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Abstract—This demonstration presentsTagreer; a system that
automates generation of a wide variety of spatio-temporal analys
reports on different attributes of microblogs data, e.g., tweet,
reviews, and news commentslagreer consists of two components:
Taghreed engine and aReport Generation Tool. Taghreed supports
efficient indexing for incoming fast microblogs in main-memory
and scalable indexing for older data in disk. On top of its
indexing, Taghreed provides efficient query processing for spatio-
temporal keyword queries. Tagreer exploits such data man-
agement capabilities to automate generating different kinds of
interactive reports from large archives of microblogs. To this eml,
Tagreer adds aReport Generation Tool to automate generation of:
(1) Comparative reports: that compare microblogs of arbitrary
keywords and arbitrary ranges in space and time. (2) Categorical
reports: that analyze categorical attributes of microblogs, e.g
language attribute, over space and time. (3) Image gallery repost
that summarize events and local regions with image galleries.
Tagreer framework is also extensible to support other types of
reports. Throughout this paper, we highlight the system design
and components’ internals. In addition, we demonstrateTaqreer
using a rich set of reports that are generated based on a large
archive of real Twitter data.

I. INTRODUCTION

Tool. The Taghreed engine [4] is a scalable query engine for
indexing and querying microblogs streariiaghreed employs

a scalable indexer that is able to digest newly incoming
microblogs with high rates in main-memory indexes. When the
allocated memory is filled, older microblogs are flushed from
memory to a disk-resident spatio-temporal indexer. Ecgdpp
with highly efficient in-memory index, a scalable secondary
storage index, and a smart flushing politaghreed efficiently
retrieves microblogs that satisfy a combination of spatial
temporal, and keyword constraints. Meanwhile, tReport
Generation Tool receives users’ requests and parses the report
parameters to determine a set of queries that retrieve gugtre
data and a set of analysis tasks on this data. Then, all guerie
are submitted to th@ghreed query engine to retrieve the data.
Based on report type and settings, a set of analysis tasks are
performed before the final report is submitted to the redugst
user.

Tagreer reports mainly analyze and track the appearance
of certain attribute(s) over space and time. Such reporting
functionality is important, for example, in tracking inést in
diseases (e.g., Ebola) or natural disasters (e.g., eaitbql
Currently, Tagreer supports three types of reports: @9mpar-

Analyzing microblogs data, e.g., tweets, reviews on Yelpative reports, that compare how various keywords are trending
and Amazon, and comments on news websites and Facebogk/er space and time. Such reports can be used in several
has got a considerable attention of several commercial andomains, like analyzing the status of election candidates,
research efforts. For example, microblogs are used to amaly the interest in sports teams, or other comparisons based on
user behavior for geo-targeted advertising purposes [§, d social media discussions. (Zptegorical reports, that analyze

tecting and analyzing events [1], [3], [8], and extractireyvs

categorical attributes of microblogs over space and tintg, e

stories [2]. Although the research community has addresse@halyzing the language attribute to understand the diyersi
a large set of queries and applications on microblogs, nonef various countries and cities. (3)mage gallery reports,
of those presents an end-to-end microblog data managemeiat exploit the plenty of images posted on social media to

solution that enables generic microblog analysis. Theeslio®

summarize events with image galleries. In additidagreer

this goal is TweeQL [6], which is proposed as a general querys extensible and provides a platform that allows addingioth
language for Twitter data; a prime example of microblogs.types of reports.

However, TweeQL just provides a wrapping interface for
Twitter streaming APIs without addressing the actual data

management issues for microblogs data.

In this demo, we preserfagreer [5]; a system for generic
spatio-temporal data analysis and interactive report rgtioa
on large numbers of microblogslagreer consists of two
main componentsTaghreed Engine and aReport Generation

We demonstratdagreer through an actual implementation

of the system showing its different reports. The reports are
generated based on a large archive of 6+ billion real tweets
that are being collected through Twitter Streaming API€ain
October 2013. The demo attendees will be able to generate
and interact with different reports, of the three suppotyges,
based on real social media discussions.



digested in a smaller index and hence higher digestion rates
are supported, and (b) it makes it easier to flush data from
memory to disk.
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Fig. 1. Tagreer Architecture. different from the main-memory ones. Each disk index is orga

nized in temporally partitioned segments that are maiethit

different levels of temporal granularity, day, week, andntho
I[I. TAQREEROVERVIEW levels. This enables supporting queries with arbitrardygé
periods of time, e.g., several months, to access minimabenm

Figure 1 givesTagreer system architecture, which is com- of index segments.

posed of two main system components, Faghreed query
engine [4] and &Report Generation Tool. Tagreer users sub-
mit their report generation requests tdJser Web Interface
module. Then, the report parameters are forwardedRepart
Composer module, which parses the parameters and divide
the report into: (a) a set of spatio-temporal keyword qgerie
that retrieve the necessary data to generate the requegiad, r
and (b) a set of analysis tasks to run on the retrieved answ
of the spatio-temporal keyword queries. All spatio-tengbor

Query optimizer. Taghreed query optimizer selects which
index segment(s) should be accessed to retrieve the query
answer. SpecificallyTaghreed provides two index structures

#h both main-memory and disk: a keyword index and a spatial
index. In addition, disk-resident data is replicated atedént
temporal granularity. Consequently, the query processay m
flave different ways to process the same query based on:
. . (1) either the keyword or the spatial index would be hit first,
keyword queries are sent to tfiaghreed query engine through - 514 (2) the temporal granularity of disk index segments to hi

a Query Dispatcher module. The query optimizer employs cost models to select a cheap

Meanwhile, theTaghreed query engine continuously re- duery plan so thalaghreed queries are processed efficiently.
ceives an incoming stream of microblogs with high arrival ) - .
rates. The incoming stream is processed and digested ifyhighR€covery manager With hundreds of millions of microblogs
scalable and efficient main-memory index structures. Ohee t Managed in main-memorylaghreed accounts for memory
memory becomes full, a flushing policy is invoked to movefailures that may lead to data los&ghreed employs a simple,
a portion of memory contents to the disk storage in anotheY®et effective, triple-redundancy model where the main-rogm
highly scalable and efficient disk-based index structutee T data is replicated three times over different machines.cbme
Taghreed query engine answers its incoming spatio-temporafde@ of this model is similar to Hadoop redundancy model
queries from both in-memory and disk-based index strusture that replicates the data three times. Replicating the daeet
based on where the data needed for the query answer residénes significantly reduces the probability of having theeth
Once the query answer is collected, it is sent back tagert ~ Machines down simultaneously and lose all data.
Generation Tool, which invokes theData Analyzer module to .
perform the required data analysis tasks. Finally, the ntepo B. Tagreer Report Generation Tool
composer gets the analysis output, e.g., certain attriboet Tagreer report generation tool is composed of four mod-
over space and time, composes the report in its final form as anles, namely,User Web Interface, Report Composer, Query
interactive web page and sends it back to the requesting us@ispatcher, and Data Analyzer. The user web interface re-
We next highlight the internals of both system components. ceives input report parameters from end users, forwards the
to the report composer module to sync the work among other
A. Taghreed Query Engine modules. In particular, the composer goes through foursstep
(1) Based on the report type and parameters, the composer
Taghreed [4] is the query engine behindlagreer, which  determines the set of queries that retrieve the required dat
has two main responsibilities: (1) digesting incomingatneof  and a set of analysis tasks to be performed on that data.
microblogs with high arrival rates, and (2) efficient suggor ~ (2) The report composer calls the query dispatcher module
spatio-temporal keyword queries over large set of micrghlo to submit spatio-temporal keyword queriesTaghreed query
Taghreed is composed of four main components, namelgin-  engine. (3) The retrieved query answers are forwarded to the
memory index, disk-based index, query optimizer, andrecovery  data analyzer module to perform the required analysis. () T
manager, described below. report composer adds all the output to an interactive wele pag
and sends it as the final report to the user.
gﬂe?:nsrtrrf é?l?rrgsgnge)k(égv%%%e?ﬂdirzp;?g ;W gpgﬁgemg g(.mBoth The aboye steps represent a framework that can be used to
indexes are segmented into temporally disjoint segmeratss th SUPPOI various report types. Currenfiagreer supports three
partition data based on arrival timestamp, where each segmeYPES Of reports, namelgomparative reports, categorical re-
ports, andimage gallery reports. Table | gives the parameters,

includes thg data of hourg, where‘!’ 's a system parameter. ueries, and analysis tasks for the three report types atieat
Incoming microblogs are digested in the most recent segmengrieﬂy described below ’

Once the segment spamshours of data, it is concluded and a
new empty segment is introduced to digest the new data. Index Comparative reports. The first row in Table | shows
segmentation has two main advantages: (a) new microblegs athe parameters, queries, and analysis tasks of comparative



Report Type Parameters Queries Analysis Tasks
Comparative e 1 spatial regionsk;, 1 <:<n n X m queries, each takes: None
Reports o m keywords (topics/entitieg)’;, 1 < j < | e Spatial regionR;
m o Keyword W;
e Time range T, 7c] e Time range T, 7¢]
Categorical Re-| e Spatial regionR, auto divided inton sub- | n queries, each takes: e Count categories of attribute
ports regions of fixed default area e Spatial regionR; C R A for each query microblogs
e Time range T, 7¢] e Time range T, 7¢] e Aggregate counts over less
e Categorical attributed e Optionalm keywordsW;, 1 < j <m | granular spatial levels
o Optionalm keywordsW;, 1 <j <'m
Image Gallery| e m keywordsW;, 1 <j <m One query that takes: e Extract photos
Reports e Time range T, 7¢] e m keywordsW;, 1 <j <m
e Optional spatial regiori e Time range T, Te]
e Optional spatial regiorR
TABLE I. PARAMETERS, QUERIES, AND ANALYSIS OF DIFFERENTREPORTTYPES
reports. The user inputs spatial regions of interesR;,  April 20, 2015 in Boston city. A single query with the input

1 < i < n, m entities or topics (identified by keywords parameters is submitted Taghreed to retrieve the report data.
W;, 1 < j < m), and an arbitrary time rangel[,T.]. The retrieved microblogs are scanned to extract their image
For example, a user may input three Spanish cities, MadridExtracted images are organized and displayed in an inbegact
Barcelona, and Cordoba, and two keywords representing theeb page that allow users to navigate, enlarge, and share
famous two soccer teams #RealMadrid and #FCBarecelongortions of the report on social media websites.

during the week of their soccer game. A setnok m queries

are submitted tdlaghreed query engine to retrieve the report . DEMONSTRATION SCENARIOS
data, each query takes a spatial region a keywordW;, and
the time rangeT,,7T.]. In our example, this give six queries, We demonstrat8agreer reports using real data collected

with all the combination of three cities and two hashtagsfrom Twitter, as a prime example of microblogs. Our dataset
The retrieved data is displayed in an interactive web pageontains more than six billions of real tweets that are being
that allows arbitrarily inclusion/exclusion of microblegof  collected from Twitter streaming APIs since October 2013.
certain spatial regions. Also, the report allows to nawgat Our demo attendees would be able to generate/interact with
along a timeline, either for a single point of time or on athe three types ofagreer reports as follows.
time range. The report may have optional components, like a
heatmap for the microblogs, pie charts that show percentagg Scenario 1: Comparative Reports
analysis, and locating and displaying individual micradmn
a geographical map with full text and user information. In this scenario, users can use the web interfactaqfeer
to generate comparative reports. Users can compare the pop-

Categorical reports. For categorical reports, as the secondularity of two or more terms of interest in different spatial
row in Table | shows, the user inputs a spatial region of @ger regions within a certain time range. For example, a user may
R, an arbitrary time rangeT[,T.], a categorical attributed,  know about the popularity of the two Spanish soccer teams
and an optional set of keywords. For example, a user mafReal Madrid C.F. andFC Barcelona in different cities in Spain
want to analyze the tweet language usage in Saudi Arabiduring the week of their soccer game. This can also include
during the annual season of Muslim pilgrimage (September 22nalysis related to presidential candidates, politicatigs
to 27, 2015) for hashtags related to this event. The repomproduct trademarks, or events. Figure 2 gives two examples
composer divides the space into small spatial regions of of comparative reports. Figure 2(a) shows tweets that menti
default fixed size. Then, a set af queries are submitted to different car brands in Saudi Arabia cities during the perio
Taghreed, each query takes one of the small regions, the timglanuary-March 2015. Figure 2(b) gives tweets of a soccer
range [[;,7.], and the set of keywords. Each query retrievesgame in Saudi Arabia, where tweets are visualized based
individual microblogs that lie within the query parametéfhe  on local cities and show percentage of tweets that support
retrieved data is forwarded to the data analyzer moduledatco each team. In both examples, users can navigate through a
microblogs in different categories of attribute e.g., different  timeline, and limit the displayed tweets to a certain timénpo
languages. After counting is performed for all data, thenteu or range. Also, they can exclude/include any city to haverfine
are then aggregated at higher levels of spatial granulésity granular analysis. The compared terms, spatial regiond, an
support zoom in/out analysis in the final report. Finallye th time range are arbitrary. This gives a generic and powerful
report composer puts all the aggregates on pie charts dligngool for analyzing social media contents to get insightsrfro
with latitude/longitude coordinates of a geographical mad  the public discussions in different contexts and applices)
embed all of this in a web page. This forms an interactive wele.qg., elections, products reviews, or planned events.
page that is sent as the final report to the user.

Image gallery reports. The third row in Table | de- B. Scenario 2: Categorical Reports

scribes image gallery reports. Users inputkeywords W, In this scenario, users can generate categorical reports
1 < j < m, atime range Ts,7.], and an optional spatial to analyze the spatial distribution of categorical attr#in

region R. For example, a user may ask for image gallery forTwitter data. Prime examples of categorical attributes are
Boston Marathon (hashtag #BostonMarathon) that is held othe language attribute, that indicates the language used in



Fig. 4. Tweets Image Gallery for 2015 Chapel Hill Shooting.

C. Scenario 3: Image Gallery Reports

In this scenario, users can exploit the availability of many
photos on the social media to generate image galleries that
summarize certain topics, entities, or regions using their
croblogs. An example of such reports is to extract and omgani
photos that are posted in response to a certain event, e.g.,
human crisis like Nepal earthquake, shooting attack lile th
one happened in Chapel Hill, elections, or sports game.t&ven
and entities are defined by a set of keywords/hashtags.d-#yur
gives an image gallery for the event of 2015 Chapel Hill

T o e e e , Shooting. The shown images are extracted for the hashtag
(b) Soccer game tweets #ChapelHillShooting for 11 days after the accident hapgene
from February 10 to February 20, 2015, and hashtag #Chapel-
HillShooting. Such gallery gives a quick understandingubo
Fig. 2. Comparative Reports. how the virtual community think about certain accidentsisTh
is shown by the popularity of certain photos and comments on
them. Users can also navigate, enlarge, and share parte of th
gallery on their social media accounts.
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