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ABSTRACT

This demo presents Sindbad; a location-based social ndtwgor
system. Sindbad supports three new services beyond traaliti
social networking services, namelipcation-aware news feed,
location-aware recommender, andlocation-aware ranking. These
new services not only consider social relevance for itssydaut
they also consider spatial relevance. Since location-@awsacial
networking systems have to deal with large number of usargel
number of messages, and user mobility, efficiency and stigtab
are important issues. To this end, Sindbad encapsulatéisrés
main services inside the query processing engine of P&@re
Usage and internal functionality of Sindbad, implementethw
PostgreSQL and Google Maps API, are demonstrated throwgh us
(i.e., web/phone) and system analyzer GUI interfaceseisgly.

Categories and Subject Descriptors
H.2.8 [Database Applicationg: Spatial databases and GIS

General Terms
Design, Management, Performance, Algorithms

Keywords

Social Networking, Recommender Systems, News Feed, $patia

Rating, Spatial Message

1. INTRODUCTION

This demo presents Sindbad: a location-based social rietwor
ing system built with an open-source database managemsnt sy
tem. Sindbad distinguishes itself from existing socialwweking
systems (e.g., Facebook [4] and Twitter [10]) as it injeotation-
awareness within every aspect of social interaction anctiomal-
ity in the system. For example, posted messages in Sindhad ha
inherent spatial extents (i.e., spatial location and apednge) and
users receive friend news feed based on their locations land t
spatial extents of messages posted by their friends. Thetifum
ality of Sindbad is fundamentally different from currentamna-
tions of location-based social networks (e.g., Faceboakd?l [5],
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Foursquare [7]). These existing location-based socialords are
strictly built for mobile devices, and only allow users tcee/e
messages about the whereabouts of their friends (e.g.séianme
“check-ins” that give an alert that “your friend Alice hasecked
in at restaurant A”). Sindbad, on the other hand, takes aderoa
approach that marries functionality of traditional sogiatworks
with location-based social scenarios (e.g., friend newstspwith
spatial extents, location-influenced recommendationg) Thus,
Sindbad is appropriate for both traditional social netvirgksce-
narios (e.g., desktop-based applications) as well asitochased
scenarios (e.g., mobile-based applications).

Users of Sindbad can select their friend list as well as mggtti
listed as friends to other users in a same way like traditisoeial
networking systems. In addition, users can post (spatiefsages
and/or rate (spatial) objects (e.g., restaurants), whidhbe seen
by their friends. Once a user logs on to Sindbad, the usersesl
an incominglocation-aware news feed posted by the user friends.
Sindbad has #ocation-aware news feed module [2], hamedse-
oFeed. For any user, GeoFeed efficiently retrieves the relevast me
sages from her friends based on the user location and theageess
spatial extents. Geofeed minimizes the total system owelrlfier
delivering the location-aware news feed to the user whikergor
teeing a certain response time for each user to obtain thesesd
location-aware news feed.

Sindbad users can receiM@cation-aware recommendation
about spatial items, e.g., restaurants, or non-spatiaisitee.qg.,
movies. To this end, Sindbad is equipped withoeation-aware
recommender module, calledlARS[8]. For any user, LARS effi-
ciently suggests (spatial) items based on users locatit@mss |o-
cations, and previous ratings by user friends. Sindbadjoexirec-
ommendations by employing a user partitioning and tra\sthdice
penalty techniques in order to deliver relevant recommgoiais to
its users. In addition to both GeoFeed and LARS, Sindbadtadop
a location-aware ranking module that efficiently selects the tdp-
relevant objects produced from either the location-awavesrfeed
or the recommender system modules.

A major part of Sindbad is built inside PostgreSQL; an open-
source DBMS. Hence, Sindbad: (a) takes advantage of tha-scal
bility provided by the DBMS, and (b) is able to employ earlyipr
ing techniques inside the DBMS engine, which yields an effiti
performance for the news feed, recommendation, and rarfkintg
tionalities. Moreover, Sindbad provides an RESTful [6] w&bI
so that it would allow a wide variety of applications to epsibm-
municate with Sindbad and make use of its unique featureg. Th
system is demonstrated using both a web and smart phoné\t-e.
droid) applications that we built on top of Sindbad partéiy for
demonstration purpose. Moreover, the system internaldear®n-
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Figure 1: Sindbad System Architecture.

-

strated through an administrator-like interface that shthwe differ-
ent system parameters as well as general statistics abuitis®i.
The rest of the paper is organized as follows: Section 2 dhes
system architecture for Sindbad. The main three comporants
Sindbad, namelylocation-aware news feed (GeoFeed), location-
aware recommender system (LARS), andlocation-aware ranking,
are discussed in Sections 3, 4, and 5, respectively. Fjntiéy
demonstration scenario is described in Section 6.

2. SINDBAD ARCHITECTURE

Figure 1 depicts the Sindbad system architecture that stsnsi
of three main modules, nameligcation-aware news feed (Ge-
oFeed)]ocation-aware ranking, andlocation-aware recommender
(LARS), and three types of stored data, namely, spatial agess
user profiles, and spatial ratings. The communication batwe
Sindbad and the outside world is held through RESTful web API
interface (namedindbad API Functions in Figure 1). The API
functions facilitates building a wide variety of appliaats (e.g.,
web applications, smart phone applications) on top of Siddis
shown in Figure 1, Sindbad API functions can also be usedre co
plement the functionality of existing social networking he@es
e.g., Facebook, and turn their news feed and recommendation
be location-aware. Sindbad can take five different typespfit
(i.e., through the API interface): profile updates, a newsags, a
new rating, a location-aware news feed query, and a locaticare
recommender query. The actions taken by Sindbad for eact inp
is described as follows:

Profile updates. As in typical social networking systems, Sind-
bad users can update their personal information, theindriest, or
accept a friend invitation from others.

a book, (2)Non-spatial ratings for spatial items, represented as a
four-tuple Qser, rating, item, itemLocation); for example, a user
with unknown location rating a restaurant with an inheremat
tion, and (3)Jpatial ratings for spatial items, represented as a five-
tuple (user, userLocation, rating, item, itemLocation); for example,

a user at his/her office rating a restaurant with an inheoasttion.
Location-aware news feed queries.Once a Sindbad user logs
on to the system, a location-aware news feed query is fired-to r
trieve the relevant news feed, i.e., messages posted bystrés u
friends that have spatial extents covering the locatioh@féquest-
ing user. Details of the execution of the location-aware syéaed
query will be discussed in Section 3. The output of tbeation-
aware news feed module (GeoFeed) will be processed further by
thelocation-aware ranking module to get only the tog-news feed
based on the spatial and social relevance, which will bemetito
the user as the requested news feed. Details dfottation-aware
ranking module will be described in Section 5.

Location-aware recommendation queriesSindbad users can re-
quest recommendations of either spatial items (e.g., uestés,
stores) or non-spatial items (e.g., movies) by explicifiguing a
location-aware recommendation query. Tbeation-aware recom-
mender module (LARS) suggests a set of items based on: (a) the
user location (if available), (b) the item location (if aedile), and
(c) ratings previously posted by either the user or the aseends.
Details of LARS will be discussed in Section 4. Similar todtion-
aware news feed queries, the output of LARS goes through the
location-aware ranking module to select only the topitems based
on both spatial and social relevance.

3. LOCATION-AWARE NEWS FEED

Although news feed functionality is widely available in sdicial
network systems [9], these systems select the relevantagess
either based on the message timestamp or some importateréacri
that ignores the spatial aspect of posted messages. Tleus,may
miss several important messages that are spatially refatégm.
For example, when a traveling user logs on to a social netsitek
the user would like to get the news feed that match his/her new
location, rather than receiving the most recent (non-apatiews
feed. The same concept applies for users who continuougly lo
onto the system from the same location, yet have a large nuofibe
friends. It is of essence for such users to limit their neveslfo the
messages related to their location. Examples of the latatieare
news feed returned by Sindbad include a message about eal n
a comment about a local store, or a status message targetings
in a certain area.

The main idea of thdocation-aware news feed module (Ge-
oFeed) is to abstract the location-aware news feed probheon i
one that evaluates a set of location-based point queriéssagach
friend in a user’s friend list that retrieves the set of mgssassued
that overlap with the querying user’s location. Tbeation-aware

A new messageUsers can post spatial messages to be seen by theirnews feed is equipped with three different approaches for evaluat-

friends, if relevant. A spatial message is represented éyuple:
(Messagel D, Content, Timestamp, Spatial), whereMessagelD and
Content represent the message identifier and contents, respggtivel
Timestamp is the time the message is generated, wHatial in-
dicates the spatial range for which the message is effeclive

ing each location-based query: @atial pull approach, in which
the query is answered through exploiting a spatial index tdve
messages posted by the friend, §@atial push approach, in which
the query simply retrieves the answer from a pre-computed ma
terialized view maintained by the friend, and &ared push ap-

message is deemed relevant to only those users who aredocate proach, in which the pre-computation and materialized view main-

within its spatial range.

tenance are shared among multiple users. Then, the main chal

A new rating. Sindbad users can give location-aware (spatial) rat- lenge of GeoFeed is to decide on when to use each of these three

ings to various items in a scale from one to five. Locationfawa
(spatial) ratings can take any of these three forms:Spajial rat-
ings for non-spatial items, represented as a four-tuplesér, user-
Location, rating, item); for example, a user located at home rating

approaches for a query.

A better response time calls for using thpatial push approach
for all location-aware news feed queries issued to Sindbathis
case, all location-aware news feed are pre-computed. Howev



this approach results in tremendous system overhead simasa
sive number of materialized views must be maintained. On the
other hand, favoring system overhead may result in exeguatiore
queries using thapatial pull approach as no views needs to be
maintained. However, this approach may result in a longygresr
sponse time for users who have a large number of friendse sinc
they will suffer a long delay when retrieving their news fe&hd-

bad takes these factors into account when deciding on wigeh a
proach to use to evaluate each query in a way that minimizes th
system overhead and guarantees a certain user respons8itirtie
bad is equipped with an elegant decision model that deciges u
using these approaches in a way that: (a) minimizes therayste
overhead for delivering the location-aware news feed, Bhdyar-
antees a certain response time for each user to obtain thesteq|
location-aware news feed. More details about GeoFeedidecis
model are provided in [2].

4. LOCATION-AWARE RECOMMENDER

In general, recommender systems make use of community opin-
ions to help users identify useful items from a considerdaige
search space (e.g., Amazon inventory, Netflix movies). Canity
opinions are expressed through explicit ratings represeby the
triple (user, rating, item) that represents a user providing a numeric
rating for an item (e.g., movie). Unfortunately, ratingpnesented
by this triple ignore the fact that both users and (some) stane
spatial in nature. Unlike traditional recommendation téghes
that assume the (non-spatial) rating triplse, rating, item), the
location-aware recommender module (LARS) in Sindbad supports
a taxonomy of three types of location-based ratings: Stial
ratings for non-spatial items, represented as a four-tuplesér, ulo-
cation, rating, item), whereulocation presents the user location,
(2) Non-spatial ratingsfor spatial items, represented as a four-tuple
(user, rating, item, ilocation), whereilocation presents the item lo-
cation, and (3)3patial ratings for spatial items, represented as a
five-tuple (ser, ulocation, rating, item, ilocation), whereulocation
andilocation present the user and item locations, respectively.

Sindbad produces recommendations uspgial user ratings
for non-spatial items by employing a user partitioning technique
that exploits the user location embedded in the ratingss féuh-
nigue uses an adaptive pyramid structure to partition gatioy
their user location attribute into spatial regions of vagysizes at
different hierarchies. Then, for a querying user located irgion
R, we apply an existing collaborative filtering technique it
utilizes only the ratings located iR. The challenge, however, is to
determine whether all regions in the pyramid must be maipthi
in order to balance two contradicting factors: scalab#ityl local-
ity. Maintaining a large number of regions increases logdlie.,
recommendations unique to smaller spatial regions), yetradly
affects system scalability because each region requioesgst and
maintenance of a collaborative filtering data structure (model)
necessary to produce recommendations. The pyramid dya#ynic
adapts to find the right pyramid shape that minimizes stooxge
head, i.e., increases scalability, without sacrificingaliy.

Sindbad produces recommendations usiag-spatial user rat-
ings for spatial items by employing a travel penalty technique that
accounts for item locations embedded in the ratings. Thietigue
favors recommendation candidates the closer they areviel tiés-
tance to a querying user. Sindbad employs an efficient query p
cessing framework capable of terminating early once italiscs
that the list of recommended items cannot be altered by psirng
more candidates. Finally, to produce recommendations)spas
tial ratings for spatial items, Sindbad employs both the user parti-
tioning and travel penalty techniques to address the uskitem
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Figure 2: Sindbad Web Application ScreenShot

locations associated with the ratings. More details ab&R& are
given in [8].

5. LOCATION-AWARE RANKING

Sindbad users may have different preferences over messages
from the location-based news feed or recommender system. Fo
example, a traveling user may be more interested in mestaafes
were issued close to her current locations. On the other,tihad
stationary user maybe more interested in the most recessed
messages. Moreover, due to the large volume of messages sub-
mitted to Sindbad and the user’s limited viewing capabifiyg.,

40 messages for the web page and 20 messages for mobilesapplic
tion), Sindbad provideslacation-aware ranking module that is re-
sponsible for ranking the results coming out of theation-aware
news feed module andocation-aware recommender module, based

on the user’s preferences.

Instead of ranking all objects, Sindb&dcation-aware rank-
ing module encapsulates the user’s ranking preferences viitain
query processor to improve the response time for the usere-Mo
over, if the user is continuously online, Sindbad locatiovare
module is responsible for keeping either the news feed orgbe
ommended items correctly ranked (i.e., continuously etaig the
ranking function) as the user moves or if the user changeprbér
erences.

6. DEMONSTRATION SCENARIO

We hooked up Sinbad with Foursquare (by means of Foursquare
APIs) so that the demo attendee can use his/her existingéaaire
account (if they already have one) to interact with Sindbadase
the demo attendee is not already registered as a Foursgge&reru
does not want to sign up in Sindbad, we have prepared several p
set user accounts for demonstration purpose. Moreover,awe h
collected data (e.qg., restaurants, Foursqure users pnefes...) for
the city of Scottsdale in Arizona, where SIGMOD takes pldgs t
year. This will increase the interaction with the demo attss by
providing location-aware news feed to SIGMOD attendeesor r
ommending them locations (e.g., restaurants, bars...gatilale.

Web/Phone Application. We demonstrate Sindbad using both
web (see Figure 2) and Android phone (see Figure 3) intesface
which communicate with the system using Sindbad API Interfa
Both applications are integrated with the Google Maps ARY a
can be accessed through standard web browsers. The demo at-
tendee can choose to log onto Sindbad using one of several pre
set user accounts, or using his own existing Foursquaraiatcar
even by creating a new user account on the fly for the demaiastra
purpose. When the user logs on to Sindbad, the applicatimhegis
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the relevant news for the user on the map. Each message is assacand the result is shown as a list of items recommended to #re us
ciated with a circle representing the range of each message. When the user moves, the news feed and recommendationsresult
demo attendee may “change” locations by dragging and dngppi  are updated accordingly. The analyzer also shows a log db&uh

the green arrow on the map, to see how the news feed will changeoperations (e.g., user logins, queries, posted messagke)ana-
accordingly. The user may also submit a geo-tagged messéige t  lyzer gives some statistics about GeoFeed (e.g., pereeofgmish,
system. For instance, the user shares a message "The pi2&at  pull, or shared-push messages) and LARS modules (e.g.,erumb
restaurant is awesome" with a range distance of one mile.eMor of ratings, number of queries, and number of pyramid levels)

over, The demo attendee can also ask Sindbad for recommenda-

tions (e.g., Restaurants in Scottsdale where SIGMOD takes)p 7. ACKNOWLEDGEMENT
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