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Abstract: The mountain hiking destinations become more popular as this is one of
the possible ways to cope with workplace stress and to prevent burnout. In contrast
to the tourist destinations, mountain hiking requires special attention due to the
variety of mountain trails satisfying the same starting and finishing point for a
particular route. For the goal, a two-stage search-based approach for a determining
of possible routes considering the users’ preferences is developed. The first stage is
focused on the determining of possible hiking routes taking into account the
requirements and tourists’ preferences, while the second stage concerns the sorting
of already determined hiking routes. The applicability of the described approach is
illustrated and the obtained results demonstrate the capability in searching and
sorting of mountain hiking trails using directed weighted multigraph including
tourists’ preferences.
Keywords: Directed weighted multigraph, Search-based approach, Mountain hiking
algorithm, Mountain routes sorting, Geographic scalability.

1. Introduction
The global market today is faced with diffident challenges including a variety of
holiday aspects, tourism, and economics (P e t r o v [15]). Depending on the tourist
destinations – world, cultural, holiday, religious, etc. – different parameters are to be
taken into account in the determining of the most suitable one (Y a n g et al. [22];
O h [12]; M u t i n d a and M a y a k a [10]). This concerns also the mountain hiking
destinations that more often are used to escape hectic daily routine during the
weekend or used as a holiday. The mountain hiking destinations become more
popular as this is one of the possible ways to cope with workplace stress and to
prevent burnout. The users face with huge amounts of information such as real-time
news, blogs, advertising, promotions, etc., but only a small part of it is relevant to the
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interests of a particular user. For determining in which information is relevant to the
user interests, the primary task of document categorization is to classify all nonrelevant documents from an incoming stream (X i a o et al. [21]).
With the increasing popularity of mountain tourism, the number of people that
plan hikes without enough training, skills, and equipment also increases. The main
reason for this trend is that not all tourists conscientiously perform the timeconsuming task of selecting and analysing mountain routes. The constant growth of
Internet resources related to different vacation and tourist destinations requires some
additional processing to refine the needed useful information to end-users. To cope
with such kind of problems, the current article proposes an approach for a searching
and sorting of mountain hiking trails using a directed weighted multigraph
considering the tourists’ preferences. For the goal, an algorithm for identifying
possible routes considering the users’ preferences is developed based on the
information of a mountain represented as a multigraph. The obtained set of possible
routes could be ranked additionally by specified criteria given by the users.
The rest of the article is organized as follows: Section 2 contains the literature
review, Section 3 demonstrates the transformation of mountain hiking trails via a
directed weighted multigraph, Section 4 describes the proposed two-stage searchbased approach for the determining and sorting of mountain hiking routes using
weighted multigraph, Section 5 contains a case-study of numerical testing, Section 6
presents the results and discussions regarding the applicability of the proposed
approach, while the conclusions and future investigations are drawn in Section 7.

2. Literature review
Most studies point out that the competitiveness of a tourist destination is a complex
concept that has a strongly multi-dimensional nature related to different aspects of
planning concerning journeys, mountain tourism, holidays, fishing, etc. People make
different decisions from the preparation and planning of journeys to their return. To
deal with such decision-making processes, some authors rely on utility theory where
tourists maximize their satisfaction in making travel decisions by selecting the best
alternative (S i r a k a y a and W o o d s i d e [17]). Tourists prefer human interactions
that give a sense of confidence about their trip and provide them an insight into the
selected destination (W a t f a and S o b h [20]). The destinations for tourism can be
classified by their duration. In the short-term, it is possible to visit the destination
almost immediately and do not require tourism infrastructure, while the long-term
destinations should follow sustainable tourism practices and can be modelled by
using the random utility model (K a s k, K l i n e and L a m o u r e u x [6]). The other
possible approach to support the group holiday decision making process is realized
by using of mixed-methods approach (L a n y u n, X u b and W a g n e r [7]). Tabu
search method could be combined with the concept of multi-attribute utility theory to
determine the optimal tour when visiting several destinations in one trip (U w a i s y,
B a i z a l a and R e d i t y a [19]). Tour planning represents a challenging task for
individuals visiting unfamiliar tourist destinations due to the availability of numerous
variations in public transportation. A context-aware web application that derives
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personalized multimodal tours via selected urban attractions is proposed (G a v a l a s
et al. [5]). This application is based on a routing algorithm which is the core
functionality of eCOMPASS. Also, some predictive models could be employed in
open data analysis in the development of recommender systems to support tourists’
decision making (P a n t a n o et al. [13]; P a n t a n o, P r i p o r a s and S t y l o s [14]).
The tourism industry could benefit from different intelligent digital recommender
systems to assist a large number of online platforms in tourism industries (P a n t a n o
et al. [13]).
The problem of searching for the most suited tourist destinations can be viewed
as a problem of search-based software engineering involving multiple criteria. That
is why many researchers are focused on finding more advanced techniques to cope
with multi-objective optimization (R a m i r e z, R o m e r o and V e n t u r a [16]).
This means the obtained solution will be dependable on particular user preferences.
Consideration of the user preferences in applications is a fundamental problem of
preference and search-based software engineering (F e r r e i r a, V e r g i l i o and
de S o u z a [4]). The recent research demonstrates some hybrid search strategies that
combine database searches with snowballing (M o u r a o et al. [8]). The main
challenge in software analytic is how to understand unstructured data. The authors
propose a combination of Latent Dirichlet allocation and search-based optimizer for
finding related topics within an unstructured text (A g r a w a l, F u and M e n z i e s
[1]). An alternative scheme of the architectural style can be viewed as graph grammar
(T h o n g k u m and V a t a n a w o o d [18]). This is due to the specifics of graphs that
are able to provide a universally adopted data structure to model component-based
systems (N a d d a f and R a f e [11]). Furthermore, some patterns that express
reusable knowledge can be empirically discovered and used in software architecture
(A h m a d et al. [2]). The existence of different algorithms for graph data and
developed software system for visual processing of graph problems (M u s t a k e r o v
[9]; B o r i s s o v a and M u s t a k e r o v [3]) motivate the authors to represent the
tourists’ items as directed weighted multigraph.

3. Mountain hiking trails as directed weighted multigraph
Determining of the most suitable mountain hiking trail depends on many parameters
including the formed group of tourists but also involves some particular parameters
of mountain hiking trails. For example, climbing and descending take different times
and have different types of body stress, which are factors that have to be considered
in the selection of a mountain hiking trail. All these parameters of the mountain are
making it appropriate to be represented as a directed weighted multigraph. The tourist
items (like peaks, hut, shelter, etc.) can be expressed by the vertices of the graph,
while the routes between two adjacent objects could be represented by the directed
graph edges. The hiking trails between the tourists’ items should be considered as
unidirectional edges of the graph because of the mountain hiking specifics – climbing
in one direction is very different activities from descending on the other. A frequent
situation is two or more hiking trails to connect two adjacent tourist items. In such a
way, the variety of mountain hiking trails can be expressed by using some of their
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parameters that are important to the tourists, as weights of the corresponding directed
multigraph’s edges. There are also global parameters that are valid for the whole
mountain or for large parts of it. Such parameters are the latitude and altitude of the
mountain, which defines the duration of the seasons, the bright hours of the day, and
others. Consequently, for each particular mountain, the network of tourist items and
hiking trails could be expressed via directed weighted multigraph 𝐺 as follows:
(1)
𝐺(𝑉, 𝐸, 𝑊(𝐸)),
where 𝑉 = {𝑣1 , 𝑣2 , … , 𝑣𝑛 } is the set of vertices representing the tourist items,
𝐸 = {𝑒1 , 𝑒2 , … , 𝑒𝑚 } is the set of edges representing hiking trails connecting the
tourist items, and 𝑊(𝐸) = {𝑤1 , 𝑤2 , … , 𝑤𝑙 } expresses the set of edge’s weights
expressed as a function of different parameters of the hiking trails like distance, time
duration, seasonality, etc.
Considering the advantages of the modern high-performance computing
systems, there is no limit to the amount of data processed. To illustrate the described
approach, a part of Rila Mountain with actual tourist items and possible hiking trails
with the presence of hiking markings is used as shown in Fig. 1.

Fig. 1. Part of Rila Mountain with some tourist items and possible mountain hiking trails

This part of Rila Mountain is composed of 8 vertices (items) and 25 possible
graph edges. The weighted components of graph edges represent the following
characteristics of a mountain hiking trails are to be taken into account: (1) estimated
average duration for crossing the hiking trail in hours; (2) length of the hiking trail in
kilometres; (3) cumulative elevation gain (or total ascent); (4) cumulative elevation
loss (or total descent); (5) season – in which seasons the hiking trail is safe to be
crossed (winter, summer or both); (6) additional information which is not used by
determining and sorting algorithms but is displayed to the user as description of the
mountain hiking trails. This may include the type of marking, hiking trail type, and
pavement, water sources availability (number and type), frequency of usage and
existence of possible risks or dangers. The used parameters to express the weights of
particular edges as a function of different parameters of the hiking trails from Fig. 1
are shown in Table 1.
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Table 1. Evaluation parameters of mountain hiking trails
Edge
Duration
Length (km) Ascent (m)
e1
4 h 10 min
8.500
1090
e2
3 h 30 min
8.500
40
e3
2 h 30 min
7.500
605
e4
1 h 50 min
7.500
20
e5
23 min
0 (4.800)
0 (1080)
е6
23 min
0 (4.800)
0
е7
3 h 50 min
7.300
1170
е8
3 h 10 min
7.300
90
е9
1h
3.500
40
е10
1h
3.500
20
e11
35 min
1.700
160
e12
20 min
1.700
0
e13
2 h 10 min
2.500
320
e14
1 h 40 min
2.500
0
e15
40 min
0.700
216
e16
30 min
0.700
0
e17
1 h 20 min
2.400
110
e18
1 h 40 min
2.400
307
e19
50 min
1.800
90
e20
1 h 10 min
1.800
250
e21
2h
5.500
20
e22
2 h 35 min
5.500
570
e23
3 h 20 min
6.200
607
e24
3 h 10 min
6.200
150
e25
1 h 15 min
2.000
300

Descent (m)
40
1090
20
605
0
0 (1080)
90
1170
20
40
0
160
0
320
0
216
307
110
250
90
570
20
150
607
0

Season
all season
all season
all season
all season
all season
all season
all season
all season
all season
all season
summer
summer
all season
all season
all season
all season
summer
summer
summer
summer
summer
summer
summer
summer
summer

It should be noted that the length of the paths and elevation for edges e5 and e6
are equal to 0 as they represent a cable transport line (gondola lift) and this distance
will not be walked by the tourist. When the edges between two nodes express a
symmetric relation, the values for ascent and descent are swapped in both directions.
This is due to cumulative elevation gain which refers to the sum of every gain in
elevation throughout an entire hiking trail and transforms to cumulative elevation loss
in the backward direction. The edge e25 expresses situation as there is no equivalent
in the opposite direction, due to the safety recommendations. Because of the high
avalanche danger of the terrain during the winter season, the passing of some edges
is forbidden. That is why the seasonality parameter for these edges has a value –
summer.

4. Two-stage search-based approach for determining and sorting of
mountain hiking routes using weighted multigraph and different
tourists’ preferences
The proposed two-stage search-based approach for determining and sorting of
mountain hiking trails relies on reliable input information concerning both mountain
trails and tourists’ preferences as shown in Fig. 2.
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Fig. 2. A two-stage search-based approach for determining and sorting of mountain hiking routes
using weighted multigraph

The essential part of the input information is related to the collection and
processing of all required data about the mountain and transforming this data into a
directed weighted multigraph. To facilitate the search within a directed multigraph,
the relations and other components of the graph should be expressed by an adjacency
list, an adjacency matrix, an incidence matrix, corresponding tables, etc. For example,
the reviewed directed multigraph of the Rila Mountain, given by the adjacency matrix
𝐺[𝑣𝑖 , 𝑣𝑗 ] is shown in Table 2 where the rows represent the initial vertices 𝑣𝑖 and the
columns represent end vertices 𝑣𝑗 .
Table 2. Adjacency matrix for particular excerpt of Rila Mountain
Vertex
v1
v2
v3
v4
v5
v6
v1
0
1
0
0
2
1
v2
1
0
1
0
1
0
v3
0
1
0
1
0
0
v4
0
0
1
0
1
0
v5
2
1
0
1
0
0
v6
1
0
0
0
0
0
v7
0
1
0
0
0
1
v8
0
0
0
1
0
0

v7
0
1
0
0
0
1
0
1

v8
0
1
0
1
0
0
1
0

The next part of needed input information concerns the tourists’ preferences
including all parameters influencing the weight of each graph edges (possible
mountain hiking trails). These parameters are used as restrictions in the next stage
where an algorithm for determining of possible routes considering given tourists’
preferences is proposed. The tourists’ preferences include: (1) start point for the
mountain route; (2) goal point of the route; (3) finish point of the route – in some
cases, the starting and ending points could be the same but the routes in both
directions could differ; (4) start and finish of a hiking trip, expressed by a calendar
date/s that will give the information about the season; (5) the time for starting and
ending the hike that will determine the maximum duration of mountain hike.
The first stage of the described approach aims to determine the possible routes
considering given tourists’ preferences. This is realized by the following proposed
algorithm with six steps as shown in Fig. 3.
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Fig. 3. Algorithm for determining of all possible routes taking into account the given tourists’
preferences simultaneously

Step 1. The first step aims to extract the information about the season and
respectively the daylight duration and maximum hike duration from the given
tourists’ preferences. The geographical location of the mountain and the dates of the
hike are used to determine both the daylight duration and the different seasons, so the
maximum estimated hiking time should be calculated taking into account the day
duration for the chosen dates and the time for starting the hike.
Step 2. Three separate empty data structure are to be created: for one direction,
for back direction and for the combination of both directions corresponding to the
possible routes.
Step 3. Intermediate generation of the possible routes for one direction taking
into account the input data about the selected starting vertex, goal vertex, season
restriction and maximum hike duration. The graph search algorithm should satisfy
the following conditions:
(2)
𝐷hike ≥ 𝐷𝑟1 ,
(3)
𝐷𝑟1 = ∑𝑛𝑖=0 𝐷𝑖 ,
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where 𝐷hike is the maximum hike duration route, 𝐷𝑟1 is the route duration in one
direction and is determined by the sum of edges 𝐷𝑖 involved in one direction.
Step 4. Intermediate generation of the possible routes for back direction. This
step is identical to Step 3, but the intermediate routes are generated form the goal
vertex to the end vertex, and
(4)
𝐷hike ≥ 𝐷𝑟2 ,
(5)
𝐷𝑟2 = ∑𝑛𝑗=0 𝐷𝑗 ,
where 𝐷hike is the maximum hike duration route, 𝐷𝑟2 is the route duration in back
direction and is determined by the sum of edges 𝐷𝑗 involved in the back direction.
Step 5. The combinations of possible routes 𝐷𝑖,𝑟1 and 𝐷𝑗,𝑟2 have to comply with
the following restriction:
(6)
𝐷hike ≤ 𝐷𝑟1 + 𝐷𝑟2.
If this list is empty, the tourist should change his preferences.
Step 6. On this step, proper visualization of the determined routes in both
directions is to be done.
On the second stage of the proposed approach (Fig. 2), there is a possibility for
a single criterion sorting of the list of routes determined from the previous stage. If
there is only one route in list “C” it will be the only alternative the tourist can choose
and this stage can be skipped. If this is not the case, the following sorting algorithm
can be used as illustrated in Fig. 4.

Fig. 4. Sorting of all determined routes taking into account the given tourists’ preferences

The input data for the sorting algorithm are the list of determined routes and the
possible sorting criteria. The routes can be ranked toward each criterion used as
tourists’ preferences except season (hike duration; length of the route; ascent;
descent). To perform such sorting some well-known sorting algorithms can be used.
The ranked list of routes can be arranged in increasing or decreasing order and then
appropriately visualized. This process of sorting toward selected criterion can be
repeated multiple times for all criteria according to tourists’ preferences. Thus tourists
will have all the information needed to make reasonable choices.
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5. Numerical testing
The proposed methodology and algorithms for determining and sorting of mountain
hiking trails are demonstrated by using input data about a part of Rila Mountain as
described in Table 1. Two cases with the same start and finish point are investigated
to demonstrate the applicability of the proposed approach. The tourists’ preferences
for both cases start from Borovets resort (V1) via the Musala peak (V2) and back to
Borovets resort (V1). The values of the tourists’ preferences are shown in Table 3.
Table 3. Tourists’ preferences for Case 1 and Case 2
Case

Date start

Case 1 22 February
Case 2
5 July

Date finish

Time start

23 February
5 July

13:00
10:00

Time
finish
13:00
17:50

Season
winter
summer

Max hike
duration
10 h 50 min
7 h 50 min

Sorting
criterion
duration
length

In Case 1, the hiking starts at 13:00 on 22 of February and should be finished at
13:00 on 23 of February. For these dates it is determined that for Rila Mountain the
season is winter, the sunrise is at 7:15 and the sunset is at 18:05, which determine the
maximum hike duration (up to 10 h and 50 min per day). In Case 2, the whole hike
is planned for one day starting at 10:00 on 5 of July and finishes at 17:50, i.e., 7 h
and 50 min is the maximum hike duration.
Using the tourists’ preferences in Case 1, input data from Table 1 and the
proposed algorithm, the possible routes are determined as shown in Table 4.
Table 4. Determined routes, sorted by hike duration in ascending order, by tourists’ preferences
No Routes
Duration
Length (km) Ascent (m) Descent (m)
R1 e5-e9-e13-e15-e16-e14-e10-e6
7 h 46 min
13.400
596
596
R2 e5-e9-e13-e15-e16-e14-e2

9 h 53 min

18.400

616

1646

R3 e5-e9-e13-e15-e16-e14-e10-e8

10 h 33 min

20.700

686

1766

R4 e1-e13-e15-e16-e14-e10-e6

10 h 33 min

18.400

1646

616

The obtained results in Case 2 based on the input data from Table 1 and using
the proposed approach and sorting by a criterion of route length are shown in
Table 5.
Table 5. Determined routes, sorted by length in descending order, by tourists’ preferences
No
Routes
Duration
Length (km) Ascent (m) Descent (m)
R1 e5-e23-e17-e19-e12-e10-e6
7 h 36 min
15.600
827
907
R2

e5-e9-e13-e19-e14-e10-e6

7 h 46 min

13.400

596

596

R3

e5-e9-e13-e15-е24-е6

7 h 46 min

12.900

726

627

R4

e5-e23-e16-e14-e10-e6

7 h 16 min

12.900

627

726

R5

e5-e23-e24-e6

7 h 16 min

12,.400

757

757
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6. Results and discussions
The obtained results in both cases using the same start and finish point in different
seasons determine different possible routes as illustrated in Fig 5.

a)

b)

Fig. 5. Determined routes for two types of tourists’ preferences: a) Case 1; b) Case 2

The routes that meet the tourist’s preference toward hike dates, duration and
ranking are shown in red. It is interesting to note, that hike in planning in winter,
some of the routes satisfying the condition of maximum hike duration as route
e5-e23-e24-e6 do not take place into the intermediate lists (Steps 3 and 4 of the
algorithm) because they contain edges suitable only for passing in summer (Fig. 5a).
The route with minimum duration in Case 1 passes through edges e5-e9-e13-e15e16-e14-e10-e6, which overall duration time is equal to 7 h and 46 min. When the
season has changed the set of possible routes has changed too (Fig. 5b). Despite the
same start and finish point, the season influences the maximum daylight that reflects
in the possible duration of a hike within a day. As the Case 2 concern one day hike,
the most suitable sorting of routes is done in respect of route length (Fig. 5b).
In both cases, the distance and elevation, which are passed by a cable transport
line at the edges e5 and e6, are excluded from the total length respectively elevation
of the route containing these edges, but time is taken into account.
The concept of three key vertices and dividing the search for a route into two
separate searches is close to the approach that the tourists use to plan their hikes in
general. This allows the planning of both circular routes that start and finishes in one
place and routes that cross the mountain. The conducted testing proved the
applicability for generating alternative routes and subsequent sorting taking into
account the tourist preferences. In addition, the use of a multigraph makes it possible
and easy to expand the multigraph by adding additional nodes and arcs. This feature
contributes to obtaining highly efficient solutions based on the proposed scalable
37

algorithms for searching and sorting that are able to keep the same efficiency when
the workload grows. All of this proves the scalability of the described approach by
providing the ability to maintain effectiveness when expanding the weighted
multigraph.

7. Conclusions
Mountain tourism can benefit from different intelligent systems that can be tailored
to provide the information and assist the tourists in reasonable decision making. For
this purpose an approach is proposed for determining and sorting of mountain hiking
trails. The advantage of the described approach is the fact, that all relevant
information about the mountain and available trails can be expressed by a directed
weighted multigraph. The proposed scalable search-based algorithm realizes
determining of the possible hiking routes considering different tourists’ preferences.
Once the possible routes are determined in accordance with the given preferences,
another algorithm is invoked to rank these routes with respect to the most important
criterion from a particular user point of view.
The proposed approach for determining and sorting of mountain hiking routes
based on a weighted multigraph can be extended with the capability for hikes
planning of several days’ duration. This requires to introduce daily goal destination
and finding routes that pass through a place appropriate for overnight stay (hut,
shelter, camping) at the end of each day. Another direction for improvement is the
possibility for the determining of routes between destinations in different mountains
by connecting the individual graphs representing the mountain in one big graph,
which is possible due to the scalability of the proposed algorithm.
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