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With the rapid development of online social networks, increasing amounts of user-
generated content are posted online. While information is overwhelming a site, readers
actually prefer fully reading some influential articles or information rather than glancing
sequentially at every article on a forum. In this paper, we propose techniques for fore-
casting public responses to articles shortly after the articles are published. Our proposal
identifies the important articles from two perspectives: frequent discussion and extreme
acceptance or rejection by the online public. We also discuss approaches for distinguish-
ing influential authors who are popular and receive consistently high ratings from online
users. To verify our methodologies, we analyzed a popular social forum in Taiwan during
three large-scale social events, a social movement and two national election campaigns.
Our results demonstrate that our methodologies achieve high accuracy with significant
time reduction and outperform previous methodologies in distinguishing notable articles
and authors on social forums.
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opinion

1. INTRODUCTION

In recent years, online social networks and forums have become important plat-
forms for people to express their opinions and to discuss them with others. With the in-
creasing number of articles posted online, determining methodologies for identifying
notable information and authors is a significant issue, especially with regard to trending
and controversial topics. For example, on March 18, 2014, protesters entered and occu-
pied the Parliament of Taiwan to protest against the review process of the Cross-Strait
Service Trade Agreement (CSSTA) [1]. This drastic action attracted substantial attention
in Taiwan for a short time from the government as well as from citizens. Benefiting from
the well-developed online social networks, heated debates occurred online as well.

When social events occur and become popular, articles temporarily tend to over-
whelm social media sites and information often appears chaotic. It is not easy for readers
to find notable information efficiently under these conditions. Identifying influential arti-
cles for readers assists them in understanding the trending topics among the sites com-
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prehensively. Furthermore, while news and rumors rapidly spread over the Internet, the
efficient and effective dissemination of official news and clarifications in urgent situa-
tions can be essential for the government. Previous scholars have suggested that spread-
ing news via highly credible, trustworthy opinion leaders among the platforms could
promote civil mobilization and engagement [2, 3]. Hence, to achieve a fast and compre-
hensive understanding of articles and authors on a social forum, this paper addresses the
following two major issues:

e Extracting trending information: Extracting trending topics is useful for the partici-
pants and the audience to understand the current development of an event comprehen-
sively. In addition, the sooner government officials are able to identify possible trend-
ing threads, the more time they will have to make decisions or to devise strategies to
handle an event during urgent situations.

o Identifying influential authors: Influential authors with good reputations usually play
key roles in communications on the web. They deliver official or notable information
to the public; moreover, they can even change peoples’ minds. Therefore, identifying
influential authors is advantageous for the government and for other organizations in
order to spread the latest information efficiently and effectively.

To make this possible we propose SocialDNA, which constitutes a series of novel
approaches for important information extraction and influential author identification. We
first quantified the importance of articles from two perspectives: reply quantity (popular-
ity) and acceptance/rejection consistency (sentiment). To achieve this objective, we ob-
served the behavior of peer-to-peer replies and rating records of online users toward arti-
cles. To detect potential popular threads quickly, we developed regression models to
predict the number of replies and rating score of an article using its early reply records,
rating records, and other related metrics. For influential author identification, we pro-
posed a hybrid approach of identifying possible influential authors on a forum with two
characteristics: collection of a large number of replies (popular) and receipt of extreme
rating scores (consistent acceptance/disagreement) of their articles.

To verify our proposal, we investigated user behavior on the largest bulletin board
system in Taiwan during three major social events. Then we conducted in-depth user
behavior analyses on these datasets and applied our proposals to the two different types
of social events mentioned above. Two major contributions of our study can be summa-
rized as follows:

1. We developed regression models to predict highly discussed and publicly accepted/
rejected articles in a short time period. Based on the datasets we collected, our regres-
sion models demonstrated that they could identify influential articles effectively and
efficiently.

2. We proposed a methodology to identify influential authors on a social forum. Our
results indicate that our proposal outperforms the two other popular methodologies for
identifying authors who receive many responses from the public and are publicly ac-
cepted/rejected.

The remainder of this paper is organized as follows. Section 2 discusses related
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studies. Section 3 presents our methodologies for identifying important articles and au-
thors on social forums. Section 4 summarizes the collected datasets and evaluates our
proposal using the data collections. Section 5 summarizes the findings and concludes our
research.

2. RELATED WORK

2.1 Predicting Web Content Popularity

Predicting the popularity of web content has been a challenging problem in the Web
2.0 era. Previous scholars have investigated multimedia content [4-7], news articles
[8-12], and social network services [13-15]. Several preceding methodologies have em-
ployed temporal user behavior or early content popularity records [5, 8, 14, 16, 17] to
predict future popularity. These prediction techniques were built over long periods of
observation. For example, Szabo and Huberman [5] studied the hourly activity on Digg,
a popular news aggregation website, to forecast the popularity of news articles according
to a univariate regression model. Pinto et al. [18] improved the Szabo-Huberman method
by developing multi-variate regression model using early patterns. Similarly, Cha et al.
[4] used the first few days’ access records to predict the near-future popularity of videos.
These works demonstrated the possibility of using temporal and early-access behavior to
predict popular content on the Internet. However, these methodologies might not be ap-
plicable to predicting the popularity of content in urgent situations for the following two
reasons: (1) articles can appear suddenly and trending topics can live and die on the fo-
rum in hours [19], and; (2) observing daily or hourly records takes too long to provide
near real-time predictions. Therefore, in this paper we focus on shortening the time for
predicting the popularity of articles.

The followings are related scholars using regression-based models; [5, 8, 9] used
historical viewing records on a particular time to predict the content popularity. To en-
hance the univariate models, [17, 18] leveraged temporal dynamics of viewing history to
develop multivariate regression models. However, most of the abovementioned works
required a relatively long observation time, for example, more than 30 minutes. While in
an urgent situation, people usually tend to shorten the monitoring length and take instant
actions. Thus, in this paper, we focused on monitoring less than 30 minutes and achieves
a certain accuracy when predicting.

2.2 Predicting Web Content Ratings

In addition to highly discussed articles, another type of influential articles could be
generally accepted/rejected ones. Due to review mechanisms on Web 2.0 sites, review
ratings have been a popular reference for evaluating web objects. A product receiving a
large number of consistent ratings could indicate reliable public opinion toward the
product. Many previous scholars investigated the prediction of rating polarities (positive,
neutral, and negative) [20-22] and the product rating scales (e.g., one star to five stars)
[23, 24]. These studies were built primarily on text mining and sentiment analysis of
online reviews. In contrast to previous methodologies utilizing various features of re-
views to develop a prediction model, this paper addresses predictions by learning from
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very early review activities. To the best of our knowledge, our study is the first to at-
tempt to predict review ratings by the early rating records collected during the very first
minutes.

2.3 Social Media in Urgent Events

Social network services and social forums have become popular channels for in-
formation dissemination in recent years, especially in urgent situations. Online users lev-
erage the power of online social networks to deliver exclusive photos, personal experi-
ences, opinions, and official news to others. Several research groups have studied how to
use social network services to detect emergent situations such as earthquakes [25, 26]
and floods [27, 28]. As well as reporting natural disasters, numerous reports have ad-
dressed the capability of social media to connect potential protesters to strengthen par-
ticipation in social movements [29-32].

Regarding social movements, one previous report [33] proposed that social media,
such as Facebook and Twitter, could be leveraged by activists to challenge traditional
mass media. However, since the number of messages might be overwhelming while new
events arise [34], Kang pointed out that articles become meaningful only when others
pay attention and respond to them [35]. In addition, some studies have proposed that
social movement organizations might not be able to control their messages through so-
cial media because of the multitude of voices among social media, and that a move-
ment’s theme could be changed as a result [31, 36, 37]. Based on the abovementioned
literature, we consider an early-detection methodology for trending articles to be benefi-
cial for social organizations to realize quickly which articles are popular at the moment.
In addition, such identification could help organizations respond quickly to the multitude
of voices that could potentially fragment a movement as well as an election campaign

group.
2.4 Concept of Opinion Leaders

Katz first described a two-step model [38, 39] for explaining the opinion leader
concept in communications. According to this model, information from mass media is
first received by those people who act as opinion leaders. Later, these leaders dissemi-
nate the information to their readers. A number of scholars have focused on this concept
in real life, a widely studied example being market mavens [40-42]. According to Katz,
opinion leadership can be categorized into three dimensions on the basis of the behavior
and capabilities of an individual:

1. Who one is: a person’s specific values or characteristics, such as an optimistic per-
sonality;

2. What one knows: a person’s expertise, capabilities, and knowledge of a particular
topic, and,

3. Whom one knows: the number of people an individual knows or with whom he or she
maintains contact.

However, identifying online leadership is not a simple task according to the three
dimensions in [38] due to the anonymity of online forums. It is not easy for observers to
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distinguish accurately who is a leader from the limited information about an online user.
To determine correctly who the leaders are, or more precisely, who can influence more
users or even change public opinion, many methodologies leveraging structural analysis
in social networks have been proposed for discovering online leaders [43-49]. However,
online participants’ feedback behaviors toward users have not been studied thoroughly.
For example, influential authors publish articles, prompting many people to comment
(structural) and receiving ratings (sentimental). This kind of leaders has a large number
of connections showing his or her capabilities. However, these influential authors might
not be detected using merely a single metric, such as structural position or sentimental
scores, as suggested in previous studies. Therefore, this study not only considers the
structural position of an author in a network by evaluating the number of received com-
ments, but also public agreement or rejection by studying the public ratings the author
has received. In this study, we considered not only the structural position of an author in
a network by evaluating the number of received comments, but also public agreement or
rejection by studying the public ratings the author received, and we called them “hybrid
influential authors.”

3. METHODOLOGY

This section proposes different approaches to identify influential articles on a social
forum. In contrast to previous methodologies that primarily rely on page view counts, we
identify articles from two perspectives: discussion frequency and public ratings. We lev-
erage the peer-to-peer rating mechanism, which enables us to observe opinions of every
article. From the observation of reply and rating behaviors, we developed a prediction
model to identify influential articles early, according to partial reply quantities and article
rating scores. For influential author identification, based on the prediction metrics, we
present an approach to identifying notable authors’ popularity and general acceptance/
rejection from the public. Our approach can distinguish influential authors who have
written highly discussed articles and receive consistent ratings.

3.1 Article Reply Quantity Prediction Approach

In this part, we mainly employ replying history in predicting reply counts. In addi-
tion to the temporal changes of the number of replies, we added article attributes into the
model to enhance the model, including the word count, keyword occurrences, and article
publishing time and date. To achieve this, we initially investigated the reply quantity of
each article to measure its popularity. Previous methodologies have typically measured
the popularity of each article by the number of views. However, there are two defects
with this. First, it is easy for a programmer to write scripts to produce page views for an
article automatically. Second, since the page view count indicates only the content load-
ed on the user’s browser, it is unknown whether the user reads the content thoroughly or
just glances at the article. To avoid possible bias introduced by measuring an article’s
influence according to the page view count, we considered the reply quantity to be a
more solid indicator of effective dissemination than the number of page views, since a
reply is an action taken by a user.

Our goal was to identify those articles that received more replies from online users.
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To identify possible popular threads from a large number of articles in a short time peri-
od, we built a model to predict the final number of replies from the temporal reply be-
havior to an article and other related metrics. By using our prediction model, it is possi-
ble to forecast the number of replies an article will receive and to identify the most dis-
cussed articles.

3.1.1 Temporal changes in reply quantities

We began from the temporal changes in the reply quantities. The following metrics
were employed.

Definition 1: The total number of replies to article p is denoted as T,,. An observer mon-
itors the reply behavior of p for s time slots, from slot 1 to slot s. The length of each time
slot is ¢ seconds. The number of replies in each time slot i of p is denoted as D; .

By using this approach, we sought to use the temporal reply behavior during each
time slot D;, to estimate 7),. Since we wanted to shorten the time required for an accurate
prediction, s and ¢ had to be estimated carefully. More time observed might enable the
acquisition of more information to predict the results, while less time observed would
provide real-time identification for possible popular threads. Because our objective was
to forecast the number of replies in a short period after an article was posted, we aimed
to find the shortest observation time, ¢ * s, for a high accuracy.

3.1.2 Development prediction model

In addition to the temporal reply behavior, we considered the following article-re-
lated metrics that could influence the reply behaviors of users and that could be incorpo-
rated into our model.

e Text length: Since the length of text in a social forum is not as limited as it is in Twit-
ter, users can take more time to read and understand longer articles. We considered the
length of a text to be a factor and included it into our model. Since the articles on PTT
were mainly written in Chinese, we counted the number of Chinese characters in the
text body of an article as the text length.

e Work or leisure hours: An article can be published at midnight or in the afternoon,
and it can receive different amounts of attention at different times. To offer a better
prediction, we investigated whether the publishing time affected the number of replies
to each article. If the article was published between 8:00 AM and 8:00 PM, this metric
was set to one; otherwise, it was set to zero.

e Workday or weekend: We also investigated whether an article being published on a
workday or on a weekend would influence the prediction. If an article was published
between Monday and Friday, it was categorized as a workday article; otherwise, it was
a weekend post. If an article was published Monday through Friday, this metric was set
to one; otherwise, it was set to zero.

In our prediction model, the dependent variable 7}, is the number of replies to article
p, and our regression factors include the number of replies in time slot 1 to n as D,
D;,, ..., Dy, We also incorporated the abovementioned article-related metrics into our
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regression model. For every article p, our model can be expressed as

T =a,+ ZaiD[’p + BText, + B,is.workhour, + Biis.workday , . (1)

P
i=1

From the prediction model, we proposed to detect early possible influential articles
with high reply quantities, while observing the reply behavior for a short time.

3.2 Article Rating Score Prediction Approach

In this section, we discuss the prediction of article rating scores to extract those arti-
cles that receive high volumes of consistent ratings (extreme rating scores) from online
users. When an article receives strong positive/negative polarity, it can be influential,
because many users express opinions about it, and most of these users hold the same
opinion. To predict the rating scores, we initially quantified each article’s rating score
according to the peer-to-peer rating mechanism on social forums. We developed a re-
gression model to predict the final rating scores of articles on a social forum based on
records observed early. By our prediction model, we proposed to detect early influential
articles that could receive extreme positive/negative rating scores.

3.2.1 Quantifying public opinion toward articles

To quantify public opinions toward articles, we began from a rating mechanism that
included thumbs-up, thumbs-down, and neutral options for users to express their atti-
tudes.

Definition 2: For any article p on the forum, the total number of ratings of p is denoted
as R,. The number of thumbs-up, thumbs-down, and neutral ratings of p are denoted as
TU,, TD,, and NT,, respectively.

From the abovementioned definition, the relationship between TU, TD, and NT can
be expressed as

R,=TU,+ TD,+ NT,, 2
and the rating score of p can be computed as

Article.score, = TU, — TD,,. 3)

An extremely positively or negatively rated article can imply consistent opinions
from online users toward the article since there is a significant difference between TU
and 7D on the thread; Also, this kind of article indicates that the audience pays more
attention to it, because more users express their opinions toward such articles.

3.2.2 Determining a suitable rating data size for prediction

To predict extreme rating score articles accurately in a short time period, it is nec-
essary to determine the number of ratings » that must be observed. We defined the partial
rating records of an article as follows.
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Definition 3: For any article p on a forum, the numbers of thumbs-ups, thumbs-downs,
and neutrals observed for p in the first » ratings are denoted as TU,,,, TD,,, and NT,,,
respectively.

Since the objectives are to shorten the observation time and to raise the accuracy,
finding a minimum value of » is important. A larger n yields more rating records for pre-
dicting rating scores but requires more time, while choosing a smaller n yields less evi-
dence to build the prediction model. However, during emergencies or developing events,
people might care more about decision speed, rather than prediction accuracy. Hence, the
smallest # that could help in deriving a particular prediction accuracy in a short time pe-
riod is preferable.

In the proposed methodology, we consider to choose the smallest » must yield high
correlation coefficients (Pearson » >= )) between the percentages of thumbs-ups/thumbs-
downs in the first # ratings and in the complete ratings. We set the threshold « value as
0.8, a general standard for indicating a high correlation between two continuous varia-
bles [50, 51]. This threshold (« = 0.8) indicates that the relationship is at least 64% high-
er than no relationship when r is over the threshold.

3.2.3 Developing a prediction model

We incorporated the partial rating records and some article-related features into the
prediction model. The following factors were used in our model:

o 1 denotes the first n rating records used to predict the final article rating score,

e TU,, and TD, , denote the numbers of thumbs-ups and thumbs-downs, respectively, in
the first n ratings of article p,

e Time,, denotes the time required to collect  ratings in article p,

o Text, represents the number of Chinese characters in the text body of article p, and

o Match, refers to the frequency of keyword occurrences in the text body of article P

Our observations demonstrate that the time difference between publishing an article
and the article being rated approaches a log-normal distribution. To achieve a better fit
on our linear regression model, we performed a log-transform log;o(x) to Time,,, denot-
ed as T ime;,,, and included it in our model. We also observed that the positive and nega-
tive rating scores both followed exponential distributions. Hence, we conducted a polar-
ity-preserving log-transform to Article.score.t,, and the transformed score is calculated as

Article.score.t, = sgn(Article.scorey)*logo(|Article.score, + 1)), @)
) I, ifa>l, 5)
sgn(x) =
g —1, otherwise.

We next included all first order predictor sand second order interactions between
TU,,, TU,,, and T ime;,n in our regression model, since interdependences between these
predictors could exist, TU, , resulting in a low TU,,,. Overall, for article p, our regression
model can be expressed as

! Note that as most of our collected articles are in Chinese, to avoid potential mis-segmentation while doing
Chinese segmentation, while counting keyword occurrences we did not apply segmentation procedure and
removing stop words in our dataset; instead, for each keyword, we calculated the total occurrence of every
defined keywords in the content string. We then derived the total keyword occurrence of each article.
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Article.score.t, = ayTU,, + a,TD,, + oo T ime;,n + 3TU, . TD,,,, + auTU,, ,: T ime;,,,
. * . *
+ osTD, . Timey,, + a6TU,, .. TD,, 2 Time,,, + foText, + piMatch,,.

3.3 Hybrid Influential Author Identification Approach

This section proposes a hybrid approach to identify influential authors leveraging
peer-to-peer ratings on the forum. To find possible influential authors with two opinion
leader characteristics, popular and generally accepted/rejected, we defined the influential
scores of authors as follows.

The rating score of article p posted by author v is denoted as Article.score,. To rep-
resent the consensus among the ratings of article p, we divided the Article.score, by the
number, R,, which refers to the number of ratingA)s_ticgaUz}erticle p. Hence, the consensus
score of article p can be denoted as Consensus, = ———, where —1 < Consensus, < 1.
We next defined the consensus score of author v by calculating the average consensus
scores of all articles published by author v as follows:

z Consensus
PEV P

(7

Author score, =
Post,

The author scores consider the permanency of the ratings that each author has re-
ceived. This score can be used to measure the average consensus from the public regard-
ing the author. However, our objective was to identify not only publicly agreement/dis-
agreement, but also popular authors. To add the popularity characteristic to the score, we
slightly alternated Author.score calculation and incorporated the logarithm of the number
of comments, log;o(R,), received by the author into the influential score calculation. The
influential score of author v can be computed using

ZPEV (Consensus,, *1og,,(R,))
Post, '

®)

Influential score, =

This definition of the Influential.score reflects the measurement of two characteris-
tics (popular and consistently rated) of each author. However, bias can result in misiden-
tification of influential authors, when the number of ratings is extremely small, e.g., only
one rating for an article. As a result of receiving very few ratings, the article consensus
score of such an author will be near 1 or —1. To avoid such biases, in this study we
counted only articles that had many ratings (R, > 20), and we assigned a weight (denoted
as log;o(R,)) to each article to reflect the difference in rating quantities; receiving more
ratings resulted in a higher score. As our goal is to identify “hybrid influential authors”
who can either receive many ratings and extreme scores, to demonstrate the capability of
our method, we will select two popular baselines to depict that our method to identify
popular and generally accepted/rejected authors on the forum.

4. EVALUATION

We evaluated our proposal using through three social events: a large-scale social
movement and two major election campaigns in Taiwan. We briefly describe the events
as follows; (1) The Sunflower movement was a protest that occurred in Taiwan from
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March 18, 2014 to April 10, 2014 to express opposition to the content of the Cross-Strait
Service Trade Agreement (CSSTA) between Taiwan and China and the review process
of the agreement; (2) The 2014 Taiwan general election was focused on the mayoral
elections in six special municipalities, accounting for two-thirds of the population of
Taiwan (16 million); (3) The 2016 Taiwan presidential election was the most important
election in Taiwan and elected the current president.

4.1 Dataset Descriptions

We focus on the PTT, the largest social forum in Taiwan. We studied the most pop-
ular board called “Gossiping,” which focuses on political news discussions. We crawled
all the articles, including article content, reply records, rating records, and article
metadata during the Sunflower movement and the last two months of the two election
campaigns in Taiwan. We preprocessed our crawled datasets according to the title and
content of each article. Articles that did not contain keywords related to the movement or
the names of the candidates were removed. To concentrate on highly discussed and
highly rated articles, we included in our datasets only those articles that had been rated
by and/or to which at least 20 users had replied. The summaries of the three datasets are
presented in Table 1.

Table 1. Summaries of our 3 datasets.

2014 Movement 2014 Election 2016 Election
Start 2014/03/18 06:00:00 2014/09/30 06:00:00 2015/11/16 06:00:00
End 2014/04/11 06:00:00 2014/11/30 06:00:00 2016/01/16 06:00:00
# Articles 8,431 7,211 3,022
# Replies 609,232 623,340 237,135
Words/post 574.3 612.5 638.8
Ratings/post 72.3 86.4 78.5
# Users 49,681 36,452 23,614
# Authors 4,518 2,483 1,235
# Raters 48,832 35,983 23,239

4.2 Predicting Reply Quantities

We set different time slots (from 1 to 6) for observation to develop a regression
model; multiple time slots enabled us to incorporate temporal changes into the regression
model. We also varied the length of observations from 3 to 25 minutes (180 to 1500
seconds). We evaluated the prediction accuracy of our model by changing the total ob-
servation time. In addition, for the same observation time, we applied different time slots
to investigate whether more observation frames would increase the prediction accuracy.
We used two metrics to measure the accuracy: the adjusted R* and the Spearman p.
Based on the adjusted R* values, we evaluated the accuracy of our regression model.
However, if a user’s objective is to filter important articles on social forums, he or she
might care more about the relative ranking of these articles rather than the actual number
of replies to each article. Therefore, we used the rank correlation indicator, the Spearman
p, to investigate the accuracy of our model in predicting the rankings of articles.

Our evaluation results, described in Fig. 1, reveal the following significant findings;
(1) The prediction accuracies determined by using both the adjusted R* and p increase
with the observation time. These results were expected because more observation time
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Fig. 1. Temporal behavior prediction results for both datasets.

yields more records for model building; (2) There is no significant difference in accuracy
between the results obtained using different time slots (from 2-6 slots) and slot sizes with
the same length of observation time. Only in the 1-slot setting, the model is not as good
as in other slot settings. The results are reasonable because the 1-slot setting removes the
temporal change feature in the model; (3) Our prediction model performs well (Spear-
man p > 0.8) in these events when observing more than 900 seconds. Meanwhile, an
article’s reply-rate rank can be predicted accurately within 15 minutes after authors pub-
lished the article. The results present a significant reduction in the time spent if we use
the model for prediction rather than waiting until the reply behavior becomes smooth.

We further compare the predicting performance of our model and other two popular
methods, S-H model [5], and Pinto model [18]. We set the time slot from 4 to 6 and ad-
justed the observation time from 3 to 25 minutes. We here adopted mRSE (mean relative
squared error) and MSE (mean squared error) as the evaluation metrics. From the results
shown in Fig. 2, we find our model outperforms the other two previous studies. From the
experiment, we consider our model could help predict popular articles while monitoring
a short time on the forum during emergencies.
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Fig. 2. Prediction accuracy for our proposal and the other two popular methods.
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We also present the regression table of our proposed model (setting: 6 slots, 1500-
second observation time) in the three datasets in Table 2. From the table, we can find
most of the variables we included in the model are significant and these features do con-
tribute to the model in different datasets. The adjusted R? is all over 0.8 in the regression.
In addition, to identify potential overfitting, we employed 10-fold cross-validation to
estimate the performance of our model. The RMSE of 10-fold validation has slight dif-
ference (< 3%) with the RMSE of the entire dataset and 10-fold validation, and we con-
sider our regression models are not overfitted.

Table 2. The regression table of our proposed model in three datasets.
2014 Movement 2014 Election 2016 Election

first_slot 0.924%** 0.897#** 0.794%**
»=0.000 p=0.000 p=0.000
second_slot 1.070%** 0.903%** 1.100%**
p=0.000 p=0.000 p=0.000
third_slot 1.040%** 1.560%** 1.450%**
»=0.000 p=0.000 p=0.000
fourth_slot 1.880%*** 2.160*** 3.080%**
p=0.000 p=0.000 p=0.000
fifth_slot 2.950%** 3.060%** 4.620%**
»=0.000 p=0.000 p=0.000
sixth_slot 4.070%** 5.560%** 5.330%**
p=0.000 p=0.000 p=0.000
word_count 0.002%** 0.010%** 0.006%**
»=0.000 p=0.000 p=0.000
post_hour —2.200%** —6.100*** —8.770***
p=0.00001 p=0.000 p=0.000
Constant 2.940%** 2.480%** 4.370%**
»=0.000 p=0.004 p=0.008
Observations 8,431 7,211 3,022
Adjusted R? 0.916 0.877 0.809

Note: p<0.1; "p<0.05; "p<0.01

4.3 Predicting Article Rating Scores

To establish a reliable prediction model that meets users’ expectations regarding
both accuracy and speed, the number of records to observe must be carefully determined.
To investigate potential features, we perform exploratory data analysis (EDA) over our
dataset. We observed the percentages of thumb-ups/thumb-downs (7U/TD) in the first n
ratings correlate to the complete rating records. Thus, we first computed the portions of
TUITD of all articles in the dataset. Next, for each n ranging from 1 to 20, we calculated
the portions of TU/TD of all articles in the first » ratings. Finally, for each dataset, we
retrieved the correlation coefficient of the portions of 7U/TD of the first » ratings and the
complete ratings, while n ranges from 1 to 20. Therefore, we had 20 points for 7U, 20
points for 7D and derived the coefficient changes as shown in Fig. 3. The figure shows
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the correlations between the percentages of thumbs-ups/thumbs-downs in the first » rat-
ings and in the complete rating records of an article in the three datasets.
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X o 4
@ | v VY % Y ¥ X 3 A
=] s v Vv V' X-aa
v Sl
@ | i Wi 7 =
o v £ c
() - [}
kel v s
=~ | A =
s V a 3 v
o UKD i
Sal| v §° v
&S k]
e guw |
<) 5
2= e I o v
v <« | ~
< | A Thumb-up < i | & Thumb-up
= : v Thumb-down - ¢ | ¥ Thumb-down
T T T T T T T T T T = T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
First n comments First n comments
2016 Election
2 YEXREX

08
]
o ¢

0.7

Correlation coefficient
0.6
1

w0 |
o
v
~
S A Thumb-up
. v Thumb-down
o | & 2
o T T T T T T T T T T

2 4 [ 8 10 12 14 16 18 20
First n comments

Fig. 3. Correlations between first # ratings and the complete ratings from both datasets (1 < n < 20).

From Fig. 3, it is evident that the correlation coefficients increase with the size of
the observed ratings records. Since the threshold value o was set to 0.8, according to the
methodology in Section 3.2.2, we determined the number of rating observations » = 10
for the movement dataset and n = 12 for the two election datasets because the correlation
coefficients of thumbs-up and thumbs-down are both greater than 0.8. We next devel-
oped a regression model using the predictors described in Section 3.2.3. The adjusted R’
values of the regression models with » = 10 in the movement dataset and n = 12 for the
both election datasets are 0.740, 0.718, and 0.746. The average time for collecting n ob-
servations in the three datasets are 225, 365, and 468 seconds. From the results, we con-
sidered our approach only requires less than 8 minutes for observation to achieve a high
prediction accuracy (adjusted R* > 0.71). Even though the experiment results exhibited
high accuracy, we aimed to further improve our model. We also examined the model by
changing n, the number of observations for prediction. We increased the rating records
required for models from 7 to n+5 and investigated the improvement in prediction accu-
racy. The experimental results are presented in Table 3. From the table, the adjusted R
value of our model increases to 0.808 when n = 15 in the movement dataset. However, in
the two election datasets, the adjusted R” increases to 0.767 and 0.786 with 15 observa-
tions, which is lower than that for the movement dataset. We considered the results show
that predicting articles involving heated debates on elections is relatively difficult.
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Table 3. Results of our rating score prediction model with different numbers of ratings observed.

2014 Movement 2014 Election 2016 Election

n |Adj.R> RMSE RMSE,, | n |Adj.R*> RMSE RMSE, | n |Adj. ®* RMSE RMSE,,

10 | 0.740  0.624 0.627 12 1 0.718  0.686 0.687 12 | 0.746  0.681 0.685
11 | 0.756  0.603 0.606 13 1 0.735  0.666 0.667 13 | 0.761  0.660 0.664
12 1 0.773  0.583 0.586 14 1 0.751  0.645 0.646 14 | 0.777  0.639 0.642
13 | 0.786  0.565 0.568 151 0.767 0.624 0.625 15 | 0.786  0.624 0.628
14 | 0.796  0.552 0.555 16 | 0.778  0.609 0.610 16 | 0.796  0.610 0.614
15 | 0.808  0.536 0.538 17 1 0.787  0.596 0.597 17 | 0.806  0.594 0.597

We also confirmed the effectiveness of our model by conducting a 10-fold cross-
validation. As shown in Table 3, there is no significant difference between RMSE and
RMSE,, in either datasets. The validation results indicate that our model can effectively
predict rating scores. According to our results, our model can achieve a high accuracy
(adj. R* > 0.71) with a less-than-8-minute observation. Moreover, increasing the obser-
vation time can yield better prediction results.

4.4 Identifying Influential Authors

While finding popular authors who receives many replies or extreme rating scores is
quite easy, how to find authors owning both characteristics is not easy. In previous stud-
ies, most of them are focused on certain characteristics; e.g., receiving the most atten-
tions or the most endorsement from other users. However, these scholars did not focus
and discuss the hybrid influential author identification method a lot yet. Therefore, in our
method, we focus on this kind of “hybrid authors”. To evaluate the performance of our
approach with structural methodologies, we first defined one rating from author x to the
article posted by author y as a directed edge a = (x, y), and let «(@) be the terminal vertex
of edge a. Using the definition, we constructed an author-rater graph for both of our da-
tasets. Based on the graph, we compared our proposal with the following two baseline
algorithms.

1. By in-degrees: Since the in-degree is the number of ratings an author has received, we
used it as a metric to assess author popularity. We calculated the in-degree score of
every author and chose the top ones as influential authors. The in-degree of author v is
defined as follows:

in.degree(v) = |a: (a): = V|

2. By PageRank: Leveraging from the concept of PageRank, we measured each author’s
influences according to the link structure of the author-rater graph. We select the top
authors according to their PageRank scores.

To evaluate our proposal, described in Section 3, we reviewed Katz’s [38] opinion
leader concept. First, Katz proposed that an opinion leader would have more network
connections. However, it is unknown exactly how many people an author knows. To
capture this concept more effectively for modern social media websites, we considered
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that the number of replies an author has received to be another index for measuring pop-
ularity. Katz also considered that an opinion leader would have higher expertise and ca-
pability. To measure this characteristic, we used the peer-to-peer rating records as an evalu-
ation of the capability of each author. We describe the two metrics in detail as follows.

1. Most replied-to authors: From the perspective of popularity, authors who receive
large numbers of replies and ratings could be influential, since readers pay more atten-
tion and like to express opinions regarding the authors’ articles. To measure the popu-
larity of an author, we considered that the average number of replies to an article is
an appropriate metric for measuring the average influence of a single article by the
author of interest.

2. Most agreed/disagreed authors: We considered that authors who receive one-sided
ratings when publishing articles are likely to be well evaluated according to the con-
sistent opinions of users. Authors with whom the public agrees could be influential,
because most of the users acknowledge the author’s expertise. Authors with whom the
public disagrees could also be influential, as they could represent opinion from the
opposite side and might be influential on other sites. We examined the average abso-
lute rating score of an article to measure authors’ general levels of general ac-
ceptance/rejection.

From the objectives, we designed an experiment to demonstrate the performance
author recommended by our proposal and the other two famous baselines (in-degree and
PageRank). As we aim to identify top authors who have both characteristics, in the ex-
periment, we retrieved the top » (ranging from 10 to 100) influential authors identified
by the three methods and compared the performance of these top authors according to
the two metrics. The results are shown in Fig. 4. From the figure, the authors selected by
our proposal significantly outperform those chosen by the other two algorithms for the
three datasets, especially the top 30 authors identified by our proposal. Meanwhile, the
authors selected by our recommendation not only receive more replies but also receive a
large number of consistent ratings from the public.

2016 Election 2014 Election 2014 Movement
x o [ S K
" PageRank 25 4 ® PageRank 20 1o 8 ® PageRank
S o Indegree 20 B © Indegree £ A o Indegree
Y ~ 4 Our proposal § o | Na. 4 Our proposal § o A 4 Our proposal
a2 | A D 10 | -
N e At L B =t | B, R Y
=) / #8-e #8909 o o o
=i ¢ cav_ s - c"‘_
> 7 > h
P L e e SRS ) B e el B PR | S S S G
WS T T T T T T 1 T T T O T 717 T 1 T T T 1T [ e e U U U U
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
Top K users Top K users Top K users
2 <
W = _ # PageRank £ - e u PageRank | 34\ = PageRank
¥ ~ o Indegree TS A o Indegree s A o Indegree
- N 4 Our proposal g“‘ e 4 Our proposal g i N 4 Qur proposal
o A o | A, o y .
2 il ® g A “w’% 1 e A
(=} i l"":;r:‘.’::‘ —2 81 o A = —3 = A
© i o/.’wF il é; g B o éo ¥ e R
S ls a5 5 o = = =u ?m ——— - = = 8 = 8 u g-,m’. P
— T T T T T 1 T T T & T T T T T T T T T & — T T T T T 1 1 T
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
Top K users Top K users Top K users

Fig. 4. Evaluation of the identified influential authors using our proposal and two previous meth-
odologies.
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5. CONCLUSIONS AND FUTURE WORK

To distinguish important articles on a social forum efficiently, we proposed meth-
odologies to predict possible trending threads. We evaluated our proposals by studying
user behavior on a popular online social forum in Taiwan during three major social
events: a three-week-long social movement and two two-month-long election campaigns,
including a major mayoral election and the presidential election in Taiwan. The contri-
butions of our research are described as follows:

1. Information filtering: We proposed two indicators, reply quantity and rating score,
by leveraging the peer-to-peer ratings records from users on a social forum. Using the
indicators, we quantified the importance of articles with different characteristics.

2. Notable thread prediction:. We used the temporal reply behavior and early rating
records to build our prediction models. We developed regression models to detect in-
fluential articles based on their early reply and rating records from online users. Our
results showed that our approach can achieve a high level of accuracy within 8
minutes of observation time.

3. Influential author identification: We proposed identifying influential authors accord-
ing to popularity and public rating consistency. Our results showed that our proposal
significantly outperforms two previous link-based algorithms, i.e. in-degree and Page-
Rank, in both average number of replies received and rating consistency from the public.

Besides the above contributions, this paper has some issues which could be further
investigated in the future research; (1) Comparing with other baselines rather than struc-
tural methods in influential author identification can be considered; (2) In this work we
focus on influential article identification; in the following studies, predicting the replying
and rating behaviors on non-popular articles could be investigated.

This research has concentrated on studying social events and the social context in
Taiwan. We hope that the methodologies introduced and adopted in this study for iden-
tifying notable articles on social sites will be used in the future, especially under urgent
situations such as disasters or social movements. In addition, we expect that our contri-
butions can help governments and organizations with news dissemination and the effec-
tive obtaining of the most recent public opinions.

ACKNOWLEDGEMENT

This work was supported by Ministry of Science and Technology, Taiwan, under
the Grant MOST 106-3114-E-002-005, MOST 106-2221-E-002-053-MY2, and MOST
107-2218-E-035-009-MY3. We would like to thank the editor and anonymous reviewers
for their valuable comments and suggestions to improve the manuscript.

REFERENCES

1. I. Rowen, “Inside Taiwan’s sunflower movement: Twenty-four days in a student-
occupied parliament, and the future of the region,” The Journal of Asian Studies,



10.

11.

12.

13.

14.

15.

16.

17

SOCIALDNA: NOVEL APPROACH FOR DISTINGUISHING NOTABLE ARTICLES/AUTHORS 1595

Vol. 74, 2015, pp. 5-21.

P. Norris, Digital Divide: Civic Engagement, Information Poverty, and the Internet

Worldwide, Cambridge University Press, UK, 2001.

. F. Liand T. C. Du, “Who is talking? An ontology-based opinion leader identifica-

tion framework for word-of-mouth marketing in online social blogs,” Decision

Support Systems, Vol. 51,2011, pp. 190-197.

M. Cha, H. Kwak, P. Rodriguez, Y.-Y. Ahn, and S. Moon, “Analyzing the video

popularity characteristics of large-scale user generated content systems,” I[EEE/ACM

Transactions on Networking, Vol. 17,2009, pp. 1357-1370.

. G. Szabo and B. A. Huberman, “Predicting the popularity of online content,” Com-
munications of the ACM, Vol. 53, 2010, pp. 80-88.

. S. Siersdorfer, S. Chelaru, W. Nejdl, and J. S. Pedro, “How useful are your com-

ments?: Analyzing and predicting youtube comments and comment ratings,” in

Proceedings of the 19th International Conference on World Wide Web, 2010, pp.

891-900.

F. Figueiredo, J. M. Almeida, M. A. Gongalves, and F. Benevenuto, “Trendlearner:

Early prediction of popularity trends of user generated content,” Information Sci-

ences, Vol. 349, 2016, pp. 172-187.

K. Lerman and T. Hogg, “Using a model of social dynamics to predict popularity of

news,” in Proceedings of the 19th International Conference on World Wide Web,

2010, pp. 621-630.

M. Tsagkias, W. Weerkamp, and M. de Rijke, “News comments: Exploring, model-

ing, and online prediction,” in Proceedings of European Conference on Information

Retrieval, 2010, pp. 191-203.

T. B. Ksiazek, L. Peer, and K. Lessard, “User engagement with online news: Con-

ceptualizing interactivity and exploring the relationship between online news videos

and user comments,” New Media & Society, Vol. 18, 2014, pp. 502-520.

A. Tatar, P. Antoniadis, M. D. De Amorim, and S. Fdida, “From popularity predic-

tion to ranking online news,” Social Network Analysis and Mining, Vol. 4, 2014, pp.

1-12.

M. T. Uddin, M. J. A. Patwary, T. Ahsan, and M. S. Alam, “Predicting the populari-

ty of online news from content metadata,” in Proceedings of International Confer-

ence on Innovations in Science, Engineering and Technology, 2016, pp. 1-5.

J. Lehmann, B. Gongalves, J. J. Ramasco, and C. Cattuto, “Dynamical classes of

collective attention in twitter,” in Proceedings of the 21st International Conference

on World Wide Web, 2012, pp. 251-260.

O. Tsur and A. Rappoport, “What’s in a hashtag?: Content based prediction of the

spread of ideas in microblogging communities,” in Proceedings of the 5th ACM In-

ternational Conference on Web Search and Data Mining, 2012, pp. 643-652.

Z. Ma, A. Sun, and G. Cong, “On predicting the popularity of newly emerging

hashtags in twitter,” Journal of the American Society for Information Science and

Technology, Vol. 64, 2013, pp. 1399-1410.

C.-T. Li, M.-K. Shan, S.-H. Jheng, and K.-C. Chou, “Exploiting concept drift to

predict popularity of social multimedia in microblogs,” Information Sciences, Vol.

339, 2016, pp. 310-331.

. Q. Cao, H. Shen, H. Gao, J. Gao, and X. Cheng, “Predicting the popularity of online



1596 MING-HUNG WANG AND CHIN-LAUNG LEI

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

content with group-specific models,” in Proceedings of the 26th International Con-

ference on World Wide Web Companion, 2017, pp. 765-766.

H. Pinto, J. M. Almeida, and M. A. Gongalves, “Using early view patterns to predict
the popularity of youtube videos,” in Proceedings of the 6th ACM International
Conference on Web Search and Data Mining, 2013, pp. 365-374.

S. Nikolov and D. Shah, “A nonparametric method for early detection of trending
topics,” in Proceedings of the Interdisciplinary Workshop on Information and Deci-
sion in Social Networks, 2012, pp. 1-2.

M. Hu and B. Liu, “Mining and summarizing customer reviews,” in Proceedings of
the 10th ACM SIGKDD International Conference on Knowledge Discovery and
Data mining, 2004, pp. 168-177.

B. Pang, L. Lee, and S. Vaithyanathan, “Thumbs up?: Sentiment classification using
machine learning techniques,” in Proceedings of ACL-02 Conference on Empirical
Methods in Natural Language Processing, Vol. 10, 2002, pp. 79-86.

P. D. Turney, “Thumbs up or thumbs down?: Semantic orientation applied to unsu-
pervised classification of reviews,” in Proceedings of the 40th Annual Meeting on
Association for Computational Linguistics, 2002, pp. 417-424.

B. Pang and L. Lee, “Opinion mining and sentiment analysis,” Foundations and
Trends in Information Retrieval, Vol. 2, 2008, pp. 1-135.

L. Qu, G. Ifrim, and G. Weikum, “The bag-of-opinions method for review rating
prediction from sparse text patterns,” in Proceedings of the 23rd International Con-

ference on Computational Linguistics, 2010, pp. 913-921.

P. S. Earle, D. C. Bowden, and M. Guy, “Twitter earthquake detection: Earthquake
monitoring in a social world,” Annals of Geophysics, Vol. 54,2011, pp. 708-715.

J. W. Cheng, H. Mitomo, T. Otsuka, and S. Y. Jeon, “Cultivation effects of mass and
social media on perceptions and behavioural intentions in post-disaster recovery —
the case of the 2011 great east japan earthquake,” Telematics and Informatics, Vol.
33,2016, pp. 753-772.

S. Vieweg, A. L. Hughes, K. Starbird, and L. Palen, “Microblogging during two
natural hazards events: What twitter may contribute to situational awareness,” in
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems,
2010, pp. 1079-1088.

S. E. Middleton, L. Middleton, and S. Modafferi, “Real-time crisis mapping of natu-
ral disasters using social media,” IEEE Intelligent Systems, Vol. 29,2014, pp. 9-17.
M. Lim, “Clicks, cabs, and coffee houses: Social media and oppositional movements
in Egypt, 2004-2011,” Journal of Communication, Vol. 62, 2012, pp. 231-248.

S. Harlow, “Social media and social movements: Facebook and an online guatema-
lan justice movement that moved offline,” New Media & Society, Vol. 14, 2012, pp.
225-243.

A. Segerberg and W. L. Bennett, “Social media and the organization of collective
action: Using twitter to explore the ecologies of two climate change protests,” The
Communication Review, Vol. 14, 2011, pp. 197-215.

J. S. Juris, “Reflections on# occupy everywhere: Social media, public space, and
emerging logics of aggregation,” American Ethnologist, Vol. 39, 2012, pp. 259-279.
A. A. Olorunnisola and B. L. Martin, “Influences of media on social movements:
Problematizing hyperbolic inferences about impacts,” Telematics and Informatics,



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SOCIALDNA: NOVEL APPROACH FOR DISTINGUISHING NOTABLE ARTICLES/AUTHORS 1597

Vol. 30, 2013, pp. 275-288.
M.-H. Wang and C.-L. Lei, “Modelling polarity of articles and identifying influen-
tial authors through social movements,” in Proceedings of IEEE International Con-

ference on Systems, Man and Cybernetics, 2015, pp. 1664-1669.

J. Kang, “A volatile public: The 2009 whole foods boycott on facebook,” Journal of
Broadcasting & Electronic Media, Vol. 56,2012, pp. 562-577.

K. Gillan, J. Pickerill, and F. Webster, Anti-War Activism: New Media and Protest
in the Information Age, Palgrave Macmillan, London, 2008.

N. Fenton, “Mediating hope new media, politics and resistance,” International Jour-
nal of Cultural Studies, Vol. 11, 2008, pp. 230-248.

E. Katz, “The two-step flow of communication: An up-to-date report on a hypothe-
sis,” Public Opinion Quarterly, Vol. 21, 1957, pp. 61-78.

E. Katz and P. F. Lazarsfeld, Personal Influence, the Part Played by People in the
Flow of Mass Communications, Transaction Publishers, NJ, 1970.

A. Ruvio and A. Shoham, “Innovativeness, exploratory behavior, market mavenship,
and opinion leadership: An empirical examination in the Asian context,” Psychology
& Marketing, Vol. 24, 2007, pp. 703-722.

R. Iyengar, C. Van den Bulte, and T. W. Valente, “Opinion leadership and social con-
tagion in new product diffusion,” Marketing Science, Vol. 30, 2011, pp. 195-212.

S. J. Barnes and A. D. Pressey, “In search of the ‘meta-maven’: An examination of
market maven behavior across real-life, web, and virtual world marketing channels,”
Psychology & Marketing, Vol. 29, 2012, pp. 167-185.

D. Kempe, J. Kleinberg, and E. Tardos, “Influential nodes in a diffusion model for
social networks,” in Proceedings of the 32nd International Conference on Automata,
Languages and Programming, 2005, pp. 1127-1138.

J. Weng, E. Lim, J. Jiang, and Q. He, “Twitterrank: Finding topic-sensitive influen-
tial twitterers,” in Proceedings of the 3rd ACM International Conference on Web
Search and Data Mining, 2010, pp. 261-270.

K. Song, D. Wang, S. Feng, and G. Yu, “Detecting opinion leader dynamically in
Chinese news comments,” in Proceedings of International Conference on Web-age
Information Management, 2011, pp. 197-209.

Y. Cho, J. Hwang, and D. Lee, “Identification of effective opinion leaders in the
diffusion of technological innovation: A social network approach,” Technological
Forecasting and Social Change, Vol. 79, 2012, pp. 97-106.

Y. Li, S. Ma, Y. Zhang, R. Huang, et al., “An improved mix framework for opinion
leader identification in online learning communities,” Knowledge-Based Systems,
Vol. 43, 2013, pp. 43-51.

W. Zhang, X. Li, H. He, and X. Wang, “Identifying network public opinion leaders
based on Markov logic networks,” The Scientific World Journal, Vol. 2014, 2014,
pp. 1-8.

N. Ma and Y. Liu, “SuperedgeRank algorithm and its application in identifying
opinion leader of online public opinion supernetwork,” Expert Systems with Appli-
cations, Vol. 41, 2014, pp. 1357-1368.

M. Zampieri, N. Soranzo, D. Bianchini, and C. Altafini, “Origin of co-expression
patterns in e. coli and s. cerevisiae emerging from reverse engineering algorithms,”
PloS One, Vol. 3, 2008, p. €2981.



1598 MING-HUNG WANG AND CHIN-LAUNG LEI

51. P. Jones, G. Harding, P. Berry, I. Wiklund, W. Chen, and N. K. Leidy, “Develop-
ment and first validation of the cOPD assessment test,” European Respiratory Jour-
nal, Vol. 34,2009, pp. 648-654.

Ming-Hung Wang (E££8%) received his Ph.D. degree in De-
partment of Electrical Engineering at National Taiwan University in
2017. Before entering National Taiwan University, he received his
B.S. degree in Computer Science in 2008 and M.S. degree in Com-
munication Engineering in 2010, both from the National Tsing-Hua
University. In 2018, he joined Department of Information Engineer-
ing and Computer Science, Feng Chia University, as an Assistant
Professor. His research interests include network security, social
media analysis, and software-defined networking.

Chin-Laung Lei (EB#R[E) received the B.S. degree in Elec-
trical Engineering from the National Taiwan University, Taipei, in
1980 and the Ph.D. degree in Computer Science from the Univer-
sity of Texas at Austin in 1986. From 1986 to 1988, he was an As-
sistant Professor in the Computer and Information Science De-
partment, Ohio State University, Columbus. In 1988, he joined the
faculty of the Department of Electrical Engineering, National Tai-
wan University, where he is now a Professor. His current research
interests include network security, cloud computing, and multime-
dia QoE management.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


