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Abstract: In this paper, we will discuss about the heuristic approach to solve the one of the 
latest and hardest versions of the tour planning problem from the Operations Research field so 
called the Time Dependent Team Orienteering Problem with Multiple Constraints. As we know 
the Orienteering problem is good starting point to model the Tourist Trip Planning Problem 
thanks to its numerous extensions. The previous extensions of orienteering problem take into 
account money budget limitation as multiple constraints in addition to time window and 
associated satisfaction score while our TDTOPMC considers the integration of urban public 
transportation network. The main goal of the TDTOPMC is to maximize the tourist satisfaction 
(collect satisfaction score which is assigned to each point.) while considering several 
constraints, parameters and respecting the timetable of (time window) available attraction point. 
Our focus is to model and to investigate the algorithmic approach to solve this problem. 
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1. INTRODUCTION

Researchers identified the Orienteering Problem (OP) is one of most well-known starting point 
to model tourist tour planning problem. The main aim of the problem is to select attractions 

sfaction while 
considering several constraints. In the planning problem, visiting days, opening/closing hours, 
entrance fees, weather dependency, traveling distance between points of interest, visiting time 
required to visit each attraction, timetable of each attraction are considered as a main constraint. 
An OP consists of a set of locations that are determined by coordinates and a score. The pair 
wise travel times between the locations are known. The goal is to find a tour that maximizes 
the total score earned by visiting locations. The start and end of the tour do not need to coincide. 
The total travel time cannot exceed a predetermined value, which is called the time budget. 
Each location can be visited at most once (Tsiligirides, 1984). The Time Dependent Team 
Orienteering Problem with Multiple Constraints addresses the tour planning requirements of 
the tourist that visit city for a number of days. When including public transportation into the 
problem, it becomes time dependent problem. Based on the algorithm that is successfully 
applied to the certain version of the problem, we proposed the Iterated Local Search Algorithm 
to tackle the Time Dependent Team Orienteering Problem with Multiple Constraint. Finally, 
we applied the model and algorithm to mobile tourist tour recommendation system that enables 
to plan a tour for Ulaanbaatar City. The real-life test set of Ulaanbaatar city is experimented 
and implemented. 

2. LITERATURE REVIEW
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Basically, the orienteering problem has originated from the group sport game so called 
et al.,1996). The Orienteering is a family of sports that 

requires navigational skills using a map and compass to navigate from point to point in diverse 
and usually unfamiliar terrain, and normally moving at speed. Participants are given a 
topographical map, usually a specially prepared orienteering map, which they use to 
find control points. In this game, players are given a map, points with coordinates and limited 
time. Then, players start at the specified point, hurry to visit as many points as possible and 
return to the starting point. The main objective of the game is to collect the score which is 
associated to each point. Obviously, players need to consider the total time constraint. The 
Orienteering Problem is based on the main concept of the Orienteering game. 

      In the literature, the Orienteering Problem is known as combination of two well-known 
optimization problems namely the Travelling Salesman Problem and the Knapsack Problem 
(Vansteenwegen et al.,2011). The simple Orienteering Problem has extended by adding Time 
Windows. This problem considers visits to attraction points within a given time limit (opening 

by taking into account multiple day tour or it can be multiple people (group of tourists). The 
TOPTW denotes multiple day tours and pre-defined time window.  

2.1 Heuristics to solve the Orienteering Problem  

The Orienteering Problem is referred as NP-hard problem (Golden et al., 1987), so there is no 
polynomial time algorithm that has been introduced to solve it. They assume that exact 
algorithms are very time consuming rather than heuristics which are more efficient. 
Furthermore, Gendreau et al. (1998) present a Tabu Search algorithm to tackle the Selective 
Travelling Salesman Problem. The OP is also called as Selective Travelling Salesman Problem 
(STSP). Authors assume that STSP is more difficult to model compared to the simple TSP 
because of its two separate attributes, the score of the each vertex and the travelling distance 
between the vertices. They are both independent, so it becomes complicated to select the 
particular vertex. The tabu search heuristic takes into account cluster of vertices rather than one 
single vertex for the insert and remove step.  

     Tasgetiren (2001) propose the genetic algorithm to solve the orienteering problem. Based 
on his previous study, the author presents variable length permutation representation and 
injection crossover operator. Additionally, he adds a penalty function to the Genetic algorithm 
in order to penalize the infeasible solution since the orienteering problem is constraint problem. 
Proposed algorithm begins by constructing initial population based on distance between 
vertices. Two parents are iteratively generated by tournament selection procedure to produce 
an offspring. He applied local search method including several operators namely add, omit, 
replace and swap to individuals selected randomly from crossover operator. This procedure is 
iterated until the final criterion is reached. The algorithm is applied on 67 problems from the 
four-test set and compared to previous methods. The computational results show the GA 
approach was able to outperform.  

     Levi et al, (2006) introduce the first algorithm based on Variable Neighborhood Search 
(VNS) to solve the Orienteering problem. They consider the Euclidean OP where the graph is 
a complete graph and the score of the point is the distance between points. They applied three 
versions of VNS namely VNS with VND (Variable neighborhood descent), VNS with RVNS 
(reduced VNS) and Pure RVNS. Authors explain these variations of VNS and the neighborhood 
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structures used in these variations. In the VNS, VND is used as local search method. But RVNS 
differs by selecting random solutions from neighborhood without having local search method. 
The last variation of VNS used RVNS instead of local search phase of basic VNS. They test 
their three variations of VNS with 107 benchmark test problems. It over performs previous two 
approaches. 

     The most common extension of the OP is the OPTW (Orienteering problem with Time 
Windows) and the TOPTW (Team orienteering problem with Time Windows).  Extensions 
with time windows became hard to solve because of its constraint. In the OPTW, each point of 
interest has associated time window. The time window represents the opening hour and closing 
hour of each attraction. In this extension, if arrival happens before opening hour, waiting time 
is allowed until the opening hour of attraction point. In order to avoid violation of the constraint, 
ending time of the tour must be before or same time as closing time of the last visit. For the 
TOPTW, multiple days of the tour planning is considered. In that case each point of interest 
(attraction) has an identical timetable (opening and closing time) for any day. 

2.2 Including multiple constraints to the Orienteering Problem 

As aforementioned, the tourist faces several problems to decide what to see, where to stay and 
which activities to do, how much money to spend and so on. Therefore, their next step is to 
decide sequence of the attraction points and to decide how to move from one attraction point to 
another following one. This kind of problem is tackled by few researchers and there is very 
limited literature survey on this. As authors knowledge the integration of public transportation 
constraint with the Orienteering Problem is presented only in (Garcia et al., 2013) , (Arbelaitz 
et al., 2010) and (D.Gavalas et al., 2015). So far, there is no paper takes into account the use of 
public transportation into the optimization problem with all constraints including multi 
constraints, time window, money budget and  time dependency. 

 2.2.1 Integrating public transportation into the TOPTW 
 
Integrating public transportation constraint into the optimization problem is one of the hardest 
issues to solve. Especially the problem like the multi constraint team orienteering problem with 
time windows which is definitely NP-hard problem itself and plus adding new constraint of 
public transportation is becoming the very challenging task to handle.  
 
     In the literature, researchers use the time dependent team orienteering problem with time 
windows as a starting point to model in order to tackle tourist tour design problem with public 
transportation. In  (Abbaspour and Samadzadegan, 2011), authors propose an architecture 
including tour planning block as the main routine and the finding multimodal shortest path is 

ed their two 
engines based on evolutionary approach so called the genetic algorithm. These two engines 
interacts each other and include source/destination points, tour duration, starting time and 
transportation modes information. In order to search the multimodal shortest path route, they 
store the important information about transportation network, stations and service lines 
timetable. As the input of the algorithm, 500 points with different numbers of nodes and starting 
times are chosen to evaluate the multimodal shortest path algorithm. At the result, it indicates 
that number of iterations of the genetic algorithm increases as the tour duration increases. Also, 
sometimes the algorithm cannot find the tour during the experiment.  

3



2.3 Limitation of existing approaches 

The reason why we integrate public transportation into the tour planning problem is 
transportation information has been identified as one of the most useful functionalities of tourist 
tour planning recommendation systems. In the literature review, authors successfully studied 
efficient algorithmic approaches to tackle the several variants of the Orienteering Problem 
which consists of some restrictions such as timetable of locations, entrance fees, travel distance 
and duration of the visits. However, they did not take into account the multi constraint problem 
with the use of public transportation. Inclusion of public transportation is much more complex 
as it has to consider traveling time, wide range of public transportation network including bus 
stops and bus lines, frequencies. 

3. MODELING THE TDTOPMC PROBLEM AND METHODOLOGY 
 
We propose the TDTOPMC model based on the mathematical formulation presented by (Garcia 
et al., 2010). Later, this model is used in the implementation of the recommendation system 
this problem includes the set of locations, each of them with a certain score, a time window, 
limited budget and time dependency of the public transportation. Visiting a location within its 
time window allows collecting its score as a reward. Furthermore, the use of public bus is 
integrated. The bus network is included as well as bus stops. The tourist can move between two 
particular places by public bus or by foot. The goal is to determine a tour that maximizes the 
collected score without violating any of the constraints.  
 

 
 

Figure1. Time Dependent Team Orienteering Problem with Multiple Constraint 

3.1 Mathematical Formulation 
 
In this problem, the starting point 1 and ending point N of every tour are fixed. Traveling time 
between POI i and j is known for all points. In the following, we rewrite problem definition and 
the mathematical formulation (table 1) of the TDTOPMC problem based on equations 
presented by Garcia et al, 2010. In addition to the presented mathematical formulation from the 
literature, we add an extra constraint for total money budget (Fmax) which limits total money 
spent during a tour (d). This constraint equals entrance fee and tax to visit attraction point i in 
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Table1. Parameters and Decision variables 

Notations Descriptions  

Xijd = 1 if a visit point i is followed by a visit point j in tour d, 0 
otherwise 

Yid =1 if point i is visited in tour d, 0 otherwise 

Si satisfaction score of point i 

m number of tours 

n number of points 

Ti time duration to visit point i 

Tmax Total time budget of each tour d 

Tij travel time between point i to point j 

Vid  the start of the visit at point i in tour d 
[Oi, Ci] time window of point i 

Oi = opening time 
Ci = closing time 

fid spent money to visit point i in tour d (entrance fee) 
Fmax Total money budget for each tour 

 
The Objective Function (1) is to maximize the total collected satisfaction score: 

  , 
                                                   (1) 

Constraint (2) ensures each tour m start by point 1 and ends at point N. 
 

 ,                                  (2) 
 

Constraints (3) guarantee that each visit to a point is followed by another visit to a next point. 
 

 ,                              (3) 
 

 
Following constraints (4) allow that every point is visited at most once in a tour 
 

  ,                                                  (4) 
 

Constraints (5) and (6) limit time budget of each tour, also timeline of each tour. 
 

 ,                                 (5) 
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 ,                                              (6)   
 
Constraint (7) restricts start of the visit in its time window. 
 

 , ,                                  (7)  
 
Last constraints (8) limit money budget for each tour and limit value of attribute constraint z of 
the point i.     

 , 

,                                           (8) 

 
3.2 Methodology 
 
Several efficient techniques to tackle the previous extensions of this optimization problem are 
mentioned before.  However, the iterated local search algorithm has been shown the best result 
and run on a mobile device with limited computational resources. 

optimization and decision within a reasonable amount of computation time. Local Search 
Heuristic technique that works with complete solutions and seeks to find better solutions by 
making small local changes. All heuristic search techniques share similar concepts; e.g. the 
search space, feasible/infeasible solutions, neighborhoods, and the relation(s) between 
neighbors. Local search is an iterative algorithm that moves from one solution S to another 
according to some neighborhood structure. Local search procedure usually consists of the 
following steps. 
 
Initialization. Choose an initial schedule S to be the current solution and compute the value of 
the objective function F(S). 
Neighbor Generation. Select a neighbor of the current solution S and compute F( ). 
Acceptance Test. Test whether to accept the move from S to . If the move is accepted, then 

replaces S as the current solution; otherwise S is retained as the current solution. 
Termination Test. Test whether the algorithm should terminate. If it terminates, output the best 
solution generated; otherwise, return to the neighbor generation step. 
 

            3.2.1 Iterated Local Search Method for the TDTOPMC 
 
The ILS for TOPTW checks only the time windows feasibility. But since TDTOPMC is 
included extra attribute constraints, it needs to check more insertion feasibility of each 
constraint. Based on their well-known method ILS which successfully tackled the TOPTW, 
Vansteenwegen et al.,(2010) adapt their heuristic to solve the MCTOPTW (Vansteenwegen et 
al., 2010)
included location and change the ratio function. Previous ratio function assumes only associated 
score of the point and required time to visit that point. Nevertheless, there is a need to take into 
account attribute constraints to calculate the ratio.  
     Authors in (Vansteenwegen et al., 2010) analyze certain different variants to define the best 
ratio function for the MCTOPTW. They keep nominator as a previous ratio function and 
suggested several different denominators by adding same weight for all constraints, a special 
weight for each attribute constraint k, and include the upper bound for each attribute constraint 
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so forth. Finally, authors formulate the best ratio function by the combination of two functions. 
This option gives a special weight to each attribute constraint and includes the available 
quantity of each constraint on the route. Their empirical tests show the optimal weight for the 
attribute constraints was obtained by setting the weight of each constraint as the inverse of the 
number of constraints e.g. 0.5 for 2 attribute constraints (Vansteenwegen et al., 2010). Then, 
authors make another change which actually improved the TOPTW algorithm.  
 
4. EXPERIMENTAL VALIDATION 
 
In this section the local search based on insertion of neighborhood is described which is well 
known to solve the optimization problems with time windows (Vansteenwegen et al., 2009). 
The insertion step aims to add the new visit of attraction points into a tour one by one. But due 
to the time window constraint the problem becomes very hard to insert new visits into the tour 
without violating their time window. Therefore, there is necessity to verify that all visits 
scheduled after the insertion place still satisfy their time window an extra visit can be inserted 
in a tour.  
 
4.1 The TDTOPMC Algorithm 
 
In order to solve the Time Dependent Team Orienteering Problem with Multiple Constraint, 
we need to adapt the Iterated Local Search method. Before inserting the most expected 
attraction point, many evaluations of possible insertions are taken into account every iteration 
of the algorithm. Therefore, adding use of public transportation into the problem makes the 
evaluation of possible insertion very difficult to tackle. 
     In real time, the tourist can face many simple problems such as spending little more time to 
visit at the current attraction point and miss the bus to travel to next attraction point. Thereupon, 
tourist needs to wait for the next bus or he can walk to the attraction point instead of waiting. 
For the TDTOPMC, the calculation time for evaluation is very insufficient to verify because of 
the inclusion of public transportation network. Thus, we make local evaluation of possible 
insertion, only including the attraction point that is inserted and two attraction points between 
which new attraction point is inserted. This way is illustrated based on the method proposed in 
(Souffriau et al., 2009) and (Garcia et al., 2013).  
 
 
The pseudo code of TDTOPMC algorithm is shown as follows: 
 
 
PositionStartRemove=1; 
NumberToRemove=1; 
NumberOfTimesNoImprovement=0; 
maxNumberToRemove=NumberOfPOIs/(3*NumberOfDays); 
maxIter=factorNoImprovement * SizeOfFirstTour; 
WhileNumberOfTimesNoImprovement < MaxIter do 
Whilenot local optimumdo 
           For each non included visit; 
                 Determine the best possible insert position and Shift; 
 Calculate Ratio; 
             Insert visit with highest ratio; 
If Solution better than BestFound then 
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          BestFound=Solution; 
          NumberToRemove=1; 
          NumberOfTimesNoImprovement=0; 
else 
          NumberOfTimesNoImprovement+1; 
Shake Solution (NumberToRemove,PositionStartRemove); 
PositionStartRemove=PositionStartRemove+NumberToRemove; 
NumberToRemove+1; 
PositionStartRemove >= Size of smallest Tour; 
If NumberToRemove=maxNumberToRemove then 
NumberToRemove=1; 
Return BestFound; 
For dt =0 to numberOfTravelingDays 
For each included Visits[d] in BestFound 
 if WalkDistanceToBusStop < WalkDistanceToNextVisitPlace then 
 find the nearest bus stop 
find the nbs near to the next visiting place; 
if next visiting place shares the bus stop then 
 walk to the next visiting place; 
else 
 get list of busses that stops at nbs 
 select theshortest bus line to the nbs 
 take off the bus and walk to the next visiting place 
else 
 walk to the next visiting place; 
nbs  next bus stop 
 

Listing 1 ILS algorithm for the TDMCTOPTW 
 
 
4.2 Experimental Validation 
 
In order to model and implement the TDTOPMC, the satisfaction score of every attraction point 
have to be defined. We did 
evaluate the satisfaction score based on the result of questionnaires. This survey is developed 
and distributed during the peak season of July and August of 2014 to determine the satisfaction 
levels of international tourists in Mongolia. The self-administered survey includes 6 attractions, 
and public transportation related questions. 
The proposed algorithm and formulation are evaluated by conducting some experiments using 
data from the Ulaanbaatar, capital city of Mongolia. The Ulaanbaatar City is the biggest city in 
Mongolia, including 9 big districts and employed three kinds of public transportation modes: 
taxi, bus and trolleybus. Also, Ulaanbaatar City is famous for its interesting tourist attractions. 
The number of main tourist attraction points is more than fifty. In order to make our experiment 
we create a dataset including 35 main tourist point of interest. The dataset is classified into main 
10 categories namely Palace, University, Square, Statue, Museum, Theatre, Petrography, 
Mountain, Bridge and Monastery. All data prepared as needed and tables are made including 
associated information such as coordination location, time needed to visit, entrance fee, related 
satisfaction score and timetable of attractions. Additionally, the associated satisfaction score is 
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800 international tourists who have just finished their travel in Mongolia. 
 

            4.2.1 Computational result 

In order to analyze the performance of our algorithm, we made our own data set based on the 
real data of Ulaanbaatar City which is presented on the previous section. As we mentioned 

data set. Since the TDMCTOPTW problem was more challenging to solve by its additional 
attribute constraints we adopt the ILS algorithm by changing some function. In the table 2, 
computational result of the experiment is presented. We run the test with 1 or 2 days tours and 
different starting point.  
 

Table2. Computational experiment results of the TDTOPMC 

 
M 

 
CPU 
time 
(sec) 

Number 
of 

attraction 
Point 

 
Starting Point 

/hotel/ 

 
Location 

 
M 

 
CPU time 

(sec) 

1 3.5 35 Coco 47.918442, 106.862774    2 4 
1 5.5 35 Amure 47.918363, 106.883385 2 5.5 
1 4 35 Grand Hill 47.918269, 106.884189 2 5.5 
1 4 35 White House 47.918485, 106.889994 2 3 
1 3.5 35 Narantuul 47.915709, 106.895873 2 2.5 
1 2.8 30 Khongor Guest House  47.916227, 106.903619 2 3.5 
1 2 30 Mongolian Steppe 47.918183, 106.906301 2 6 
1 2.2 30 Bishrelt 47.923561, 106.907149 2 3.3 
1 1 30 Sun Path 47.924582, 106.912825 2 4.4 
1 1.5 30 Blue Sky 47.916184, 106.918741 2 3.5 
1 3.7 35 Lotus Guest House 47.92944, 106.912256 2 5.5 
1 3.5 35 UB City  47.901089,  106.902198 2 5.6 
1 2.9 35 Khilchin  47.932648, 106.923392 2 1.5 
1 3.2 35 Peace Bridge 47.905185, 106.910266 2 4.3 
1 2.8 35 Ramada 47.915954, 106.893164 2 3.5 
1 1.5 30 Best Western 47.910445, 106.875097 2 4.3 
1 2.9 30 New West 47.913955, 106.862179 2 3.8 
1 3.1 35 Chinggis Khaan 47.921965, 106.933998 2 3 
1 2 35 Kempinski 47.919189, 106.944383 2 4 
1 3.1 35 Continental 47.912617, 106.924857 2 4.5 
1 2.8 35 Corporate 47.913013, 106.914241 2 4 
1 3 35 Flower 47.924984, 106.938139 2 5 
1 1 30 Zaluuchuud 47.924510, 106.922008 2 3.5 
1 1 30 Bayangol 47.912315, 106.913940 2 2.7 
1 2 35 Khunnu Palace 47.930053, 106.931643 2 4.5 
1 3.5 35 Narlag Hotel 47.930556, 106.918371 2 3 
1 1.5 35 Ulaanbaatar 47.948736, 106.922856 2 3 
1 2 35 Topaz 47.932612, 106.923189 2 1.8 
1 5.5 35 Plantinium 47.916565, 106.926793 2 6.8 
1 2 35 New World 47.931850, 106.924594 2 5.5 
1 3 30 Kaiser 47.916436, 106.927158 2 5.5 
1 4.1 30 Springs 47.915522, 106.921472 2 5.8 

9



1 2.3 30 Edelweiss 47.915163, 106.928467 2 3.6 
1 3 30 Selenge 47.923302, 106.948718 2 6.3 
1 1.5 30 Park 47.921433, 106.952924 2 2.7 

 
The results for all new data instances are summarized in table 2. Totally, 35 different hotels are 
tested as a starting point and experiment made by one day tour and two days tours with 35 
attraction points. In some case, we tested only 30 attraction points in order to check the 
performance of the algorithm. 
All computations were made on a laptop computer HP 12nr with AMD A6-3420M APU 
processor and 4 GB Ram. Our algorithm solves the problem with an average computation time 
of only 3 seconds with one day tour and an average computation time of 5 seconds with 2 days 
tours. The performance of the ILS shows that algorithm can easily be applied and adopted for 
problems with more extra constraints due to its simplicity. 
 
CONCLUSIONS & DISCUSSIONS 
 
In this paper, we investigated the well-known combinatorial optimization problem of 
Operations Research and the efficient heuristic techniques to deal with the problem. In order to 
study the orienteering problem, we started by emphasizing the basic Orienteering Problem and 
its extended versions. The model of the Orienteering Problem has all the requirements of the 
tourist tour planning functionalities. We summarized all versions of the problem which are 
extended with multiple day tours, time windows, multiple constraints and time dependent 
constraint. Based on the literature review, we focus on the multi constraint problem which has 
not integration of the time dependency constraint.  
     Also, number of implemented heuristic approaches is introduced in order to achieve near-
optimal solution quality within limited calculation times. Several efficient methods like Tabu 
Search, Genetic Algorithm and Ant Colony Optimization techniques have been shown good 
solutions. But the Iterated Local Search heuristic has proven to be best approach to deal with 
the multi constraint problem.  
     Time dependency is mostly used when the problem includes the use of public transportation 
besides other constraint like entrance fee, timetable of attraction points and so on. This is the 
one of the hardest extensions of the Orienteering Problem, where the time needed to travel 
between attraction point 1 to attraction point 2 depends on the leaving time from attraction point 
However, in our knowledge none of the previous papers summarized on state-of the-art are 
shown an algorithm which can tackle the problem includes time windows, multiple day tours, 
multiple constraints and use of public bus in same time. However, we select the iterated local 
search algorithm to solve the problem since it has been shown the best result and run on a 
mobile device with limited computational resources. The local search heuristic is introduced at 
the beginning of the chapter. In doing so, we adopt the iterated local search heuristic to deal 
with the TDTOPMC problem. Furthermore, we adopt the classic ILS method to our algorithm 
by making some changes in calculation of Ratio function. In order to check the algorithm, we 
created an example scenario to select one of the transportation modes between walking or 
taking the public bus. We have tested the algorithm with new generated test set of Ulaanbaatar 
including 35 main tourist attraction points and large public transportation network. Our 
algorithm solves the problem with an average computation time of only 3 seconds with one day 
tour and an average computation time of 5 seconds with 2 days tours. The performance of the 
ILS shows that algorithm can easily be applied and adopted for problems with more extra 
constraints due to its simplicity. 
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