
= can use traditional 2D recommender system




We need to do better!

» Deal with higher-dimensional information

= Tt is not trivial to extend existing recommendation model to support
multidimensional information space

» Need more than ‘/tem to User’ recommendation

Item to User in the context of Location and Mood

User to User (Friend Recommendation)

Item to Group of Users (Group Recommendation)

Item to Item (Device Recommendation) in the context of User

» Need to deal with sparsity problem
= As the number of dimensions increases, data becomes more sparse




Graph-based Data Model

= Graph is general and flexible

= Graph is good for dealing with heterogeneous information
= Exploiting indirect relationships among nodes is important
= Various graph ranking algorithms available
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Goal: Ideal Situation
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Personalized PageRank

» Random walk based relevance measure

= One of the most widely used methods in measuring relevance
(distance) between two nodes

= Represents the relative importance of the nodes with respect to a
start distribution.
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Random Walk based Entity Ranking

» Graph-based Approach that provides flexibility of recommendation
= Step 1: Transform Implicit Feedback (log) data into Bipartite Graph
= Step 2 : Adapt Personalized PageRank and Rank Entities given a query

F, = {{USER, LOCATION}},w, = 0.5

Recommendation Factors

fi = {{USER}},w; = 0.5

ALO. on

Michael Aronson,

1
. _ "W RFONSON, :
ack Chiu, New Vichael Atonson, ) |
otk New Yo .

___________________

Run Personalized PageRank on the

""""""""""""""""""" constructed bipartite graph

Sangkeun Lee, et al, Random Walk based Entity Ranking on Graph for Multidimensional
Recommendation, ACM RecSys 2011.
Sangkeun Lee, et al, Flexible Recommendation using Random Walks on Implicit Feedback Graph,

ACM ICUIMC 2011.




PathRank (Semantic PageRank)
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Efficient Processing

» Computation of Personalized PageRank is expensive

= Pre-computation
» High pre-computation storage costs for large graphs
« Cannot cope with new data

» Matrix multiplication via multi-way join
= over MapReduce

» Runtime retrieval of top-k elements
= Utilize shortest path algorithm

» Random walk semantics on RDB

ny ng n3 ce T

Pre-compute n 0.081 | 0.045 | --- | 0.002
.~ " Personalized PageRank

ng | 0.099 0.125 | --- | 0.024
ns | 0.076 | 0.107 -+« | 0.009

n; | 0.015 | 0.019 | 0.038

Personalized PageRank Table

secondary storage
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Random Walk Operations on RDB

Random walks on database schema graph

: much smaller than instance-level graph

Random walk on Data graph

Random walk on Schema graph

Start nodes:
{Tom Hanks, Steven Spielberg}

Result top-k nodes:
{Terminal, Catch me if
, Yyou can, 111017 Tweets,
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Data graph
extraction Limitations:

1. Hard to maintain the

huge data graph in

- main memory

2. Much overhead to

Database extract data graph
3. Missing semantics of

original database
design

Schema graph
extraction

Start nodes:

{Tom Hanks, Steven Spielberg}

Random walk results as
queries
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Random Walk Operations on RDB

» Two phase process

1. Generate structured queries for the random walk
- Interpret user’s query semantics flexibly

- Efficiently prune unpromising walk-paths

2. Evaluate the random walk queries on DBMS

- Utilizing the power of database systems, such as, query processing and

optimization

- No need to alter/transform existing databases to graphs

Processing performance

NG

26(2), 2011.

s

e
e
2 3 4 5

# of start nodes

Max. size of selected paths

J. Park and S.-g. Lee. Exploiting correlation to rank database query results, DASFAA 2011.
J. Park and S.-g. Lee. Keyword search in relational databases. Knowledge Information Systems,
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Fast Retrieval of Top-k P-PageRank Elements
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CIC & Testbed




SNU Smart Reality Testbed

» A testbed implementing an open platform for Smart Reality

» A sandbox for various devices, apps and services
= Real users, real data and real feedback
= Integrated space of multiple devices and databases

» A playing ground for Creative SW [ces In tion (CSI)
participants
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Smart Reality Open Platform

5. Testbed

Best Effort
Recommendation

4. Sample Applicatic

3 An Open Plz .
' Smart Reality

Open Platform
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» Low-Risk & Low-Cost Test Environment =H
= Controlled environment o BA )
= Subscribed users
= Readily available infrastructure
» Data-Driven Intelligence AP ™ =7} =
= Smartphone log data
. Call: 0.25% At 7| 2| HES}
» Text message: 0.44% => abundance of data to mine on jg.% 7| O:I

e eMail: 0.75%
* App usage: 13.15%
e« GPS & Other activities: 85.46%

» Network Effects of Smart Objects
= More devices talking to one another => Value o« N2

» Crowd-Sourcing

= Open platform for users/developers/vendors to freely add new services

» Standards
= CtAot AOFE MH|AZ K| 25H7] et 7HE Xt API
= CtAoH AOFE AMH|[A ARO|Q| GO|E ME S ot HERIA Z2EZ
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SNU Smart Reality Testbed

1. Sensing & Data Collection
« Who / When / Where / What
« Data integration & ontology

2. Activity/Context Recognition
« Multi-target tracking, gesture recognit
» Context modeling & recognition

aJedyjjesaH Jews Yy
sisjeuy |eloineyag g
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3. Application Support & Operations
« Panel selection & Operations
e Cloud computing & security/privacy

JudwuIeLIdIUT 7@ SIUIUOD) )

4. Applied Research & Studies

e Automated social surveys
* Innovative services & applications




Intelligent Computing in Smart Reality
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