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Abstract

:

One of the most important variables that leads to effective individual and group tours is the tourism route planning approach, which enables tourists to engage with tourism with ease, speed, and safety. However, current methods of designing tourist routes have some glitches, such as relying only on external objectives to find the best route. In this paper, a novel urban tourism path planning method based on a multiobjective genetic algorithm is proposed. The main goal of this paper is to enhance the accuracy of the genetic algorithm (GA) by adopting new parameters and selecting the optimal tourism path by combining external and internal tourist site potentials. Moreover, the GA and analytical hierarchy process (AHP) were used in our proposed approach to evaluate urban tourism route planning under multiple conflicting objectives. To visualize and execute the proposed approach, the geographic information system (GIS) environment was used. Our suggested approach has been applied to develop the tourist road network of Chengdu City in China. Compared with existing tourism path planning approaches, our proposed approach is more accurate and straightforward than other approaches used to choose routes.
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1. Introduction


At present, tourism has developed into the tourism industry, and tourism has been divided into several types. The first type is separated into luxury or high-end tourism and popular or mass tourism based on the quantity of visitors. In addition, the other type of tourism is divided into international and local, depending on the location factor. Many types of tourism contribute to the rapid development of tourism [1,2,3]. The rapid development of the economy and growth in production rates of many countries have resulted in an increasing number of tourists. Therefore, it is necessary to evolve and connect tourism destinations, which creates an essential contribution to the economy [4,5,6,7,8,9,10]. Tourism is an essential tool to support the sustainable growth of various rural and urban destinations. The expansion of tourism depends on several factors, such as natural, cultural, historical, provisional, social, and diverse resources at tourist sites [11,12]. Attention to urban tourism leads to increased opportunities for the development of tourist areas and locations [5,6,8,10,13,14,15]. Although many aspects contribute to the development of urban path tourism, a multiobjective model must be used to evaluate the urban path of tourism sites due to the different needs of tourists. For example, there is a type of tourist that is concerned with reducing financial cost, another type that is concerned with landscapes on the way to tourist destinations, and a type that is concerned with reducing time; therefore, the model must achieve the benefit of the largest number of users and tourists from the multiplicity of objectives or factors [16]. The tourism potential of a site is an advantage for the site. Determining and evaluating the tourist potential of sites is a major consideration when deciding on the optimal tourist path.



To evaluate tourism potential, first, these objectives must be divided into internal and external resources based on the resource type; objectives must be selected based on users’ choices for the road; then, the optimal path must be determined according to the importance of the objectives. The optimal path planning process is usually accomplished by achieving one objective, such as cost, transportation, traveling distance, or traveling time. At the emergence of intelligent tourism, using the single objective method to find an optimal path has become too complicated and not suitable for tourists. Therefore, it is necessary to develop a new accuracy to express multiobjective environmental information and to further support intelligent pathfinding under complex objectives [4,5]. Recently, many types of research have been proposed to solve the multiobjective tourism route problem.



When multiple objectives are chosen, it is crucial to determine the weight of these objectives. To address this issue, weight determination methods, such as weight sum (WS) and AHP, have been considered. The WS approach is the most commonly used to determine weight, due to its simplicity and straightforward nature; if the objectives are nonlinear, the WS method is not effective [5]. Saaty proposes the AHP method, which is a structured technique for organizing and analyzing complex decisions. Additionally, it has been considered the most accurate method for quantifying the weight criteria [17,18,19]. In the AHP method, the individual experts’ experiences are utilized to estimate the relative magnitudes of factors through a pairwise comparison array that it uses to compare the relative importance between the two objectives. After determining the weight of the objective, we need to find the optimal road [20].



To choose the optimal path, we can use many traditional algorithms in route planning, such as Dijkstra and A*. These algorithms have difficulty dealing with multiple objectives because they deal with a minimal number of objectives [21]. Existing methods for finding the optimal path have difficulty solving the multiobjective optimization problem. Traditionally, MOP is transformed into a nonlinear problem with a linear function and resolved as a single objective problem. The most popular technique is the WS method, which positively minimizes the WS of the individual objectives and creates the set of optimal Pareto solutions by modifying weight values. This technique, despite its simplicity, ignores the concave aspect of the Pareto front and does not yield a collection of well-spread solutions. Therefore, effective methods for complex optimization problems must be developed.



1.1. Related Work


Many scholars have studied how to find the best path using genetic algorithms. Le developed a multiobjective genetic algorithm (MOGA) under conflicting objectives to determine optimal routes for the transport of six dangerous goods (DG). The MOGA approach involves the transport of liquefied petroleum gas on the Hong Kong Transport Network, which can look directly for multiple effective solutions, with the facilitation of GIS, for DG routing [10,16]. In another study by Huang, B discussed a generic approach using GIS and a bilevel GA to choose a multiobjective TSP path. The GIS is used to establish the database of the network, measure the criteria, extract the TSP route under a set of weights, and display the results. In this study, various criteria contributing to time of travel, vehicle operating cost (VOC), safety, and the efficiency of the surrounding scenic view were established [7,9]. These works involved the use of a genetic algorithm to find the best path but did not evaluate the sites’ internal factors. There was also a deficiency in descriptive representation of the data. Hoang proposed a multicriteria evaluation of the potential for tourism in Vietnam’s Central Highland. Thirteen criteria were chosen for a multicriteria evaluation of the region’s tourism potential. The result of AHP method weight scoring showed the internal potential is more important than the external potential, and the multicriteria assessment of regional tourism potential showed that the Central Highlands have several interesting destinations [5,22,23].



In the study by Sahani, N introduced an integrated approach to create ecotourism sites where AHP and GIS techniques were successfully implemented and demonstrated for the evaluation of future ecotourism regions. This study brings up a systematic approach and objective means in the tourism literature for ecotourism revival strategic marketing planning [4]. Nestoroska, having identified tourism potential in Macedonia, is closely connected to its increased competitive position in the tourist economy, the focus of which is to present the results of the research carried out to exploit the potential for tourism growth [10].



In summary, many studies have used traditional genetic algorithms to find the best path for tourists under multiple objectives. These objectives may be internal or external. Furthermore, the current methods for determining the best path are considered to be relatively regressive and ignorant or do not take into account the assessment of the internal objectives of tourist sites. Generally, tourism route path planning is important to make tourist trips easy and convenient. However, all published works ignored or did not consider the assessment of the internal objectives of tourist sites, and traditional GAs take more execution time, making them more difficult to execute. In addition, existing strategies for evaluating the best route, such as the ArcGIS software applying the Dijkstra algorithm, are considered to be relatively regressive and are unable to integrate spatially, and attribute data that do not meet client needs.




1.2. Motivation


Tourism path planning is important in making tourist trips easy and convenient. However, all published works ignore or do not consider assessing the internal objectives of tourist sites, and traditional GAs take more execution time. In addition, the existing strategies for evaluating the best route, such as ArcGIS software using the Dijkstra algorithm, are considered to be relatively regressive and are unable to integrate spatially, and attribute data that do not meet client needs.



To address the above problems, in this paper, the traditional GA has been improved by a new parameter to give a perfect result and speed up the implantation time of the algorithm. Moreover, this improvement offers the ability to search for various regions of the solution space, which makes it possible to look for a wide variety of optimal solutions [11,16]. Additionally, we explore and integrate different technologies for this domain in conjunction with demonstrating the applicability of using the improved GA and AHP to develop tourism path planning. The contributions of this paper are summarized as follows:



(1) Selection and evaluation of internal and external tourism objectives according to their importance;



(2) Weight determination of objectives by using the AHP method;



(3) Use GA with improving parameters to find the optimal path.




1.3. Organization


The remainder of this article is structured as follows. In Section 2, the methodology and idea of tourism potential are discussed. In Section 3, the system implementation and experimental analysis are presented. In Section 4, the results of this research and discussion are presented. Finally, conclusions and future work are presented in Section 5.





2. Methodology


The main objective of this study was to find and decide the most suitable tourist route by integrating internal and external tourism criteria. First, the research approach was based on the selection of internal and external objectives that would help the process of selecting the best route in accordance with the wishes of the tourist. Second, the AHP methods were used to assess the weights for various objectives, and then the genetic algorithm was used to determine the best tourist. These measures are all shown in Figure 1.



2.1. Multiobjective Evaluation of Urban Path Tourism Objectives


To evaluate tourism resources, we first selected the objective and divided it into internal or external objectives. Second, our objectives were assessed according to another study [4,5].



2.1.1. Selected Objectives


Urban tourism path planning depends on both internal and external objectives. Figure 1 shows internal and external resources and the stages of our model. In total, 13 objectives were selected. Nine objectives were related to the internal objectives of entertainment value, aesthetics, and art, cultural–historical value, scientific value, size of tourism destination, tourism seasonality, quality of service time on site, and biodiversity. In comparison, four other objectives were related to external resources, time offsite, total distance between locations, digital terrain model (DTM), and the total cost of access to the sites [24].




2.1.2. Evaluation Objectives


Based on a preceding study related to the multiobjective assessment of tourism resources, internal resources are classified by evaluation tables for each criterion, with rating scores of 10 (very high), 7 (high), 4 (medium), and 1 (low) (Table 1) [4,5].



For example, while external resources are evaluated by matrices showing the current value of these resources by their type, the total time between locations is calculated by the minute using the Baidu map program, as shown in Table 2.





2.2. Determine the Weight of Objectives Using the Analytical Hierarchy Process (AHP)


AHP is the most common among the multicriteria decision analysis (MCDA) techniques, which use natural resource management and the environmental field. AHP was used to define the weights of resource layers [25]. AHP mainly works by increasing priorities in terms of relative importance, judged on a scale of 1–9 [26,27]. The importance of each criterion was individually determined, and a pairwise comparison matrix was created. Then, the eigenvalues of this matrix were calculated, and these eigenvalues were employed as weights of the criteria. In this article, 13 elements were used to evaluate nine elements of internal resources (entertainment value, aesthetics and art, cultural–historical value, scientific value, size of tourism destination, tourism seasonality, quality of service, time in site, and biodiversity) and four elements of external resources (time offsite, total distance between sites, digital terrain model (DTM), total cost of access to the sites) [4,28]. The AHP method includes several steps:



(1) Make the pairwise comparison matrix;



(2) Prepare comparison matrices;



(3) Standardize matrix values;



(4) Check ratio and discourage relative weight.



The pairwise comparison of different resources was carried out based on Saaty’s 1–9 scale (Table 3), where score 1 shows equal importance and score 9 indicates extreme importance of one compared to another.



The preparation of comparative matrices aims to determine the tourism potential of each component. The matrix values are consolidated for the purpose of extracting the last values of the weights in relation to the different resources. In the AHP technique, pairwise comparisons of different resources were taken as the inputs, while the relative weights of different resources were taken as the production. After normalizing the weight, the consistency ratio (CR) was calculated. The CR was measured using Equation (1):


  C R = C I / R I  



(1)




where CI indicates the consistency ratio, RI means a random index whose value depends on the order of the matrix, and CI indicates the consistency index that can be expressed.


  C I =  (  λ m a x − n  )  /  (  n − 1  )   



(2)




where λ indicates the largest eigenvalue of the matrix (calculated from the matrix) and n represents the number of resource consistency ratios that must be less than zero.



To determine the weights of objectives, we used the AHP in two phases. The first stage involved calculating the weights of internal resources. The second stage combined internal and external resources to determine the internal resources structuring the judgment matrix collected from experts’ views and to calculate the weight of objectives (average values of the experts’ valuation). Table 4 shows the importance of internal objective resources in relation to each other, according to previous studies and experts’ valuation.



To combine internal and external resources, first, a pairwise comparison matrix is used to define the comparative importance of each objective in comparison with the others. Considering the internal resources (IR), total cost of access to the sites (TC), and the main elements in determining the optimal tourism potential route, both objectives take the same weight, but are two times more important than that of the total distance between sites (TD) and the time offsite (TO), and are three times more important than the digital terrain model (DTM). Table 5 shows the importance of combining internal and external objective resources.




2.3. Genetic Algorithm (GA)


GA is a mathematical model that simulates the process of selecting genes in a biological method. GA is based on solutions to mathematical problems that do not contain one fixed and straightforward explanation but consist of a set of solutions [29]. GA is based primarily on Darwin’s theory. In 1975, J. Holland proposed an algorithm based on natural selection because the new generation exhibits the best characteristics of previous generations [30]. GA is considered a heuristic search algorithm and is very suitable in computing operations and integration with other algorithms. Therefore, GA has widely been crucial to researchers in various fields [31]. One of the problems that the genetic algorithm solves is the traveling salesman problem (TSP). In this article, we use GA to solve the TSP problem under the multiobjective problem of tourism path planning [32]. The GA process consists of the operations shown in Figure 2. GA has the following qualities: (1) GA searches and has potential parallelism with the group; (2) GA has powerful and flexible convergence and is easy to combine with other algorithms (such as particle swarm and simulated annealing); (3) GA is motivated by the assessment function (fitness function) in searching and is easy to perform [32,33].



2.3.1. Initial Population


The first stage in the genetic algorithm process is the initialization population. Population is a subset of current generation solutions; it is possible to define population P as a set of chromosomes. Figure 3 shows an example of a chromosome representation from point S to point T.




2.3.2. Establish Fitness Function


The fitness function assesses how close a given solution is to the desired problem’s optimal solution. In genetic algorithms, each chromosome is represented as a string of binary numbers, and we need to test these solutions to find the best set of solutions to address a specific issue. Therefore, each solution needs to be awarded a score to demonstrate how close it is to meeting the overall requirements of the desired solution. By applying the fitness function to the test, this score is produced.




2.3.3. Selection Operation


The aim of the selection process is to select the most adaptive people and transition them to the next generation. Multiple pairs of better individuals’ parents are chosen based on their fitness ratings, and individuals with high fitness scores are more likely to be chosen for replication, i.e., the genes are transmitted to the next generation with better parents. In our framework of the selection operation, the roulette method is used in the present analysis, and the probability that each individual is selected to inherit the next generation is proportional to their relative group fitness. The roulette selection technique, however, is random; thus, in the selection process, better individuals could be lost. The elite process is therefore adopted to inherit the most adaptive individuals from each generation to the next generation to ensure the optimum individuals’ survival [33].




2.3.4. Crossover


The crossover is created when two chromosomes are recombined to create new chromosomes that are reproduced in the new generation, and the crossover process generates feasible routes containing loops. The optimal value of crossover ranges between 0.75 and 0.95 [34]. In our case, we chose 0.85 compatibility with the remainder of the variables after many tests.




2.3.5. Mutation


In the mutation operations, a randomly mutated crossover operation is selected; then, a mutation point is randomly chosen. The character is changed to the corresponding location of the string, and the optimal value of crossover ranges between 0.05 and 0.15 [34]. In our case, we chose 0.10 compatibility with the remainder of the variables after many tests. The specific parameter settings used in our purpose GA are shown in Table 6.




2.3.6. Final Condition


If it has been done, a new generation has been developed, and the procedure is replicated until certain stopping requirements have been met. The chromosomes that are nearest to the optimum are decoded at this stage, and the procedure is thorough. We use the genetic algorithm in this article to find the best tourist routes by comparing the best objective. Two scenarios were developed to test the efficiency of this model. The first scenario considers each objective separately, which corresponds to a series of single objective route planning problems, while the second corresponds to a multiobjective routing analysis. Figure 4 shows the GA operation.






3. System Implementation and Experimental Analysis


Chengdu is a Chinese provincial city, the seat of the Sichuan state government of China. The largest city in Sichuan Province has 14,427,500 people and a city-dwelling population of 10,152,632. According to the 2010 census, Chengdu was the fifth largest city in China, with a population of 10,484,996 in the built-up area, including Xinjin County and Guanghan City in Deyang. Chengdu entered the global city with a “Beta +” rating, according to the Globalization and World Cities Research Network ranking. The vast plain on which Chengdu lies is from 450 to 720 m (1480 to 2360 feet) high. Its borders on the northwest are the steep, high Longmen Mountains, and in the west are the Qionglai Heights, whose altitude exceeds 3000 m (9800 feet) and includes Miao Jiling (5364 m, 17,598 feet) and Shilling Snow Mountain (5164 m, 16,942 feet). The western region is the mountainous region where there is a huge primitive forest with plenty of food and giant panda families. The Longquan Low Mountains, east of Chengdu, and the western boundary region of the mountainous land in the middle reaches of the Min River, an area noted by many converging rivers, are located east of Chengdu. Chengdu is located on the western edge of the Sichuan Basin and on the Chengdu Plain. The dominant terrain is the plains. The prefecture ranges in latitude from 30°05′ to 31°26′ N, while its longitude ranges from 102°54′ to 104°53′ E, stretching 192 km (119 mi) from east to west and 166 km (103 mi) south to north, administering 12,390 square kilometers (4780 sq. mi) of land. There are some challenges facing tourists (especially foreign tourists) in making tours around tourist attractions easily and according to their different priorities [35]. To help solve this problem, we selected 11 famous tourist sites distributed within the city, as shown in Table 7 and Figure 5.




4. Results and Discussion


4.1. Results


The GA creates a set of solutions and generates a set of paths that serve the different purposes of tourists. Thirteen objectives rely on a genetic algorithm to determine the best path for tourists, including nine internal objectives and four external objectives. In two scenarios in which the genetic GA has been applied, the first scenario selects the objectives individually, and there are five objectives: internal objectives, total distance, total distance, cost, total time, and DTM, as shown in Table 8.



The second scenario combines all objectives, gives each objective a weight using the AHP method, and obtains the best path. Table 8 illustrates the results of the genetic algorithm using multiple objectives, as well as using a single objective separately. In this case, we calculate the matrix of each objective and determine the matrix weighted by its weight and collate it into one matrix. This matrix is a multiobjective matrix that indicates the best path based on multiple objectives, and we give it a distinction (unit).



Our computational experiments demonstrate the behavior of the GA as applied to the multiobjective urban tourism path planning optimality of solutions and computational complexity. GA results of optimal path according to multi and single objectives are as follows: multiobjective 495 unit, internal potential objective 248 unit, total cost 742 Yuan, total travel time 1440 min, total distance 278 km, differed height (h) −1.536 m. The optimal path planning between tourism destinations is as follows: internal potential objective path P10-P5-P9-P2-P8-P4-P11-P1-P7-P6-P3-P10, total cost P3-P2-P6-P5-P11-P4-P8-P7-P10-P9-P1-P3, total travel time P9-P10-P1-P6-P5-P7-P3-P8-P2-P11-P4-P9, total distance P2-P5-P6-P10-P9-P1-P4-P11-P8-P7-P3-P2, different height P9-P4-P5-P2-P3-P11-P8-P10-P6-P1-P7-P9. Table 8 shows the multiobjective path that is the best path under different objectives. The route, starting from site 2 (Kuan zhai xiang zi) and ending at Site 3 (Jinli Street ancient street), is as follows: P2-P6-P5-P11-P4-P8-P7-P10-P9-P1-P3-P2.




4.2. Discussion


The multiplicity of tourism types has proven to be a key factor in the growth and development of the tourism industry, and there are many types of tourism, such as popular tourism and luxury tourism. There are further important types of tourism: individual tourism and group tourism. Group tourism planning and arranging for visiting sites is done through tourism companies, and, in individual tourism, the planning of the tourist [36,37,38]. To compare our approach with other approaches to tourism evaluation, we chose two approaches. Hoang proposed a multicriteria evaluation of the type of tourism in Vietnam’s central highlands; 13 criteria were chosen for a multicriteria evaluation of the region’s tourism types. The AHP method weight scoring results show that the internal types of tourism are more important than their external potential. In Sahani, N presented an integrated approach to create ecotourism types using AHP and GIS methods to assess the type of ecotourism region. They were successfully applied and established. However, these methods ignored the internal objectives of tourism types. Our approach provides the option to choose the optimal path for a tourist tour, which helps in individual and group tourism service.



In this paper, we improved GA and applied it to design tourism paths. In GIS environments, such as ArcGIS, traditional algorithms use the Dijkstra algorithm. However, this algorithm does not meet the needs of the users. Therefore, the GA algorithm has been improved in this paper to provide efficient visualization and analysis to GIS network tools. Additionally, the improved GA provides the ability to combine spatial objectives for sites such as distance and nonspatial objectives such as cultural–historical objectives. In addition, it is accomplished by combining the internal and external objectives of tourist attractions. Furthermore, to verify the effectiveness of our proposed comparison, we compared our proposed algorithm to the genetic algorithm that uses traditional parameters and the ant colony optimization algorithm (ACOA) [39,40]. The obtained results are shown in Table 9. The implementation time of our proposed algorithm is 0.45 s, which is much better than that of the other two algorithms. For other objectives, the results obtained using the new algorithm are considered better than those of the other algorithms.





5. Conclusions and Future Work


The field of urban planning of tourist paths is very important to make tourism tours fast and easy; however, the existing methods used in the field have to be enhanced. In this paper, the old GA has been enhanced by a new parameter to give an optimal result and speed up the implantation time of the algorithm. Additionally, we integrate different tools for this domain in conjunction with demonstrating the applicability of using improved GA and AHP to develop tourism path planning. We also used the geographical information system (GIS) for the implementation and visualization of efficient multiobjective tourism routes. The organization of our model is as follows. First, we combined internal and external objectives for planning the tourist route and gave each objective a weight using the AHP method to obtain the best results, based on previous studies. Second, we used GA with a new parameter to obtain the optimal route. Finally, a comparison and combination with the algorithms that are currently used in the GIS environment is performed. The following points are recommended as contributions of this paper:



(1) Improving the accuracy of the genetic algorithm through the use of new parameters, which were determined through previous experiments. In addition, the results are compared with many related results, as shown in Table 8. Through the comparisons, the best results for the proposed tourist itineraries were obtained.



(2) Choosing the optimal tourism path by combining the external and internal potential of tourist sites to define tourist paths. The existing published studies have not taken internal factors into account when designing tourist paths. There is room for improvement along this line of research; for example, increasing the number of objectives and using other machine learning algorithms to make the present approach more flexible. Extending our work to other artificial intelligence techniques and multiroute hilly areas will be the next research direction.
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Figure 1. Process of finding the best route. 
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Figure 2. The GA operations. 
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Figure 3. A chromosome representation example. 
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Figure 4. The GA operation. 
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Figure 5. Tourist sites distributed within the city. 
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Table 1. Internal tourism resources.
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Selected Objective

	
Explanation and References

	
Evaluation Scale

	
Rating






	
entertainment value (EN)

	
The value of entertainment refers to the entertainment available in the tourist site, which is available to the visitor.

	
Very high

	
10




	
High

	
7




	
Medium

	
4




	
Low

	
1




	
aesthetic and art (AA)

	
Aesthetics and arts include the aesthetic and artistic sensitivity. The practical, cultural, and philosophical qualities of the site.

	
Very high

	
10




	
High

	
7




	
Medium

	
4




	
Low

	
1




	
Cultural–historical value (CH)

	
The historical and cultural value is considered to be one of the most important factors that influences tourists’ flocking to tourist sites.

	
Very high

	
10




	
High

	
7




	
Medium

	
4




	
Low

	
1




	
scientific value (SI)

	
The scientific value of the tourist site indicates the scientific importance of the site, such as universities and others.

	
Very high

	
10




	
High

	
7




	
Medium

	
4




	
Low

	
1




	
size of tourism destination (TD)

	
The size of the tourist destination, the height of the place, and the tourist destination’s ability to accommodate tourists.

	
>50 km2

	
10




	
>10–50 km2

	
7




	
1–10 km2

	
4




	
<1 km2

	
1




	
tourism seasonality (TS)

	
Tourism seasonality is the possibility of visiting tourist sites in a specific season of the year; some sites can be visited year-round, such as museums, while some sites have seasonality, such as gardens.

	
>300 days/year

	
10




	
>200–300 days/year

	
7




	
100–200 days/year

	
4




	
<100 days/year

	
1




	
quality of service (QS)

	
quality of service includes all services provided within tourist sites, such as restaurants, cafes, shops, and others.

	
Very high

	
10




	
High

	
7




	
Medium

	
4




	
Low

	
1




	
time in site (TI)

	
This includes the time spent by the visitor inside the site, taking into account the opening and closing times of the gates.

	
>3

	
10




	
>2–3

	
7




	
>1–2

	
4




	
0–1

	
1




	
Biodiversity (BI)

	
The value of biological diversity is evaluated according to the different types of endemic animals.

	
Very high

	
10




	
High

	
7




	
Medium

	
4




	
Low

	
1











[image: Table] 





Table 2. Total Travel Time Matrix.
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	AP
	KZ
	JSAS
	DSA
	MS
	ESM
	CWTM
	CDTM
	HAT
	LATS
	CHV





	Airport (AP)
	0
	165
	129
	202
	136
	88
	100
	129
	184
	116
	232



	Kuanzhaixiangzi(KZ)
	165
	0
	109
	197
	105
	73
	82
	109
	198
	117
	204



	Jinli Street ancient street (JSAS)
	129
	109
	0
	199
	110
	77
	63
	105
	187
	147
	215



	Dujiangyan Scenic Area (DSA)
	202
	197
	199
	0
	177
	131
	152
	170
	215
	151
	253



	Manjusri College (MS)
	136
	105
	110
	177
	0
	62
	80
	116
	198
	112
	204



	Eastern suburb memory (ESM)
	88
	73
	77
	131
	62
	0
	97
	125
	200
	89
	209



	Chengdu Wuhou Temple Museum (CWTM)
	100
	82
	63
	152
	80
	97
	0
	105
	182
	119
	210



	Chengdu DuFu Thatched Cottage Museum (CDM)
	129
	109
	105
	170
	116
	125
	105
	0
	188
	123
	207



	Huanglongxi ancient town (HAT)
	184
	198
	187
	215
	198
	200
	182
	188
	0
	145
	270



	Luodai Ancient Town scenic spot (LATS)
	116
	117
	147
	151
	112
	89
	119
	123
	145
	0
	227



	Chengdu Happy Valley (CHV)
	232
	204
	215
	253
	204
	209
	210
	207
	270
	227
	0
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Table 3. Saaty’s 1–9 Scale of Relative Importance.
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	Scale
	Importance





	1
	Equal importance



	2
	Weak



	3
	Moderate importance



	4
	Moderate plus



	5
	Strong importance



	6
	Strong plus



	7
	Very strong importance



	8
	Very strong plus



	9
	Extreme importance
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Table 4. Importance of Internal Objectives Resources (average values of the experts’ valuation).
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	EN
	AA
	CH
	SI
	TD
	TS
	QS
	TI
	BI
	Weight Score





	Entertainment value (EN)
	1.00
	0.52
	0.60
	2.90
	5.50
	5.60
	0.50
	0.50
	3.90
	0.12



	Aesthetic and art (AA)
	1.92
	1.00
	0.60
	2.50
	6.00
	5.60
	0.90
	0.90
	3.90
	0.15



	Cultural -historical value (CH)
	1.67
	1.67
	1.00
	3.80
	6.20
	5.80
	3.50
	3.50
	5.20
	0.25



	Scientific value (SI)
	0.34
	4.00
	0.26
	1.00
	6.20
	5.60
	0.50
	0.50
	3.20
	0.09



	Size of tourism destination (TD)
	0.18
	0.16
	0.16
	0.16
	1.00
	1.30
	0.25
	0.25
	0.16
	0.02



	Tourism seasonality (TS)
	0.18
	5.50
	0.17
	0.18
	0.78
	1.00
	0.33
	0.33
	0.18
	0.08



	Quality of service (QS)
	2.00
	1.11
	0.29
	2.00
	4.00
	3.00
	1.00
	1.00
	2.00
	0.11



	Time in site (TI)
	2.00
	1.18
	0.29
	2.00
	4.00
	3.00
	1.00
	1.00
	2.00
	0.11



	Biodiversity (BI)
	0.26
	0.26
	0.19
	0.31
	6.20
	5.50
	0.50
	0.50
	1.00
	0.07
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Table 5. Matrix Importance of Combining Internal and External Objectives.
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	IR
	TC
	TD
	TO
	DTM
	Weight Score





	Internal resources (IR)
	1.00
	1.00
	2.00
	2.00
	3.00
	0.30



	Total cost (TC)
	1.00
	1.00
	2.00
	2.00
	3.00
	0.30



	Total distance (TD)
	0.50
	0.50
	1.00
	1.00
	1.50
	0.15



	time out site (TO)
	0.50
	0.50
	2.00
	1.00
	1.50
	0.15



	Digital terrain model (DTM)
	0.33
	0.33
	0.67
	0.67
	1.00
	0.10
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Table 6. Parameter settings of GA.






Table 6. Parameter settings of GA.





	Parameters
	Values





	Population size
	100



	Crossover probability
	0.85



	Mutation probability
	0.10



	Number of generations
	4000
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Table 7. Tourist Sites Distributed Within the City.
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	NO
	X
	Y
	Name





	P1
	104.000000
	30.000000
	Airport



	P2
	104.059763
	30.669938
	Kuan zhai xiang zi



	P3
	104.056424
	30.651723
	Jinli Street ancient street



	P4
	103.617627
	31.007930
	Dujiangyan Scenic Area



	P5
	104.079149
	30.681353
	Manjusri College



	P6
	104.129446
	30.674976
	Eastern suburb memory



	P7
	104.054572
	30.652582
	Chengdu Wuhou Temple Museum



	P8
	104.034848
	30.666397
	Chengdu Du Fu Thatched Cottage Museum



	P9
	103.976489
	30.323445
	Huanglongxi ancient town



	P10
	104.332434
	30.643115
	Lidia Ancient Town scenic spot



	P11
	104.040307
	30.729004
	Chengdu Happy Valley
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Table 8. Tourist path based on objectives.
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	No.
	The Objectives
	The Path
	Note





	1
	Multiobjective
	P2-P6-P5-P11-P4-P8-P7-P10-P9-P1-P3-P2
	Optimal path



	2
	Internal objectives
	P10-P5-P9-P2-P8-P4-P11-P1-P7-P6-P3-P10
	



	3
	Cost objective
	P3-P2-P6-P5-P11-P4-P8-P7-P10-P9-P1-P3
	



	4
	Total distance objective
	P2-P5-P6-P10-P9-P1-P4-P11-P8-P7-P3-P2
	



	5
	Total time objective
	P9-P10-P1-P6-P5-P7-P3-P8-P2-P11-P4-P9
	



	6
	DTM objective
	P9-P4-P5-P2-P3-P11-P8-P10-P6-P1-P7-P9
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Table 9. Comparisons of experimental results.
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	Algorithm
	Time Optimizes

(s)
	Multi Objective

(Unit)
	Internal Potential

(Unit)
	Cost

(Yuan)
	Travel Time

(min)
	Height

(km)
	Distance

(m)





	Traditional GA
	1.664
	503
	250
	803
	1387
	298
	−1.50



	ACOA
	0.890
	497
	252
	825
	1390
	279
	−1.398



	Improved GA
	0.450
	495
	248
	742
	1440
	278
	−1.536
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