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ABSTRACT

This paper features Sindbad; a location-based social mieitvgp
system. Sindbad supports three new services beyond traaliti
social networking services, nameljpcation-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 stiatab
are important issues. To this end, Sindbad encapsulatéisrés
main services inside the query processing engine of P&@re
Usage and internal functionality of Sindbad are implementéh
PostgreSQL and Google Maps API. Both a web and android phone
applications are built on top of Sindbad for better intdmactvith
the system users.

Places [5], Foursquare [7]). These existing location-tasaial
networks are strictly built for mobile devices, and onlyoallusers
to receive messages about the whereabouts of their friengs (
Foursquare “check-ins” that give an alert that “your frieAld
ice has checked in at restaurant A”). Sindbad, on the othed,ha
takes a broader approach that marries functionality ofittcawhl
social-networks with location-based social scenariog. (driend
news posts with spatial extents, location-influenced renenda-
tions) [3]. Thus, Sindbad is appropriate for both traditibsocial
networking scenarios (e.g., desktop-based applicatiamsjell as
location-based scenarios (e.g., mobile-based applitgtio

Users of Sindbad can entertain one or more of the following
functionalities: (a) select their friend list as well astgeg listed as
friends to other users in a same way like traditional soadiviork
systems, (b) post (spatial) messages and/or rate (spabigyts
(e.g., restaurant or movies), which will be seen by thegrfds,
(c) once a user logs on to Sindbad, the user will see an ingpmin
location-aware news feed from the user friends. The news feed
is selected based on both the user location and the spatédtsx
of the posted messages, and (d) gévcation-aware recommen-
dation about spatial items, e.g., restaurants, or nonaspgms,
e.g., movies. The recommendation is based on the userdacati
the item location, and what are the items that the friendshef t
user have liked. In summary, Sindbad distinguishes itsethfall
previous systems in one or more of the following aspects:
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they are deemed relevant to only those friends who are lo-

1. INTRODUCTION cated within the message spatial extent.

In this paper we feature Sindbad [10]: a location-basedasoci 2. Sindbad allows its users to express their opinions bygati

1. Posted messages in Sindbad have spatial extents in which

networking system. Sindbad distinguishes itself from taxisso-
cial networking systems (e.g., Facebook [4] and Twitted) 3
it injects location-awareness within every aspect of dantarac-
tion and functionality in the system. For example, postedsages
in Sindbad have inherent spatial extents (i.e., spatialtion and
spatial range) and users receive friend news feed baseioricth
cations and the spatial extents of messages posted by tieeidd.
The functionality of Sindbad is fundamentally differentrin cur-
rent incarnations of location-based social networks (Eacebook
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different items, e.g., restaurants, movies, or stores.

. Sindbad is equipped with ecation-aware news feed module

that, for any user, efficiently retrieves the relevant mgesa
from her friends based on the user location and the message
spatial extents.

. Sindbad is equipped with Bocation-aware recommender

module that, for any user, efficiently suggests (spatiathi
based on users locations, items locations, and previous rat
ings by user friends.

. Sindbad is equipped with kmcation-aware ranking mod-

ule that efficiently selects the tdp-relevant objects pro-
duced from either the location-aware news feed or the rec-
ommender system modules. The ranking is based on both
the spatial and social relevance.

. A'major part of Sindbad is built inside PostgreSQL; an epen

source DBMS. Hence, Sindbad: (a) takes advantage of the
scalability provided by the DBMS, and (b) is able to employ
early pruning techniques inside the DBMS engine, which
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Figure 1: Sindbad System Architecture.

yields an efficient performance for the news feed, recommen-
dation, and ranking functionalities.

. Sindbad provides an RESTful [6] web API so that it would
allow a wide variety of applications to easily communicate
with Sindbad and make use of its unique features. Both a
web and smart phone (i.e., Android) applications are imple-
mented on top of Sindbad to enrich the system user experi-
ence.

The rest of the paper is organized as follows: Section 2 gives
the system architecture of Sindbad. The three main compewén
Sindbad, namelylocation-aware news feed (GeoFeed), location-
aware recommender system (LARS), andlocation-aware ranking,
are discussed in Sections 3, 4, and 5, respectively. Fjrsatyion 6
concludes the paper.

2. SINDBAD ARCHITECTURE

Figure 1 depicts the Sindbad system architecture that stsnsi
of three main modules, namelipcation-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 betwe
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 usedno co
plement the functionality of existing social networking heées
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 each 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.

dicates the spatial range for which the message is effeclive
message is deemed relevant to only those users who aredocate
within its spatial range.

A new rating. Sindbad users can give location-aware (spatial) rat-
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
a book, (2)Non-spatial ratings for spatial items, represented as a
four-tuple (ser, rating, item, itemLocation); for example, a user
with unknown location rating a restaurant with an inherextalt
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 bys#rés u
friends that have spatial extents covering the locatioh@féquest-
ing user. Details of the execution of the location-aware s1éaed
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 bemetiito

the user as the requested news feed. Details ofottagion-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 expliciiguing 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

Motivation. Although news feed functionality is widely available

in all social network systems [11], these systems seleattlegant
messages either based on the message timestamp or some impor
tance criteria that ignores the spatial aspect of postedages.
Thus, users may miss several important messages that sisdlgpa
related to them. For example, when a traveling user logs @n to
social network site, the user would like to get the news féwed t
match his/her new location, rather than receiving the mectmt
(non-spatial) news feed. The same concept applies for ugers
continuously log onto the system from the same locationhgeée

a large number of friends. It is of essence for such usersrti li
their news feed to the messages related to their locatiommEx
ples of the location-aware news feed returned by Sindbdddec

a message about local news, a comment about a local store, or a
status message targeting friends in a certain area.

Contribution. The main idea of thdocation-aware news feed
module (GeoFeed) is to abstract the location-aware newlgfed-

lem into one that evaluates a set of location-based pointiegie
against each friend in a user’s friend list that retrieves gbt of
messages issued that overlap with the querying user'sidocat

A new messagelsers can post spatial messages to be seen by theirThe location-aware news feed is equipped with three different ap-

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

proaches for evaluating each location-based queryspét)al pull
approach, in which the query is answered through exploiting a spa-
tial index over the messages posted by the friendgg@ial push
approach, in which the query simply retrieves the answer from
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(a) Location-Aware News Feed

a pre-computed materialized view maintained by the frieartj
(3) shared push approach, in which the pre-computation and mate-
rialized view maintenance are shared among multiple ugérsn,

the main challenge of GeoFeed is to decide on when to use éach o4

these three approaches for a query.

A better response time calls for using tgatial 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&thd-

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 decides 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].

Application Dynamics. Figures 2(a) and 3(a) give an example
of how the user receives the location-aware news feed sewdc
both the Sindbad web application and phone application. n/ithe
user logs on to Sindbad, the application displays the ratevews

for the user on the map. Each message is associated withle circ

representing the range of each message. The user may “Change

locations by dragging and dropping the green arrow on the toap
see how the news feed will change accordingly. The user nsay al
submit a geo-tagged message to the system. For instanagsehe
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(b) Location-Aware Recommender
Figure 3: Sindbad Android Phone Application ScreenShots

shares a message "The pizza at ABC restaurant is awesonhed wit
range distance of one mile.

LOCATION-AWARE RECOMMENDER

Motivation. This section describes thecation-aware recom-
mender module [8, 9] of Sindbad. In general, recommender sys-
tems make use of community opinions to help users identdfuls
items from a considerably large search space (e.g., Amazem-i
tory, Netflix movies). The technigue used by many of theseelyid
deployed systems is collaborative filtering [1], which guzak past
community opinions to find correlations of similar users é&pths

to suggest a set of personalized items to the querying usenntu-
nity opinions are expressed through explicit ratings regmnéed by
the triple (ser, rating, item) that represents a user providing a nu-
meric rating for an item (e.g., movie). Unfortunately, ngfs repre-
sented by this triple ignore the fact that both users and €3 dems
are spatial in nature. Unlike traditional recommendatenhhiques
that assume the (non-spatial) rating triplset, rating, item), the
location-aware recommender module (LARS) in Sindbad supports
a taxonomy of three types of location-based ratings: S#tial
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), whereul ocation
andilocation present the user and item locations, respectively.
Contribution. Sindbad produces recommendations usipagial
user ratings for non-spatial items by employing a user partitioning
technique that exploits the user location embedded in ttiegsa
This technique uses an adaptive pyramid structure to joartiait-
ings by their user location attribute into spatial regiofisarying
sizes at different hierarchies. Then, for a querying useatkd in a
regionR, we apply an existing collaborative filtering technique [1]



that utilizes only the ratings located . The challenge, however,
is to determine whether all regions in the pyramid must benmai
tained in order to balance two contradicting factors: duititg and
locality. Maintaining a large number of regions increasasal-
ity (i.e., recommendations unique to smaller spatial negjipyet
adversely affects system scalability because each regiquires
storage and maintenance of a collaborative filtering datectsire
(i.e., model) necessary to produce recommendations. Titzerpy
dynamically adapts to find the right pyramid shape that mirés
storage overhead, i.e., increases scalability, withoerifeging lo-
cality. When deciding to merge or split a pyramid cell, we nefa
system parametek1, a real number in the range [0,1] that defines
a tradeoff between scalability gain and locality loss. LAR&rges
the child cells into the parent cell if:

@)

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 arevel tigs-
tance to a querying user. The challenge here is to avoid ctingpu
the travel distance for all spatial items to produce theolisecom-
mended items, as this will greatly consume system resousied-
bad addresses this challenge by employing an efficient qurery
cessing framework capable of terminating early once italiscs
that the list of recommended items cannot be altered by psiug
more candidates. Sindbad employs an efficient query primgess
framework capable of terminating early once it discovest the
list of recommended items cannot be altered by processimg mo
candidates. Finally, to produce recommendations usiatial rat-
ings for spatial items, Sindbad employs both the user partitioning
and travel penalty techniques to address the user and itatidas
associated with the ratings. More details about LARS arergiv
in [8].

Application Dynamics. Figures 2(b) and 3(a) gives an example
of how the user interacts with the location-aware recomratod
service through both the Sindbad web and phone applicatidres
user can ask Sindbad for recommendations (e.g., Restaurant
Scottsdale where SIGMOD takes place) by clicking on themreco
mendation tab of the web interface or by clicking on the lmrat

(1 = M) * scalability_gain > M x locality_loss

or spatial domain (e.gw =1 indicates the user cares only for the
close messages, and = 0 indicates the user cares only for the
recent messages). The final rank score will be calculateeldbas
the following equation:

Rank Score= w x Spatial Score- (1 — w) x Temporal Score

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 locatzvare
ranking module is responsible for keeping either the newd f&r
the recommended items correctly ranked (i.e., continyoeghlu-
ating the ranking function) as the user moves or if the usenghs
her preferences. The main idea is to reduce the number ofisie
the system querying for the relevant messages. Becausetige no
that for a top-k preferred location-based news feed queneeéds
to retrieve the relevant messages from at nkofstends. Thus, we
track the highest ranked message scores from all the usadrito
select a candidate set of friends to retrieve the relevassages.
Then, GeoRank queries friends by their highest ranked rgessa
scores and keeps updating the ranking boundary for top-#ican
date messages. The query processing terminates early loeice t
highest ranking score of the next querying friend is less tie
ranking boundary to save the significant amount of redunctamit
putations.

6. CONCLUSION AND FUTURE WORK

In the paper, we gave an overview of Sindbad system architec-
ture. Sindbad is a location-aware social networking systies
considers the spatial location as first class citizen wigviery as-
pects of social networking services. We introduced theetimain
modules that constitute Sindbad: (1) Location-Aware Nethst
delivers location-aware messages to the user, (2) Locaticare
Recommendation: that generates recommendations baseatton b
the users and items spatial locations, and (3) Locationr@&\Rank-
ing: that incorporates the spatial location in ranking bibid user
news and recommendations. In the future, we plan to plugarem
social services inside Sindbad to enrich the user expearienc

aware recommendation button in the mobile app. The user then7 ~ ACKNOWLEDGEMENT

enters the type of object he is interested in (e.g., restauthe-
aters, stores) a spatial range in miles, and also the nunfilvec-o
ommended items to be returned to him and then pressaethe

ommend button. The recommended items are then shown on the

map.

5. LOCATION-AWARE RANKING

Sindbad users may have different preferences over messagesi2]

from the location-based news feed or recommender system. Fo
example, a traveling user may be more interested in messaafes
were issued close to her current locations. On the other,thad
stationary user maybe more interested in the most recessed

messages. Moreover, due to the large volume of messages sub-[6]

mitted to Sindbad and the user’s limited viewing capabi(#yg.,

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.

GeoRank ranks the messages based on multiple domains, i.e.

temporal domain and spatial domain. Each user can alsofgpeci
preference parameterto indicate her preference over the temporal

This work is supported in part by the National Science Founda
tion under Grants 11S-0811998, 11S-0811935, CNS-07086(®t,
0952977 and by a Microsoft Research Gift.

%:] G.%ﬁcﬁsgm Qﬁ§ilin. Toward the Next Genevatof Recommender

Systems: A Survey of the State-of-the-Art and Possible iSieas TKDE,

17(6):734-749, 2005.

J. Bao, M. F. Mokbel, and C.-Y. Chow. GeoFeed: A Locatihmare News

Feed System. IICDE, 2012.

[3] C.-Y.Chow, J. Bao, and M. F. Mokbel. Towards Locatiorséd Social

Networking Services. INCM SIGSPATIAL-LBSN, 2010.

Facebook. http://www.facebook.com/.

The Facebook Blog, "Facebook Places": http://tinyamin/3aetfs3.

R. T. Fielding and R. N. Taylo. Principled Design Of The don Web

architecture. INCSE, 2000.

Foursquare: http://foursquare.com.

[8] J.J.Levandoski, M. Sarwat, A. Eldawy, and M. F. MokbeARS: A

Location-Aware Recommender SystemIGDE, 2012.

[9] M. Sarwat. Recdb: Towards dbms support for online recemder systems. In
S GMOD/PODS PhD Symposium, pages 33—-38, 2012.

10] M. Sarwat, J. Bao, A. Eldawy, J. J. Levandoski, A. Magalyd M. F. Mokbel.

Sindbad: a location-based social networking systerl GMOD, 2012.

A. Silberstein, J. Terrace, B. F. Cooper, and R. Ransakian. Feeding Frenzy:

Selectively Materializing User's Event Feed.$tGMOD, 2010.

[12] Twitter. http://www.twitter.com/.

(4]
5]

[7]

f11]



