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Many people like to use these advanced technologies and devices
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Location-based Services

B Range Query: Give me all gas stations within
one mile

B K-Nearest-Neighbor Queries: Where is my
nearest restaurant

B Shortest Path Queries: \What is the fastest/
shortest route from here to the airport

RNN Queries, Group NN Queries, Trip Planning Queries, efc.

B Aggregate Queries

B Continuous (Monitoring) Queries

B Moving Queries

Do not we feel old fashion with these queries..!!!
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Web 2.0

DO YOU POST
YOUR CODE ON
FACEBOOK?

HOW TO USE WEB 2.0 IN THE ENTERPRISE

HAVEN'T YOU READ
MY BLOG POST?
I'VE FIRED YOU
YESTERDAY

/- /é'

geek & poke

Geek and poke

PART 1:
COMMUINICATE WITH YOLR EMPLOYEES

DIDN'T YOU
SAY TO ME IT
NEEDS MORE
COMMENTS?

CODE COMMENTING MADE EASY

PersDB 2011 4 /35

September 2011




Web 2.0

B The Web is no longer a collection
of static pages that describe
something in the world.

B Crowdsourcing and user-
generated contents, i.e., a large
group of people can create a
collective work whose value far
exceeds that provided by any of
the individual participants.

B Gets better when more users are involved

B The main concept is that “You are not alone....”

September 2011
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The World of 2.0 ‘ﬁl

B Travel 2.0

7 1 M ®
| | XS tripadvisor
d From expedia, travelocity, Kayak, to a pget the truth. then go.*
more interactive websites and contests
with photo sharing, comments, and L

personal experience.

| The Free Travel Guide

«i Wikitravel
B Library 2.0

d Feedback, review, and discussion
about books and services

B Government 2.0, Classroom 2.0,
Movies 2.0, etc

B Revolution 2.0
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When LBS meets Web 2.0 ﬁl

B Instead of asking about restaurants in a certain area or
closest to me, I can:

(d Ask what are the K-best restaurants according to my profile and
context (Personalization)

d Ask for comments/suggestions from my friends (Socialization)

 Ask a recommender system to suggest few restaurants for me, i.c.,
predict what I could like (Recommendations)

Is it going to be a romantic meeting..!!
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Three Pillars of LBS 2.0

B Personalization

L Query answer should be
personalized to the user profile
and context

B Socialization

 The location aspect deserves to
be more than an attribute

J Location-based social networks

B Recommendations

d Recommender systems are
among the most successful
applications in Web 2.0

O However, they completely
ignore the “locations”
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Socialization in LBS 2.0
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Social Networking Services ’&I

Social Networking

Services
(e.g., Facebook & Twitter)

Have become one of the most important Web services!!!
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“Locations” in Social Networks
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B Strictly built for mobile devices
B Only cares about whereabouts of user friends (check-in functionality)

B Isolated from the main social networking functionality

Location is dealt with as just an additional attribute
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What would be a _I
“Location-based” Social Network _ ARE
B Instead of redefining a new term, we can just start from
existing social networks and make them “location-aware”
(d Location-based Facebook

(J Location-based Twitter
ad ...

B This should be different from adding Check-in
procedure, or just tracking the whereabouts of your
friends

B “Location” should be ubiquitous in every functionality of
social networks rather than just an additional attribute
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Social Networks:
The News Feed Functionality

B Display a set of message/news from user friends /
subscribed news aggregators.

B Examples
L Social networking system, i.c., Facebook, Twitter

L News Aggregators, i.e., My Yahoo!, iGoogle

News Feed [=| News For You

‘ Al-Qaida confirms Osama bin Laden’s death (AP)
Iv—') Raquel Sampson posted on your wall.

US: Only single bin Laden defender shot at SEALs (AP)

utu

Pakistan threatens U.S. on cooperation if more raids (Reuters)

llahan is in full effect Pakistan's army warns US not to stage more raids (AP)

=

3 Ashley Sculley added new photos. e ¥ Info from Osama raid shows interestin US trains (AP)

a PP

Lost in Tahoe
Location: Tahoe and lots of casinos

William and Kate Living an Unglamorous Life?

Family: Seve Ballesteros suffering deterioration (AP)

What Happened to Bristol Palin's Face?

[Fg] Updated: 6 of your friends changed their profile pictures . . " .,
Top Plastic Surgeon Dissects Bristol Palin's New Face!

- - - | - » "
4 4% . ! m ﬁ Oil plummets 8 percent as commodities battered (Reuters)
o p y 5 5 ‘L e

1-10 of 30
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The Need for _I
“Location-based” News Feed ﬁ
B Traditional News Feed

(d Organized by either message issuing time, e.g., Twitter, or some
diversity requirements, e.g., Facebook

 Spatial relevance is overlooked, users get the same news feed from
different log on locations

B Motivating Scenarios

 Travelling user is more interested in the news/messages that are close
to her current location to explore the new place

] Stationary users may not be interested in the news/messages that are
issued very far from their locations

If the news feed functionality is aware of the inherent

locations of users and messages, more relevant news feed will
be delivered
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GeoFeed:
A location-Aware News Feed System I&s

B Location-based Messages

L Each posted message has a spatial extent that indicates the relevance range
of the message, 1.e., only users located in this spatial extent may be
interested of this message

B System users
1 Have a friend list
[ Can post location-based messages to their friends
J Receive those messages that are:
a) posted from their friends, and

b) overlap with either their current locations or a specified area of interest

B For a user U with N friends, the news feed functionality is

abstracted to a set of NV location-based queries, such that:

(D The N queries are fired upon U logging on to the system
(2 Each query retrieves the set of relevant messages from one friend
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The Spatial Pull Approach in GeoFeed &I

B Spatial Pull approach
O Do nothing when the user offline
O Once the user logs on, compute al the queries for the user

/ Bob AfProducer) \

1.location-based
: feed
Alice news feed query T 3 Get col
(consumer) Messages
2. Alice’s
R location
<« Grid Index >
5. Iocation-aware\ Filter 4. Messages in the cell /
news feed

B Advantages: No extra overhead during offline period
B Disadvantages: High user response time, not efficient for the user
with short offline time
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The Spatial Push Approach in GeoFeed ﬁl

B Spatial Push approach
O Maintain materialized view for each query
O Once the user logs on, the answer is ready

1. location-aware / Bob (Producer) \

news feed query A
Alice 4 Materialized | 3. Range
(consumer) view C query

e
4 Updatel < New

message
e Other 4—|——A 2
Materialized I N
2. location-aware VICWS =

news feeds \ Grid Index /

Other Users
(consumers) <

B Advantages: Users are very happy with very low response time
B Disadvantages: System 1s overwhelmed with maintaining large
number of views that may no be necessary
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The Shard Push Approach in GeoFeed ﬁl

B Shared Push approach
O Share some views among queries for the same producer
O Once the user logs on, the answer is ready

mocation-aware Bob (Producer) \

news feed query A
Alice 3. Range
(consumer) Shared 7 query N
materialized A <€ oW
. message

Other Users view
(consumers) N

2. location-aware >

Qews feeds 4.Updaie Grid Index /

B Advantages: Users are still very happy with very low response time,
and system overhead could be significantly lower

B Disadvantages: Need to continuously check if views can be shared
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GeoFeed Decision Model ﬁl

B GeoFeed employs a decision model that decides upon the
best approach to evaluate each query such that:

(D The system computational overhead is minimized; hence scalability is
increased

(@ Each use U will get the required news feed in T, time units; set based on
the user priority
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Recommendations in LBS 2.0
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The Functionality of Recommender Systems ﬁl

B Analyze user behavior to recommend personalized and interesting
things to do/read/see

~
4L S :5@ .
NETFLIX Bgy®  buic

s o

~

rate movies recommendation

recommendation query

\_Offline ™"

Online
e IHunes
amazon.com Pl n g freshdirect. tv
" . ) ) FIND OUT IF WE'RE DELIVERINC g nlus
PGS AT i e e e I TO YOUR NEICHBORHOOD!

they're talking about, listening to, and downloading.

B Collaborative filtering process is the most commonly used one in
Recommender Systems

September 2011 PersDB 2011 21135




“Locations” and “Recommendations” ﬁl

B Recommender systems rely on the input triple (user, item,
rating)
O Recommender systems completely ignore the spatial aspects of both
users and items

 The locations of users and/or items have significant impact on the
result of recommendations

B All heavy work in Recommender Systems is done offline.

L This is acceptable when the model changes slowly, i.e., movies,
music, clothes, books, etc.

1 Considering the “location” aspect call for online changes in the model

September 2011
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Location Matters:
Netflix Rental Patterns

NETELIX

Most rented in 55418

FIND OUT MORE

P ~ Search All NYTimes.com
Che New YJork Times NY./ Region poul o 3055 Ao
WORLD U.S. N.Y./REGION BUSINESS TECHNOLOGY SCIENCE HEALTH SPORTS OPINION ARTS STYLE TRAVEL JOBS REALESTATE AUTOS
L TCK MERE T S N
CLICK ERE TO $ ForSaleByOwner.com

$¢

Real Estate. Reinvented.

Advertise on NYTimes.com

1. Milk
Published: January 8, 2010
2. The Curious Case of Benjamin Button .
: Peek Into Netflix Queu
3. Burn After Reading APeekIn € Queues
4. The Wrestler Examine Netflix rental patterns, neighborhood by neighborhood, in a dozen cities. Some titles with distinct patterns are Mad Men, Obsessed and Last
| S, Chance Harvey. B Comments (135)
5. Slumdog Milionaire ’ '
6. Gran Torino 100 titles that were frequently rented from Netflix in 2009 Change how movies are sorted
7. Doubt < Previous Next > | 11octrented U Leastvented Most rented Alphabetical By metascore
8. Changeling
9. Rachel Getting Married d Ranked No. 1 No. 50
= 9 I Love You, Man ac
10. Twilight
= MA "4 Aman without a woman is like Eooes RN G
a pistol without a hammer, N\ Ghamplin” Oy !
16. ILove You, Man ) wrote Victor Hugo. Buta b\ Blaine LinoLakes | Hugo
romantic comedy without a @ i) SN Circle Pines )
female lead, well, that's justa \ = R‘j.°9: gexington (356 NEWYORK  BOSTON
- ———— fine bromance and now 98380l ooklyn A glouncs
s Hollywood business as usual, Corcoran : Park Y White
| Most rented In 55455 as most recently demonstrated gap}e ~{ My, Shoreview Bear Lake
i by "I Love You, Man," a fitfully "Y€, | Brookiyn e N Mhtomey A
' Metacritic  funny comedy that owes much Center, % Columbia _New Heights o ~
1. ILove YOU, Man seore to Judd Apatow, the king of ledina Crystal feionts Brighton \ CHICAGO WASHINGTON
2 S|umdog Millionaire such sublimated man-on-man Plymouth StAnthony Littie N
affairs. Though Mr. Apatow isnt Golden Roseville — Cariadaz=-INoih W&
3. Adventureland ofﬁcie::]lly cbredited. his [:1N: ii all -':u Lake 2 e Minneaois I StPaul Gy <3
: I A over this bromance, which stars 10 \ayzata TP O 4
4, My Best Friend's Girl Paul Rudd as a wuss who 2 SlpLac‘Jmuls @5)( St Paul = P z::?:fo( BAY AREA LA
5. Nick and Norah's Infinite Playlist mans up by befriending aguy's  fp, A 7 Vg
. : guy (Jason Segel) whose Shorewoog Minnetonka™  Hopkins West y Woodbury
6. Sunshine Cleanin masculinity is so secure he | Lilydale St Paul \
y Excelsior | |
. wears Ugg boots and shorts to " Ty Edina__ oA 1S southy, 1\ /.
. Tl Richfield | S
7. Forgetting Sarah Marshall walk his wee dog. o | e 1 Raul — AN R
8' Away We GO Read Rest of NYT Review » issen Eden Prainie @ — . Heights_ Nevort
ot InverGrove \Cottag
9. Role Models s Bloomington L35E ] ",.:e,gm;e Grove
i 10. Confessions of a Shopaholic Shakopee g yEagan
— ey A FPOWERED EY — . Rauane \,,."}‘ A DENVER ATLANTA
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B Movie preferences differ based on the user location (zip code)

NETELIX

Most rented in 55113 ;

. The Curious Case of Benjamin Button i
. Slumdog Millionaire

. Gran Torino

. Doubt

Milk

. Seven Pounds

. Burn After Reading

. Changeling

. The Wrestler

10. New in Town

OO N LA WN -

24. | Love You, Man

Most rented in 55404

. Burn After Reading

. Milk

. The Curious Case of Benjamin Button
. Slumdog Milionaire

. The Wrestler

. Twilight

. Doubt

. Rachel Getting Married

. Changeling

10. Gran Torino

WO o0 ~N OO U = W N =

12. I Love You, Man
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Location Matters:

Top-3 Check-In Destinations in Foursquare

B Destination preferences differ based on the u
code) and the destination location

Fousquare users
from Robbinsdale tend to
visit venues in ...

raik LU LaReS

ser location (zip

Brooklyn Park 32% ToamAve N ONE Circle Pines 2 z
Lexington E ‘5
Robbinsdale 20% . Coon f 5
@ H Anoka o
Rapids County-Blaine
Minneapolis 15% b panes e
© Mound
. Brg:::yn i Fousqual’e users
2 North Oaks White. -
’ Maple =h e i seartaie - @ from Falcon Heights
694 T \White
Grove &Y=z} Center Shoreview {35E 8 HPH H
- i = Itend to visit venues in ...
Count R 4> Broadway w New Heights || “Gem Lake Birchwood
W Brighton Arden Hill Village V'
:ry;;‘ Humboldt Hilltop O County RAE
w, s ' Industria i ﬁ‘v‘?, i
Fousquare users | wnes T K rotbnsasie ( Giogn e 2
i dres | St Anthony et St. Paul 17%
from Edina tend to Piymottn W 57 e et Yo oy
P P Medicine |~ Golden &3 e Minneapolis 13
V|S|t Venues In nan @ Valley SdpRLauderile Heights @
i i Payne- @ 7 \ i 0
G  Minneapolis 9 z ] & Roseville 10%
City % of check-ins D : i S
N - 3 North @ B .@
X St Louis East Is| @ i Fresigun z Oakdale
: ' kT — z Maplewood
Edina 59% Park ar (D) Snelling St Paulw @ pLa‘rlsvdfall — @
finnetonka ‘é PG Hamline 3 u 2
. ) Mills S & Gy Edsmsty Saint Paul 3
Minneapolis 37% HopRins z 5 Dowintown Woodbury 9
- » vz 5 i Holman Field
Edin Prarie 5% 7 . S cd & * &P st %
0 1 Lynnhurst o ~ a
\ 3 g’ West & 3
| Kenn St Paul & .. Q
'\ Edina §u-:u;tz ]
(57 T h'n_'endota g it e 2 3
. z::; \ 2 | eights pal g
:'_:.{‘ ‘ ‘t Q Fort Snelling 7 s{'g{':" 1944 Newport %
“Bfn St w 0  PEE - @ g- State Park >
R 35E South Saint
Eden Prairie G% - : o Paul Municigai o
3 Bloomington Airport-Richard
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Location-based Ratings in LARS
(Location-Aware Recommender System) .&

B We need to go beyond the traditional rating triple (user, item, rating) to
include the following taxonomy:

(D Spatial Rating for Non-spatial Items
L1 (user location, user, item, rating)
[0 Example: A user with a certain location is rating a movie

[0 Recommendation: Recommend me a movie that users within the same vicinity
have liked

2 Non-spatial Rating for Spatial Items
L1 (user, item_location, item, rating)
[0 Example: A user with unknown location is rating a restaurant
[0 Recommendation: Recommend a restaurant within a close vicinity

@ Spatial Rating for Spatial Items
L (user location, location, item_location, item, rating)
[0 Example: A user with a certain location is rating a restuarant

PersDB 2011 25 /35
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Dealing with Spatial Ratings in LARS ,&I

B A collaborative filtering model is built for each grid cell

B Allows querying user to select influence level
B Query is evaluated using grid at given level

Regular Collaborative Filtering

S|aAST 8ousn|u|

Y
Smaller cells 2 more “localized” answers
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Dealing with Spatial Items in LARS ﬁl

B Penalize each item, with a travel penalty, based on its distance
from the user.

B Use a ranking function that combines the recommendation score
and travel penalty

B [ncrementally, retrieve items based on travel penalty, and calculate
the ranking score on an ad-hoc basis

B Employ an early stopping condition to minimize the list of
accessed 1tems to get the K recommended items

September 2011
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Offline Proces:Things have changed..ﬁ

B Welive in an increasingly social and “real-time” world

(d Number of things to recommend is growing exponentially

Facebook Posts

| Microsoft Research Eric Horvitz of Microsoft Research discusses Artificial

I3rlga; Intelligence and when talking, thinking machines might become commonplace.
http://bit.ly/agbAr7

Artificial Intelligence — how smart are our machines?

B | 89.3 KPCC

'ﬁ] July 15 at 12:02pm - Comment - Like - Share

£ 11 people like this.

Manoj Jain wow..!!! really amazing...
] July 15 at 12:05pm * Like - Flag

_‘f Li_kqw’:__’ _butto n

Blog/News Items
Fraternity of the Wired Works in the Wee Hours

By JENNA WORTHAM

ey 22200 NY Timnes “Recommend” button

[E] Facesook

[El TWITTER

. w . o
graduation, the wee hours of the morning are the most productive RECOMMEND

SIGN IN TO E-
MAIL

@, Enlarge This Image  That is what led Amber Lambke and

®  Allan Grinshtein to start a group called =
42 PRINT
© the New York Nightowls, a sort of
study hall for entrepreneurs,
v [@ REPRINTS

freelancers and software developers
. Gh SHARE
who gather at 10 every Tuesday night 2

d Users expressing opinions faster than ever

(d Recommendations change second-to-second

“Offline” step can no longer be tolerated

September 2011
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Recommender Systems in DBMS ? ﬁl

B Incoming stream of rating data: (user, item, rating)

B Ratings are used to build a recommendation model as:
(D Item-based collaborative filtering: (item, item, similarity)
(2) User-based collaborative filtering: (user, user, similarity)

B Recommendation query:
(D Item-based collaborative filtering:

L1 Given a user u, find the top-k items that are most similar to the items
that u has liked before

(2 User-based collaborative filtering:

L1 Given a user u, find the top-k items that the users who are similar to

u have liked

“Online” recommendation environments have all the pieces of

a data management problem
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GoeScoialDB ‘ﬁg

GeoScoialDB is a social networking system that
injects the location-awareness into the core
functionally of social networks. Each decision in
GeoSocialDB is taken while consulting the locations
of both users and messages
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Architecture of GeoSocialDB ﬁ

GeoSocialDB
GeoFeed GeoRank
News Feed
Log-on Location-Aware Location-Aware >
Spatial Query News Feed News Ranking >
[Recommendation
‘g Geo-tagged User Suggestions
© Message Profiles
DQ' — Profile Update
@
3 User
—Suggestion LARS v
Spatial Location-Aware
Recommendation Recommendation

Query K
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GeoSocialDB System Prototype

|_| GeoSocailDB - Location-based social net...| =+

GeoSocialDB o

| Mohamed Sarwat - -
=N -
E‘_‘i Minneapolis, MN ﬁ- Location-aware News Feed
View My Porfile

‘[ _map | satelite | Hybrid

The pizza at ABC restaurantis awesome!!!

Location-Aware
Recommendations

any AR N

3% News Feed

- Range distance: 1 mile(s
" 4. Recommendation g =
|

+ More atach: S 8 © &4 St

Jie Bao: | had a great Japanese dinner here.

’

Google

Recommend me a...

Geo-SOCIety un;e (in miles):
1
System Time 0: User 0 Logged on & ¢l nunpp -0 4 How many results?
Log Time 1: User 0 issued a Location-Based News Feed Query 4 I Nase vy (@1 ) % 0 Sutv IR dation @ T
Time 2: User 8 Logged on Select X R Columbid ‘ > Recommendation Recommend
. i i 102 - - A &)
Eme 3: User 8 !ssued a Iocatlo"n-ﬂased News Feed Query ) b News Feed Y Hiights 370 ue e E Restaurant 11 :
me 4: User 0 issued a query "Recommend me a Restaurant Crystal Recommendation s 3 {™ Restaurant 15 50 New Recommendation
Time 5: User 7 Loggend on o » 2% St Anthg | Rest t28
Time 6: User 7 issued a Location-Based New Feed Query - (11] estaurant 29 Friend Operations
Time 7: User 1 Loggend on 36th Ave N z = i NE 29th Ave . (ounty Roat C W Ros
Time 8: User 7 issued a query "Recommend me a Friend" &5 Lowry Ave N § 483 R NE Lowry Afe ; e
Time 9: User 1 issued a Location-Based News Feed Query 3 3 A 0 6’ % w
Time 10: User 9 Logged on - $ i gV co
Time 11: User 4 Logged on Gl — g
Time 12: User 9 issued a Location-Based News Feed Query Raodod —— L Laudprdale
Time 13: User 4 issued a Location-Based News Feed Query . - - - kel
Time 14: User 9 issued a query "Recommend me a group to join" 0 Pack ? > 0 @'-w of
Time 15: User 0 posted Message 27 with range 2 miles jen Olso Memocial Hwy sf & “a, Minnesgra St @
at Location (93,44) €Y a0l deidhad A , e < ai Tty 2% % Cavous
Time 16: User 7 issed a query "Recommend me a Movie" “ > News Feed » L]
Time 17: User 1 posted Message 28 with range 1.5 miles v ~ B Push 5, 122 3 3 st BNSF-St zt
at Location (92.5,43.6) ™ oy 4 Paul 2 “Pien
Time 18: User 4 issued a query "Recommend me a Restaurant” s Message 11 - User 7 Ave g N L™ g
, 9 ¥ Message 200 - User 15 e 3
Location-Aware News Feed Location-Aware Recommender § e B Pul @” 12
3 )
Statistics Value 1 i 7 . e S Marshall Ave
Statistics Value : St Louis Park E Message 2 - User 10 WZ
Number of pyramid levels 10 ' Message 3 - User 5 ’ chend ak &
Push Messages 25 % ; o 1 %
Pull Messages 0% Number of pyramid cells 65536 < [ Shared Push e e ‘% % ¥ 4
Shared Push M 5% Model Storage Size (GB) 5 A s " Message 17 - User 16 % - - 3
ared Fush essages ® || Number of Queries 1242 y “ " T e }' i 1
Average Response Time (ms) 510 Number of Ratings 150000 0 ; y *"’" - é @ & q o o
#rlachen Biva '-‘ Eleb fu zi —_— \—. (s ,N
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Summary ma
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When LBS Meets Web 2.0

Personalization in LBS 2.0
1 The CareDB/FlexPref Project

A unified framework for supporting the location attribute within
preference functions

Socialization in LBS 2.0

d Location-based Social Networks
(d The GeoFeed Project as a Location-Aware News Feed System

Recommendations in LBS 2.0
A taxonomy of spatial ratings

(d The LARS project as a Location-Aware Recommender System

The GeoSocialDB Project as an LBS 2.0 System




Conclusion

... And, they lived happily ever after
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