278

1

IEEE TRANSACTIONS ON KNOWLEDGE AND DATA ENGINEERING, VOL. 26, NO.2, FEBRUARY 2014

A Cocktail Approach for Travel
Package Recommendation

Qi Liu, Enhong Chen, Senior Member, IEEE, Hui Xiong, Senior Member, IEEE,
Yong Ge, Zhongmou Li, and Xiang Wu

Abstract—Recent years have witnessed an increased interest in recommender systems. Despite significant progress in this field,
there still remain numerous avenues to explore. Indeed, this paper provides a study of exploiting online travel information for
personalized travel package recommendation. A critical challenge along this line is to address the unique characteristics of travel data,
which distinguish travel packages from traditional items for recommendation. To that end, in this paper, we first analyze the
characteristics of the existing travel packages and develop a tourist-area-season topic (TAST) model. This TAST model can represent
travel packages and tourists by different topic distributions, where the topic extraction is conditioned on both the tourists and the
intrinsic features (i.e., locations, travel seasons) of the landscapes. Then, based on this topic model representation, we propose a
cocktail approach to generate the lists for personalized travel package recommendation. Furthermore, we extend the TAST model to
the tourist-relation-area-season topic (TRAST) model for capturing the latent relationships among the tourists in each travel group.
Finally, we evaluate the TAST model, the TRAST model, and the cocktail recommendation approach on the real-world travel package
data. Experimental results show that the TAST model can effectively capture the unique characteristics of the travel data and the
cocktail approach is, thus, much more effective than traditional recommendation techniques for travel package recommendation. Also,
by considering tourist relationships, the TRAST model can be used as an effective assessment for travel group formation.

Index Terms—Travel package, recommender systems, cocktail, topic modeling, collaborative filtering
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INTRODUCTION

As an emerging trend, more and more travel companies
provide online services. However, the rapid growth of
online travel information imposes an increasing challenge
for tourists who have to choose from a large number of
available travel packages for satisfying their personalized
needs. Moreover, to increase the profit, the travel compa-
nies have to understand the preferences from different
tourists and serve more attractive packages. Therefore, the
demand for intelligent travel services is expected to
increase dramatically.

Since recommender systems have been successfully
applied to enhance the quality of service in a number of
fields [2], [15], [37], it is natural choice to provide travel
package recommendations. Actually, recommendations for
tourists have been studied before [1], [4], [8], and to the best
of our knowledge, the first operative tourism recommender
system was introduced by Delgado and Davidson [11].
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Despite of the increasing interests in this field, the problem
of leveraging unique features to distinguish personalized
travel package recommendations from traditional recom-
mender systems remains pretty open.

Indeed, there are many technical and domain challenges
inherent in designing and implementing an effective
recommender system for personalized travel package
recommendation. First, travel data are much fewer and
sparser than traditional items, such as movies for recom-
mendation, because the costs for a travel are much more
expensive than for watching a movie [14], [43]. Second,
every travel package consists of many landscapes (places of
interest and attractions), and, thus, has intrinsic complex
spatio-temporal relationships. For example, a travel pack-
age only includes the landscapes which are geographically
colocated together. Also, different travel packages are
usually developed for different travel seasons. Therefore,
the landscapes in a travel package usually have spatial-
temporal autocorrelations. Third, traditional recommender
systems usually rely on user explicit ratings. However, for
travel data, the user ratings are usually not conveniently
available. Finally, the traditional items for recommendation
usually have a long period of stable value, while the values
of travel packages can easily depreciate over time and a
package usually only lasts for a certain period of time. The
travel companies need to actively create new tour packages
to replace the old ones based on the interests of the tourists.

To address these challenges, in our preliminary work
[25], we proposed a cocktail approach on personalized
travel package recommendation. Specifically, we first
analyze the key characteristics of the existing travel
packages. Along this line, travel time and travel destina-
tions are divided into different seasons and areas. Then, we
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Fig. 1. An illustration of the paper contribution.

develop a tourist-area-season topic (TAST) model, which
can represent travel packages and tourists by different topic
distributions. In the TAST model, the extraction of topics is
conditioned on both the tourists and the intrinsic features
(i.e., locations, travel seasons) of the landscapes. As a result,
the TAST model can well represent the content of the travel
packages and the interests of the tourists. Based on this
TAST model, a cocktail approach is developed for perso-
nalized travel package recommendation by considering
some additional factors including the seasonal behaviors of
tourists, the prices of travel packages, and the cold start
problem of new packages. Finally, the experimental results
on real-world travel data show that the TAST model can
effectively capture the unique characteristics of travel data
and the cocktail recommendation approach performs much
better than traditional techniques.

In this paper, we further study some related topic
models of the TAST model, and explain the corresponding
travel package recommendation strategies based on them.
Also, we propose the tourist-relation-area-season topic
(TRAST) model, which helps understand the reasons why
tourists form a travel group. This goes beyond personalized
package recommendations and is helpful for capturing the
latent relationships among the tourists in each travel group.
In addition, we conduct systematic experiments on the real-
world data. These experiments not only demonstrate that
the TRAST model can be used as an assessment for travel
group automatic formation but also provide more insights
into the TAST model and the cocktail recommendation
approach. In summary, the contributions of the TAST
model, the cocktail approaches, and the TRAST model for
travel package recommendations are shown in Fig. 1, where
each dashed rectangular box in the dashed circle identifies a
travel group and the tourists in the same travel group are
represented by the same icons.

2 CONCEPTS AND DATA DESCRIPTION

In this section, we first introduce the basic concepts, and
then describe the recommendation scenario of this study.
Finally, we provide the detailed information about the
unique characteristics of travel package data.

(Tour style-Culture & History, Wildlife & Nature), & days, from $1260. 00
This eastern travel experiences the biggest, boldest and brightest of American
destinations. From New York City, Niagara to Cambridge and Washington DC.
Experience American life in full and gain perspective among giant monuments,
stunning skyscrapers, fascinating history and spectacular natural wonders. Day 1
New York: Enter a neon jungle at Times square, find a quiet corner in Central Park
or watch the sunset from atop the Empire State Building. Days 2-3 Washington
DC: See all the big names - the White House, the Lincoln Memorial, Washington
Monument and Capitol Hill. Day 4 Finger Lakes: Finger Lakes, go swimming or
hiking. Day 5 Niagara Falls: Niagara Falls is a favorite for lovers and lovers of
nature alike. Days 6-7 Boston: Retrace the nation's revolutionary past by walking
the Freedom Trail, or visit bustling North End for Italian feasts. Day 8 New York:
Continue to buzzing New York and travel to Coney Island, the Met or see a
Broadway show.

Multishare hostels/cabins. Size: 13 travelers per group. What to
budget: Allow USD $160 for meals not included.........

Fig. 2. An example of the travel package, where the landscapes are
represented by the words in red.

Definition 1. A travel package is a general service package
provided by a travel company for the individual or a group of
tourists based on their travel preferences. A package usually
consists of the landscapes and some related information, such
as the price, the travel period, and the transportation means.

Specifically, the travel topics are the themes designed for
this package, and the landscapes are the travel places of
interest and attractions, which usually locate in nearby areas.

Following Definition 1, an example document for a
package named “Niagara Falls Discovery” from the STA
Travel' is shown in Fig. 2. It includes the travel topics (tour
style), travel days, price, travel area (the northeastern US),
and landscapes (e.g., Niagara Falls), and so on. Note that
different packages may include the same landscapes and
each landscape can be used for multiple packages. Mean-
while, for some reasons, the tourists for each individual
package are often divided into different travel groups (i.e.,
traveling together). In addition, each package has a travel
schedule and most of the packages will be traveled only in
a given time (season) of the year, ie., they have strong
seasonal patterns. For example, the “Maple Leaf Adventures”
is usually meaningful in Fall.

In this paper, we aim to make personalized travel
package recommendations for the tourists. Thus, the users
are the tourists and the items are the existing packages, and
we exploit a real-world travel data set provided by a travel
company in China for building recommender systems.
There are nearly 220,000 expense records (purchases of
individual tourists) starting from January 2000 to October
2010. From this data set, we extracted 23,351 useful records
of 7,749 travel groups for 5,211 tourists from 908 domestic
and international packages in a way that each tourist has
traveled at least two different packages. The extracted data
contain 1,065 different landscapes located in 139 cities from
10 countries. On average, each package has 11 different
landscapes, and each tourist has traveled 4.4 times.

As illustrated in our preliminary work [25], there are
some unique characteristics of the travel data. First, it is
very sparse, and each tourist has only a few travel records.
The extreme sparseness of the data leads to difficulties for
using traditional recommendation techniques, such as
collaborative filtering. For example, it is hard to find the
credible nearest neighbors for the tourists because there are
very few cotraveling packages.

1. STA Travel, URL: http://www.statravel.com/.
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TABLE 1
Mathematical Notations

| Notation |
U={U1,Uz,..,.Un}
S =1{51,52,..,5;}
P={P,P,.. PN}
T={N,T,...Tz}
A={A1,As,.., Ao}
P = {P| P, . P}

P :{p17P2="~7PD/}

La,={La,,La,, }

Description

the set of tourists
the set of seasons
the set of packages
the set of topics
the set of different areas
packages for travel logs
packages for travel group logs
landscape set for area A;

LP: = {LP{] J s LPi/ - } landscapes for the package P,
LPi// = {LPZH R LPi” " } | landscapes for the package P,L.”

Second, the travel data has strong time dependence. The
travel packages often have a life cycle along with the change
to the business demand, i.e., they only last for a certain
period. In contrast, most of the landscapes will still be active
after the original package has been discarded. These
landscapes can be used to form new packages together
with some other landscapes. Thus, we can observe that the
landscapes are more sustainable and important than the
package itself.

Third, landscape has some intrinsic features like the
geographic location and the right travel seasons. Only
the landscapes with similar spatial-temporal features are
suitable for the same packages, i.e., the landscapes in one
package have spatial-temporal autocorrelations and follow
the first law of geography-everything is related to every-
thing else, but the nearby things are more related than
distant things [10]. Therefore, when making recommenda-
tions, we should take the landscapes’ spatial-temporal
correlations into consideration so as to describe the tourists
and the packages precisely.

Fourth, the tourists will consider both time and
financial costs before they accept a package. This is quite
different from the traditional recommendations where the
cost of an item is usually not a concern. Thus, it is very
important to profile the tourists based on their interests as
well as the time and the money they can afford. Since the
package with a higher price often tends to have more time
and vice versa, in this paper we only take the price factor
into consideration.

Fifth, people often travel with their friends, family, or
colleagues. Even when two tourists in the same travel group
are totally strangers, there must be some reasons for the
travel company to put them together. For instance, they
may be of the same age or have the same travel schedule.
Hence, it is also very important to understand the relation-
ships among the tourists in the same travel group. This
understanding can help to form the travel group.

Last but not least, few tourist ratings are available for
travel packages. However, we can see that every choice of a
travel package indicates the strong interest of the tourist in
the content provided in the package.

In summary, these characteristics bring in three major
challenges. First, how to compare the interests of tourists
and the content of the travel package; second, how to make
package recommendations for each tourist; third, how to
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Fig. 3. TAST: A graphical model.

capture the tourist relationships to form a travel group. As a
result, it is necessary to develop more suitable approaches
for travel package recommendation.

3 THE TAST MoDEL

In this section, we show how to represent the packages and
tourists by a topic model, like the methods in [5], [29], and
[36] based on Bayesian networks, so that the similarity
between packages and tourists can be measured. Table 1
lists some mathematical notations in this paper.

3.1 Topic Model Representation

When designing a travel package, we assume that the
people in travel companies often consider the following
issues. First, it is necessary to determine the set of target
tourists, the travel seasons, and the travel places. Second,
one or multiple travel topics ( e.g., “The Sunshine Trip”) will
be chosen based on the category of target tourists and the
scheduled travel seasons. Each package and landscape can
be viewed as a mixture of a number of travel topics. Then,
the landscapes will be determined according to the travel
topics and the geographic locations. Finally, some addi-
tional information (e.g., price, transportation, and accom-
modations) should be included. According to these
processes, we formalize package generation as a What-
Who-When-Where (4W) problem. Here, we omit the
additional information and each W stands for the travel
topics, the target tourists, the seasons, and the correspond-
ing landscape located areas, respectively. These four factors
are strongly correlated.

Formally, we reprocess the generation of a package in a
topic model style, where we treat it mainly as a landscape
drawing problem. These landscapes for the package are
drawn from the landscape set one by one. For choosing a
landscape, we first choose a topic from the distribution over
topics specific to the given tourist and season, then the
landscape is generated from the chosen topic and travel
area. We call our model for package representation as the
TAST model. Please note that, a topic mentioned in TAST is
different from a real topic, where the former one is a latent
factor extracted by topic model, while the latter one is an
explicit travel theme identified in the real world, and latent
topics are used to simulate real topics. Without loss of
generality, we use travel topic and topic to stand for the real
and latent topic, respectively.

Mathematically, the generative process corresponds to
the hierarchical Bayesian model for TAST is shown in Fig. 3,
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where shaded and unshaded variables indicate observed
and latent variables, respectively. The TAST model follows
the similar Dirichlet distribution assumptions as [5], [29],
[36], and here landscapes are the “fokens” for topic
modeling. In TAST model, the notation P, is different from
P,, where P, is the ID for a package in the package set while
P, stands for the package ID of one travel log, and each
travel log can be distinguished by a vector of three
attributes (P;7Ud,timestamp) where the timestamp can be
further projected to a season S; and P, = (L P i, Ag, price?).
Specifically, in Fig. 3, each package P, is represented as a
vector of |L v /| landscapes where landscape l is chosen from
one area a and a € Ay (Ag includes the located area(s) for
P)) and (Uy, Sy) is the specific tourist-season pair. ¢ is a topic
which is chosen from the set 7" with Z topics. ¢ and ¢
correspond to the topic distribution and landscape dis-
tribution specific to each tourist-season pair and area-topic
pair, respectively, where o and (3 are the corresponding
hyperparameters.

The distributions, such as # and ¢, can be extracted after
inferring this TAST model (“invert” the generative process
and “generate” latent variables). The general idea is to find a
latent variable (e.g., topic) setting so as to get a marginal
distribution of the travel log set P':

p(Pla, 8,U, S, A) =

IL

0 z D ’i/ Z
[/1 HHp Ousle) [T T 2@l TT T 3 (oltaclors,)
m=1 j= o=1 k=1 d=1 i=1 tg=1
Z (p(adi|Ad)p(ldi|¢(1m‘m)))d¢d6-
agi€Aq

3.2 Model Inference

While the inference on models in the LDA family cannot be
solved with closed-form solutions, a variety of algorithms
have been developed to estimate the parameters of these
models. In this paper, we exploit the Gibbs sampling
method [18], a form of Markov chain Monte Carlo, which is
easy to implement and provides a relatively efficient way
for extracting a set of topics from a large set of travel logs.
During the Gibbs sampling, the generation of each land-
scape token for a given travel log depends on the topic
distribution of the corresponding tourist-season pair and
the landscape distribution of the area-topic pair. Finally, the
posterior estimates of 6 and ¢ given the training set can be
calculated by

B+ mou
A“ b
S (By + k)

Ot = o it Pokt =
"B (o + i)
where |4,| is the number of landscapes in area A,,n,,; is
the number of landscape tokens assigned to topic 7; and
tourist-season pair (U,,, S;), and mgy is the number of
tokens of landscape L; assigned to area-topic pair (A4,, T}).
Let us take the topic assignment for “Central Park” as an
example, in each iteration, the topic assignment of one
“Central” token depends on not only the topics of the
landscapes traveled by the tourist in the given season but

2. The price factor will be considered later.

TABLE 2
Area Segmentation Result
[ Area | Provinces/Countries | #Landscapes |
e Guangdong,Guangxi,Macau, Yunnan, 509
Hong Kong,Fujian, Hainan

cc Jiangxi,Guizhou,Sichuan,Hunan,Zhejiang, 149

Jiangsu,Shanghai,Chongqing, Hubei, Anhui
NC Shaanxi,Henan,Heilongjiang Jilin,Liaoning, 95

Beijing, Tianjing,Shanxi,Shandong, Xinjiang
EA Japan, South Korea 95
SA Singapore,Malaysia, Thailand,Brunei 118
OoC Australia, New Zealand 55
NA USA 44

also the topics of the other landscapes located nearby.
Meanwhile, many other posterior probabilities can also be
estimated, for example, the topic distribution of tourist U;
and package P;:

) J . ) .
o) + X5 Mg P _ a; + hi;

W = T L
N EkZ:l(ak + E;]:misk) " ZJ,iZ.:l(OqC + hir)

(2)

where h;; is the number of the landscape tokens in package
P; and these tokens are assigned to topic T;.

After Gibbs sampling, all the tourists and packages are
represented by the Z entry topic distribution vectors (Z, the
number of topics, is usually in the range of [20, 100]). For
example, a tourist, who traveled “Tour in Disneyland,
Hongkong” and “Christmas day in Hongkong”, may have
high probabilities on the entries that stand for the topics
such as “amusement parks” and “Hongkong”. By computing
the similarity of the topic distribution vectors, we can find
the similarity between the corresponding tourists and
packages. There are also many other benefits of the TAST
model, for example, we can learn the popular topics in each
season and find the popular landscapes for each topic.

3.3 Area/Seasons Segmentation

There are two extremes for the coverage of each area A; and
each season S;: we can view the whole earth as an area and
the entire year as a season, or we can view each landscape
itself as an area and each month as a different season.
However, the first extreme is too coarse to capture the
spatial-temporal autocorrelations, and we will face the
overfitting issue for the second extreme and the Gibbs
sampling will be difficult to converge.

To this end, we divide the entire location space in our
data set into seven big areas (shown in Table 2) according to
the travel area segmentations provided by the travel
company, which are South China (SC), Center China (CC),
North China (NC), East Asia (EA), Southeast Asia (SA),
Oceania (OC), and North America (NA), respectively. To
make more reasonable season splitting, we assume that
most packages are seasonal, and we use an information
gain-based method [12] to get the season splits. The
1nfogmat1on entropy of the season S’ is Ent(S”) = —
Z‘l 1‘ pilog(p;) , where |ST| is the number of different
packages in S and p; is the proportion of package P; in this
season. Initially, the entire year is viewed as a big season
and then we partition it into several seasons recursively. In
each iteration, we use the weighted average entropy (WAE)
to find the best split:
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(a) The TT model.
Fig. 4. The three related topic models.
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WAE(i; S7) 7]

Ent(S7 (i) +

Ent (SQP(Z')),

where S{ (i) and SI'(i) are two subseasons of season S”
when being splitted at the ith month. The best split month
induces a maximum information gain given by AE(:)
which is equal to Ent(S”) — WAE(s; ST).

3.4 Related Topic Models

While the generation processes in TAST are similar to those
in the text modeling problems for both documents [5],
articles [36] and emails [29], the TAST model is quite
different from these traditional ones (e.g., LDA, AT, and
ART models). The TAST model has a crucial enhancement
by considering the intrinsic features (i.e., location, travel
seasons) of the landscapes, and, thus, it can effectively
capture the spatial-temporal autocorrelations among land-
scapes. The benefit is that the TAST model can describe the
travel package and the tourist interests more precisely,
because the nearby landscapes or the landscapes preferred
by the same tourists tend to have the same topic. In addition,
the text modeling has the assumption that the words in an
email/article are generated by multiple authors, while we
assume that the landscapes in the package are generated for
the specific tourist of this travel log. Therefore, each single
text is considered only once in the text models. However,
each package may appear many times in the TAST model
according to their records in the travel logs.

Indeed, as shown in Fig. 4, there are three related topic
models. The first one (see Fig. 4a) is the tourist topic (TT)
model, which does not consider the travel area and travel
season factors. The second one (see Fig. 4b) is the tourist-
area topic (TAT) model, which only considers the travel
area. The third one (see Fig. 4c) is the tourist-season topic
(TST) model, which only considers the travel season. All
these methods can also be used for package and tourist
representation. Finally, note that the graphical representa-
tions of TT and TST are similar to the AT model [36] and
ART model [29], respectively. However, their differences
have been discussed.

4 CoCKTAIL RECOMMENDATION APPROACH

In this section, we propose a cocktail approach on persona-
lized travel package recommendation based on the TAST
model, which follows a hybrid recommendation strategy [6]
and has the ability to combine many possible constraints that
exist in the real-world scenarios. Specifically, we first use the
output topic distributions of TAST to find the seasonal

(b) The TAT model.

(c) The TST model.

nearest neighbors for each tourist, and collaborative filtering
will be used for ranking the candidate packages. Next, new
packages are added into the candidate list by computing
similarity with the candidate packages generated previously.
Finally, we use collaborative pricing to predict the possible
price distribution of each tourist and reorder the packages.
After removing the packages which are no longer active, we
will have the final recommendation list.

Fig. 5 illustrates the framework of the proposed cocktail
approach, and each step of this approach is introduced in
the following sections. We should note that, the major
computation cost for this approach is the inference of
the TAST model. As the increase of travel records, the
computation cost will increase. However, since the topics of
each landscape evolves very slowly, we can update the
inference process periodically offline in real-world applica-
tions. At the end of this section, we will describe many
similar cocktail recommendation strategies based on the
related topic models of TAST.

4.1 Seasonal Collaborative Filtering for Tourists

In this section, we describe the method for generating the
personalized candidate package set for each tourist by
the collaborating filtering method. After we have obtained
the topic distribution of each tourist and package by the
TAST model, we can compute the similarity between each
tourist by their topic distribution similarities.

Intuitively, based on the idea of collaborative filtering,
for a given user, we recommend the items that are preferred
by the users who have similar tastes with her. However, as
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Fig. 5. The cocktail recommendation approach.
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we explained previously, the package recommendation is
more complex than the traditional ones. For example, if we
make recommendations for tourists in winter, it is inap-
propriate to recommend “Maple Leaf Adventures.” In other
words, for a given tourist, we should recommend the
packages that are enjoyed by other tourists at the specific
season. Indeed, we have obtained the seasonal topic
distribution for each tourist from the TAST model. Multiple
methods can be used to compute these similarities, such as
matrix factorization [22], [23] and graphical distances [13].
Alternatively, a simple but effective way is to use the
correlation coefficient [31], and the similarity between tourist
U, and U, in season S; can be computed by

)= > i1 i = Or) (B — Ory)
\/ Sty O — émj)Q\/ S0y O — Onj)”
(3)

where 0,,; is the average topic probability for the tourist-
season pair (U, S.,v),‘o’ For a given tourist, we can find his/
her nearest neighbors by ranking their similarity values.
Thus, the packages, favored by these neighbors but have
not been traveled by the given tourist, can be selected as
candidate packages which form a rough recommendation
list, and they are ranked by the probabilities computed by
the collaborative filtering.

SimSj (Um ) Un,

)

4.2 New Package Problem

In recommender systems, there is a cold-start problem, i.e.,
it is difficult to recommend new items. As we have explored
in Section 2, travel packages often have a life cycle and new
packages are usually created. Meanwhile, most of the
landscapes will keep in use, which means nearly all the new
packages are totally or partially composed by the existing
landscapes. Let us take the year of 2010 as an example.
There are 65 new packages in the data and only 2 of them
are composed completely by new landscapes. Thus, for
most of the new packages P"*”, their topic distributions can
be estimated by the topics of their landscapes:

gr + Diepren 0l ()
£ ZkZ,:l (o + Zleljﬁucw o) ’

where o;; is the number of times that landscape ! is assigned
to topic 7; in the travel logs, and the seasonal topic
distribution of the new packages can be computed in the
similar way. The following question is how to recommend
new packages. One way to address this issue is to
recommend the new packages that are similar to the ones
already traveled by the given tourist (i.e., via the content-
based method). However, if the recommender systems just
deal with the current interest of the given tourist, we will
suffer from the overspecialization problem [2]. Thus, we
propose to compute the similarity between the new package
and the given number (e.g., 10) of candidate packages in
the top of the recommendation list. The new packages
which are similar to the candidate packages are added into
the recommendation list and their ranks in the list based on

3. If tourist U, has never traveled in season Sj, then her total topic
distribution 9Y, is used as an alternative throughout this paper.

the average probabilities of the similar candidate packages.
It is expected that this method can not only deal with the
cold-start problem but also avoid the overspecialization
problem. Please note that, in real applications, new travel
package recommendation list can be separated from the
general list. However, in this paper, for better illustration
and evaluation, we insert the new packages into the general
recommendation list as an alternative.

Since there is no effective method to learn the topics of
the new packages whose landscapes are not included in the
training set, we can use the topic distributions of their
located areas on the given travel season as an estimation.
Luckily, there are few such packages.

4.3 Collaborative Pricing

In this section, we present the method to consider the price
constraint for developing a more personalized package
recommender system. The price of travel packages may
vary from $20 to more than 3,000, so the price factor
influences the decision of tourists. Along this line, we
propose a collaborative pricing method in which we first
divide the prices into different segments. Then, we propose
to use the Markov forecasting model to predict the next
possible price range for a given tourist.

In the first phase, we divide the prices of the packages
based on the variance of prices in the travel logs, and the
method is similar to the one used in [46]. We first sort the
prices of the travel logs, and then partition the sorted list
PL into several sublists in a binary-recursive way. In each
iteration, we first compute the variance of all prices in the
list. Later, the best split price having the minimal weighted
average variance (WAYV) defined as

_|PLy ()]

= WVar(PLl(i)) +—

WAV(3; PL)
where PL;(i) and PLy(i) are two sublists of PL split at the
ith element and Var represents the variance. This best split
price leads to a maximum decrease of AV (), which is equal
to Var(PL) — WAV (i; PL).

In the second phase, we mark each price segment as a
price state and compute the transition probabilities between
them. Specifically, at first, if a tourist used a package with
price state a before traveling a package with price state b,
then the weight of the edge from a to b will plus 1. After
summing up the weights from all the tourists, we normalize
them into transition probabilities, and all the transition
probabilities compose a state transition matrix. From the
current price state of a given tourist (i.e., the current price
distribution normalized from his/her previous travel
records), we predict the next possible price state by the
one-step Markov forecasting model based on random walk.
Finally, we obtain the predicted probability distribution of
the given tourist on each state, and use these probabilities as
weights to multiply the probabilities of the candidate
packages in the rough recommendation list so as to reorder
these packages. After removing the packages which are no
longer active, we have the final recommendation list.
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(a) The TRAST model.

Fig. 6. The TRAST model and its two submodels.

4.4 Related Cocktail Recommendations

The previous cocktail recommendation approach (Cocktail)
is mainly based on the TAST model and the collaborative
filtering method. Indeed, another possible cocktail ap-
proach is the content-based cocktail, and in the following,
we call this method TASTContent. The main difference
between TASTContent and Cocktail is that in TASTContent
the content similarity between packages and tourists are
used for ranking packages instead of using collaborative
filtering. Since TASTContent can only capture the existing
travel interests of the tourists, thus it may also suffer from
the overspecialization problem.

As there are many related topic models for the TAST
model, it is also possible to design the similar cocktail
recommendation approaches based on these models.
Actually, it is quite straightforward to replace the TAST
model by TT, TAT, and TST models in the cocktail approach
to get the new recommendations. For example, in the
experimental section, the notation TTER stands for the
cocktail approach that is based on the TT model.

In Cocktail, we use the price factor as an external
constraint to measure package ranks. To some extent, the
package prices may also directly influence the interests of
the tourists. Thus, it can be included in the topic model
representation. If we replace the season token S, in Fig. 3 by
(Sa, Cy) pair, where Cj; is the price segment of this package
log, and update the previous 4W assumptions, the price
factor can be well incorporated into the topic model. In this
way, the topic preference of the packages in each price
segment can also be inferred. What’s more, this topic model
shares the same inference process with the TAST model,
and in the following, we call the cocktail recommendation
approach based on this model as Cocktail-.

In summary, both Cocktail and the above related
approaches follow the idea of hybrid recommendations,
which exploit multiple recommendation techniques, such as
collaborative filtering and content-based approaches, for the
best performances. Indeed, hybrid recommender systems
are usually more practical and have been widely used [6],
[24]. For instance, seven different types of hybrid recom-
mendation techniques have been discussed in [6]. In fact,
the cocktail recommendation is a combined exploitation of
several hybrid approaches. Specifically, the seasonal colla-
borative filtering based on topic modeling is a “Feature
Augmentation”, where the new features of latent topics are
generated as the better input to enhance the existing
algorithm. Second, the insertion of new packages is a

(b) The TRAST, model.

(c) The TRAST> model.

“Mixed” strategy, where recommendations from different
sources are combined. At last, the collaborative pricing is
similar to a “Cascade” strategy, where the secondary
recommender refines the decisions made by a stronger one.

5 THE TRAST MODEL

In this section, we extend the current TAST model and
propose a novel tourist-relation-area-season topic model to
formulate the tourist relationships in a travel group.

In the TAST model, we do not consider the information
of the travel group. However, as noted in Section 2, each
package has usually been used by many groups of tourists,
and the tourists belong to different travel groups. Thus, if
two tourists have taken the same package but in different
travel groups, we can only say these two tourists have the
same travel interest, but we cannot conclude that they share
the same travel profile. However, if these two tourists are in
the same group, they may share some common travel traits,
such as similar cultural interests and holiday patterns. In
the future, they may also want to travel together. Also, they
may be family and always travel together during the
holiday season. In this paper, we use the notation relation-
ship to measure these commonalities and connections in
tourists’ travel profiles. Please also note that there are
multiple tourist relationships simultaneously.

Based on the above understanding, we incorporate into
the TAST model a new set of variables, with each entry
indicating one relationship, and we consider the tourist
relationships in each travel group. This novel topic model is
named as the TRAST model, as shown in Fig. 6a, where
each tourist has a multinomial distribution over G relation-
ships, and each relationship has a multinomial distribution
over Z topics. Other assumptions are similar to those in the
TAST model. However, in the TRAST model, the purchases
of the tourists in each travel group are summed up as one
single expense record and, thus, it has more complex
generative process. We can understand this process by a
simple example. Assume that two selected tourists in a
travel group (U,) are u; and uy, who are young and dating
with each other. Now, they decide to travel in winter (S;)
and the destination is North America (A4;). To generate a
travel landscape (I), we first extract a relationship (r, e.g.,
lover), and then find a topic (¢) for lovers to travel in the
winter (e.g., skiing). Finally, based on this skiing topic and
the selected travel area (e.g., Northeast America), we draw a
landscape (e.g., Stowe, Vermont).



LIU ET AL.: A COCKTAIL APPROACH FOR TRAVEL PACKAGE RECOMMENDATION 285

Thus, in the TRAST model, the notation Uj,’ stands for a
group of tourists and P, is the corresponding package ID
for this travel group log. # and A correspond to the topic
distribution and relationship distribution specific to each
relationship-season pair and tourist, respectively, where 7 is
a new hyperparameter. The marginal distribution of the
travel group set P’ can be computed as

p(P'|a, B,1,U, S, A)
/ [L ’/l
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To perform the inference, the Gibbs sampling formulae
can be derived in a similar way as the TAST model, but the
sampling procedure at each iteration is significantly more
complex. To make inference more efficient and easier for
understanding, we instead perform it in two distinct parts.
Here, we follow the strategy that is used in [29]. We first
split TRAST model into two submodels, as shown in
Figs. 6b and 6c. The first submodel TRAST) is just like the
TAST model, except for the two tourists are latent factors
and some of the notations are with different meanings here.
By this model, we use a sample to obtain topic assignments
and tourist pair assignments for each landscape token.
Then, in the second submodel TRAST,, we treat topics and
tourist pairs as known, and the goal is to obtain relationship
assignments. In the following, let us introduce the inference
of these two models, one by one.

If we directly transfer the results that we get from the
TAST model to assign a topic for each landscape token in
the TRAST; model, we need to compute 7y, ,)s for each
(u1,ug) pair, which is the number of landscape tokens that
are assigned to topic ¢, and have been cotraveled by tourists
(u1,ug) in season s. In this way, we have to compute and
store each n,, )¢, an entry in an M x M x J x Z matrix.
Thus, the cost will be too expensive (actually, most of the
entries should be 0). Instead, we use the following strategy
as a simulation:

p(ad ta;s (Waiy s Wais )|---)

Qyy, + Noug satai + Mgy satai — 1 Bl,,, + Magtgly — 1

EIkAll(ﬂlm + Magytyik ) -1
()

where “...” refers to all the known information such as the
area (a.q), topic (t-4) and tourist pair ((ul,u2)_,)
information of other landscape tokens, and the hyperpara-
meters «, and (. By the above equation, we only have to
keep a M x J x Z matrix for storing each 7.

We can see that the TRASTy model is similar to the TST
model (see Fig. 4c), except for the location of S; and the pair
of tourists. Similar to the inference of the TRAST; model,
when inferring this model, for each relationship assign-
ment, we use the following equation:

b

Z
Ek‘:l (ak + g, sqk + nu4h25(1k)

Nra + Mirgy + Mugryy — 1
G
Zkzl(ﬁk + Ny, + Nyry) —

Oty + My Syty — 1
132 (o +myyse) — 17
(6)
After Gibbs sampling, each tourist’s travel relationship

preference can be estimated by the following equation, and
each entry of # and ¢ can be computed similarly

p(ra|...) x

A= + Nir
TR (e + mar)

Actually, this TRAST model can be easily extended for
computing relationships among many more tourists.
However, the computation cost will also go up. To
simplify the problem, in this paper, each time we only
consider two tourists in a travel group as a tourist pair for
mining their relationships. By this TRAST model, all the
tourists” travel preferences are represented by relationship
distributions. For a set of tourists, who want to travel the
same package, we can use their relationship distributions
as features to cluster them, so as to put them into different
travel groups. Thus, in this scenario, many clustering
methods can be adopted. Since choosing clustering
algorithm is beyond the scope of this paper, in the
experiments, we refer to K-means [28], one of the most
popular clustering algorithms.

Thus, the TRAST model can be used as an assessment for
travel group automatic formation. Indeed, in real applica-
tions, when generating a travel group, some more external
constraints, such as tourists” travel date requirements, the
travel company’s travel group schedule should also be
considered. Please note that, it is possible to use the topics
mined by TRAST; to represent the latent relationships
directly. However, in this way, the topics will represent
both landscape topics and latent relationships, it would be
hard for interpretation.

(7)

6 EXPERIMENTAL RESULTS

In this section, we evaluate the performances of the
proposed models on real-world data, and some of previous
results [25] are omitted due to the space limit. Specifically,
we demonstrate:

1. the results of the season splitting and price segmen-
tation,

2. the understanding of the extracted topics,

3. a recommendation performance comparison be-
tween Cocktail and benchmark methods,

4. the evaluation of the TRAST model, and

5. a brief discussion on recommendations for travel
groups.

6.1 The Experimental Setup

The data set was divided into a training set and a test set.
Specifically, the last expense record of each tourist in the
year of 2010 was chosen to be a part of the test set, and
the remaining records were used for training. The
detailed information is described in Table 3.* Note that
there are 65 new packages traveled by 269 tourists in

4. Since the data is very sparse and to ensure that each method can get a
meaningful result, we choose a comparably small test set.
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TABLE 3
The Description of the Training and Test Data

Data Split [#Tourists #Packages #Landscapes #Records #Groups
Training set \ 5,211 843 1,054 22,201 7,083
Test set | 1,150 908 1,065 1,150 666

the test set. However, only two of these packages are
composed completely by new landscapes, and there are
11 new landscapes.

Benchmark methods. To compare the fitness of the TAST
model, we compare it with three related models: the TAT
model, the TST model, and the TT model, which do not take
the season, area, and both season and area factors into
consideration, respectively. The perplexity (an evaluation
metric for measuring the goodness of fit of a model [29])
comparison result illustrated in [25] shows that TAST
model has significantly better predictive power than three
other models.

For the recommendation accuracies of the Cocktail
approach, we compare it with the following benchmarks:

e Three methods based on topic models including
TTER, TASTContent and Cocktail- as described in
Section 4.4.

e A content-based recommendation (SContent) based
on cotraveled landscapes, following in [27, Egs. (3.1)-
(B4)].

e For the memory-based collaborative filtering, we
implemented the user-based collaborative filtering
method (UCF) [31].

e  For the model-based collaborative filtering, we chose
binary SVD (BSVD) [24].

e Since UCF and BSVD only use the package-level
information, to do a fair comparison, we implemen-
ted two similar methods based on landscapes (i.e.,
LUCF, LBSVD).

e One graph-based algorithm, LltemRank [16], where
a landscape correlation graph is constructed, and the
packages are ranked by the expected average steady-
state probabilities on their landscapes.

In the following, we choose the fixed Dirichlet distribu-
tions, and these settings are widely used in the existing
works [18], [29]. For instance, we set 5 = 0.1 and o = 50/2
for the TAST model.

6.2 Season Splitting and Price Segmentation

In this section, we present the results of season splitting
and price segmentation as shown in Fig. 7. For better
illustration, in Fig. 7a, we only show the travel logs with
prices lower than $1,500. In the figure, different price
segments are represented with different grayscale settings,
and seasons are split by the dashed lines among months. In
total, we have four seasons (i.e., spring, summer, fall, and
winter), and five price segments (i.e., very low, low,
medium, high, and very high). Since almost all the tourists
in the data are from South China, this season splitting has
well captured the climatic features there. Another interest-
ing observation is that the peak times for travel in China
include February (around the Spring Festival), July and
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g. 7. Season splitting and price segmentation.
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August (the summer for students) and the beginning of
October (National Day holiday).

Fig. 7b describes the relationship between the percentage
of the travel packages and the number of scheduled travel
seasons. In Fig. 7b, we can see that most of the packages are
only traveled in one season during a year, and less than
6 percent packages are scheduled in the entire year. At last,
note that we do not give the illustration of relationship
between each travel package and the number of its located
areas. The reason is that almost all the packages in the data
located in only one of the seven travel areas. These
statistical results reflect the fact that landscapes in most
packages have spatial-temporal autocorrelations, and the
travel area and travel season segmentation methods are
reasonable and effective.

6.3 Understanding of Topics

To understand the latent topics extracted by TAST, we focus
on studying the relationships between topics and their
landscapes’/packages’ intrinsic characteristics.

In [25], we have demonstrated that TAST can capture the
spatial-temporal correlations among landscapes, and these
landscapes, which are close to each other or with similar
travel seasons, can be discovered. Meanwhile, the TAST
model retains the good quality of the traditional topic
models for capturing the relationships between landscapes
locating in different areas and has no special travel season
preference. Similarly, the topic distributions on each
package can be also computed, and Table 4 illustrates
many packages with highest probabilities from eight topics
identified by the TAST model (Z = 50) with the price factor
being considered (as illustrated in Section 4.4). Based on the
price-spatial-temporal correlations of packages (for many
interpretations, there may contain some noise), all the topics
can now be classified into eight types, which are noted from
1-1-1 (packages have price, spatial and temporal correla-
tions) to 0-0-0 (packages have none of these correlations).
Another interesting observation is that, the top travel
packages in many topics are actually quite similar with
each other, even though they are with different package
IDs. For example, all the packages in topic 43 are about the
Kunming-Dali-Lijiang tour. This finding once again demon-
strates that, in addition to capture the intrinsic character-
istics of the travel data, the TAST model still holds the
capability of traditional models, such as the property of
clustering documents (packages) [5].

In addition, we show the Pearson correlations of the
topic distributions for different prices/areas/seasons in
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TABLE 4
An lllustration of Several Topics with Their Travel Packages Having Different Price-Spatial-Temporal Characteristics

Topic 20 (1-1-1) Topic 43 (1-1-0)
Package ID, Description Price Area Seasons Package ID, Description Price Area Seasons
181, 2 days luxury tour in Disneyland Medium SC Spr/Sum 23,6 days(th:)}thlcé It(r\:;rg:;ﬁ;? ali-Lijiang High SsC Entire Year
. . . . 240, 6 days food discovery trip to . .
54, 2 days special tour in Disneyland Medium SC Sum Kunming-Dali-Lijiang (Round trip flight) High SC Win
39, 2 days tour in Disneyland Medium SC Sum 359, 9 days trip to Kunming-Dali-Lijiang Medium SC Fal
(double-sleeper)
297, 2 days luxury tour in Disneyland/ . 637, 6 days trip to Kunming-Dali-Lijiang .
Hollywood, Hongkong(by ship) Medium sC Spr/Sum (Round trip flight, and membership-only) High sC Fal
13, one day special tour in Hongkong Low sC Spr/Sum 155, 6 days(g;};rt:i I;‘:; rg:gﬁ;? ali-Lijiang High sC Sum/Fal
Topic 46 (1-0-1) Topic 8 (1-0-0)
Package ID, Description Price Area Seasons Package ID, Description Price Area Seasons
238, 5 d;%l)sise]);c;&l;g]ﬂt;lﬁﬁgé’huket/ High SA Sum/Fal 55, 5 days tour in Singapore-Malaysia High SA Entire Year
152, 5 days tour in Zhuhai-Beijing High NC Spr/Sum 152, 5 days tour in Zhuhai-Beijing High NC Spr/Sum
11,5 days tour i3 Seoul, Jeju island High | EA | Spr/Sum 67, 5 days tour in East China High | ccC Win
53, One day food discovery tour in . R . .
JiangXin/Macau VLow SC Spr 164, 6 days luxury tour in Honshu Japan VHigh EA Entire Year
291, 6 days tour in Beijing . 20, One day food discovery tour in .
(Round trip flight) High NC Spr/Sum Heshan/Macau VLow SsC Entire Year
Topic 36 (0-1-1) Topic 17 (0-1-0)
Package ID, Description Price Area Seasons Package ID, Description Price Area Seasons
. . 158, 3 days cultural travel in . .
83, 2 days special travel in Hongkong Low SC Sum Chaozhou/Shantou/Xiamen Medium SC Win/Spr
13, One day special tour in Hongkong VLow SC Sum/Spr 79, Christmas day in HongKong VLow SC Fal
. . 270, 3 days tour in Chaozhou/ .
79, Christmas day in HongKong VLow SsC Fal Shantou/Xiamen(2 nights in Xiamen) Medium sC Spr
. . 220, 3 days special tour in
611, 2 days travel in Hongkong Medium SC Sum /Fal Chaozhou/Shantou/Xiamen Low SC Fal
. . 4, 5 days tour in Zhengzhou- . .
252, 5 days tour in Bangkok-Pattaya High SA Sum Luoyang-};(i’an (Round trgip flight) High NC Entire Year
Topic 1 (0-0-1) Topic 30 (0-0-0)
Package ID, Description Price Area Seasons Package ID, Description Price Area Seasons
15, 1 day surfing experience in Yangjiang VLow SC Spr/Sum 52, Onejigizlnizo/cll\/glcsgfsvery m VLow sC Entire Year
55, 5 days tour in Singapore-Malaysia High SA Spr 88, 5 days Yangtze gorges tour(double-sleeper) | Medium cC Spr
il& One day experience m VLow SsC Spr/Sum | 8, 2 days Middle Autumn tour in Guangdong Low sC Fal
musement park,Yangjiang
38,2 dz){s food/ cpnstructmns/beach Low sc Sum 41, One Flgy food chscovery tour in VLow sc Entire Year
iscovery in Yangjiang Kalpmg/ Enpmg/ Macau
. L s . 100, 7 days Sakura Adventures in Nagoya- .
152, 5 days tour in Zhuhai-Beijing High NC Spr/Sum Hokkaido-Honshu VHigh EA Spr
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Fig. 8. The correlation of topic distributions between different price ranges (Left)/different areas (Center)/different seasons (Right). Darker shades

indicate lower similarity.

Fig. 8 where different prices/areas/seasons are assigned
with different topic distributions. From the left matrix, it is
very interesting to observe that the topic distribution of the
very low price segment and the very high price segment
are quite different from three other price ranges. In the
center matrix, for most area pairs, there are no obvious
topic correlations, except for East Asia (EA) and North
China (NC) (for detailed area information, please refer to
Table 2), which locate nearby and are with similar latitude.
The different types of topic relationships between seasons
are more clear as shown in the right matrix, the most
different two pairs of seasons are (winter, summer) and
(summer, fall), while (summer, spring) have the most
similar latent topic distributions.

6.4 Recommendation Performances
Since there are no explicit ratings for validation, we use the
ranking accuracy instead. We adopt the widely used degree
of agreement (DOA) [26] and Top-K [23] as the evaluation
metrics. Also, a simple user study was conducted and
volunteers were invited to rate the recommendations. For
comparison, we recorded the best performance of each
algorithm by tuning their parameters, and we also set some
general rules for fair comparison. For instance, for
collaborative filtering-based methods, we usually consider
the contribution of the nearest neighbors with similarity
values larger than 0.

DOA measures the percentage of item pairs ranked
in the correct order with respect to all pairs [16]. Let
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TABLE 5
A Performance Comparison: DOA (Percent)
Alg. SContent UCF BSVD LUCF LBSVD LitemRank TTER TASTContent Cocktail- Cocktail
DOA (%) 62.41 69.96 68.77  88.44 87.67 84.76 89.82 80.00 92.44 92.56
NWy, = P — (Fy, U Ep,) denote the set of packages that do average of individual Top-Ks are used for comparing

not occur in the training set (Fy;) nor the test set (Ey;,) for
U;, and PRp, denote the predicted rank of package P; in
the recommendation list, and define check_ordery,(P;, Py)
as 1 if PRp, > PRp, otherwise 0. Then the individual DOA
for tourist U; is defined as

Z,jeEbvl,keNt/i/'bv, check_ordery, (Pj, P)
|Ev;| x INW |

DOAy, =

For instance, an ideal(a random) ranking corresponds to
a 100 percent (an average 50 percent) DOA, and we use
DOA to stand for the average of each individual DOA.
Under this metric, the ranking performance of each method
is shown in Table 5, where we can see that Cocktail
outperforms the benchmark methods. By integrating the
price factor into the TAST model, Cocktail- performs nearly
as well as Cocktail, and both of them perform better than
TTER. Also, the methods that consider landscape informa-
tion (i.e., LUCF, LBSVD, LltemRank, TTER, TASTContent,
Cocktail) usually outperform those do not use such
information (i.e., UCF, BSVD). As mentioned previously,
it is harder to find the credible nearest neighbor tourists
(and latent interests) only based on the cotraveling
packages. Furthermore, TASTContent performs better than
SContent, and TTER performs better than LUCF and
LBSVD, and these demonstrate the effectiveness of model-
ing latent topics. Meanwhile, unlike watching movies, most
of the tourists seldom travel the packages that are similar to
the ones that they have already traveled (e.g., have too
many identical landscapes), thus content-based methods
(i.e., SContent and TASTContent) perform worse than
collaborative filterings (e.g., LUCF and Cocktail).

Top-K indicates the recall value of the recommended top-
K percent of packages. Since there is only 1 relevant
package for each test tourist (i.e., |Ey,|=1), we define
Top — Ky, = #hit, where #hit equals to 1 or 0. Then, the
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Fig. 9. A performance comparison based on Top-K.

the performances of the algorithms as shown in Fig. 9. We
can see that Cocktail still outperforms other methods and
the Top-K result is very similar to the DOA result, except
that BSVD/LBSVD are evaluated better now.

User study. Since it is now impossible for us to directly
ask the test tourists to rate the recommendation results, we
conducted another type of user study. Specifically, we first
gave the package information that one tourist had traveled
and the season that he/she was planning a new trip, then
we showed the top ranked recommendations from each
algorithm (i.e.,, LUCF, LBSVD, TTER, TASTContent, and
Cocktail). Finally, some volunteers were invited to blindly
review the recommendations on a five-point Likert scale
ranging from 1 (Meaningless) to 5 (Excellent). In total, we
collected 2,580 ratings for these five algorithms (i.e., 516 for
each) from 17 volunteers (all of them are the undergraduate
and graduate students from the University of Science and
Technology of China). The final mean ratings and the
standard deviations (SD) are shown in Table 6. We can see
that the rating for Cocktail is slightly higher than others,
and LBSVD outperforms both LUCF and TASTContent. By
applying z-test, we find that the differences between the
ratings obtained by Cocktail and the other algorithms are
statistically significant with |z| > 2.58 and thus p < 0.01
(except for the comparison with TTER, where |z| = 1.53 and
p = 0.06). Another interesting observation is that the SD
value for TASTContent is extremely high, which means this
content-based algorithm makes very distinguishable and
controversial recommendations.

In summary, Cocktail performs better than other
methods for all the evaluation metrics, and Cocktail-/
TTER have the second best performances. Due to the
unique characteristics of the travel data, the traditional
collaborative filtering methods (UCF and BSVD) do not
perform well, and they cannot recommend new packages
for tourists. Since different metrics characterize the
recommendations from different perspectives, some “con-
troversial results” have also been observed (e.g., the
different performances of LBSVD). In general, the meth-
ods, which consider additional useful information in a
proper way, tend to have better performances. During the
user study where the users are exposed to many different
recommendations simultaneously, we also noticed that it is
often hard for them to directly judge two recommendation
results from different algorithms. This indicates the issue:

TABLE 6
User Study Ratings
| LUCF  LBSVD TTER TASTContent Cocktail
Mean 3.22 3.30 3.46 3.20 3.55
SD 0.74 0.75 0.81 0.94 0.76
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Fig. 10. The runtime results for different algorithms.

TABLE 7
Experimental Results for K-Means Clustering
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Groups 0.7570 0.4453 0.7659 0.4233
Landscapes 0.7640 0.4727 0.7714 0.4619
Topics 0.7556 0.4227 0.7459 0.4440
Relationships 0.7972 0.4012 0.7804 0.4161

Fig. 11. The precision results for leave-out-rest (percent).

TABLE 8
The Recall Results for Leave-Out-Rest (Percent)

the ways of exposing the recommendations and interacting
with the users are also very important for successfully
deploying a system.

Computational performances. Also, we compare the com-
putational performances of the algorithms. We run all the
algorithms on the same platform.” Fig. 10 shows the
execution time (i.e., the time used for building the model
and making final recommendations for all the test tourists).
We can see that many algorithms (e.g., LItemRank,
TASTContent, Cocktail- and Cocktail) have the similar
runtime. Among all the algorithms, BSVD and LBSVD are
the most efficient, and Cocktail- has the worst computa-
tional performance. Specifically, for the topic model-based
methods, TTER does not have to consider the seasonal topic
similarities of the tourists, thus it is the most efficient.

6.5 The Evaluation of the TRAST Model

Since we have little information about tourists, it is hard to
interpret the identified relationships. However, we can test
the effectiveness of the TRAST model from an alternative
perspective; that is, the mined relationships will be used as
features to help automatically form travel groups. We
conduct two types of experiments. The first experiment is to
use K-means clustering for grouping given tourists, and the
second one is to find the tourists who would like to travel
with given tourist.

To this end, we use 7,083 travel groups to train the
TRAST model. For testing, we select 76 packages from the
original test set (shown in Table 3) to ensure that each
selected package has more than two travel groups. In total,
there are 167 travel groups traveled by 570 tourists. In the
experiments, we fix the number of topics and relationships
to be 100 and 20, and set parameters 7, o, and (3 the same as
the TAST model.

For the clustering experiment, given the set of tourists
(i.e., objects for clustering) and the number of travel
groups (K) of each test package, we run K-means to cluster
these tourists into K groups, and here the relationship
serves as the feature for clustering. We compare this
clustering result with three other clustering results, which
are the K-means results by using group logs (i.e., if two
tourists often traveled in the same groups, then they will

5. For the topic model-based algorithms, we set Gibbs sampling run
100 iterations, since similar results are already observed.

F Metrics Cosine | Euclidean distance
eatures
Groups 37.10 53.31
Landscapes 59.28 50.27
Topics 53.26 53.07
Relationships 60.18 56.23

have similar travel preferences), traveled landscapes and
topics (mined by TAST model) as features, respectively.
Thus, the better the selected features, the better clustering
results should be observed. Indeed, K-means clustering
validation has been carefully studied before, and we
choose two recognized validation measures, M1 (mutual
information) and VD, (normalized van Dongen criterion),
where M1 is a widely used measure and VD, is the most
suitable validation measure identified in [42]. The corre-
sponding experimental results are shown in Table 7. We
can see that, regardless of the similarity measures, the K-
means results based on relationships always perform much
better than the clustering results based on other features
for each evaluation metric.

Meanwhile, we evaluate the identified relationships from
each tourist’s point of view. Specifically, we randomly
select a tourist from each travel group, and then we rank all
the rest tourists (including the ones from other groups) of
this travel package for this tourist (i.e., leave-out-rest). Here,
the ranking list is generated based on the candidates’
similarities with the given tourist computed by the travel
relationship distributions (or cotraveled groups, or land-
scapes, or topic distributions). Ideally, the tourists who are
in the same travel group with the given tourist should
appear earlier in the list. To evaluate these ranking lists, we
choose “precision” and “recall” as the metrics, and the
corresponding results are shown in Fig. 11 and Table 8.
We can see that the ranking lists based on relationships are
still better than those based on other features.

From the above analysis, we know that the relationships
identified by TRAST can be better used for clustering
tourists and help to find the most possible cotravel tourists
for a given tourist. Thus, compared to cotraveled groups,
landscapes and topics, it is more suitable for travel
companies to choose relationships as an assessment for
travel group automatic formation.
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TABLE 9
Group Recommendation Results: DOA (Percent)
Cocktail  Cocktail
Alg. LUCF LBSVD TTER (Topics)  (Relationships)
DOA(%) | 90.86  88.77  89.60 92.29 92.10

6.6 Recommendation for Travel Groups

The evaluations in previous sections are mainly focused on
the individual (personalized) recommendations. Since
there are tourists who frequently travel together, it is
interesting to know whether the latent variables (e.g., the
topics of each individual tourist and the relationships of a
travel group) as well as the cocktail approaches are useful
for making recommendations to a group of tourists. To this
end, we performed an experimental study on group
recommendations.

Similar to the evaluation for the personalized recom-
mendation, we recommended for the 666 travel groups
existing in the test set (shown in Table 3). Specifically, each
recommendation algorithm simply views a group of
tourists as an “individual tourist” and all the previous
travel/expense records of these tourists are used for
training, and then generates a single recommendation list
for each test group (tourists in this group) using the training
set (training groups). According to their performances in
Section 6.4, we chose five typical recommendation algo-
rithms for comparison including LUCF, LBSVD, TTER, the
two Cocktails based on the topics extracted by the TAST
model and based on the relationships extracted by the
TRAST model. We chose DOA as the evaluation metric due
to its simplicity in interpretation. The experimental results
are shown in Table 9, where we can see that Cocktails still
outperform other algorithms, and in addition to modeling
each individual tourist, the relationships can also be used
for making recommendations. Meanwhile, we observe that
both LUCF and LBSVD perform much better with more
training records comparing to the results in Table 5.

It is worth noting that the differences between group
recommendation and individual recommendation are more
subtle and complex than we could imagine at the first
glance [21]. While the detailed discussion is beyond the
scope of this paper, we hope there are more future studies
on travel group recommendations.

7 RELATED WORK

In general, the related work can be grouped into two
categories. The first category has a focus on the recommen-
dation studies in the tourism domain, where some systems
have been developed to help tourists and these related work
can be divided into two groups.

In the first group, people are focused on the develop-
ment of intelligent systems for the tourists in the pretravel
stage for travel planning [44], information filtering [41], and
inspiration [32]. For instance, Yin et al. [44] proposed an
automatic trip planning framework by leveraging geo-
tagged photos and textual travel logs. Also, Hao et al. [19]
proposed a location-topic model by learning the local and
global topics to mine the location-representative knowledge
from a large collection of travel logs, and to recommend the
travel destinations. Wu et al. [41] designed a system using

the multimedia technology to generate the personalized
tourism summary. In addition, Ricci et al. [32], [33]
described case-based reasoning approaches, Trip@dvice
and DieToRecs. By exploiting a set of features for each
tourist’s specific interaction session, these two approaches
address a number of travel issues (e.g., mix-and-match
travel planning) and have been successfully used in several
websites, such as the visiteurope.com [39]. Finally, by
taking the travel cost into the consideration, Ge et al. [14]
and Xie et al. [43] provided focused studies of cost-aware
tour recommendation.

In the second subgroup, people target on providing more
context-aware travel information to the on-tour tourists
with mobile devices [35]. For instance, the studies in [1] and
[8] aim on the development of mobile tourist guides. Also,
Averjanova et al. [4] developed a map-based mobile system
that can provide users with some personalized recommen-
dations. Moreover, Carolis et al. [7] used a map for
outlining the location and the information of landscapes
in a town area. Finally, a more sophisticated on-tour
support system, MobyRek, was recently developed by Ricci
and Nguyen [34].

In summary, the above systems and algorithms target on
helping tourists from different perspectives. However,
tourists need system support throughout stages of travel,
beginning from pretravel planning through to the final
stages of travel [34]. Thus, the real-world travel recommen-
der systems are usually very complicated, and some of the
critical gaps, general problems and issues of travel
recommendations have been extensively discussed in [17],
[32], [33], [38].

The second category includes the research work related to
topic models and their applications on recommender
systems. Topic models are usually based upon the idea
that documents (including messages, emails, etc.) are
mixtures of latent topics, where a topic is a probability
distribution over words.

Many topic models have been proposed. Among them,
the latent Dirichlet allocation (LDA) [5] model possesses
fully generative semantics, and thus has been widely
studied and extended for many applications. For example,
Rosen-Zvi et al. [36] extended LDA to the author-topic (AT)
model for computing similarity between authors and the
entropy of author output. Based on LDA and AT models,
McCallum et al. [29] provided the author-recipient-topic
(ART) model for social network analysis. There are also
some works, which have successfully applied LDA into the
recommendation algorithms. For instance, Chen et al. [9]
adopted LDA to model user-community cooccurrences in
social networking services, and then made community
recommendations. Liu et al. [26] used the LDA model to
mine the user latent interests so as to enhance collaborative
filtering. Wang and Blei [40] combined the merits of
traditional collaborative filtering and probabilistic topic
model together to recommend scientific articles.

In summary, topic models (especially LDA)-based
methods perform well in the text-related or other recom-
mendation tasks. Furthermore, we can easily integrate
heterogeneous data sources into a unified framework by
extending current models [29], [36], [44]. Thus, more and
more researchers try to exploit topic models for better
usage, such as finding the way to combine topic models and
matrix factorizations [3], [40].
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8 DiscussION

Here, we discuss the advantages and limitations of this
study. From the experimental results, we can see that the
proposed cocktail recommendation approach works very
well for predicting the tourists’ travel preferences by
exploiting the unique characteristics of the travel package
data. Also, in this paper, we describe the work in a domain-
depended (i.e., travel) way where users are tourists, items
are travel packages, and features of items are seasons, areas,
and so on. However, it is worth noting that the idea of
profiling user/item and the way to explore features and
integrate these features in topic modeling should be
generally applicable to other recommendation scenarios.

Meanwhile, the cocktail approach has some limitations.
First, unlike some intelligent systems [38], the cocktail
approach disregards the specific preferences of the tourist
while he/she is planning a trip, such as the transportation
preference. In other words, we focus on designing the
recommendation algorithm to attract the tourists before
they make a travel decision rather than providing the travel
support in the on-tour stage [32]. Thus, our approach may
be only useful in some situations (e.g., email marketing).
Also, if we want to deploy this work for real-world services,
we have to incorporate more practical functions. Second,
there are some limitations with the performance evaluation,
which is just based on the ability to recover omitted (hide)
test data [20] and a simple user study. For instance, we
cannot always attribute a user not traveling a package
locating in the top of the recommendation list to a lack of
interest of that package [30]; that is, relevant (desirable)
travel packages in the test set may be just a small fraction of
the entire relevant ones that are actually of interest to each
tourist. For real-world applications, more sophisticated
online experiments are required.

9 CONCLUDING REMARKS

In this paper, we present study on personalized travel
package recommendation. Specifically, we first analyzed
the unique characteristics of travel packages and developed
the TAST model, a Bayesian network for travel package and
tourist representation. The TAST model can discover the
interests of the tourists and extract the spatial-temporal
correlations among landscapes. Then, we exploited the
TAST model for developing a cocktail approach on
personalized travel package recommendation. This cocktail
approach follows a hybrid recommendation strategy and
has the ability to combine several constraints existing in the
real-world scenario. Furthermore, we extended the TAST
model to the TRAST model, which can capture the
relationships among tourists in each travel group. Finally,
an empirical study was conducted on real-world travel
data. Experimental results demonstrate that the TAST
model can capture the unique characteristics of the travel
packages, the cocktail approach can lead to better perfor-
mances of travel package recommendation, and the TRAST
model can be used as an effective assessment for travel
group automatic formation. We hope these encouraging
results could lead to many future work.
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