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Abstract

In the recent times, a personalized travel path recommendation based on both travelogues and
community contributed photos and the heterogeneous meta-data (tags, geographical locations,
and date taken) which are associated with photos have been studied. The travellers using social
media leave their location history, in the form of paths. These paths can be bridged for acquiring
information, required, for future recommendation, for the future travellers, who are new to that
location, providing all sort of information. In this paper, we propose a personalized travel path
recommendation scheme, based on social life log. By taking advantage, of two kinds of social
media, such as travelogue and community contributed photos, the proposed scheme, can not only
be personalized to user’s travel interest, but also be able to recommend, a travel path rather than
individual Points of Interest (POIs). The proposed personalized travel route recommendation
method consists of two steps, which are: pruning POI pruning step and creating travel path step.
In the POI pruning step, candidate paths are created by the POI derived. In the creating travel
path step, the proposed scheme creates the paths considering the user’s interest, cost, time,
season of the topic for more meaningful recommendation.

B keyword : | Travel Path Recommendation | POI | Life Log | Social Media | Recommendation Service |
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I. Introduction

Recently, travel path recommendations have been
studied[1-21]. Whenever tourists visit a tourist
destination, there is always a necessity, regarding
how the sightseeing can be efficient and what the
best local dish with budget compliance depending on
every season is. It can be during the festive season
in other words travel season or can be during the
off-season. Generally, in India, tourism is very much
likely to be dependent on the season due to a mixture
of tropical and alpine climate in one nation[4].

Typically, people would desire to know which
locations are the most interesting places in a
geo—spatial region. In this paper, interesting location
is the culturally important places such as Victoria
Memorial overlooking the mighty Ganges River in the
city of Kolkata (formerly known as Calcutta), India or
commonly frequented public areas such as shopping
malls/streets, restaurants, movie theatres, coffechouses
etc. Further, given these interesting locations in a
geo-spatial region like a city, users might also
wonder what the most classical travel sequences are
among them. For example, an individual would be
more likely to go to a coffeehouses for resting out
after visiting a cultural landmark than they would
before, making landmark-to-coffeechouses a classical
travel sequence. With the information mentioned
above, an individual can understand an unfamiliar city
in a very short period and plan their journeys with
minimal effort. Meanwhile, such information would
enable mobile guides given the recommendation of
the interesting places and travel sequences around
them, mobile users are more likely to enjoy a high
quality travel experience while saving lots of time for
location finding and trip planning.

The recommended POIs should be personalized to

user interest since different users may prefer different

types of POIs[1-3]. POI is a place in which users are
interested such as a restaurant, a tourist destination,
and so on. some people may prefer cultural places like
the Victoria Memorial, Martyr's Tower or Shaheed
Minar in the local language, Indian National Museum
(situated in the heart of the city), while others may
prefer the cityscape like the South City (situated in
the southern part of Kolkata) or Eden Gardens and
Park Street (situated near the heart of Kolkata).
Besides travel topical interest, other attributes
luxury,
economy), preferred visiting season (i.e., spring,

including consumption capability (e,

autumn, winter which are the festive seasons in
India) and preferred visiting time (e, morning,
evening, afternoon, night).

It is important to recommend a sequential travel
path (ie., a sequence of POIs) rather than individual
POI[4][14]. Tt is more difficult that users plan travel
sequence than choosing individual POIs because users
need to consider the relationship between the
locations, and opening time of POIs. For example, it
may still not be a good recommendation if all the
POIs recommended for one day are in four corners of
the city, even though the user may be interested in all
the individual POIs.

Therefore, how can a tourist who is new to an
Indian city travel without having any problem?
Nowadays tourists mostly use social media especially
during their travel and thus leave their location
history in the form of paths. These paths bridge the
gap of information between the travelers and
locations. Currently, social media applications like
Instagram, QQ, Expedia, Foursquare, Yelp, Zagat,
Facebook, Flick, Zomato, and MySpace are offering
great opportunities to address many challenging
problems, like GPS

recommendation. Furthermore, the photos contributed

estimation, and travel

from the communities with metadata (e.g. longitude
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position and the latitude position, the date took etc.)
on social media record user's daily and travel
experiences. These data are not only useful for
reliable (points of interest) POIs travel paths but they
also provide an opportunity to recommend
personalized travel POIs and paths based on user’s
interest. To recommend the personalized POI path,
first, famous paths surrounding the landmark areas or
top rated POIs are ranked, by considering the user
preference and path package. However, the challenges
are as follows. There are thousands of POI's and at
which time that PO is best to visit and how to match
with the visitor's time and not to forget the price.

In this paper, we propose a personalized travel path
recommendation system on social media. In recent
years, new information has been constantly created
and existing information changes through social and
citation networks and the Internet of Things (IoT).
There are challenge in any recommendation
application. It is “what time is the best to recommend
a particular POI by considering the factor of price”.
After considering time, the challenge is “when the
tourists visits the city, which path is the best to
recommend considering timing and rating”. Here the
time zones are divided in to mainly three parts,
mainly in Morning, Afternoon and Evening and
sometimes night as well making it 4 sections, incase
a tourist arrives at night. For example a POl known
as X has free entry so it can fit into any POI category
in terms of price, since it is free. And let us say the
X has a high rating in the morning recommendation
compared to the other timings. Therefore based on
the timing the tourist stays, and the timing is the
morning the path will include that POL

Il. Related Works

The existing recommendation systems currently

used as an application are introduced in this section.
Many studies on techniques that store on
recommendation systems have been conducted in
recent years. Most of applications are widely used as
they give out path recommendation in India, UK,
Brazil, Australia, Germany, US, Spain, Portugal,
Bangladesh, Sri Lanka, Canada and Japan.

1. FOURSQUARE

One of the top widely used recommendation system
in the form of an application. This application is free
to Subscribe and gives out the information without
even logging into site. It provides the directions and
easy to search. These applications always links the
homepage of restaurant or hotels by providing the
contact details. This application provides ratings and
feedbacks of POls. However, this application Shows
no timings of Opening and Closing of POIs. The
directions are not embedded but rather the directions
are linked with the Google maps only and the
directions are given out in a pop-up window rather
than given out in a new tab. And the path is not
personalized rather linked on Google map, and it does
not give out the which path is best according to a
time. like for an example a POl in a particular city
which is closed at night is also recommended for a
tourist who visits at night in that very particular city.
Moreover, this service does not cater to any
preference. For example if no alcohol preference
clicked for an Indian city, then also it will show the
bars and pubs within the recommended path. Price is

not considered as part of recommendation.

2. YELP

One of the top widely used recommendation system
in the form of an application mainly for hospitals, or
clinics, dentists, pharmacy store and even laundry

service as well required by a tourist. This application
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is free to Subscribe and gives out the information
without even logging into site. The directions are
embedded and they give out the directions based on
the preference. It takes out the tourist location
through GPS and gives nearby POIls as a bouquet of
recommended locations. For more information one has
to get logged in for more information like nearby
POIs. This application Shows no timings of Opening
and Closing of POls.
FOURSQUARE does not give out best path according

to a time. Moreover this service does not accept any

Therefore just like

preference. Price is not considered as part of

recommendation.

3. ZAGAT

One of the top widely used recommendation system
mainly in USA, India, China and Japan. This
application is a paid service and provides detailed
information about the closing and opening time of
POIs and provides a good path based in the embedded
directional map based on the timings and provides a
detailed ratings. It provides rating and feedback very
accurately. However, this  application  gives
recommendation according to ratings and gives out
the information which are among top 15 but unlike
other services, this one does not cater to users
preference. For contact information of POIs, they
provide physical format of directory books rather than
providing contact details online and the price is not

considered.

4, ZOMATO

One of the most widely used recommendation
system mainly in South Asia, South East Asia,
Europe, Middle East, Oceania and Americas for
dining. It is free to subscribe provides rating and
feedback very accurately based on the user’s real time
location. The directions are provided in the embedded

map within the service. Especially if any POIs area
having special event due to festive season, the
information is updated especially the discounts or
price reductions offers. Also due to weather or local
political based strikes, the POIs which are difficult to
reach are also updated in the service. It provides the
opening and closing time of POIs with live updates.
This service also provides contact details of POIs and
a feature to comnect to POls directly as well. It
provides to exclusive service as a paid service as a
social drinking membership, where the tourists can
meet the locals and dine together. Zomato's data can
be utilized to merge into one application. This
application is confined to information about

restaurants only and does not provide a good path.

5. EXPEDIA

One of the most widely used recommendation
system used for travelling in world-wide for hotels
and flight bookings. Just like Zomato it is free to
subscribe  provides rating and feedback very
accurately based on the user’s real time location. The
directions are provided in the embedded map within
the service. Especially if any POIs area having special
event due to festive season, the information is
updated especially the discounts or price reductions
offers. Also due to weather or strike, the POls are
difficult to reach are also updated in the service. It
provides the opening and closing time of POIs with
live updates. This service also provides contact
details of POIs and a feature to connect to POls
directly as well. This application is confined to
information about hotels and flights only and does not
provide a good path.

However, existing schemes haven't well solved the
two challenges. For the first challenge, most of the
travel recommendation works only focused on user

topical interest mining without considering other
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attributes like consumption capability. For the second
challenge, existing schemes focused more on famous
path mining without automatically mining user travel
interest. It still remains a challenge for most existing
works to provide both “personalized” and “sequential”
travel package recommendation. In addition, the
features and problems of each existing scheme are

explained.

lll, Proposed Personalized Travel Path

Recommendation Scheme

In this paper, we propose a personalized travel path
recommendation scheme, based on social life log.
Especially, the proposed scheme consider the rating
according to the time of POIs. So, the proposed

scheme improves the accuracy of travel path.

1. Characteristics

[Fig. 1] shows the overall structure of the proposed
system. We can get the geographical location data of
users as well from the social network services
Instagram and Expedia, QQ. And the location rating
from the Zomato and Foursquare including the traffic
as well budget restaurants. To collect the events
during festive season such as Holiday Season or the
period from Christmas Eve to New Years, we can be
retrieved from Zomato. Incase of QQ, we can get the
ratings of hour wise to certain level of segregation,
especially as popular rating during daytime hours and
non-daytime hours around which part of day a POI is
more popular and has more higher rating.

The proposed system collects and stores the POI
data from social media. In order to perform path
recommendation, the proposed system consists of
mainly two phases. Firstly, POI data set is acquired

in the format of location, type, ratings, hours, price

Pruing POIby Hou

—— »

Pruing POIby Raag

Nake Condidtes (Path)

DRUNE POIPEASE Make PaTuPisse

Fig. 1. Overall Structure of the Proposed System

and events. So, in the Pruning POI phase, the
proposed system prunes the POI data by location,
hour, price, and rating of POL Second, in the Making
path phase, the proposed system makes all cases of
paths (candidates) and processes the top—k query
with candidates. In a top—k query, the proposed

system considers hour, price, and rating of POls.

2. Pruning of POls
In here we actually prune out the POIs. [Fig. 2]

shows how to prune of POIs. For example, we have
around 20 POIs, which are: A, B, CD, E, F, G H, |,
JKKLMNOPQR,S, and T. Therefore, we
start pruning by considering the factors of hour and
price. The reason is that we need to match the time,
when a tourist is visiting and whether the opening
and closing time matches with the period the tourist
is present, which is the utmost importance followed
by the budget that is why price is considered as well
with the cheapest ones to the dearer ones as per the
tourist's wishes. By considering the factor of user or
here, tourist’s preferences, we can prune 20 POIs to
14 POIs. Then these 14 pruned POls are further
pruned down by the factor of ratings given by the
previous users who have already visited the POIs to
retrieve the final pruned POIs such as 8 POls , which
comes down to B, F, J, K, L, Q S, and T.
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Pruned POIs | BFJKLQST |

| F?BIK3J2L3 Q3 T3S |

Routes Among POIS
| BIIIFIKDQILISST |

| T3F2Q3L3K>53J3B |

(]
40320 Trajectory Routes

Fig. 2. Pruning of POls

3. Pruning of Paths
Now the paths of the 8 POIs through the pruning

process of POIs are therefore considered for
retrieving the best top k paths. By considering the 8
POIs following paths can be obtained, like F >B>K
2>]2L>Q>T>S, then B 2J2F 2K>Q2>L>S>T
..... path 1, T9F2>Q>L>K>S>]>B ... path 2, Q
2>S2L2>F>T>]2>B>K ... path 3 and many more
can be obtained. Here, in our case, since, 20 POls are
pruned down to 8 POIS , therefore 8x7x6x5x4x3x2x1
=40,320 paths can be formed. Therefore, the challenge
is to obtain the best top k paths and recommending
to the user is the main aim. [Fig. 3] shows the path
paths obtained from POls.

FOL | ABCDEFGHIJKLMNOPQRST |

‘Hour Price

BCEFGJKLMPQRST |

Ratng

Pruring
| BCFIJKLMQRST |

i | BFJEKLQST |
Final Prurec FOL

Fig. 3. The Paths Obtained from 8 POls

So how can we obtain the top k path out of 40,320
path paths. Therefore, just like POIs, the paths also
need to be pruned down in order to obtain the top k
paths. We have considered omega () as the weight
of every POIs for every particular path. Similar to the
POIs, we would prune the 40320 path paths to top k
path paths in the factors of price, rating and finally
for hours. So among the 40,320 paths let us consider
the first path F>B>K>J2L>Q>T>S

We need to find a score for every path in order to
compare with other paths to find the top k path. So,
we need to get three scores without which path
scoring cannot take place. The categories of scores
are as follows:— Price, Rating and Hour.

‘We need to find a factor for every path in order to
calculate the score of every categories. Let us
consider () as weight of the paths. Therefore, we
divide the Q into Q, Q,, Qg for the following
factors, which goes by Q for price, (2, for rating
& Q) for hour respectively for a particular path. We
have initialized the weights for easier calculation. To
reduce the candidates, we calculate the factor which
is calculated easily first. We obtain chi y as weight
per price for a POI of a particular path by multiplying
weight (2, with price score, where Price is the cost
of every POI for budget friendly trip for tourist. The
Price Score is calculated by (2). In formula 2, Price(pi)
means the cost such as admission fees when you visit
pi. Price(Pi, Pi+1) means the cost that you spend

moving from Pi to Pi+1. n means the number of POL

Q, x Price Score = x D

Z (Price (p) T Prz’ce<Pl_pl+l)) 2)
i=1
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Celeumg weight pr rce = )

FIBIK3IFL3QITH

Routes Among POIS per price can be Hke
Ql 1 Brice Sare =

Fig. 4. Calculating Weight of Price Score

Just like chi y, we obtain koppa ¢ as weight per
rating for a POI of a particular path by multiplying
weight (), with rating score. Rating Score is
calculated by (4), where, rating score is the rating of
every POI for in that path for a time of a day, which
can day, night, or evening or afternoon.

2, x Price Score = ¢ 3

n

E (Rating (P) ) )

i=1

Caloulating weight per Rating Score = Q

F3B3KH13L2Q3 138

Routes Among POIS per price canbe Hie:

Q: 1 Ratig Smre:Q

Fig. 5. Calculating Weight of Rating Score

The Final category, we obtained is theta © as
weight per rating for a POI of a particular path by
multiplying weight {25 with rating score. The Hour
Score is s calculated by (6), where where hour score
is the time taken among every POI for in a particular
path, in order to make the path path very comfortable

for a user. Say for example if we look at the

considered path F2B2>K>J2L>Q>T->S, so, how
long the time takes from F POI to reach B POL In
formula 6, Hour(pi) means the time when you visit pi.
Hour(Pi, Pi+1) means the time that you spend moving
from Pi to Pi+l.

Q, x Hour Score = © (5)

n

(Hour(Pl) + Hour(p p ) ) (6)
1

Calculating weight per Hour Score = 6

F?B2KFI2L2Q3 TS

Routes Among POIS per price can be te
Q; x Hour Seore =0

Fig. 6. Calculating Weight of Hour Score

We decided to have the path score as gamma I,
where I' = y + ¢ + ©. The path score can be divided
into I'y, I'y, 'y, I'y, I'y I'g--. and I',, . By
obtaining X, ¢ and © for every POl in each path score
gamma 'y, 'y, ['y, T'y, T'5, T and I'), can be
obtained. Now, these path scores are compared
among each other to get the top k path. Finally, top
k paths with top scores can be obtained and can be

recommended.

IV, Performance Evaluation

The performance of the proposed scheme was
verified by comparing the memory usage and query
response times with those of existing schemes.
Furthermore, threshold values were also evaluated to
determine which threshold showed the best efficiency.
The performance valuation environment is presented

in [Table 1]. The experiment was conducted in an
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environment of Intel Core 15-4440 CPU 3.10 GHz with
8 GB memory. The data used in the performance
evaluation are presented in [Table 2].

Table 1. Environment of the Performance Evaluation

Parameter Value
cPU Intel (R) Core (TM) i5 - 4440
CPU 3,10GHz
Memory 8 GB
Language JAVA
Operating System Microsoft Windows 7

Table 2. Data of the Performance Evaluation

ltem Value
Number of POI 06 ~ 14
Number of POI in Path 03 ~ 06
Number of POl in Path 60 ~ 140

We considered the number of POIs or Point of
Interest for around 06 ~ 14. And considering the
number of POIs in a single path around 03 ~ 06. Out
of the POIs and making the path paths, the top k path
paths are around 60 ~ 140.

We have considered to compare the existing
system with our proposed method. Therefore, firstly,
we will consider the scores using the existing system.

We considered 10 POIs after the pruning of POIs

therefore, static int num_of POI = 10. While for
every path paths 3 POIs would exist. Henceforth,
static int num_of_POLin_path = 3. So, that makes
around 300 path paths. And out of 300 path paths we
took 100 top k paths. Therefore, static int top k = 100

In the existing method, since the score of is almost
similar, it is very difficult to differentiate the paths,
especially when we want to segregate through the
score of time because it has an average score. Let us
consider the score for the path “pl, p5, p9” has a
score of = 65.7341638281733. If we look at the next
path “pl, p4, pd” has a score of = 65.6791058637173,

which are almost more or less similar. Therefore by
this score or time, generated from the existing
system, the differences of path cannot be segregated.
Therefore the comparison is almost impossible to
perform, due to the fact of generation of the similar
scores which average score for the factor of time.
[Fig. 7] shows the calculation of POI to generate the
score for POl -2 pl, p4, p5

Hour Rating (whr v 10)

FOLID . - =
pl 11 91 13 512 6l T4
p 1 813 512 951 741 ?Igs

) 3 Ll 70l ) S ¢

(a) POI Table
ECH R
pl 0 3 3
pd 3 0 7

p3 8 7 0

(b) Distance Matrix

Existing Method

eTop-1 = [pl, p5, p9), score = 65,.7341638281733

eTop-1 = [pl, p4, p3), score = 63,679105863T173

eTop-3 = [pd, p5, p2). score = 64,.306473420987117

eTop-4 = [pl, pd, p3), score = 64.03529887557146

eTop-5 = [pl, p3, p5, score = 63.815934195268475

eTop-6 = [p3, p5, p2), score = 62.44330776142235

eTop-7 = [p3, pd, p5], score = 52.38824575656636

eTop-8 = [pl, p3, pg), score = 62.222127207522635
eTop-9 = [pl, p3, pd], score = 62, 167069243068635

(c) Search Results of The Existing Scheme
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Froposed Method

pTop-1 = [pl, p5. p9]. score = 77.74613716884353

pTop-2 = [pl, p5, pd], score = 74.84831537621783
pTop-9 = [pl, p9, p5), score = 69, 18774117219728

pTop-13 = [p4, p5, pl], score = 68.70134379790642

pTop-19 = [pl, p4, p3], score = 57.57082857461181

pTop-86 = [p3, p5, pl], soore = 64.35178330106324

pTop-57 = [p5, pl., p9)]. score = 63.66296701125539
eTop-8 = [pl, p3, p9), score = B2.222127207522635
eTop-9 = [pl, p3, pd]. score = 62.167069243066635

(d) Search Results of The Proposed Scheme

Fig. 7. POl Score Calculation

In the field of information retrieval, precision is the
fraction of retrieved documents that are relevant to
the query. In Precision, the graph shows a decline
phase, because as more POIs are added the paths are
supposed to increase, however, to narrow down to
exact matching, the data the graph shows a decline
phase. [Fig. 8] shows evaluating POIs in a path
through precision.

s fxistng scheme ==l Proposed Scheme

R
120
E
c 10
I g
s
60
I
P
N 20

Fig. 8. Precision

In information retrieval, recall is the fraction of the
relevant documents that are successfully retrieved.

[Figure 9] shows evaluating POIs in a path through

recall. Initially, we aimed for 3 POI, this time we like
to see what happens if we add more POIs in a path,
so we tried the result by 3 POIs, 4 POIs, 5 POIs and
6 POIs in a single path. Therefore number of paths

will increase.

we= Existing scheme =il Proposed Scheme

L]
E 2
50
C
L $ A oy
L —
L n

Fig. 9. Recall

V. Conclusion

In this paper, we proposed our research about the
personalized travel path recommendation. Every POI
according to their geographical position has ratings.
And these ratings are very important to provide the
more effective recommendation. The existing system
which provides recommendation of POIs is based on
the average score, which does not gives a good
fruitful recommendation. However our proposed
scheme can provide time segregation for every POI
and the highest score of a POI for a particular time,
having the ratings will be formed within the path to
provide the bouquets of top k paths to the user. The
experiment results showed that the proposed scheme
having the punning steps for POIs as well as for
paths provides efficiency by up to 80% in respect to

recommendation to existing schemes. However, it
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cannot guarantee better performance for a long range
travel for example, a tour for 5 days. But by this
system the POIs of long term travel can benefit. In
our future research, we will use this method for long
term travel where the best POIs can be visited and
gives a new edge in defining the recommendation. As
a result, the tourism industry can benefit if the
method is implied into their applications meant for
recommending the tourists the POIs in the perfect
time.

it
Ao
rot

i

[1] Mingxin Gan and Rui Jiang, “FLOWER: Fusing
global and local associations  towards
personalized social recommendation,” Future
Generation Comp. Syst, Vol.78, pp.462-473, 2018,

[21 Yu Zheng, Lizhu Zhang, Xing Xie, and
Wei-Ying Ma, “Mining interesting locations and
travel sequences from GPS trajectories,” WWW,
Pp.791-800, 2000.

[3] Kwan Hui Lim, Jeffrey Chan, Christopher
Leckie, and Shanika Karunasekera, “Personalized
trip recommendation for tourists based on user
interests, points of interest visit durations and
visit recency,” Knowl. Inf. Syst. Vol.54, No.2,
pp.375-406, 2018.

[4] Fatemeh Rezaeimehr, Parham Moradi, Sajad
Ahmadian, Nooruldeen Nasih Qader, and Mahdi
Jalili, “TCARS: Time- and Community-Aware
Recommendation System,” Future Generation
Comp. Syst, Vol.78, pp.419-429, 2018.

[5] Ramesh Baral and Tao Li, “Exploiting the roles
of aspects in personalized POI recommender
systems,” Data Min. Knowl. Discov, Vol.32,
No.2, pp.320-343, 2018.

[6] Long Guo, Jie Shao, Kian-Lee Tan, and Yang

Yang, “WhereToGo: Personalized Travel
Recommendation for Individuals and Groups,”
MDM, Vol.1, pp.49-58, 2014.

[7]1 Qi Liu, Yong Ge, Zhongmou Li, Enhong Chen,
and Hui Xiong, “Personalized Travel Package
Recommendation,” Proc. ICDM, pp.407-416, 2011.

[8] Abdul Majid, Ling Chen, Gencai Chen, Hamid
Turab Mirza, Ibrar Hussain, and John
Woodward, “A context-aware personalized travel
recommendation system based on geotagged
social media data mining,” International Journal
of Geographical Information Science, Vol.27,
No.4, pp.662-684, 2013,

[9] Ge Cui, Jun Luo, and Xin Wang, “Personalized
travel route recommendation using collaborative
filtering based on GPS trajectories,” Int. J.
Digital Earth, Vol.11, No.3, pp.284-307, 2018.

[10] Yu Zheng, Xing Xie, and Wei-Ying Ma,
“GeoLife: A Collaborative Social Networking
Service among User, Location and Trajectory,”
IEEE Data Eng. Bul, Vol.33, No.2, pp.32-39,
2010.

[11] Chenzhong Bin, Tianlong Gu, Yanpeng Sun,
Liang Chang, Wenping Sun, and Lel Sun,
“Personalized POIs Travel Route Recommendation
System Based on Tourism Big Data,” Proc.
PRICAI, pp.290-299, 2018.

[12] Gang Hu, Jie Shao, Fumin Shen, Zi Huang, and
Heng Tao Shen, “Unifying Multi-Source Social
Media Data for Personalized Travel Route
Planning,” Proc. SIGIR, pp.893-896, 2017.

[13] Zilu Liang and Yasushi Wakahara, “A route
guidance system with personalized rerouting for
reducing traveling time of vehicles in urban
areas,” Proc. ITSC, pp.1541-154, 2014.

[14] Siya Bao, Masao Yanagisawa, and Nozomu
Togawa, “Personalized one-day travel with

multi-nearby-landmark recommendation,” Proc.



294 SHRIEIX5E=2X] 19 Vol. 19 No, 2

ICCE-Berlin, pp.239-242, 2017.

[15] K S. Bok, He Li, J. T. Lim, and J. S. Yoo,
“Discovering Congested Routes Using Vehicle
Trajectories in Road Networks,” Adv. in MM,
Vol.2015, pp.420689:1-420689:7, 2015.

[16] Mohammad Aliannejadi and Fabio Crestani,
“Personalized Context-Aware Point of Interest
Recommendation,” CoRR, vol.abs/1806.05736,
2018.

[17] Ling-Yin Wei, Wen-Chih Peng, and Wang-Chien
Lee, “Exploring pattern-aware travel routes for
trajectory search,” ACM TIST, Vol4, No.3,
pp.48:1-48:25, 2013,

[18] Davide Feltoni Gurini, Fahio Gasparetti,
Alessandro Micarelli, and Giuseppe Sansonetti,
“Temporal people-to—people recommendation on
social networks with sentiment-based matrix
factorization,” Future Generation Comp. Syst,
Vol.78, pp.430-439, 2018.

[19] Mehmet Kayaalp, Tansel Ozyer, and Sibel
Tariyan Ozyer, “A Collaborative and Content
Based Event
Integrated with Data Collection Scrapers and

Recommendation ~ System
Services at a Social Networking Site,” Proc.
ASONAM, pp.113-118, 2009.

[20] Yu Zheng, Yukun Chen, Xing Xie, and
Wei-Ying Ma, “GeoLife 2.0: A Location-Based
Social Networking Service,” Proc. Mobile Data
Management, pp.357-358, 2009.

[21] Magdalini Eirinaki, Jerry Gao, Iraklis Varlamis,
and Konstantinos Tserpes, “Recommender
Systems for Large-Scale Social Networks: A
review of challenges and solutions,” Future
Generation Comp. Syst, Vol.78, pp.413-418, 2018.

”

X X A 4

Paul Aniruddha

=3¢
« 201249 29 : Graduated Degree

of Bachelors, in Computer

Sciences from Sam

Higginbottom  Institute  of

Agriculture, Technology &
p 2 Sciences(-&-8HAH

= 20113 10¥ ~ 20159 2 : Worked as an Software

Engineer in Nomura Research Institute, Financial

Technologies
= 2015 39 ~ 20164 24 @ FEUEA daro] A
A

Postdoc

<Fok> © 28 YEYI vHolE, BAE o)

)

[6}



4 ojjo] oA FHelztE

ol 3

2 M IIE 295

73 4*(Kyoungsoo Bok) M3
£ 2000 290 1 FHuhsh 3}
(e]8kh)
S ¥ | 20009 29 FEU)SE ARE
&4 RES R
AN p | 205K 89 Bate g
N AZBRIHF A

= 20004 3€ ~ 2008 2€ : 3=y HHA
AFAT- 2~ Postdoc
= 20034 39 ~ 20114 2¢

& A 4=(Jaesoo Yoo) EMFH
+ 1989 24 ¢ S-St Z5E
T
=1991d 29 - S AEled A
Alsta( g8k AL
1995 29 © Sl 1% 9 2
AFSYH(F S AY)

= 19959 29 ~ 1996 89 : HFEdstun AL A S
3} A4
. 19961(3 8‘% ~ %ZH : %—:%—EH?_]—E_ jﬂ;(],;(éiq_lg_—}_ ;(é] -

2
T

<HAREOR> ¢ HloJEHo] A Al HEHH o] Hlo]
ElWlo] 2z, AlA HIESA, nio] @l EujE X, Hjg o]

B




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


