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ABSTRACT
This document describes the second and final version of the prototype of the opinion mining system.
It provides a brief description of : (i) the goals of this system; (ii) its main functionality requirements;
(iii) the architecture of the proposed solution; (iv) some example use cases; (v) a more detailed de-
scription of the main components of the system; and (vi) how to install and use the prototype.
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1 Executive Summary
This deliverable describes the final version of the opinion mining (OM) prototype. This soft-
ware component is part of the ePolicy decision support system and has as main goals to be
able to infer the sentiment of the population concerning a set of pre-defined energy-related
topics. The outcomes of this system can be explored individually by policy makers, and also
be used as inputs to other components of the ePolicy decision support system. On top of
this integration within the ePolicy decision support system, we have also targeted our work
at being able to deliver a software prototype that could be used outside of the ePolicy do-
main. With this purpose we have developed the OM prototype to be able be executed as a
stand alone software system that is able to address a specific opinion mining task :- infer the
sentiment of the population regards a set of topics as expressed by posts on a set of web sites.

In this deliverable we describe the main features and functionalities of the OM prototype
and present the architecture of the developed software. The outcomes of this tool can be
explored in two different ways: (i) through the ePolicy decision support systemweb applica-
tion interface; and (ii) through the graphical user interface we have developed for our stand
alone system. This stand alone tool targets two different types of users: (i) standard users
that want to explore the outcomes of the system concerning the inference of the sentiment
regards a set of topics; and (ii) admin users that want to either tune / change the behaviour
of the system or create new tasks / problems.

We describe the software requirements for the usage of the developed prototype. Moreover,
we provide detailed information on how to install this software on a standard desktop com-
puter and also on how to use it.

This deliverable is strongly related with Deliverable D 6.2 where we have described the first
version of this software component. The content of the current document is also strongly re-
lated with Deliverable D 6.3 where we formalize the tasks being solved by the OM prototype
and describe the different alternative solutions that were considered for these tasks taking
into account the state of the art on opinion mining that was described in Deliverable D 6.1.
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2 Introduction
The main goal of the opinion mining (OM) component is to provide information on the sen-
timent of the population concerning a set of relevant topics to both the global level optimizer
and the individual level simulation. However, the outcome of the OM component can also be
useful for user exploration. Namely, policy makers may find use in exploring the tendencies
in terms of opinions of the population concerning a series of topics of interest for their job.
This user-driven exploration of the sentiment of the population concerning a pre-defined set
of topics is the other major goal of the OM component.

The opinion mining component uses sentiment analysis techniques from the field of text
mining to infer the sentiment and opinion of the population on a set of pre-defined topics.
This inference is carried out over textual sources (e.g. blog posts or other messages available
in e-participation tools). For each textual source a sentiment score will be inferred by the
OM component and these scores will then be aggregated (e.g. on a daily basis) to form an
overall score of the population concerning a topic at a certain time. The exploration of these
aggregated scores over time will allow to provide insights on the tendencies of these scores
across a certain time horizon.

The OM software component has two main working modes: the training mode and the stan-
dard usage mode. In the standard usage mode this software component is carrying out the
following sequence of operations:

• Crawl a pre-defined set of e-participation sites in search for new posts by the population;
• If new posts are found, fetch them into a local data base;
• For each new post use the previously learned models to infer the expressed sentiment

concerning a set of pre-defined topics.
The end result of this working mode is thus continuously feeding a data base with new text
documents and the corresponding sentiment scores concerning a set of pre-defined topics.
At the same time, the standard usage mode will also determine on a regular basis (e.g. daily)
what is the aggregated score value for each of the target topics. This aggregated score is a function
of the individual scores that were inferred for each new text document that was fetched from
the sites.

The main goal of the training or admin mode is to use text mining tools to learn models that
are able to classify new text documents concerning the sentiment they express on a set of
topics. These models are learned by example, i.e. using a set of textual documents that were
pre-classified by a human expert on the domain, in a process usually known as supervised
learning. Using this training data set sentiment classification models are learned, which
can later be used in the standard usage mode. The training mode will be seldom used as
it performs very specialized tasks that change the way the standard usage mode behaves.
Typically it will be executed at the time the opinion mining problem is being created, or if
new documents classified by a human expert become available.

We can identify several types of users interacting with the OM software component. Users
with “administration” roles will be able to:

1. Create a new opinion mining problem / domain / task;
2. Change individual components of an existing problem
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The first of these tasks means that the OM prototype can actually be used in other domains
outside of the scope of the ePolicy project. This extended functionality was developed in
response to a challenge by project reviewers. In this context, the OM prototype can be used
tomine the sentiment expressed on e-participation tools concerning any set of selected topics.
The second task involves changing or tuning the issues that characterize the opinion mining
tasks we address with this software tool. These are:

• Change or tune the sentiment classification algorithms;
• Change the document web sources (the crawled e-participation tools);
• Change the set of topics for which the sentiment is to be inferred;
• Tag crawled documents for sentiment concerning the active set of topics

These tasks available for users with administration roles are very specific and require deep
knowledge on the OM prototype.

Normal standard users, like policymakers, want to take advantage of the outcome of the OM
component to better grasp the sentiment of the population concerning a set of topics related
to energy policies. These users “consume” the outcome of the standard usage mode of the
OM component. The main goal of these users is to have an answer to the general question:
“What is the sentiment of the population concerning topic X?”. This type of questions can
take slightly different shapes like: i) “What is the current sentiment?” or ii) “What is the
tendency in the last Y months (or other time frame) of this sentiment score?”. This sort of
functionality will be provided by an user interface to the OM component taking advantage
of the autonomous sentiment inference that the system carries out for the new posts that
appear in the pre-defined set of e-participation tools when working in standard usage mode.

Finally, the outcome of the OM component may also be used by other components of the
ePolicy decision support system. In effect, other components of this system will use the
sentiment of the population concerning different topics as inputs of their own functionalities.

3 Main Functional Requirements of the OM Component
The main outcome of the opinion mining (OM) component are values of sentiment scores
for a pre-defined set of topics. These scores are obtained through time with a certain pre-
defined regularity, i.e. they are in effect a time series. The scores are derived from the sen-
timent scores assigned to each individual post that appears in the e-participation sites. The
OM component keeps feeding a data base with these aggregated sentiment scores. This in-
formation can then be used by other software components of the ePolicy decision support
system, like the global optimizer or the individual level simulator. At the same time these
scores can also be provided to the user bymeans of carefully selected data visualization tech-
niques with the goal of helping policy makers to understand the sentiment of the population
regarding a set of relevant topics.

In this context, the main functional requirements of the OM component are:
1. to be able to classify new documents that appear in a pre-defined set of forums of e-

participation, concerning the expressed sentiment on another pre-defined set of topics;
2. to aggregate the sentiment predicted for the new documents into a single aggregated

score with a certain regularity (e.g. daily);

7



3. to accept as input a set of topics and a set of e-participation sites, which are to be used
to monitor the sentiment of the population.

These main functionalities are to be used in different ways. Namely, we distinguish three
main classes of “agents” that may interact with the opinion mining component:

1. other software components of the ePolicy decision support system;
2. a “normal” user (e.g. policy maker);
3. a user with administration privileges.

The interaction with other software components is carried out through a data base manage-
ment system. Namely, the OM component will store the different sentiment scores in a data
base and this information can be accessed by other components according to their needs. In
particular, both the global optimizer and the individual level simulatorwill use the predicted
sentiment scores as inputs in their tasks.

The interaction with a normal user is to be provided by a graphical user-interface. The main
use case we envisage is a policy maker wishing to know what is the sentiment of the popu-
lation concerning a certain topic of interest to her/his activity. The OM component should
be able to provide this information in a useful manner to the user.

Finally, the interaction with an user with administration privileges should be carried out
outside of the ePolicy decision support system as this is a type of interaction that is very
specific to the OM component and requires knowledge of the inner workings of this soft-
ware. With this goal we have also developed a specific stand-alone user interface to the OM
prototype that is independent of the ePolicy decision support system, and allows users with
administration privileges to perform some specific tasks that can change the behaviour of
the prototype.

3.1 Other Requirements of the Opinion Mining Component
The opinionmining (OM) software component should be implementedusing free software to
facilitate its deployment in different economic settings. The development of this software re-
quires a programming environment for textmining that allows the inference of the sentiment
on textual documents. Moreover, the OM component also requires a data base management
system for storing the information on the documents and the inferred sentiments.

The development of the OM component should be carried out with the aim of making its
adaptation to other domains and/or regional contexts, a relatively easy task. This means
that it should be able to function independently of the ePolicy decision support system.

The key inputs of the OM component are: i) the set of topics of interest for which we want to
infer the sentiment of the population, and ii) the set of e-participation sites/tools that are to
be crawled by the system in search of new expressed opinions by the population. Changing
these two input parameters should be made as easy as possible by the OM component. Still,
one should be aware that there are technical requirements that must be present for this to be
an easy task. Namely, to enable automatic crawling by the OM component, new sites should
be able to provide information on new posts using RSS feeds. Without this, crawling these
sites will require the adaptation of the OM software and thus will hardly be regarded as an
easy task. Moreover, increasing the set of topics of interest also brings technical challenges.

8



Namely, new topics require new sentiment classificationmodels. For these to be obtainedwe
need to provide the OM component with a set of past documents/posts that are pre-labelled
regarding their sentiment for these new topics by some human expert. This requires special-
ized human intervention and it is a time-consuming task as the larger the set of documents
the better.

4 Design Decisions for the Implementation of the OM Prototype
In Deliverable D6.1 [2] we have presented a state of the art on opinionmining. As seen in that
deliverable that are plenty of options available for trying to mine text documents for senti-
ment or opinions. The goals of the ePolicy project and the role of the OM prototype within
the project decision support system (as specified by the functional requirements described
in Section 3), imposed a series of constraints in terms of what should be implemented in the
OMprototype. Namely, our system is heavily constrained by the requirement that we should
be able to infer the sentiment for a set of pre-defined topics. This means that all existing text
mining approaches that try to infer the topics present in text documents (frequently known
as topic discovery) are out of the scope of this work - our set of target topics is established
by the users of the system. This means that from a text mining perspective the goals of our
prototype given a new text document and the pre-defined set of target topics, are:

1. Infer whether each of the topics is addressed or not in the document;
2. For each of the mentioned topics, infer the sentiment of the author within a given sen-

timent scale.
As mentioned in Section 2 of Deliverable D6.3 [1], these two goals translate in two types of
tasks: (i) topic identification; and (ii) sentiment scoring. Sections 2 and 3 of Deliverable 6.3
formalize these tasks and describe how we have decided to implement them, given the set
of options available in the current state of the art.

5 The Architecture of the Proposed OM Software Component
The functional requirements presented in Section 3 involve tasks that have different time
granularity and specific needs. For instance, crawling a set of e-participation sites is a task
that has a fast pace, while learning new sentiment classification models will be done on rare
occasions.

These facts have lead us to develop a solution for the OM software component that is formed
by a set of modules and a database that is used to communicate information between each
module or other software components of the ePolicy decision support system.

Figure 1 shows a UML class diagram with an overall perspective of the Opinion Mining
(OM) software component. This component is formed by 4 main modules: i) the user inter-
face (GUI in the figure); ii) the module responsible for crawling the pre-defined set of sites
for new posts of the population (Crawler in the figure); iii) the predictor module that uses
the learned models to assign a sentiment score to each newly found post (Predictor in the
figure); and iv) the module responsible for learning the opinion mining models for each of
the pre-defined topics (Learner in the figure). All these modules use a data base to store and
obtain information that is necessary to their tasks. The outcomes produced by thesemodules
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are also stored in the data base, allowing other components of the ePolicy decision support
system to use these results for their own tasks.

Figure 1: The overall picture of the Opinion Mining Software Component.

As mentioned in Section 3 the OM component interacts with different types of users. Fig-
ure 2 provides an illustration of the typical use cases of the two types of users: i) the policy
maker and ii) the administrator of the component. Essentially, policy makers will use the
system to visualize some form of synthesis of the sentiment of the population concerning a
certain topic, whilst the administrator users will essentially tune the system to change its be-
havior, either by tuning the existing models or by extending them by including other topics
of interest or by adding new sources of e-participation.
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Figure 2: The different types of use cases of the OM component.

Finally, in Figure 3 we illustrate the typical interaction of the policy maker with the OM
component using its graphical user interface. This consists in carrying out the operation of
visualization of the sentiment on a certain topic (either the current sentiment or the tendency
of this sentiment over a time span), and getting as result some form of visualization of this
information derived by the OM component.
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Figure 3: A sequence diagram showing the typical interaction of a policymaker with the OM
component.

6 Technical Description of the Opinion Mining Prototype
The prototype of the OM software component is implemented using a set of modules that
communicate with each other and pass information through a data base management sys-
tem. As mentioned before this is justifiable by the rather different types of tasks we have in
this prototype, each with different time frames and eventually involving different types of
users and interactions. This type of architecture also brings several advantages in terms of
maintaining the software and even allows for different modules to be executed on different
computers, whichmay be advantageous given the different computational requirements that
each module has.
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6.1 Crawler
The crawler module is responsible for launching processes that crawl each selected web site.
Since each website has its own structure, different individual crawlers have been developed.
This also means that it is not easy to automate the addition of newweb sites as it may require
specific individual settings. In this context, changing the settings of the crawler (e.g. by
adding new web sites) is a task for users with administration role and it may require the
development of specific software components that are able to crawl the new sites that may
have some particularities that preclude the use of some general crawling component.

6.2 Predictor
This module handles the sentiment inference that is carried out over new unlabelled posts.
It can be done on a pre-scheduled basis (for example, classify the daily posts at the end of the
day). The predictor uses the current best opinion mining models for each of the topics being
considered, applying them to new posts to get a sentiment score for each of the topics. These
predicted sentiment scores are then stored in the data base for use by other components of
the e-Policy decision support system.

6.3 Learner
The learnermodule is responsible for obtaining newopinionminingmodelswhennewdocu-
ments tagged by a human expert on the domain become available. The arrival of new tagged
data is very rare due to the high costs in terms of human resources tomanually label posts. In
this context, the execution of this module is typically triggeredmanually by an administrator
user.

6.4 Graphical User Interface (GUI)
With the goal of allowing the usage of the OM prototype in context outside of the ePolicy
project, we have decided to provide two types of graphical user interfaces. The first, is a
component of the user interface to the ePolicy decision support system thatwas developed by
Fraunhofer. This GUI allows a policy maker to obtain information concerning the sentiment
of the population towards the set of selected energy-related topics. The second is provided
by a stand alone graphical user interface that we have develop that allows the interaction of
two types of users (admins and normal users) for the available set of problems / domains.
This second GUI is completely independent of the ePolicy project goals and can be seen as
a general tool for inferring the sentiment concerning a series of topics as expressed on some
selected web sites.

6.4.1 ePolicy Decision Support System GUI
Fraunhofer’s GUI (Figure 4) allows the user to interact with the different components of ePol-
icy decision support system. This GUI includes a tab for exploring the public opinion con-
cerning a series of energy-related topics. In this section of this GUI a user can select the topic
to inspect as well as the aggregation level (e.g. monthly, weekly, etc). This interface also al-
lows the user to drill down to individual posts (Figure 5) as the user may be interested in
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knowing more about some particular posts (e.g read the post).

Figure 4: ePolicy decision support system - exploring public opinion.

Figure 5: ePolicy decision support system - drilling down to specific posts.

6.4.2 Stand Alone OM Prototype GUI
The stand alone prototype includes a user interface that allows two types of users to login
(admins and normal users), and provides a different set of functionalities for each of these
types of users.

The interface for standard users allows them to select the problem / domain they wish to
explore, and then for each domain it provides means for the user to select the topics she/he
wants to visualize, aswell as the time span to consider in this exploration. After this selection,
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the system draws a plot of the data in which a user can see the a line with the aggregated
sentiment score along time together with a confidence band around the line reflecting the
variability in this aggregated score. A second plot is also drawn with the individual senti-
ment scores assigned to each post, which lead to the aggregated sentiment expressed by the
mentioned lines. Figure 6) shows an illustration of this part of the GUI.

Figure 6: Standard user GUI - exploring the aggregated sentiment of topics.

Standard users can also drill down to individual posts. A table is presented with all posts
within the selected time span (Figure 7), with a search box that allows easy filtering of these
posts. The user may also select and individual post (through its ID) to obtain the specific text
of this post together with the assigned sentiment scores for each topic.
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Figure 7: Standard user GUI - exploring the individual posts.

The stand alone OMprototype also provides and administrator graphical user interface (Fig-
ure 8).
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Figure 8: Administrator GUI.

In the first section of this interface admins can select the crawlers (providing a command
which will be run by the system), select the topics and tune the parameters of the opinion
mining models that are used by our prototype. Currently, it is possible to tune the following
parameters of these models:

• lowercharacters: Possible values are T or F. This defines if in the pre-processing of the
text documents all characters should be lowered.

• removepunctuation: Possible values are T or F. This defines if in the pre-processing of
the text documents all punctuation should be removed.

• removenumbers: Possible values are T or F. This defines if in the pre-processing of the
text documents all numbers should be removed.

• removesparseterms: Value between 0.01 and 1.00. This defines the value that should
be used when removing sparse terms on the pre-processing of the text documents.

• rntree: Controls the number of trees to grow in the approaches that use random forests.
The value should be a positive integer.

• svmc: Sets the value associated with the cost of constraints violation in support vector
machines, it is the ’C’-constant of the regularization term in the Lagrange formulation.
The value should be a positive integer.

• svmep: Controls the epsilon in the insensitive-loss function of support vectormachines.
The value should be a positive integer.

• svmg: Parameter used in the kernel of support vector machines. The value should be
a positive integer.
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• nnets: Controls the number of units in the hidden layer of neural networks. The value
should be a positive integer. The value should be a positive integer.

• nnetd: Controls the weight decay in neural networks. The value should be a positive
integer.

A second section of the admin GUI allows these users to train new opinion mining models
by clicking on a button and also to inspect and tag new posts (Figure 9). For this latter task
we provide a table where the available posts can be filtered by ID, date and title. Using these
filtering facilities the usermay drill down to a specific post and eventually tag it for sentiment
concerning the available topics.

Figure 9: Administrator GUI - tagging posts.
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6.5 The Database
The OM prototype uses one database with two tables for each problem / task. These ta-
bles store all relevant information obtained by the prototype and that may be used by other
software components or by the GUI’s to present it to the users. Figure 10 describes these
tables.

Figure 10: The used data base tables.

The posts table contains the original posts found at the crawled web sites. This table is filled
in by the different crawlers launched by the Crawler agent.

The opinion table contains the sentiment scores concerning each topic for each post. This
table contains two types of scores (determined by the value of the humantag field): (i) scores
assigned by a human expert; and (ii) scores assigned by our opinion mining models. The
former are crucial for the Learner agent as they will form the training data used to learn the
opinion mining models. The latter are the result of the application of these models to newly
crawled posts.

7 Using the OM Software Prototype
As we have mentioned before there are essentially two ways of using the OM prototype: (i)
through the interface of the ePolicy decision support systems; or (ii) as a stand alone system.
The former usage is the preferable setting for policy makers and includes not only access to
the outcomes of our opinion mining component, but also all other ePolicy components. The
use of this interface is through a web service and thus does not require the installation of
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any software at the users’ computer. The access to the ePolicy decision support system web
interface is through the following URL: http://epolicy.igd.fraunhofer.de/epo/

Accessing our prototype as a stand alone system requires the installation of the software
at the users’ computer. The following sub-sections provide information on this installation
process.

7.1 Installing the Stand Alone OM Prototype
The OM software prototype is based on 4 main software tools, all of which are freely avail-
able for the most common desktop platforms: (i) the MySQL data base management system;
(ii) the R programming language; (iii) the Python programming language; and (iv) Python
Scrapy (this last part is required for the crawlers developed for the e-policy’s specific prob-
lem).

7.1.1 Software Requirements
To run all parts of the current version of the OM software prototype you should make sure
you have installed and running properly, the following software:

• MySQL Server.
Downloadable at http://dev.mysql.com/downloads/

• R Platform.
Downloadable at http://www.r-project.org/

• The following R packages must be installed1:
– plyr
– zoo
– tm
– Snowball
– RWeka
– rJava
– RWekajars
– DBI
– RMySQL
– gWidgets
– ggplot2
– shiny
– DMwR
– performanceEstimation
– randomForest
– e1071
– nnet
– xts
– gridExtra

1To install an R package you should run R and execute the following command:
install.packages("packageName")
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• Python 2.
Downloadable at http://www.python.org/download/releases/2.7.5/

• Python Scrapy.
Downloadable at http://scrapy.org/download/

7.1.2 Necessary Data and Code
The code of the software prototype is available as a ZIP file at the following URL:
http://www.dcc.fc.up.pt/~ltorgo/ePolicy/OMprototype/

The ZIP file should be downloaded and un-zipped on some local folder.

At the same URL you will also find an SQL file that will create and populate the MySQL
data base necessary to run the prototype. This SQL file should be executed in your own
MySQL installation. It will create a data base named epolicy and the necessary tables, that
will also be populated with the current data we have. Once the data base and respective
tables are created you should create a user on your MySQL server with access to this data
base. The credentials of this user (username and password) should be updated in the file
db.cfg that contains the data base access configuration information and that should be in the
folder where you un-zipped the code of the prototype.

7.2 Using the Stand Alone OM Prototype
Once all the installation steps are successfully carried out, to run the stand alone prototype
it is enough to:

• Run R in the folder where the prototype code is.
• In R, run the command : library(shiny);runApp(’.’)

7.2.1 Exploring the Documents and Sentiment of a Problem / Domain
In order to visualize a problem, youmust first write the username and password in the input
boxes on the side panel. After this you can select the problem that you want to analyse from
the available drop box, and check the topics you are interested in visualizing. The interface
also allows you to specify a time span for your analysis.

7.2.2 Creating and Editing a Problem
In order to create or edit a problem, you must first write the username and password in the
input boxes on the side panel. After this, a main panel with various options will be displayed
as described before. Here if you are creating a new problem, you can define the problem’s
name, the possible topics and the crawlers command (the administrator must provide the
crawlers to retrieve posts from web sources). Otherwise, if you are interested in changing a
problem you will be able to change the topics and crawlers, tune the model parameters and
inspect the text documents as well as tag them in terms of sentiment.
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