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ABSTRACT 

This paper proposes a new personal tour planning problem with time-dependent satisfactions, traveling and activity 
duration times for sightseeing. It is difficult to represent the time-dependent model using general static network models, 
and hence, Time-Expanded Network (TEN) is introduced. The TEN contains a copy to the set of nodes in the underly- 
ing static network for each discrete time step, and it turns the problem of determining an optimal flow over time into a 
classical static network flow problem. Using the proposed TEN-based model, it is possible not only to construct various 
variations with time of costs and satisfactions flexibly in a single network, but also to select optimal departure places 
and accommodations according to the tour route with tourist’s favorite places and to obtain the time scheduling of tour 
route, simultaneously. The proposed model is formulated as a 0 - 1 integer programming problem which can be applied 
by existing useful combinatorial optimization and soft computing algorithms. It’s also equivalently transformed into 
several existing tour planning problems using some natural assumptions. Furthermore, comparing the proposed model 
with some previous models using a numerical example with time-dependent parameters, both the similarity of these 
models in the static network and the advantage of the proposed TEN-based model are obtained. 
 
Keywords: Tour Planning Problem; Time-Dependent Parameters; Time-Expanded Network; Mathematical Modeling 

1. Introduction 

The rapid development of information communication 
and technologies (ICT), specifically internet technologies, 
enables tourists to use the vast amount of information 
available on the Web and to construct their personal tour 
planning for sightseeing by themselves. Therefore, it is 
important to develop a decision support system for the 
tour planning to suit personal satisfactions under various 
budget and time constraints. The tour planning is a mul- 
timodal and complex constructive activity affected by 
various factors, which can be classified into the follow- 
ing two categories (Zhu et al. [1]): 1) personal features 
including both socioeconomic factors (for instance, age, 
education, and income) and psychological and cognitive 
factors (for instance, experience, personality, and in- 
volvement); and 2) travel features such as travel purpose, 
number of travelers, length of travel, distance, and trans- 
portation mode. Furthermore, tourists should specially 
consider traveling and activity times, and hence, it is  

important to do a suitable management of these times for 
the effective utilization of sightseeing activities. Thus, 
the tour planning should be prepared in advance, consid- 
ering the above-mentioned factors and parameters such 
as transportation networks, personal context, properties 
of activities, and traveling and activity times. 

Previous researches on the tour planning problem are 
broadly classified into several groups; for instance, solv- 
ing the problem from a mathematical point of view, dy- 
namically planning an optimal itinerary which is related 
to finding a path, designing intelligent tour planning sys- 
tems based on the personalized tour recommender, etc. 
(in detail, see Abbaspour and Samadzadegan [2]). Spe- 
cifically, in this paper, we focus on the group formulating 
and solving a new tour planning problem with time-de- 
pendent parameters from a mathematical point of view. 
As recent studies of the tour planning problems, Souf- 
friau et al. [3] solved the tourist trip design problem, in 
addition to tour planning, they developed an approach to 
extract the scores associated with valuable points of in- 
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terest automatically. Zografos and Androutsopoulos [4] 
formulated a tour planning problem in a multimodal and 
time-scheduled urban public transport network, lexico- 
graphically optimizing the en-route time, the number of 
transfers, and the total walking and waiting time. Then, 
they developed a dynamic programming-based algorithm 
for determining the lexicographically optimal tour route. 
Zhu et al. [1] established a framework for the more gen- 
eral tour planning problem, which also considers the se- 
lection of accommodation, as an integer linear program- 
ming problem in terms of mathematical programming, 
and developed heuristic algorithms. Abbaspour and Sama- 
dzadegan [2] developed a time-dependent tour planning 
methodology to design a time-limited tour that collects 
the maximum total priority value. As the other researches 
related to tour planning for sightseeing, there are recently 
various studies of traveling time prediction and psycho- 
logical aspect of sightseeing (for instance, Bohte and 
Maat [5], Ettema et al. [6], Hu et al. [7], Khosravi et al. 
[8]). 

However, these existing mathematical models do not 
include several important factors for the tour planning 
such as time-dependent satisfaction values of activities 
and required traveling times between two places. For 
instance, from the traffic data, we may estimate the delay 
time in the case of traffic jam. The traffic jam tends to 
happen on the specific or particular time and road such as 
the rush hour and the main street, and hence, it is impor- 
tant to consider the time-dependent initially in the given 
network. Furthermore, with respect to sightseeing spots 
such as zoos, aqua museums, and theaters, some enter- 
tainments are performed in particular hours, for instance 
between 1:00 p.m. to 3:00 p.m. Therefore, satisfactions 
of tourists in only the particular hours may be the highest 
of the other hours. In addition, many previous models 
considered that the starting and terminal points such as 
stations and hotels are initially fixed, and the tourist de- 
cided the tour planning between these two fixed points. 
However, in actuality, there are some places which the 
tourist would like to visit certainly or absolutely, and so 
the starting and terminal points should be determined 
according to locations of these specific places. In order to 
overcome these drawbacks and to construct the more 
general framework of tour planning, we develop a new 
mathematical model of tour planning with time-depend- 
ent satisfactions considering the decision of not only op- 
timal tour routes but also departure points and accom- 
modation maximizing the total satisfaction of tourist. 

As the above-mentioned, it is important to consider the 
time-dependent parameters in the tour planning problems 
as well as network optimization such as maximum flow 
problems (for instance, Cai et al. [9]). However, it is 
generally hard to represent these necessary conditions to 

deal with time-dependent parameters using only the static 
network structure, because static network optimization 
problems give only one deterministic value to each edge 
not to depend on clock times. Therefore, in order to deal 
with time-dependent parameters, we introduce a network 
structure called Time-Expanded Network (TEN), which 
is sometimes known as Time Space Network (TSN). The 
TEN contains a copy to the set of nodes in the underlying 
static network for each discrete time step. The advantage 
of this approach is that it turns the problem of determine- 
ing an optimal flow over time into a classical static net- 
work flow problem on the TEN. Therefore, using the 
advantage, many researchers have considered applying 
the TEN to practical problems since the 1970s and 1980s 
(for instance, Florian et al. [10], Zawack and Gerald 
[11]). In most recently, TEN-based models also have 
been proposed for various practical problems such as 
airline and crew scheduling (Engineer et al. [12], Guo et 
al. [13], Hane et al. [14]), multi-depot bus scheduling 
(Kliewer et al. [15]), optimal capacity utilizations for 
intelligent transportation management of traffic coordi- 
nation systems (Shah et al. [16]), car pooling problems 
(Yan and Chen [17]), planning earth recycling and dump 
truck dispatching (Chu et al. [18]), etc. Then, Time-Ex- 
panded Decision Network (TDN) is also a method to 
clearly and rigorously represent feasible paths and, to the 
extent possible, quantify the expected switching costs 
along those paths. These paths and costs can then be rep- 
resented on a directed network with arc-costs represent- 
ing cost-elements incurred during system operation, and 
expanded through a life-cycle using standard methods 
from time-expanded network theory (Jarvis and Ratliff 
[19]). Once formulated, decision makers can use the 
TDN to conduct scenario planning and iteratively design 
more evolvable complex systems. Therefore, in this pa- 
per, we focus on the modeling of personal tour planning 
considering several factors for times and satisfactions, 
and apply these advantages and usefulness of TEN to our 
proposed tour planning problem. This is the first study to 
apply both time-dependent parameters and TEN to the 
tour planning problem. 

This paper is organized as follows. In Section 2, we 
introduce the TEN and explain features of TEN. In Sec- 
tion 3, we introduce constraints and an object of our 
proposed model, and formulate our proposed personal 
tour planning using the TEN. Furthermore, assuming the 
initially deterministic departure point and accommodation, 
we show that the proposed model is equivalently trans- 
formed into a constrained network optimization problem, 
which is similar to several types of previous tour plan- 
ning problem. In Section 4, we provide a numerical ex- 
ample and show features of our proposed model. Finally, 
in Section 5, we conclude this paper. 

Copyright © 2013 SciRes.                                                                                AJOR 



T. HASUIKE  ET  AL. 371

2. Time-Expanded Network 

The TEN contains a copy to the set of nodes in the un- 
derlying static network for each discrete time step. The 
advantage of this approach is that it turns the problem of 
determining an optimal flow over time into a classical 
static network flow problem on the TEN. This problem 
can be solved by well-known network flow algorithms. 
The TEN-based methodology involves 1) identifying and 
quantifying switching values of parameters; 2) creating 
an optimization model based on the concept of TEN; and 
3) solving the model under probabilistic or manually 
generated scenarios for parameters to identify optimal 
designs. 

The methodology of TEN-based decision making gen- 
erally consists of the following five steps introduced by 
Silver and Weck [20]. 
- Designing an initial set of feasible system configure- 

tions 
- Quantifying switching parameters and creating a static 

network 
- Creating the time expanded network 
- Create scenarios and run optimization 
- Modifying system configurations: Iterative design 

In this paper, we construct the TEN as the following 
steps based on previous studies and above-mentioned steps 
of TEN. 

2.1. Expansion of the Static Network 

The first step of standard techniques constructing the 
TEN is to consider discrete steps of time and make a 
copy of the original static network for every time step 
from time zero to the time horizon T. For instance, con- 
sidering the given static network in Figure 1, we create a 
copy to set of nodes for each time period as described in 
Figure 2. 

The general tour planning problem is regarded as a 
discrete time model due to train and bus transportations 
running on schedule such as every 10 minutes, and so it 
is possible to formulate our proposed time-dependent 
model as the TEN-based network model, and to obtain an 
optimal set of nodes in feasible tour routes of the TEN by 
solving the proposed model using network optimization. 

 

 

Figure 1. Example of static network. 

 

Figure 2. Copy to the set of nodes for each time period for 
the static network Figure 1. 
 
2.2. Connecting Nodes with Directed Edges 

The second step constructing our proposed TEN-based 
model is to connect nodes with directed edges according 
to the corresponding time durations. Figure 3 shows a 
part of TEN-based tour planning problem extending the 
static network in Figure 1. This example assumes that 
place 1 is the departure point of the tour. For instance, 
directed edge (a) represents that tourists can travel from 
place 1 at time 0 to place 2 at time t1 by taxi. On the 
other hand, directed edge (b) also represents the traveling 
time duration of place 1 at time 0 to place 2 time t2 by 
bus. This difference arises from the usage of different 
transportations. Furthermore, directed edges (c) and (d) 
represent the activity duration times of place 2 in differ- 
ent clock times. If we assume that place 2 is crowded 
after time t2, and it may take more active duration times 
than usual conditions. 

Thus, using the TEN, we can deal with different trav- 
eling and activity time durations to the same route and 
activity in the static network. 

2.3. Setting Satisfaction Values and Costs to 
Each Directed Edge 

In a similar way to traveling and activity time durations, 
we can set different satisfaction values and costs (s, c) 
with respect to each directed edge for every time step. 
Figure 4 shows a part of our proposed model with satis- 
faction values and costs. 

For instance, in previous subsection, we mentioned 
that the difference of traveling times to directed edges (a) 
and (b) arose from the usage of different transportations. 
According to this assumption, we set values of costs to 
edges (a) and (b) as Figure 4, because taking a bus is 
generally cheaper than a taxi. In addition, if we assume  
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Figure 3. A part of TEN for the tour planning model based 
on Figure 1. 

 

 

Figure 4. A part of TEN for the tour planning model with 
satisfaction values and costs (s, c). 

 
that place 2 is crowded after time t2, and it may take 
more active duration times than usual conditions. There- 
fore, the satisfaction value of (c) is larger than that of (d). 
Thus, using the network model obtained through these 
steps to construct TEN from the static network model, 
we propose and formulate a personal tour planning prob- 
lem with time-dependent parameters. 

3. Formulation of the Proposed Tour  
Planning Problem 

In this paper, we propose a new tour planning problem to 
decide an optimal route maximizing the total satisfaction 
value of the tourist under time-dependent parameters. We 
assume that traveling times from a sightseeing point to 
the other points and activity duration times of each sight- 
seeing point are dependent on clock times. Each satisfac- 
tion value is set according to the corresponding clock 
time in the above situations. Therefore, even if there is 
the same route between two sightseeing places in differ- 
ent two feasible routes, the traveling times are often dif- 
ferent from each other according to clock times. Simi- 
larly, even if there is the same sightseeing place in dif- 
ferent two feasible routes, activity duration times and 
satisfaction values are also different from each other ac-  

cording to clock times and crowded conditions. Thus, it 
is important to introduce these time-dependent parame- 
ters according to each clock time in the tour planning 
problem. We propose a more versatile tour planning 
problem to suit the personal tourist’s preference than 
existing models by introducing the idea of TEN intro- 
duced in Section 2. 

3.1. Parameters in Our Proposed Model 

Let ,G V E E
V

1

0

K

k
k

S M N




 

S

 be a connected graph in TEN.  is the 
set of directed edges and  is the set of nodes mathe- 

matically defined as  where each set is  

derived from the following conditions, respectively. 
: index set of departure candidate places 

0M : index set of particular sightseeing places where 
the tourist certainly visits 

kM : index set of same type of activity spots or sight- 
seeing points such as restaurants and chain stores of 
souvenir. By grouping theses activity spots or sightseeing 
points, we can set K groups as k  , 1,2, ,M k K  . The 
tourist must visit the only one place in each kM

 1KM  : index set of the other places except for place  

0

K

k
k

i M



N

T
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: index set of nodes for accommodations 
The our proposed TEN-based formulation to the tour 

planning problem is the more general and extended model 
than existing models, because one accommodation and 
start point can be selected in some accommodations and 
start points. The notation of parameters is as follows: 

: total tour time initially set by the tourist, which 
means the time horizon 

: time step satisfying 
2

0, , , ,t

T T
t S T

n n
    
 



n

  

where  is the total step decided by the tourist 
 ,a t tij  : satisfaction values to obtain by traveling 

from site i at time t to site j at time . Specifically, in 
the case of sightseeing of site i, satisfaction value 

t

 ,a t tii   is assumed to be time-dependent parameters 
characterized by function i  g t . In this paper, we as- 
sume that all satisfaction values are initially set by tour- 
ist’s hobby and purpose, and the other tourists’ informa- 
tion on the Web using the Web intelligence analysis 

 ,c t tij  : costs to travel from site i at time t to site j at 
time   t

b

C

: minimum visiting points initially decided by the 
tourist 

: total budget available for the tour 
 ,ijx t t : 0 - 1 decision variables satisfying the follow- 

ing condition: 
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1,  if the tourist travels

,    at time  to place  at

0,  otherwise.
ijx t t t j


 



 from place  

 time 

i

t 

 ,

 

iix t t

s sightseeing

e  to time 
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ing condition: 
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3.2. Constraints in Our Proposed Model 

TEN-based models are generally formulates as a network 
optimization problem, and hence, our proposed model 
includes the following constraints derived from network 
structures in mathematical programming. 

1) Route construction constraint in network optimiza- 
tion: 

If the tourist visit place j from the other sightseeing 
place at time , i.e., ijt x t t t t  

 

, the tourist 
would leave this place to the next only one place p in the 
next time, i.e.,  , 1,jpx t t t 

 , 1,  ii

t , or do sightseeing this 
place, i.e., x t t t t   . Therefore, this flow of 
tourist is mathematically formulated as follows in net- 
work optimization: 
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For instance, consider the following part of TEN to the 
route planning problem as shown in Figure 5. In this 
case, we assume that all places 1 to R are included in  

M



 . Figure 5 shows that a successive tour route from  

place 2 at time t* to place 3 at time t* + 1 and from place  
 

 

Figure 5. Part of TEN for a route planning problem at from 
time t* to t* + 3. 

3 at time t* + 1 to place 4 at time t* + 2 is constructed, 
i.e.,    23 34, 1 1,  1, 2 1x t t x t t       , and the other  

decision variables   , 1 0,  1, 2 0ij jpx t t x t t       

S
t

1

0

K

k
k

 

hold. 
2) Departure point constraint: 
The tourist starts sightseeing at time 0 from only one 

departure point i in candidate sites , and goes to only 
one sightseeing place j at time  in candidate places  

M



 j S N, i.e.,  

 0, 1
t

ij
t S i S j S N

x t
  

 

. Therefore, this constraint is  

represented as the following form: 

 


j S N

 

For instance, consider the following part of TEN as 
shown in Figure 6. In this case, we assume that all de- 
parture candidate points S1 to Sq are included in 
  . Figure 6 shows that a tour route from depar- 

ture candidate point S2 at time 0 to place 1 at time 2, i.e., 
 

21 0,2 1Sx  , and the other decision variables  

 0, 0, , ,ij tx t i S j S N t S    

N t

 holds. 

3) Arrival point constraint: 
In similarly, the tourist certainly arrives at only one 

accommodation i in candidate points  at time  
from only one sightseeing place j at time  ,t t t    in  

1

0

K

k
k

Mcandidate places 



 j S N 

 
,

, 1
t t

ji
t S t t t S j S N i N

x t t
     

 

, i.e., . Therefore,  

this constraint is represented as follows: 

   


N

 

For instance, consider the following part of TEN as 
shown in Figure 7. In this case, we assume that all de- 
parture candidate points N1 to ND are included in . 

 

 

Figure 6. First part of TEN for a route planning problem at 
from time 0 to 3. 
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,

, 1, 1,2, ,
t t k

ii
t S t S t t i M

 

Figure 7. Final part of TEN for a route planning problem at 
from time 0 to te. 

 
Figure 7 shows that a tour route from sightseeing place 2 
at time  to arrival point N2 at time , i.e.,  1et  et

 1, 1e ex t t 

ˆ, ,

22N , and the other decision variables 

 ˆ, 0, ,ji tx t t i N j S   N t t S   holds. 

4) Number of visiting places constraint: 
From the notation of  ,iix t t , ii  means 

that the tourist does sightseeing at sightseeing place i 
from time t to t’. Since parameter b means minimum vis- 
iting points initially decided by the tourist, we formulate 
visiting places constraint as follows: 

 , 1x t t 

 ,ii
N,t tt S t S t t i S

x t t b 

 2, 3 1t   

    
 


 

For instance, consider the above Figure 5 to the route 
planning problem. Figure 5 shows that a tourist does 
sightseeing at place 4 from time t* + 2 to t* + 3 is con- 
structed, i.e.,  holds. 44

5) Constraint to group 
x t

0M : 
As the above-mentioned parameter setting in subsec- 

tion 3.1, 0M
 

is the index set including particular sight- 
seeing places where the tourist certainly visits, i.e., the 
tourist must visit this point only one time. This is formu- 
lated as follows: 

  0, 1,
,t t

ii
t S t S t t

x t t
   

  i M    

6) Constraint to groups  , 1,2, ,kM k K  : 
As the above-mentioned parameter setting in subsec- 

tion 3.1, each kM
 

is an index set of same type of activ- 
ity spots or sightseeing points such as restaurants and 
chain stores of souvenir where the tourist is satisfied by 
going to only one places., i.e., the only one activity spot 
or sightseeing point is selected in the specific group kM , 
and the tourist must visit this point only one time. This is 
formulated as follows: 

x t t k K
    

      

M

M

 

7) Constraint to group : 1K

Contrary to constraints (5) and (6), the tourist can also 
visit sightseeing places which are grouped to 1K  
while there’s still traveling time, i.e., the tourist does not 
visit them if there is no traveling time. This situation is 
mathematically formulated as the following inequalities: 

   
,

, 1, 1,2, ,
t t k

ii
t S t S t t i M

x t t k K
    

       

8) Cost constraint: 
It takes some money costs to travel between two 

places and do sightseeing at a sightseeing place. There- 
fore, the cost constraint is introduced as follows: 

   
    , , ,

, ,ij ij
i t j t A

c t t x t t C
 

    

where A is the connected graph with time-dependent pa- 
rameters ,t t T , and C is the target level of total cost 
set by the tourist. 

9) Constraint of 0-1 decision variable: 
 ,t t , if route From the notation of parameters ijx

 ,ijx t t  in TEN is included in the optimal route of our 
proposed model,  ,ij  ,ijx t t  is equal to 1. If not, x t t  
is equal to 0. Therefore, the following constraint is in- 
troduced: 

        , 0,1 , , , ,ij t t i t j t A x     

3.3. Objective Function and Formulation of Our 
Proposed Model 

The object in this paper is maximizing the total satisfac- 
tion value of all sites visited by the tourist. The total sat- 
isfaction value is formulated as  

   
    , , ,

, ,ij ij
i t j t A

a t t x t t
 

   , and hence, our proposed model  

is formulated as the following TEN-based tour planning 
problem (TEN-TPP) maximizing the total tourist satis- 
faction: 

   
    

   
, , ,

Maximize  , ,

subject to  constraints 1  to 9

ij ij
i t j t A

a t t x t t
 

 
 

If we deal with this proposed tour planning problem 
applying time-dependent parameters to the coefficients 
simply and replacing edges according to the change of 
required time, we can decide not only the optimal tour 
route satisfying the tourist’s satisfaction but also appro- 
priate time scheduling of the tour route, simultaneously. 
In Zhu et al. [1], the departure and arrival places in the 
obtained tour route should be the same. However, in our 
proposed model, we can set these places as different sets 
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of nodes S and N according to tourist’s needs. Con- 
straints (3) and (4) represent the above-mentioned situa- 
tion. Therefore, the above proposed problem is the mathe- 
matical formulation to apply the TEN to the tour plan- 
ning problem for the first time, and more general than 
Zhu’s model. 

By solving our proposed model, the tourist obtains not 
only the optimal tour route with appropriate departure 
place and accommodation but also the time schedule, 
simultaneously. Furthermore, if the departure place s and 
accommodation n are initially determined, constraints (1) 
to (3) are organized as the following form: 

 

 
 

, ,

,

1 , 0

1 ,

0 otherwise

t t

ij
t S t t j M N t S t t j

 
0 0

,ji
M N

x t t

i s t

i n t T

       

 

  


  



  x t t


 
 

  (10) 

Therefore, our proposed model is equivalently trans- 
formed into the following problem: 

   

   

,

9  and 10

ijx t t 
    

 
, , ,

Maximize  ,

subject to  constraints 4  to 

ij
i t j t A

a t t
 


 

This problem is similar to several types of previous 
tour planning problems, and so our proposed problem 
TEN-TPP is more general tour planning problem than the 
others. Furthermore, in this problem, constraint (10) is a 
standard constraint of general network flow, and so this 
problem is one of the constrained network optimization 
problems. Therefore, we may solve the problem using the 
network optimization method strictly or heuristic solution 
algorithm efficiently; branch-and-cut algorithm (Fischetti 
et al. [21]), 2-opt or n-opt algorithm (Chao et al. [22], 
Zhu et al. [1]), LP relaxation (Kennington and Nicholso 
[23]), Genetic algorithm (Abbaspour and Samadzadegan 
[2]), Neural network (Wang et al. [24]), Tabu-search 
(Gendreau et al. [25], Tang and Miller-Hooks [26]), Ant 
Colony Optimization (Ke et al. [27]), etc. Most recently, 
tabu search-based algorithms are widely used in various 
types of large-scale practical problems formulated as 0-1 
programming problems, for instance, Job shop scheduling 
problem (Fattahi et al. [28]), Airport gate assignment 
problem (Seker and Noyan [29]), Service overlay network 
in the telecommunication system (Elias et al. [30]), etc. 
Therefore, we will solve large-scale problems of our 
proposed model by directly applying or improving these 
tabu search-based algorithms. 

4. Numerical Example 

In order to compare our proposed TEN-based tour plan- 
ning model TEN-TPP with the previous model typified 

by Zhu et al. [1], we provide a numerical example in this 
section. This example considers two candidate departure 
points P and Q, seven sightseeing places 1 to 7, three 
restaurants A to C, and four hotels a to d. These locations 
are shown in Figure 8. The initial satisfaction values, 
required times for sightseeing or having a lunch, and 
costs of seven sightseeing places and three restaurants 
are provided in the following Tables 1 and 2, respect- 
tively. Similarly, the satisfaction values and costs of four 
hotels are also provided in Table 3. 

As static conditions, we set the following several initial 
conditions: 
- Tourists can go up, down, right, or left, and it takes 

10 minutes to travel any compartment, i.e., it takes 30 
minutes to travel between places 1 and 3. 

 

 

Figure 8. Locations of departure points, sightseeing places, 
restaurants, and hotels. 

 
Table 1. Initial satisfaction values, required times, and costs 
for sightseeing places. 

Place 1 2 3 4 5 6 7 

Satisfaction 20 15 12 10 7 6 5 

Time (minutes) 60 40 40 30 20 20 20 

Cost (Yen) 1200 900 800 500 500 300 0 

 
Table 2. Initial satisfaction values, required times, and costs 
for restaurants. 

 Restaurant A Restaurant B Restaurant C

Satisfaction 20 12 6 

Time (minutes) 50 40 20 

Cost (Yen) 2500 1000 600 

 
Table 3. Satisfaction values and costs for hotels. 

 Hotel a Hotel b Hotel c Hotel d 

Satisfaction 20 15 12 10 

Cost (Yen) 10,000 8000 6000 5000 
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- To simplify, we assume it costs 100 yen to travel every 
compartment, i.e., it costs 300 yen to travel between 
places 1 and 3. 

- Target values b  and C  in constraints (5) and (8) 
are set as 4b   and 15,000C  , respectively. 

- Tourists must visit only one restaurant to have a 
lunch. 

In this numerical example, we consider that a tourist 
decides the tour route from 9:20 to 16:00, i.e., 400-min- 
ute tour. This numerical example is not large-scale prob- 
lem, and hence, we solve the following all problems and 
obtain each optimal tour route using enumeration and 
optimization solver. In these static conditions, we solve 
the previous tour planning problem not including time- 
dependent parameters, and obtain the optimal tour route 
as Table 4. 

From previous models, we decide visiting sightseeing 
places, first departure places, and accommodations, but 
do not directly obtain the time scheduling of the optimal 
tour route shown in Table 4. Therefore, we separately 
calculate the arrival and departure times after obtaining 
the optimal tour route, and obtain Figure 9. In the figure, 
the upper time at each place represents the arrival time, 
and the lower time represents the departure time. 

The total satisfaction value of this tour route is 101, 
and the total cost is 14,900. Then, this tour route can go 
to almost sightseeing places except for place 6, and the 
tourist arrives at Hotel a at ten to 16:00. Therefore, this 
tour route is surely much satisfying and efficient under 
static conditions. 

 
Table 4. Optimal tour route for the previous model not in-
cluding time-dependent parameters. 

Optimal tour route Total satisfaction Total cost 

P-3-7-2-4-B-5-1-a 101 14,900 

 

 

Figure 9. Optimal tour route derived from the previous mo- 
del. 

However, in the case we consider the several time- 
dependent conditions, we show that the tour route de- 
rived from the previous model is not optimal any more. 
The time-dependent conditions are provided as follows: 
- With respect to place 1, the activity starts every hour 

on the hour, i.e., the activity starts at 11:00, 12:00, 
13:00, etc. Therefore, even if tourists arrive at place 1 
at 11:30, they must wait until 12:00. 

- Consider the following several time zones: 
1) From 9:20 to 11:00, we can use initial values for 

sightseeing places in Table 1, but all restaurants have not 
opened yet, and so satisfaction values for restaurants are 
zero in this time zone. 

2) From 11:00 to 12:00, all restaurants open. On the 
other hand, roads going to right and left are jammed. 
Therefore, it takes 20 minutes to go to one right or left 
compartment. Furthermore, some sightseeing places are 
also crowded, and so required times are changed into the 
following required times of crowded cases in Table 5. 

3) From 12:00 to 13:00, required times of all roads and 
sightseeing places return to initial required times. On the 
other hand, all restaurants are crowded, and so required 
times are changed into the following required times of 
crowded cases in Table 6. 

4) From 13:00 to 14:00, required times of all restau- 
rants return to initial required times. On the other hand, 
in a way similar to time zone 2), roads going to right and 
left are jammed again, and some sightseeing places are 
also crowded. These required times of crowded cases are 
the same as Table 5. 

5) From 14:00 to 16:00, required times of all roads and 
sightseeing places return to initial values. With respect to 
restaurants A and B, the lunchtime is over, and so these 
restaurants are temporarily closed. Therefore, satisfaction 
values for restaurants A and B are 0 in this time zone. 

Under these time-dependent conditions, if the tourist 
straightforwardly follows the tour route derived from the 
previous model shown in Figure 9, the following result 
is occurred. 

Figure 10 shows that it takes 40 minutes to go from  
 

Table 5. Required times in initial and crowded cases for 
some sightseeing places. 

Required time Place 2 Place 3 Place 4 Place 5 Place 6 Place 7

Initial 40 40 30 20 20 10 

Crowded 80 70 60 40 20 10 

 
Table 6. Required times in initial and crowded cases for res- 
taurants. 

Required time Restaurant A Restaurant B Restaurant C 

Initial 50 40 20 

Crowded 80 60 30 
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Figure 10. Time process of tour route shown in Figure 9 
under time-dependent conditions. 

 
places X to 2 due to time zone 2) from 11:00 to 12:00. 
Furthermore, they also mean that the tourist cannot have 
lunch since she or he arrives at Restaurant B at 14:50, but 
the restaurant has already closed. Therefore, in the case 
that the tourist starts from P, the optimal tour route must 
be drastically modified as shown in Figure 11. 

The total satisfaction value of this tour route decreases 
from 101 to 86 compared with static model Figure 9, and 
the total number of visiting sightseeing places also de- 
creases from six to four. 

On the other hand, in the case that the tourist deals 
with our proposed model TEN-TPP constructing the TEN 
according to the above-mentioned time-dependent condi- 
tions, the optimal tour route is obtained as the following 
Figure 12. 

Figure 12 shows that our proposed model constructs 
the efficient tour route to go favorable sightseeing places, 
successfully avoiding crowded time zone of roads, sight- 
seeing places and restaurant, and arriving at place 1 on 
time for the activity of place 1. Furthermore, comparing 
with the tour route in Figure 9 derived from the previous 
model, the total satisfaction value of our proposed model 
is 96 more than the previous model, and the total number 
of visiting sightseeing places also increases from four to 
five. The main differences between our proposed model 
and previous models are not only to consider the time- 
dependent parameters in one network but also to select 
both accommodation and departure place from some 
candidates. With respect to the tour route shown in Fig- 
ure 12, visiting sightseeing places, restaurant, and hotel 
is almost the same as the tour route shown in Figure 9 
except for place 7, which is the lowest satisfaction value 
of all sightseeing places. Furthermore, the tourist also 
can follow the same tour route shown in Figure 12 in the 
case of static conditions not considering time-dependent 
conditions. Therefore, by selecting the departure place, 
our proposed model will advance the tour route as satis-  

 

Figure 11. Optimal tour route under time-dependent condi-
tion in the case the tourist starts from P. 

 

 

Figure 12. Optimal tour route derived from our proposed 
model under time-dependent conditions. 

 
fying and efficient as the optimal tour route in static con- 
ditions. 

5. Conclusions 

In this paper, we have proposed a new personal tour 
planning model with time-dependent satisfaction values 
and traveling times. In order to represent these time-de- 
pendent parameters in the one network model and to ex- 
tend the static network structure, we have introduced the 
Time-Expanded Network, and formulated the TEN-based 
mathematical programming problem. By solving our pro- 
posed model, the tourist obtains both the optimal tour 
route with appropriate departure place, accommodation, 
and the time schedule. Furthermore, by assuming the 
initially fixed departure place and accommodation, the 
proposed model has been equivalently transformed into 
the similar problem to previous tour planning models. 
Therefore, our proposed model includes previous useful 
tour planning models, and it is more standard model for 
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the tour planning problem. Numerical example section 
also has shown that our proposed model advanced the 
tour route as satisfying and efficient as the optimal tour 
route derived from the previous tour planning problem in 
static conditions. 

In provided numerical examples, we have mentioned 
that we solved our proposed model under the provided 
numerical examples using enumeration and optimization 
solver, because the examples are not so large-scale. How- 
ever, with respect to the proposed models as well as gen- 
eral models, the problem is strongly NP-hard (Fischetti et 
al. [31]) due to an integer linear programming problem, 
and hence, it is computationally difficult to solve large- 
scale tour planning problems using these approaches. 
Most recently, several algorithms have been developed to 
tackle the previous models, ranging from exact approaches 
over heuristics to meta-heuristics introduced at the end of 
Section 3, but it is not sufficient to develop efficient so- 
lution algorithms for the tour planning problem. There- 
fore, we are now studying the development of efficient 
heuristic solution algorithms based on soft computing 
approaches. Furthermore, in order to solve large-scale 
practical problems, we need to consider how such big 
data is collected, and how parameter values such as time- 
dependent satisfaction values is more precisely set. Now, 
we will construct an efficient and high-precision system 
to overcome these drawbacks, and will apply our system 
to not only these practical problems for sightseeing but 
also the other practical network optimization problems. 
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