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Abstract—The authors are interested in online novel services as a
user-generated media on the Web. A large number of novels are
being uploaded, and a few novels become major. Novel writers
like to create novel of current popular genre, then current
popular genre words may frequently appear. In this paper, the
authors apply the time series analysis to the keywords words
given to an online novel by the creator. The authors construct a
trend analysis tool. The tool not only shows the trend of posted
query word(s), but also shows the trends of similar terms. This
paper describes the trend analysis system, the used data, and
some interesting analyses.
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L. INTRODUCTION

Online novel sharing service, which is a user-generated
media on Web, becomes popular and a large number of novels
are being uploaded. Most of online novels are written by
amateur writers and might not be good quality. However, there
are some high quality novels. Actually, the site “syosetu.com”
in Japan [1], which is the research target of this paper, contains
more than 14 million online novels as of September 2012 and
is still drastically increasing the number of contents and
viewers. The number of contents is also increasing in the site of
“qidian.com” of China [2], as same as syosetsu.com.

There are no professional editor or no trained librarian
concerning to UGM. Neither quality evaluation nor a
categorization technique is clear. On the other hand, there are
many viewers (readers) who perform comment and favorite
registration. If we can use the collective intelligence gained by
a large number of viewers, search, the ranking, and a
classification of good quality may be possible.

We have been interesting in recommendation and
categorization of contents, such as movies [2], and scientific
papers [3]. We applied a faceted analysis of documents [4] as a
part of categorization research. We also proposed a ranking
method of the online novels based on viewer’s bookmarks [5].
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In this paper, we apply the time series analysis to the
keywords of online novels, and analyze the changes trend.
Novel writers like to write current popular genre. Most readers
like to check current popular genre, and current popular genre
novels are easy to be high-ranked on popularity ranking.
Popularity ranking is based on the number of page view,
unique viewing users, or bookmarks. So, current popular genre
words may frequently appear in brand-new posted novels.

The composition of this paper is as follows. In section 2, we
briefly describe service of syosetu.com, and show statistics of
novels and keywords of the site. Section 3 describes the
keyword trend analysis methods. In section 4, we explain the
keyword trend analysis tool, which we developed. The tool not
only shows the trend of posted query word(s), but also shows
the trends of similar terms. In section 5, we discuss the
developed tool with showing some interesting analyses. We
conclude this paper in section 5.

II.  STATISTICS OF SYOSETU.COM

This section shows some statistics of novels on syosetu.com,
and illustrates an example of novel.

A. Number of novels

Table 1 shows the number of novels, registered readers, and
writers on syosetu.com. Figure 1 shows the number of monthly
novel posts. It is clear that the number of contents is drastically
increasing.

Table 1 Number of novels, readers and writers

Item Mar. May Jul. Sep.
2012 2012 2012 2012
Novel | 134,763 | 159,090 | 168,396 | 148,278
Reader | 195,716 | 240,730 | 258,478 | 272,512
Writer | 46,938 | 53,396 | 56,214 | 44,585
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Figure 1 Monthly novel posts to syosetu.com

B. Novel metadata

A novel of syosetu.com is classified into short novel or
series novel. A serial novel consists of several sections, a short
novel has one section. A novel of syosetu.com is also classified
into completed novel or not. Short novel is certainly completed
novel. Figure 2 shows an example of novel metadata. It is the
metadata of the novel “Knight’s & Magic” (novel ID: n35560).
Figure 3 shows its TOC (table of contents) page. This is a serial
novel, and the TOC page shows section titles.
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Figure 2 Metadata page (ID: n35560)
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Figure 3 TOC page (ID: n35560)

The author can set the title, the author’s name, the genre,
keywords and the outline as metadata, when he/she posts a
novel. Genre has to be chosen from 15 keywords provided by
the site manager. The author can choose arbitrary keywords
freely with a limited length. The outline can be described as
he/her wishes with a limited length.

C. The number of keywords

Table 2 shows the number of metadata files, unique words,
and co-occurred keyword pair as of September 2012. We use
the symbols D, W and P to represent the following data sets for
convenient.

Table 2 Numbers at September, 2012.

Symbol #of Description
elements
D 148,278 | The set of novel metadata.
w 90,052 | The set of keywords.
p 1,022,788 The set of pair of co-occurred
keywords.

The number of elements of D is equal to the all posted and
novels in syosetu.com. W is the set of the unique keyword,
which appeared in the keyword column of the metadata. P is
the set of keyword pair, which co-occurred in the keyword
column.

III.  KEYWORD TREND ANALYSIS WITH FREQUENCY

We use two methods for keyword trend analysis. One is the
time plot of the keyword frequency for every period. This plot
investigates the increase or the decrease of a word frequency.
The other one is similar word analysis.

A. Frequency to time plot

The metadata of a novel has the post date (year, month, and
day). Let m is a month, D(m) is a subset of D, where d in D(m)
is a novel which is posted at m. Let df(w, m) is the document
frequency of the word w of D(m). We plot f{w, m) to the month
m, flw, m) = dfiw, m) / |D(m)| , f'is normalized value of df.

Trend is seen from time series change of f{w, m). If {lw, m)
increases to a certain period, the word w is in fashion in the
period. If it decreases, it can be judged that fashion has gone
out of use.

1) Target field
It is possible to count word from title, outline, genre, and
keyword. We only count words from keyword field in this time.
The novel author gives the keywords by oneself. The author
may believe that keywords express the feature of his own work.
Therefore, it is suitable for the trend analysis. Since the number
of words of the keyword field is small, it is suitable as the first

trend analysis. In the future, we will check the words in other
fields.

2) Date

There are two date fields in the metadata. One is
submission date, and the other is the date of last update. In the
plot of dftlw, m), we use the submission date as m. The



submission date may be reflecting the fashion at the starting
time of a novel.

B. Similar words

Keywords are not controlled. Amateur writer gives
keywords his/her own novel. There was some fluctuation in
keyword. Then, the trend analysis tool not only show the trend
of query words but also show the trend of related terms
automatically calculated using similarity.

1)  Why similar words?

In case of general things, it is easy to select query word. For
example, the “weather” will be chosen as a query when you
want to know weather forecast. You will add the place name to
the query, if you want to know specific place weather. The
“timetable” will be chosen as a query when you investigate the
timetable of a train or a bus.

In the case of a special field of study, it is difficult to select
a query word. If you are an expert of the field, you can select
suitable word. For example, let us consider a case to investigate
the performance of a smart phone. If you are an ICT engineer,
it is easy for you to select the model name, OS name, the
application name, the telecommunications standard, and so on.
It is difficult to select suitable words, if you are not an expert.

In case of online novels, it is easy to select general genre
words, such as history, sports, war, and so on. However, it is
difficult to select suitable query word for a niche field. As
shown in Table 2, the number of unique words is huge. Since a
new word is continuously registered, diversity of keyword
space becomes increasingly large. It may be a help to search
novels by showing the similar word of a query word.

2)  Two Similarities

Various similarities are defined. In this paper, we used
cosine similarity and Jaccard coefficient. Cosine similarity can
be calculable by two word vectors of document vector model.
Jaccard coefficient is calculated as an operation during two sets.
Let x and y are words, D(x) is a subset of D, and document d in
D(x) has the word x in the document. We use Jaccard
coefficient of D(x) and D(y) as the similarity of word x and y.

When calculating cosine similarity and a Jaccard coefficient,
we have to care high frequency words and low frequency
words. Let us consider low frequency words. If frequency of
the words x and y are 1, x and y only co-occurs in one
document, the cos(x, y) and Jaccard(x, y) are 1, highest value.
But x and y are not similar. To avoid this problem, we set a
threshold and cut off low frequency words for similarity
calculation.

Next, we consider high frequency words. A high frequency
word appears in many documents, and it co-occurs with many
words. Most of high frequent word is a general word. It may be
an obstacle for investigation novels. We consider using IDF
value (inversed document frequency) to reduce influence of a
high frequency word. The effect of IDF is mentioned later.

IV. TREND ANALYSIS TOOL

In this section, we show our developed trend analysis tool.
The tool consists of two parts. One is preprocessing part, and
the other one is search part.

A. Preprocessor
Figure 4 shows the outline of the preprocessor.

Internet
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Crawler

Similarity

Figure 4 Preprocessing

1) Metadata crawler

We implemented the metadata crawler as a Ruby script
using Web APIs (Narou-APIs). Hina-project Company
provides APIs. Crawled metadata are written in YAML format.

2) Filter

We implement a word count program using Ruby language.
We used Hash structure for word counting. And the filter
program also calculates TF, DF, and extracts co-occurred
words pair.

3) Similarity
As mentioned in section 3, we calculate similarity of each
co-occurred words. The similarity program calculates cosine
similarity, and Jaccard coefficient.

B. Search part

We implemented the search part (user Interface part) as a
Web CGI program using the Apache web server. CGI
programs are also implemented in Ruby language. Figure 6
shows the outline of the search part.

A user inputs query words from a web browser. The CGI
program receives the query words, and it extracts top n similar
words based on similarity of each co-occurred words.
Normalized document frequency f{w, m) for every month is
extracted, and gunplot software makes a PNG format graph
image using the extracted monthly frequency data. Figure 6
illustrates a web image of trend analysis.
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Figure 6 An image of the trend analysis

V.

This section describes the experiment and the evaluation of
the proposed keyword trend analysis system.

A. The data set

Table 3 shows the data set, which we used as evaluation of
our trend analysis. They are subset of data shown in table 2.
We cut off low frequency words.

EXPERIMENT AND EVALUATION

Table 3 Analysis data set
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Figure 7 Radical curve at Nov. 2009.

We researched the reason of radical curve. A system
trouble happed in 2009. As a result, the number of novel post
was becoming fewer. Moreover, the regulation of novel post
was changed in November 2009. After that, the maximum size
of all keywords is less than 200 bytes. Then, the number of
words in keyword field decreases, and normalized frequency
flw, m) is also decreasing sharply. After January 2010, keyword
trend is stable.

C. Comparison of slimiarity

We compared two similarities. Table 4 shows top 10
similar words for “family”. (1) and (2) are Jaccard, and (3) and
(4) are cosine. (2) and (4) are the value with IDF value of
similar word.

Table 4 Comparison of similarity (for “family”)

Symbol #of Description
elements
s The set of novel metadata,
p 135,164 which has at least one keyword.
W 6,484 The set of keywords, which
appear more than 5.
The set of pair of co-occurred
P’ 36,804 | keywords, which co-occur
more than 5.

B. Time period for trend analysis

The trend analysis period is from the date of syosetu.com
service start until September 2012. We found that trend graphs
radically changes at late of 2009. Figure 7 shows an example of
radical curved graph.

(1) Jaccard (2) Jaccard * idf
No. word simlarity| |No. word simlarity
0 | family 1 0 | family 1
1 |home drama 0.038 1 [home drama 0.294
2 |ties 0.031 2 |ties 0.246
3 | happiness 0.028 3 [happiness 0.221
4 |modern 0.027 4 | parent and child 0.205
5 [parent and child| 0.025 5 [friends 0.185
6 |literature 0.023 6 | modern 0.184
7 | friends 0.023 7 [brother 0.178
8 |death 0.022 8 [death 0.173
9 |happy ending 0.022 9 [mind 0.171
10 | hono-bono 0.022 10 | impression 0.163
(3) Cosine (4) Cosine*idf
No. word simlarity| [No. word simlarity
0 | family 1 0 | family 1
1 |home drama 0.085 1 |home drama 0.656
2 |ties 0.07 2 |ties 0.555
3 |parent and child| 0.064 3 | parent and child 0.524
4 |modern 0.062 4 | happiness 0.49
5 | happiness 0.061 5 |wife 0.463
6 | hono-bono 0.061 6 [ father 0.455
7 |literature 0.053 7 | brother 0.435
8 | brother 0.052 8 [mordern 0.426
9 |happy ending 0.051 9 |hono-bono 0.401
10 | father 0.051 10 | mother 0.394




We inspect influence of IDF. In the right tables, (2) and (4),
similarity are multiplied by IDF value of the similar word.
Table (1) and (3) have the word “literature”, but (2) and (4)
don’t have it. “Literature” is one of designated genre words. Its
frequency is high, and it is a general word. IDF multiplied
similarity has good effect to avoid general words. Next we
compared Jaccard and cosine similarity, but couldn’t find clear
difference between two. We thought that Jaccard may be a little
bit better than cosine.

D. Case study

This subsection shows four interesting trend analyses. The
period of trend analysis is from January 2010 until September
2012.

1) Case “Game”

Figure 8 shows the trend of “game”. Similar words of game
are “RPG”, “Online”, “VRMMO”, “MMO” and “VR”. These
are computer game related words. “Game” and similar words
are rising after October 2011. We know that computer game
like novels are become popular in syosetu.com.

f(w, m)

2) Case “Sea”

Figure 9 shows the trends of “sea” and similar words of sea.
They are ship, summer, mermaid, nature and pirate. In this
graph, the trend of “summer” is significant. The blue line of
figure 9 is the trend of “summer”, and it rise at summer season
in every year.

3) Case “Tsun-dere”

“Tun-dere” [9] is a Japanese character development process
that describes a person who is initially cold and even hostile
towards another person before gradually showing his or her
warm side over time. The red line is the trend of “Tsun-dere”,
and the green line is the trend of “Yan-dere”, which is similar
to “Tsun-dere”. Red line (tsun-dere) shows a declining trend,
but grean line (yan-dere) shows an uptrend.

4) Case “Harem”
Figure 11 shows the trends of “harem” and similar words of
it, cheat, strongest, beauty, love comedy, and slave. These
topics become popular.
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Figure 11 Trend of “Harem”

VI. RELATED WORK

Yin et.al proposed a keywords trend analysis system [10].
They apply their system for research proposal documents.
Figure 12 shows an analysis of their system. Although there
are many researchers, discipline are diverse, researchers who
works a subject may not be many. Therefore, keyword will
appear in sparse.

Google trends [11] provides time trends analysis based on
query words. Figure 13 showed trends of “game, RPG,
online”, VRMMO, MMO and VR”. They are the same words
in Figure 8. Present Google trends does not have similar words
support.

Moving average is suitable technique to evaluate wide
range trend. Trend of stock price are illustrated in moving
average, and range is 13-week, 26-week. We should
implement moving average into our trend analysis tool.

VII. CONCLUSION

Online novel become popular in recent years. Because a lot
of contents are archived in UGM service, search engine plays
an important role to find good contents and automatic
categorization. In this paper, we apply the time series analysis
to the keywords of online novels. We developed a trend
analysis tool as a Web CGI system. The tool shows not only
trend of query word, but also shows trend of similar words. We
show four interesting trend analyses. The tool illustrates that
relation of trends of similar words. In the future, we want to
implement moving average for trend graph plot.
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