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Abstract: In present, with the rapid development of economy and science and technology, the tourism indus-
try isleading the trend of development. Meanwhile, the era of big data is also one of the hot topics in media.
How to apply the big data of tourism in the tourism industry is always one of the research focusesin the field
of tourism. Aiming at the bottleneck problem of traditional data mining algorithm in big data processing, a
dynamic trend mining method of tourism big data based on feedback association rule is proposed. With the
proposed method, tourism datais collected, sorted, cleaned, filtered and statistically analyzed. The image spe-
cification and format of the data set are unified, and the feature extraction and fusion of the tourism image are
carried out. The latent association information between tourism image features is mined by using feedback
constrained association rule. The re-ranking of tourist images is carried out with the method of re-ranking
based on graph model. Finaly, the dynamic trend of tourism big data is analyzed according to the results of
re-ranking. Through the use of massive real tourism data, the proposed method can achieve accurate and effi-
cient analysis of the dynamic trend of tourism big data, which has certain economic value and practical signi-

ficance for the development of the tourism industry.
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1. Introduction

The development of tourism has gone through the artifi-
cia stage, and gradually developed into the current elec-
tronic and digital era. The service of the tourism industry
also transfers from the traditional offline to online, pro-
viding more diversified tourism services, which are
closely related to the internet technology (Zhou et d.,
2016; Schafer, 2017). In recent years, the wisdom tour-
ism is shown in the status and role of tourism in China
Tourism is aso an activity with mobile, rea-time, and
variant. For the serious problems of overload information
and the development of the internet, how to mine from
big data out of order in wealth is the largest area of data
mining the challenge (Liu et al., 2015).

At present, as tourism industry of Chinaisin a critical
period of construction of wisdom tourism, the construc-
tion of tourism information is essential. However, the
accurate and satisfied service cannot be provided to users,
which leads to poor experience for users. With the arrival
of big data, how to make full use of the original tourism
information and the characteristics of big datais the new
subject in the application of big data, which is through
the analysis of data mining of user history to rapid and
accurate providing efficient and satisfied tourist informa-
tion service for users (Chen & Schintler, 2015).

The traditional dynamic trend analysis method of tourism
big data based on the concept hierarchy theory cannot
provide better experience for users (Liu et a., 2016). To
address this problem, a dynamic trend mining method of
tourism big data based on feedback association rule is
proposed for the bottleneck problem of traditional data
mining algorithm in big data processing.

2. Research on Dynamic Trend of Tourism
Big Data based on Constraint Feedback As-
sociation Rule

2.1. Tourism data collection and preprocessing
2.1.1. Tourism data collection

To analyze user behavior, it is necessary to describe the
user behavior first. User behavior is stored in the tourism
log database in the form of a record. Users can browse
the three kinds of contents, which are tourism video,
tourism text, and tourism picture. The record of the
browse of three kinds of information isin form of [type,
length of time]. The record of tourism video is the num-
ber of video and the length of browse time. The record of
tourism text is the number of text and the length of stay
time. The record of tourism picture is the number of the
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browsed picture set and the length of browse time. The
format of the record is asfollows.
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Figure 1. Format of thetourism record

In Figure 1, V denotes video, T denotes text, and P
denotes picture. The analysis of user behavior generates
each record in the tourism log database, and the next step
isto clean and filter the tourism data.

2.1.2. Subject filtering of tourism plotting data

As the amount of tourism plotting datais large and quali-
ty of datais varied, the important mean is to extract the
keywords contained in the text of tourism plotting data
for further filtering. Chinese word segmentation is the
main method to extract keywords. By segmenting the
text of the tourist plotting data and calculating the weight,
the keywords can be extracted effectively. The extracted
keywords can be used to filter the tourism data effective-
ly for further data preprocessing. By using NLPIR word
segmentation system, the text information in the drawing
data can be effectively analyzed. The key words can be
extracted to obtain the relatively clean tourism data.

2.2. Featurefusion of tourism image

The image specification and format of the tourism dataset
are unified, and the feature extraction of tourism image is
carried out. In the description of tourism image, the
BovW feature representing visual feature and the color
moment feature are distributed on local details and colors,
respectively. Both of them have visua representation. In
this paper, the BovW feature (visua word bag model)
and color moment feature are used to achieve feature
fusion of tourism image (Zhao, Sun & Y uan, 2016).

For the BovW feature of tourism image, feature vector is
extracted. Firstly, the Scale-invariant feature transform
(SIFT) feature of each tourist image is extracted, where
the dimension of SIFT featureis 128. K-Means method is
used to cluster SIFT feature of tourism image. The clus-
tering center is regarded as the visual word of tourism
image, the distance between the SIFT feature points of
each tourism image to the cluster center is calculated, and
the SIFT feature is mapped into the visual words of the
cluster center. The tourism image is represented as the
feature vector based on the visual words. For the color
moment features of tourism image, the color distribution
can be represented by low order moments (the first order,
the second order, the third order) on three color channels

for the he tourism image. So the tourism image is
represented on low order moments, where the dimension
of the color moment is 255.
Singular value decomposition (SVD) is used to solve
latent semantic space of visua features of tourism image
(Djenouri et a., 2015). Singular value decomposition is
obtained by

B =TSD' D)
wherethematrices T and D are unit orthogonal, that is,
T'T=D'D=1I. The diagonal matrix S, contains the

singular values of the matrix B g, . When selecting k

maximum singular values, the approximate matrix 8§ of
S multiplies the matrix T and D to obtain the approx-

imate matrix B g, . Then
Bla » @LSA o%bDT =3 a Do )
where the matrix T,&, equals to the matrix & T R™*.

The matrix & .. Isregarded as the low dimensional re-

presentation of the matrix B, . By using & - D, asthe

approximation of B, ., , the optimization problem is giv-
en by

2
min & ol rorsa D, |} 3)

BLSA b

where ||§_ is F-norm, gLSA is a very small positive

value, and D,T R™*.

The sharing matrix of two visual feature matrices of tour-
ism image is obtained by the standard conjugate gradient
optimization method. The gradient of the objective func-
tion is represented by
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where the sharing matrix & is the obtained hybrid fea-
ture matrix based on feature fusion. It can not only retain
the important information of the matrix B, and the

matrix C, , but also mine the latent association infor-

mation between them.

2.3. Dynamic trend mining of tourism big data based
on constraint feedback association rule

Input: Tourism transaction dataset, support threshold
Support , and confidence threshold Confidence.
Output: Frequent itemset, association rule
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Steps: 8 steps for dynamic trend mining of tourism big
data based on constraint feedback association rule
1)During the firgt iteration, al the travel events are
scanned, the candidate frequent 1 itemset are counted,
and the support counter C1 of the frequent 1 itemset is
calculated.

Support: The rule AP B is established in the tourism
transaction dataset D . It means that A and B often ap-
pear together, and the ratio of the number of occurrences
to all transactions refers to support Support, denoted by

P(AE B), which is given by
D(X)

—_— 5

D] ©)
2)Comparer the counter of the candidate 1 itemset with
the set support threshold, the candidate itemset not con-
forming to the requirement is excluded and the candidate
1itemset L1 conforming to the support threshold is writ-
ten into thefile.

3) The Cartesian product of L1 obtained in step 2) is
used to obtain the candidate 2 itemset. The 2 itemset is
obtained as L2.

4) Repeat step 3) to obtain the candidate itemsets in each
phase. According to the property of the Boolean associa-
tion rule frequent itemset algorithm (Apriori), all subsets
of frequent itemset must also be frequent. Using the
layer-by-layer search technique, given the candidate K
itemset, it is only necessary to check whether the K - 1
subset is frequent.

5) The algorithm terminates until the candidate K item-
set CK isempty set. Then all frequent itemsets are found.
6) The tourism data association rule is generated by using
the rule generation function on the obtained frequent K

itemset.

7) The confidence of the generated association rule is
calculated and compared with the confidence threshold.
The tourism data association rule conforming to the con-
dition is caled strong association rule, which is the
mined dynamic trend rule of tourism big data (Dng &
Peng, 2016).

8) Apriori algorithm is end of run and output the results.

2.4. Re-ranking based on graph model

Support(AE B) = P(AE B) =

Assume given query term ¢, the image set returned by
the initid ranking result is denoted as
M ={m,m,,L,m,L} . The rank of initial ranking of
tourism image m is r.¢, after re-ranking based on visual
feature, its rank is r, . Since the single visua effect of
tourism image can only describe tourism image unilate-
rally, it is necessary to use latent space analysisto learn a
hybrid sharing feature & with two features after extract-
ing the visua features of tourism image. G =(V¢E)

denotes connection graph, where the node V ¢ is the tour-

ism image, the edge E is the smilarity of the tourism
image m and m; . Assume W =w; is weight connec-

tion matrix with e e dimensions, where w; is the
weight of the similarity of the tourismimage m and m, .

Finally, tourism images are re-ranked based on graph
model (Mcdonad, 2017).

As the visual consistency hypothesis, that is, the similar
tourism images are ranked together as far as possible, the
Laplician regularization is used to calculate the similarity
of tourism images and the difference of the rank, which is
defined asenergy functiony (r,m) .

o

Feature matrix a of the tourism images obtained by
fusion of two visual features is used to construct a Lapli-
cian regularization graph based on hybrid feature. The
weights of the edges are calculated by Gaussian kernel to
obtain weight connection matrix W .
w, =exp ot ©®)
where s isthe width parameter of Gaussian kernel func-
tion, |, -4,| ishybrid visual feature of tourism image.
The energy function is given by

10
y (r!m):Eaj'Wij (ri - rj)2

(7)

where Laplician matrix is L=D-W , D denotes di-
agonal matrix and d; =& w;, the constructed graph is
1

A 1
denoted as G and equalsto D 2WD?2.

The Laplician regularization is normalized and weight
1 1

matrix W is normalized by & 2W & 2. Then the energy
function isfinally given by

y (r,m)=%_é1n (8)

fi IFJ’ 2
AN @)
In re-ranking the rank, only part of nodes of the con-
structed graph is selected, and a subgraph G¢is extracted
to improve the efficiency of re-ranking. Then re-ranking
is rewritten by

f=(l-eGY're 9)
where f denotes t” 1 dimensional vector, t denotes the
first t tourismimagesin theinitial ranking.

According to the association rules of tourism data and the
re-ranking results of tourism images, the dynamic trend
of tourism big data is analyzed.

3. Simulation and Analysis of Dynamic
Trend of Tourism Big Data based on Con-
straint Feedback Association Rule

3.1. Collection of tourism data

3.1.1. Collection of tourism data from tourism com-
munity website
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In order to better reflect the tourism data and mining val-
uable information from massive data, the well-known
tourism community Mafengwo is chosen in this paper. In
this website, the registered users are 25 million. There are
100 thousand photos for each scenic spot. More than
2000 blogs are newly increased on daily average. Equi-
valently, on average, 8000 people fly around the world
every day, taking photos and having delicious food. 87%
of them will contribute to travel information and 30% of
people will sort out travelling blogs every day. The in-
formation will be replied and discussed by the 500 thou-
sand active users. The website updates fast and has a
large number of information, which can be used as the
target website for experimental tourism data collection.

In this paper, data collection is obtained with the tool of
LocoySpide. This tool is programed with Visual C# and
can run under the operating system of Windows2008,

Windows2000, Windows XP, and Windows 7.
3.1.2. Collation of the collected tourism data

Taking inbound tourism of the city of Xi'an as an exam-

Meanwhile, the information of tourist is aso collated and
counted.

For a large number of tourist data collected, preliminary
filtering should be carried out. The standard of filtering is
asfollows.

In tourism notes, a certain number of photos should be
equipped, while a complete travel itinerary should be
clearly expressed for the tourism notes with no photos.
The complete record of tourist activities in chronological
order isrequired in the tourism note.

Tourism notes should be equipped with text or photos for
tourist activities.

After collation and anaysis, the number of tourists con-
forming to the research standard is 1308, the number of
tourism notesis 1416 (avisitor may continue to issue 2 to
3 notes), the number of tourism photos is 74671. Statis-
tica datais shown in Table 1. The corresponding tourist
information has also been collated, and input into the
database, part of the collation is shown in Table 2.

Table 1. Collection of collected tourism data

ple, the related tourism data is collected in Mafengwo Tourismnote | Tourism | o o0 | 1o
website. These data can be divided into two categories: and photo note
tourism note and tourism photo. Tourism notes can Persons 1115 180 36 | 1331
quickly determine the time and location of tourism from éﬁl
the text description. Photos focus on confirming the ra- %) 83.77% 1352% | 2.70% | 100%
tionality of text expression. They complement each other.
Table 2. Part of tourism information after collation of the collected tourism data
. Per capita
User Time Person | Days Form spending PageUrl
Purple onion(Shanghai) 2013-11-18 Single 5 Walk 2800 http//www.mafengwo.cn/i/288
Take meon a 2013-10-18 | Friends 4 Tourist group 3500 http//www.mafengwo.cn/i/132
trip(Guangdong)
Helen(Beijing) 2014-07-29 | Couple | 6 '”dfrpa'fl';de”t 5000 http//www.maf engwo.cn/i/295
Deserted city 2014902 | "M 4| sdfudriving | 6000 | http/www.mafengwo.cni/298
(Shenyang) child
Silent . i
Separation(Shandong) 2014-5-03 Couple 3 Leisure 4000 http//www.mafengwo.cn/i/133

3.2. Analysis of tourism data §350 B Number of people
The spatial and temporal distribution pattern of filtered 3300
information is stetistically analyzed. Based on the num- <250
ber of tourists, the time distribution characteristics of %_2
inbound tourist flow in a city are researched. The statis- 2 00
tics of the changes of tourist amount with month, tourist 150
amount with stay time, and tourist amount with the num- gloo
ber of accompanying persons is obtained. g
For the change of tourist amount with month, the number 5 50

of persons conforming to the condition is 1331. The his-
togram of tourist number with month is shown as Figure
2.

=z

0

1 234567 89101112
Month / month

Figure 2. Histogram of tourist number with month
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For the digtribution of tourist amount with stay time, the program. The program execution is shown in Fig. 5. The
number of persons conforming to the condition is 1288. results are shown in Figure 6.

The distribution of tourist amount with stay days is S T

shown as Figure 3.
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Figure 5. Program execution obtained with the presented
* method
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Figure 3. Distribution of tourist capacity with stay days

For the distribution of tourist amount with the number of
accompanying persons, the number of persons conform-
ing to the condition is 1046. The distribution of tourist
amount with the number of accompanying persons is
shown as Figure 4.

Figure 6. Program execution results obtained with the
presented method

600 In the experiments, the minimum number of support is
2 500 set to 5(As the frequency of occurrence of some item is
) a ; : :
= R too low, in order to make the dynamic trend analysis re-
3 <400 sults of tourism big data as comprehensive as possible, so
k] §300 N the minimum number of support is set to 5). Then alarge
& number of constraint feedback association rules are gen-
g 100 * erated. In order to prevent the high frequency of item
= 0 ‘0 ‘ ‘ LA a generating too many rules, the confidence is set in the
12 3 4 5 ¢ program and the rule with confidence less than 0.15 is
Accompanied by the number of removed, so the reduced association rules are obtained.
people/ person For the case of j13(Great Wild Goose Pagoda), the fil-
Figure 4. Distribution of tourist amount with the number tered rules are shown in Figure 7.
of accompanying persons 2] =15 : enafidence=0.397;
jIx19]==13 : confidence=0.268:
From statigtics, the number of tourists in the National [§11] == 13 : canfidence=C_A21:
Day holiday to the region is the largest, accounting for L&l == b3 | eonfidence~032T:
22.6% of the total annua population. The number of ac- (8 x1251] == j13 : confidence=0.213;
companying persons is mainly from 2 to 3, and most
people will choose 3 days for mid-term travelling. From Figure 7. Filtered association ruleswith the presented
the results, it can be obtained that, the tourists in the col- method
lected data have the characteristics of individual tourists,
and the seasonal intensity index can be used to analyze From the results, it can be seen that, the rules include the
the uneven time distribution of tourism demand in the combination of severa tourism services. There are more
city. Therefore, the dynamic trend analysis of tourism big repetitive items in the rules needed to be further merged.
data is mainly aimed at the domestic tourists who come The merged association rules are transferred into the
to this region. tourism relational database through the tool of Sgoop.

Dynamic trend anaysis of related tourism big data
achieve by using web service.

The collated tourism data is uploaded to HDFS file sys- Comparison of performance between the presented me-
tem. By executing shell instruction, #hadoop fs thod and the traditional method

putregulation.dat regulation.dat will package and run the

3.3. Experimental results
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The performance of the presented method and the tradi-
tional method is tested under the condition of same
amount of tourist affairs. The number of clusters for per-
formance test is 4, 6, and 9. Different number of tourist
affairsis executed and the running time is recoded. Com-
parison isshown in Table 4.

Table 3. Cluster for performance test
[ Cluser | Namenode | Datanodes |

number
4 10.2.192.47 10-2-19%‘21%5--10.2.1
6 10.2.192.47 10-2-19%‘21?5-2--10.2.1
9 10.2.192.47 10-2-19%‘21%5---10.2.1

Table 4. Comparison of performance between the presented method and thetraditional method

Runnin time / Number of affairs with the presented Number of affairs with the traditional
unning imes method /10°4 method /10°4
Method
3 6 9 3 6 9
4 322 468 512 582 789 930
6 487 496 579 763 882 997
9 501 568 637 1529 1633 2352

From the results, it can be seen that, for Hadoop cluster,
the performance of the program obtained with the pre-
sented method is better than the traditional method. With
the increase of the number of clusters, the execution time
will be shorter and the effect is obvious. However, two
points should be noticed. First, when the number of tour-
ist affairs is small, the presented method does not have
much advantage. When the number of tourist affairs is
small, the execution time with the presented method is
not smaller than the traditional method. Because it takes
time to assign tasks from Tasktracer to Jobtracker.
Second, the running time of the same number of affairs
for 6 clustersand 9 clustersis the same. The reason isthe
number of tourist affairsis not large enough. In 9 clusters,
2 datanodes are not assigned to job, so although 9 clus-
ters are running algorithms, actualy only 7 datanodes
work. Limited to the experimental conditions, only the
above experiments have been carried out for data and
cluster.

Generaly, the efficiency of agorithm tends to be propor-
tiona to the number of cluster nodes. Thee advantage of
the presented method is the greater the amount of tourism
data in computation, the better the performance. In addi-
tion, the memory space is limited for the traditional me-
thod. As recursion operation reguires a lot of memory
with large-scale 1/O operation, it will inevitably cause
waiting or blocking. However, in the presented method,
the data is assigned to multiple Datanodes by Namenode,
and the Job is assigned to each node, and then the work-
ing pressure of the program is dispersed. Additionaly,
Map/Reduce is two separate running processes. For the
I/O operation, the cost of the presented method is rela-
tively small, the running time is reduced, and the accura-
cy of dynamic trend analysis of tourism big data is en-
sured.

4. Conclusions

With the rapid development of tourism and transportation
and the explosive growth of tourism information, tourism
data has formed a huge mass of information space. How
to analyze the massive historical data of the tourism in-
formation fast, accurately, and conveniently, which is to
find out the overall behavior with a specific area, a spe-
cific group of people or a specific need from the data, is
of great sgnificance to analyze the operation status of
tourism market, predict the impact of tourism on related
industries, and adjust the macro policy of tourism.

For the above problems, congtraint feedback association
rule is researched according to the feature of tourism data.
A method of dynamic trend analysis of tourism big data
based on feedback constraint association rule is proposed
in this paper. This method can solve the problem that the
existing data mining analysis methods are difficult to be
applied because of the frequent itemsets of massive tour-
ism data. According to the feature of tourism data, the
tourism data is mined to obtain more valuable informa-
tion for a specific area, a specific group of people or a
specific need. In this way, the dynamic trend of tourism
big data can be more accurately analyzed.
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