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Abstract. Email has become the most widespread Internet Ggtjgln. It is a
tool supporting not only communication but also memtion, task
management, archiving, or information and knowledgeanagement.
Furthermore Email is a source of information onspaal, job or community
network of an individual or an organization. Emedmmunication analysis
allows extraction of social networks with furthepnmection to people,
organizations, locations, topics or time. This papeesents simple examples
explaining how to extract a social network from @ncammunication using
approaches from the field of information retriegald semantic annotation. We
describe an experiment on the Hadoop distributexthiteicture designed to
process large email archives.
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1 Introduction

Mailing lists as well as common Email communicatiam a tool supporting

cooperation. In addition it carries valuable infation and knowledge that may be
used to increase quality of cooperation supporinformation management. Email
communication contains social networks of peoplenmaoinicating together and
connected via their fields, projects or problemsirréntly, there are no effective
solutions that would focus on using information akmbwledge extracted from
archives or mailing lists.

Processing of Email communication using both imfation extraction and
semantic annotation can create a social netwokhgnath reference to other objects
included in email communication. Such social netwimgether with other metadata
can improve information retrieval and collaboration

At the same time email archives are becoming Iviggd bigger both for personal
and corporate email archives; therefore informagmtraction requires application of
the methods that are scalable and able to proasgs dlata sources.

2 MapReduce

We have successfully ported semantic annotatian@rtd [8] with good results, but
porting of application, data management and resukgration was not easy and time
consuming task. Thus we have focused also on difteparallel and distributed
architectures as well. MapReduce [1] architectuegetbped by Google was used
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with success on information retrieval tasks. Infation extraction and pattern based
annotation use similar methods such as informattnneval.
Google’s MapReduce [1] architecture seems to beoal ghoice for several reasons:

Information processing tasks can benefit from pelrahnd distributed
architecture with simply programming of Map and Reslmethods
Architecture can process Terabytes of data on RGtesls with handling
failures

Most of information retrieval and information exttion tasks can be ported
into MapReduce architecture, similar to patterreldeannotation algorithms.
E.g. distributedgrep? using regular expressions, one of basic examples f
MapReduce, is similar to Ontea [5] pattern approading regular
expressions as well.
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Fig. 1. MapReduce Architecture figure (source: Hadoop wepsi

On Figure 1 we can see main components of the Mdydeearchitecture: Map and

Reduce methods, data in distributed file systemSDmputs and outputs. Several
replicas of data are created on different nodegmdiata are copied to DFS. Map
tasks are executed on the nodes where data atakdgaResults of Map tasks are key
value pairs which are reduced to results produgeBdduce method. All developer
need to do, is implement Map and Reduce method.aftt@tecture will take care of

distribution, execution of tasks as well as fautetance. For more details on
MapReduce please see [1].

Several open source implementation of MapReducenaitable:

Hadoop [2], developed as Apache project with retato Lucene and Nutch
information retrieval systems, implemented in Jaadoop is well tested on
many nodes. Yahoo! is currently running Hadoop 6rDQ0 nodes [9] in
production environment [6].

Phoenix [10], developed at Stanford University, iempented in C++.

Disco [11], currently an open-source implementatdénthe Map-Reduce. It
was started at Nokia Research Center as a lighivéigmework for rapid
scripting of distributed data processing tasks.c®igs written in Erlang.
Users of Disco typically write jobs in Python.

2 Grep is a flexible search-and-replace function tam search one or more files for specified
characters and/or strings



We are using the Ontea system [5] for informatiatraztion. Ontea is written in
Java, therefore we decided to use Hadoop MapRedhpiementation.

3 Extraction of Metadata and Social Networ k

Using MapReduce and its Hadoop [2] implementation vave conducted several
experiments with email archives. In these experimieme have extracted a social
network as a directed and valued graph that canskd for search or information
retrieval from emails [3], as a recommendation eystfor example Acoma [7] (see
Fig. 2) or used for information management simylas$ in the system Xobni [4].

EESEE S L - o R e

Mo B0 fre v Mg ety
£

¥

Michal Laclavik
Fasamrche @ instiute of informatecs SAR

Curvemi = Biesmarchu ot Ity of bnkormatics Siomh feblic purstin powrnd by: Linked (5]
Arnda nems

Fig. 2. Use of extracted metadata in recommendation syAtmmma. Acoma process email
communication and adds suggestions for actionsrin bf hints with links in the context of the
email message. Hints context is detected usingrirdtion extraction and semantic annotation.
Context can contain detected objects such as consation people, organizations or their
interaction networks, locations, projects, contafdrmation or various application specific
business objects. See [7] for more details on Acom

Using semantic annotation we have transformed graqules represented by email
addresses to other nodes representing people (@ehdibsses grouping) — Fig. 4,
groups, organizations or countries — Fig. 3. Weehamployed the method of a
pattern search in order to perform information &stion and semantic annotation
Ontea [5].
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Fig. 3. Social network of communicating countries baseéentical social network as on the
Fig. 4, transformed into communicating countries@s semantic model.

Within extraction and semantic analysis generdteddllowing semantic metadata:

= A social network of communicating people

= Amount of interaction (the number of sent and reegiemails)

= Transformation of a social network to another nekywof organizations or
people for instance.

= The graph can show other metadata on objects iedluth email
communication with dependence on an applicationasginn model such as
an organization, a company or geographical location

Fig. 4. Social network of communication within cooperatigith partners, while the Institute
of Informatics’ Personnel are linked using sematrtiasformation as one graph node.

Within our previous paper [5] we tested semantiaaodation and information
extraction at the Hadoop cluster illustrating apgion of the Hadoop solution for
such tasks. Social network extraction from emait \aother task we ported to the
Hadoop cluster. Experiments were carried out ondifferent Hadoop clusters:
e Cluster #1: a 6-node (12 cores) Hadoop clusterchasdntel(R) Core(TM)2
CPU 2.40GHz with 4GB RAM hardware on all nodes.
e Cluster #2: a 8-node (32 cores) Hadoop clusterchasdntel(R) Core(TM)2
Quad CPU Q9550 2.83GHz 4GB RAM hardware on allesod



We have analyzed email archives of different siséze of the biggest analyzed email
archive was 1.8 GB. From the data we have extratt&D graph vertices/nodes.
Results of the analyzes can be seen in the Table 1.

Table 1. Experiment on Hadoop cluster

Cluster # Cores Speed up Time
1 2 - 51 min 33 sec
1 12 5.95 8 min 40 sec
2 32 14.87 3 min 28 sec

Table 1 shows that proposed approach is scalablébanefit from execution in the
Hadoop environment. We do not provide executioretom single machine since the
algorithm was written directly for Hadoop as MapdaReduce methods but we
provide time of execution on Hadoop Cluster #1 Wiithode (2 cores) in the first row
of the Table 1. If we compare speed up by addirgcitres in the cluster. This is
almost linear increase of performance.

Email archives processing on Hadoop architecture szale to Terabytes of data
which was proved also by Yahoo!, which use Hadaoproduction environment [6]

on web data. Advantage of Map Reduce architectoresdcial network analysis is
also in natural way of integrating number of comination among people by Reduce
method.

4 Conclusion

In our work we have shown how social network asthted metadata can be
extracted from large scale email archives. Thisacta can be transformed and
integrated with semantic model of application amsédifor improving information
management, search or collaboration. Personall esneial network was already
used in systems such as Xobni [4]. In our approaehtry to use it also on
organizational or community level, where large draathives need to be processed
and application specific semantics need to be ueedetect the context of the
message and to relate or transform extracted soefalork.

In our future work we would like to use extractedcial network to improve
recommendation tool Acoma [7] and thus provide tfwwl improving email based
collaboration by exploiting personal, organizatioma community social network
extracted from the email communication.
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