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Amusement Park Visitor Routes Design and Optimization 

 

Yue Shen, M.S.E. 

The University of Texas at Austin, 2012 

 

Supervisor:   John J. Hasenbein  

 

Amusement parks are a huge business. Guest experiences determine the success or 

failure for an amusement park. This report suggests an approach to improve guest 

experience by managing guest flow. The guest happiness optimization problem is 

formulated into a visitor routing management model. The constraints for this model 

include attraction attributes and guest behavior. To build the attraction constraints, their 

information is first gathered from internet, field studies and surveys, and then input into 

simulation software. Constraints on guest behavior are set up with a literature study and a 

guest survey. A two phase heuristic is developed to solve this problem with constraints. 

Candidate routes are generated with a route construction algorithm in the first phase. 

Visitor distribution and selection on these candidate routes are determined in the second 

phase using a mixed integer programming solver. Visitor routes are then recommended to 

the park’s operator side, for them to distribute to guests visiting on their vacations. 

Data from Disney Epcot are collected and applied in the case study to implement 

the methodology in this report. Attraction operations capability is maintained at the current 

level with no additional cost for the project, while guest satisfaction is improved by 

ensuring the number and type of attractions they visit. In addition, average waiting time for 

visitors is reduced by at least 70% in the recommended operation strategy.  
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Chapter 1:  Introduction and Motivation 

 

People like to visit amusement parks on their vacations, and the ride attractions are 

the most entertaining part. However, due to guest safety and enjoyment design concerns, 

most attractions have capacity and operating time constraints. Therefore, guests face long 

waits in queues before they enjoy the ride, which leads to low efficiency and guest 

satisfaction. As in the entertainment business, companies owning amusement parks value 

maximizing guest satisfaction. As a result, reducing the waiting time for guests and 

improving their visiting experiences is definitely a primary goal to help attain business 

objectives. In this project, we use logistic analytic methodologies, integer programming 

skills and simulation tools to recommend a more efficient guest routing system for a park 

in the holiday season. 

 

1.1 General Problem Statement 

An amusement park normally has several popular ride attractions that are crowded 

and incur long waiting times, especially in the holiday season. Most guests arrive in the 

morning and they would like to board rides according to their physical locations. As a 

result, in the morning, the rides close to the park entrance are usually busy, while the 

attractions located in the center of the park are not utilized fully. However, in the 

afternoon, the attractions close to the entrance are not crowded any more, while the inner 

attractions are busier. Guests also have similar preferences on attractions they would like 

to ride, although it may be the first time for them to visit the park. Most guests tend to 
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ride the most popular rides as ranked by other visitors. We believe the common behavior 

of the guest flow is a major cause for the low efficiency of guest visits and park 

operation. 

Our suggestion is to design a set of specific routes for guests according to their 

different interests and constraints. A certain amount of uniquely designed visiting routes 

will be given out to the guests when they buy tickets at authorized ticket offices or at 

company resorts at which they stay during their visits. An electronic version of the plan 

will be emailed out to the guests when they book their tickets on an official website. They 

can download the customized visit plan on cell phones or print them out beforehand to 

bring to the park. When the guests come to visit the park with their unique plans and 

come to a certain attraction in the scheduled time period according to their recommended 

route, they will have the benefit of joining a shorter queue as if they reserved a place on 

the ride. The guest mean waiting time in the fast lane for each attraction is guaranteed to 

be less than a fixed time. The service level for the park is increased by guaranteeing a 

decrease in the guest waiting time. 

 

1.2 Motivation and Contribution 

With more and more guests travelling according to our recommended routes, we 

can have better control of the guest flow, which will help greatly to save guest’s time and 

also make the park operate more efficiently. Less waiting time for guests means that they 

can rest or visit merchandise shops as they like in the spare time. This should result in an 

increase in the park’s operational revenue and in better guest experiences in the park. 
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However, guests still have the right to choose not to travel with a plan if they do not like 

our recommendations. Then, they will have to get into the regular line for the attractions. 

Due to the visitors traveling with plans, there should be a relief in the regular queue. 

Therefore, the average waiting time for those guests who do not have a reservation with 

them will also be reduced. 

 

1.3 Project Scope 

The primary goal of this project is to recommend a proven system with better 

attraction service quality in holiday season. The first goal is to study current guest 

behavior and operating conditions of attractions in the park. The study will, in turn, reveal 

the disadvantages and possible improvements of the current system. Recommendations 

for designing better routes that control the mean waiting time in queue can be made with 

this study.  

To achieve the project goal, the service quality of the current park attraction 

operation process in a holiday is examined. Based on limited data, explained in detail in 

Chapter 2, a better solution is found through the approach developed in Chapter 4. The 

solution should be better than the current system under a set of reasonable assumptions 

on the guests’ average waiting time characteristics, which are the major criteria for 

amusement park service quality. The project is to analyze and optimize the operation of a 

certain amusement park in the holiday season by recommending guests pre-designed 

routes. 
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1.4 Report Outline 

Chapter 2 describes the sources, collection methods and basic manipulations for all 

types of data that are used in later problem formulation and solving sections. Detailed 

problem statement includes the notation explanation and the model assumptions 

associated with the routing problem model. A heuristic to find visitor routes that ensures a 

higher service level is introduced in Chapter 4. Methods to develop a better guest routing 

plan are inspired through some logistic problems in real world. Simulation methods and 

integer programming algorithms are implemented when doing the computational study. 

With the historical data, a specific alternative running plan for future system can be 

figured out. Then, the solution is compared to the current situation, and the benefit of the 

recommended system is discussed, which may include analyzing the costs for 

implementing the system for the park in holiday seasons in conclusion. Future research 

directions are pointed out at the end of this report as a summary of the unsolved problems 

throughout the project or improvements can be made with more reasonable assumptions.  
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Chapter 2: Data Collection and Analysis 

 

In this chapter, the methods and results of data collection and related analysis are 

reported. The primary purpose of the study is to obtain the requisite data to implement the 

models. In addition, this phase is used to develop some insights into the operations of the 

park. We collected three kinds of data, based on the current layout, attraction attributes 

and guest behavior from Disney Epcot. Most data are collected on 11/24/2011, 

Thanksgiving, and 12/25/2011, Christmas. Guest arrival data were collected in the 

morning, cast surveys which are used to collect more detailed attraction information were 

done in the afternoon, and the guest surveys were mostly done in the evening. The raw 

data for the model input were collected through three methods: web research, a time 

study and a survey of both cast members and guests. 

 

2.1 Web Research 

Web research is the first method to obtain basic input on the attractions introduction 

and their layout, which is translated into properties and constraints in the model. 

 

2.1.1 Attractions Introduction 

In order to obtain data for the model developed in next chapter and facilitate 

calculations for the experimental study, we examine several of the most popular 

attractions. We list the top ranked attractions of this park according to the “Onesource” 

company website [15]. The attractions names, ranks and indexes are shown in Table 1. 
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Index “n/a” in the table means the attraction is not considered in this report. In the latter 

part of the report, the attractions are referred to by their indexes. 

Rank Index Name 

1 1 Soarin'TM 

2 2 Mission: SPACE® 

3 3 Test Track 

4 4 Turtle Talk with Crush 

5 n/a IllumiNations: Reflections of Earth 

7 8 World Showcase 

8 5 Epcot Character Spot 

9 6 Journey Into Imagination with Figment 

10 7 Spaceship Earth 

Table 1: Attraction Index 

 

We also read through the attraction descriptions on the company website and 

visited every attraction in the above list. The happiness levels (Hi) depend on the rating 

for each attraction by the customers. Summaries and comments on each attraction are 

listed below. Decisions on routes are made according to these attraction descriptions and 

attributes. More detailed information on the attractions in model implementation will be 

stated in the model assumptions and the basic descriptions are attached in Appendix 1. 

Table 2 shows a summary of these top-ranked attractions. 

Index Hi Intense/Non-intense Note 

1 9.7 Y Ride Attraction 

2 9.7 N Ride Attraction 

3 9.2 Y Ride Attraction 

4 9.1 N Theater Attraction 

8 n/a N World Showcase 

5 8.7 N Meet and Greet 

6 8.6 N Ride Attraction 

7 7.9 N Ride Attraction 

Table 2: Attraction Basic Information Summary 
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2.1.2 Current Layout 

The current layout for the park attractions and entrances were gathered from the 

park map and Google. The park map appears in Appendix 2. Figure 1 shows the shortest 

paths among all attractions and entrance. These data serve as important input to the 

visitor routing management model.  

 

Figure 1: Current Layout with Paths 

All the paths are approximated by drawing polylines along the existing paths on 

maps. As is shown in Figure 1, numbers with circles represent the attraction physical 

locations while red lines represent the shortest paths. Assume all the attractions are 

located at the end of each path, which is a reasonable approximation of reality in this case. 

The polylines are then measured with AutoCAD. According to the scale at the left bottom 

of Figure 1, walking distances in meters between nodes are calculated and appear in the 
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following table, Table 3. These data are used to determine walking time for the visitors so 

that the guest satisfaction constraints can be satisfied to ensure a certain level of service 

quality. 

i\j 0 1 2 3 4 5 6 7 8 

0 0.00 488.24 510.17 483.18 515.68 302.08 534.04 74.92 496.39 

1 488.24 0.00 509.86 482.87 194.52 186.16 205.19 413.33 380.70 

2 510.17 509.86 0.00 141.43 537.29 323.70 555.66 435.26 425.57 

3 483.18 482.87 141.43 0.00 510.30 296.71 454.44 408.27 318.47 

4 515.68 194.52 537.29 510.30 0.00 213.60 342.72 440.76 459.21 

5 302.08 186.16 323.70 296.71 213.60 0.00 231.96 227.17 245.61 

6 534.04 205.19 555.66 454.44 342.72 231.96 0.00 459.13 341.45 

7 74.92 413.33 435.26 408.27 440.76 227.17 459.13 0.00 421.48 

8 496.39 380.70 425.57 318.47 459.21 245.61 341.45 421.48 0.00 

Table 3: Walking Distances between Locations (in meters) 

 

2.1.3 Waiting Time 

The waiting times in the queue for each attraction were updated via an iPhone 

application: Disney World Wait Time by VersaEdge Software. The screenshots for the 

estimated waiting time of attraction 1, 2, 3 and 7 are attached in Appendix 3. Estimated 

waiting time for attractions 4, 5 and 6 are collected from the wait time board at the end of 

the queue. The wait time for each attraction is then input into Excel the results of which 

appear in Figure 2. This is used to determine the future state attraction capacity and 

evaluate optimized solutions. In particular, the service level improvement in the 

optimized plan should reduce the mean estimated waiting time for each attraction. The 

summary for waiting time improvements are listed together with the guest survey results 

in Table 8 in section 2.3.2. 
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Figure2: Current Attraction Waiting Time 

 

2.2 Time Study 

 

Performing time studies is also a key component of data collection methods. A time 

study tool is developed for more convenient data collection. The Python code for the 

guest interarrival time collection tool is attached in Appendix 4. Data were collected at 

the park entrance and different attractions.  

 

2.2.1 Guests Arrival Rate 

For each visitor that arrived to the park, we recorded the time of arrival and studied 

the time they spent at the entrance check in. Given the interarrival times and entrance 
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service time for the current operating conditions, the guest input statuses are monitored. 

These data are used to verify the solution for the visitor routing management model. The 

visitor arrival rate in the future operating plan should not be lower than the current rate, 

since we need a solution that can handle at least the current visitor population. 

We brought the time collection tool to the park entrance in the morning. There is a 

total of nine check-in machines admitting guests to the park. Data was collected from one 

random entrance at the peak arrival time. Assuming all nine entrance lanes have similar 

behavior, the peak guest arrival rate is approximately nine times the rate at the observed 

check-in machine. Guest arrival times are saved in a text file. Since customers usually 

arrive in batches, the data was manipulated to calculate the interarrival time for batches.  

Figure 3 shows the summary statistics and fitted distribution for interarrival times 

from Excel JMP add-ins. It is indicated from the figure that the guest interarrival times 

follow an exponential distribution with λ1 = 1/mean = 0.033 s
-1 

= 118.8 hr
-1

. There are 9 

check-in lanes, therefore, the λ for the park is approximately λ1*9 = 1069 hr
-1

. Assuming 

that the interarrival times are also independent (which is reasonable due for large 

population arrival processes) the guest batch arrival process can be assumed to be a 

compound Poisson process (CPP) with rate 1069.  
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Figure 3: Distribution Fit for Interarrival Time 
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According to the historical data gathered, the batch size in this CPP can be modeled 

by the p.m.f.: 

Pk = P (batch size = k), 1 ≤ k ≤ 7,  

where [P1, P2, P3, P4, P5, P6, P7] = [0.24, 0.31, 0.21, 0.07, 0.08, 0.06, 0.03]. 

The CPP is denoted by: 𝑍(𝑡) = ∑ 𝑍𝑛
𝑁(𝑡)
𝑛=1 , 𝑡 ≥ 0, with E(Z(t)) = λτt and Var(Z(t)) = 

λs
2
t. 

Here, the mean and second moment of batch size is given by: 

𝜏 = ∑ 𝑘𝑃𝑘

7

𝑘=1

= 2.74, 

𝑠2 = ∑ 𝑘2𝑃𝑘

7

𝑘=1

= 10.12. 

We thus obtain: 

𝐸(𝑍(𝑡)) = 2.74 ∗ 1069𝑡 = 2929𝑡, 

𝑉𝑎𝑟(𝑍(𝑡)) = 10.12 ∗ 1069𝑡 = 10820𝑡. 

 

2.2.2 Attraction 5 (Character Spot) Service Time 

With the same method, we recorded the service time for each group of customers 

spent in Attraction 5, which is the only attraction with a variable service time. We also 

monitored the number of guests on each iteration of the ride, because this attraction also 

admits a variable numbers of guests. Here, the loading and unloading times are included 

in the service time. We performed an Anderson-Darling normality test in Minitab 16.2.1 

and obtained a p-value of 0.571. A p-value greater than 0.05 means the null hypothesis 
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(that the distribution is normal) is accepted. A p-value less than 0.05 means that the null 

hypothesis is rejected and the distribution is not normal. Since the service time must be 

positive, we conclude that it is reasonable to model the Attraction 5 service time with a 

truncated normal distribution with mean 45.74 seconds and standard deviation of 19.24 

seconds. Figure 6 shows the probability plot and summary statistics for the service time 

in Attraction 5. 

 

Figure 4: Goodness of Fit for Attraction 5 Service Time  
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time period between two consecutive runs, which includes the guest load and unload 

times. This involves recording the time that each attraction takes to load and unload 

guests during the peak hours during Thanksgiving and Christmas. Since there are six 

attractions to be monitored, we performed time studies at each location on different days. 

Although there might be some bias due to different guest populations, it should not have 

undue influence on data load and unload time estimates. By applying normal tests in 

Minitab to the changeover time data, they seem to be well-approximated by truncated 

normal distributions with representative mean and variance for each attraction. Below is 

the summary of the changeover time for each attraction, which will be used in the 

simulation to calculate capacity. The probability plots of changeover time for the 

following attractions are attached in Appendix 5. 

Attraction Index Changeover Time Distribution 

N(mean,stdev) in Seconds 

Time Interval p-value 

1 N(513.9,26.23) [0, 1800] 0.227 

2 N(723,57) [0, 2400] 0.631 

3 N(59.51,5.951)  [0, 900] 0.455 

4 N(3.063,0.106)  [0, 100] 0.305 

5 N(45.78,19.24)  [0, 1800] 0.571 

6 N(66.3, 9.97)  [0, 1000] 0.544 

7 N(5.83, 1.652) [0,200] 0.734 

Table 4: Attraction Changeover Time Statistics 

For Attraction 7, there is an outlier according to the box plot in Figure 7. Therefore, 

this point was disregarded when data fitting was performed. The probability plot after 

eliminating this outlier is also attached in Appendix 5. 
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Figure 5: Boxplot for Attraction 7 Changeover Time 

 

2.3 Survey 

Distributing surveys was important to achieve two main goals. The first is to collect 

information about the current operating conditions of the system. We asked cast members 

about detailed attraction information, which was then used for time study validation and 

as supplementary data. This data aided in the attraction simulation when determining 

capacity. In addition, the survey also acted as a visitor opinion survey. From the surveys 

for guests, we were able to gather information on guest types, in-park behavior, 

preferences and constraints on attractions, and their attitude towards new 

recommendations. 
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2.3.1 Cast Member Survey 

We designed a survey for the cast members at each attraction to ask them about the 

attraction attributes and performance. The survey forms for cast members are attached in 

Appendix 6. Results were input into an Excel file and are analyzed with Excel. Some 

attractions have the capacity per run which approximately follows a discrete triangular 

distribution: DT(min, mode, max), while others have a general discrete distribution: 

DS(P1, V1, P2, V2,…), where P1 is the probability V1 visitors ride the attraction per run, 

and so on. The capacity for one car is denoted as the batch size in the simulation model, 

which is a part of the simulation input to find out maximum visitor arrival rate for each 

attraction given certain mean waiting time constraints. These arrival rates act as capacity 

in the visitor routing model. Table 5 summarizes the visitor counts, average count and the 

time per run for each attraction. 

Index Visitor Counts Per Run Average  Ride Time 

(MM:SS) 

1 DT (74,82,87) 81 05:00 

2 DS(0.1, 72, 0.3, 74, 0.6, 76, 0.8, 78, 1, 80) 76.4 05:38 

3 DT(18,20,22) 20 05:04 

4 DS(0.2, 1, 1, 2) 1.8 12:32 

5 DT(1,4,10) 5 N(00:45.78,19.24) 

6 DT(17,20,24) 20.3 07:30 

7 DS(0.1, 1, 0.5, 2, 0.9, 3, 1, 4) 2.5 13:26 

Table 5: Attraction Summary from Cast Survey Result 

 

2.3.2 Guest Survey 

We delivered a survey to guests leaving the park and walked them through the 

survey questions. The survey sheet is in Appendix 7. Answers were directly input to an 
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Excel file called “Guest Survey Results.” 47 surveys were collected, 40 of them at 

population attractions. The remaining seven surveys were from guests who came just for 

the fireworks at night, took park photos only, or were not on their first visiting day. 

Therefore, when validating the recommended routes, we multiply the park arrival rate by 

40/47. Then, the total group arrival rate must be greater than λT = (40/47)*1069 (the value 

from section 2.2.1) = 909. For later use, the total number of guest groups coming in the 

first 2 hours will be 909*2 = 1819.  

Data from the 40 valid surveys are used to simulate guest behavior and reflect their 

preferences as constraints in the model. It is also shown from the survey results that for 

those visitors, routes with at least four attractions are satisfactory for a one day visit. 100% 

of guests who took the survey stayed in Attraction 8 for at least 3 hours. It is also the 

featured attraction for this park and is defined as a must-visit attraction for the model. 

According to the survey, 20 of 40 guests arrived between 9am and 10am and the other 50% 

arrived between 10am and 11am. 

We categorized guests into four types according to their features. The first type is 

“Kids”: any family with a baby in strollers, or a child that does not satisfy the height 

restrictions are placed in this group. The second type is “Families”: including all families 

with teenagers who usually prefer more intensive attractions. Third type is “Adults”: if 

guests come with friends, they can ride intensive attractions and also enjoy the moderate 

ones. The last type is “Senior”: including the groups with seniors or disabled persons, 

they usually walk slower and are restricted to mild attractions. 

The following table summarizes the visitor properties by customer type and the 
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average value for all visitors, which is used to solve the routing problem. 

Type # 

Survey 

% Intensive Time in 

Park (Hr) 

Time in  

Att. 8 (Hr) 

Walking Speed 

(m/min) 

Kids 10 25% 60%N+40%Y 7 3 10 

Families 12 30% Y 9 5 30 

Adults 16 40% Y 8 4 20 

Senior 2 5% N 7 3 10 

Average   20%N+80%Y 8 4 20 

Table 6: Guest Survey Summary 

Table 6 shows that, among the 40 surveys, 25% are kids, 30% are families, 40% are 

adults and 5% are seniors. Among the Kids group, approximately 40% are the parents and 

accompanying friends who can ride an intensive attraction, while the remaining 60% 

cannot. As a result, at least 20% of the total visitors cannot take any intensive attractions. 

The average time a visitor staying in the park is 8 hours. Therefore when designing the 

routes, 8 hours is used as the time length in a day. Since attraction 8 (World Showcase) is 

the must-visit, the time spent in this attraction was collected. Four hours is the average 

for all guests when implementing the recommended route. The average walking speed for 

all visitors is 20 m/min. The walking times between attractions given the speed are 

attached in Appendix 8. According to the survey results, guests are not willing to walk for 

more than 25 minutes from one attraction to the next. Table 7 gives information on 

whether attraction i can be visited right after attraction j, listing a 1 if it is within a 25 

minutes’ walk, and listing a 0 otherwise. This data is used when constructing routes and 

verifying the feasibility of recommended routes. 
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i\j 0 1 2 3 4 5 6 7 8 

0 1 1 0 1 0 1 0 1 1 

1 1 1 0 1 1 1 1 1 1 

2 0 0 1 1 0 1 0 1 1 

3 1 1 1 1 0 1 1 1 1 

4 0 1 0 0 1 1 1 1 1 

5 1 1 1 1 1 1 1 1 1 

6 0 1 0 1 1 1 1 1 1 

7 1 1 1 1 1 1 1 1 1 

8 1 1 1 1 1 1 1 1 1 

Table 7: Walking Time Constraints 

In addition to the walking time constraints, another important way to improve guest 

experience is to reduce the waiting time for each attraction [8]. The maximum waiting 

times a guest can stand for the different attractions were collected from the survey. The 

current mean waiting time (data from Section 2.1.3) and the customer desired maximum 

waiting time appear in Table 8 along with the percentage decrease between the current 

and desired times. This data is used to select the best routes from candidate routes while 

ensuring short waiting times. Inputting this data into the simulation models, we obtain the 

capacity of an attraction in a time period. The procedures are discussed in the following 

chapters. 

Index Current Mean WT (min) Desired Mean WT (min) % Decreased 

1 107 20 81% 

2 54 15 72% 

3 98 20 80% 

4 35 5 86% 

5 71 20 72% 

6 18 5 72% 

7 26 5 81% 

Table 8: Attraction Waiting Time Constraints 
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Chapter 3: Model Development 
 

Given the findings from the data collected in park, which suggest the guest 

experience is affected by the waiting and walking time and that the guest flow can be 

controlled by recommending route plans, we developed a visitor routing management 

model (VRMM) to maximize the total happiness level for all guests in a given day while 

decreasing the average guest waiting and travel times. Knowing the mean of the 

maximum waiting time for guests (based on the survey) are willing to wait for an 

attraction and the expected travel time matrix from one location to another, a set of 

feasible routes can be found through a visitor route construction heuristic. The objective 

is to manage the guest flow to find the optimum guest distribution in the park in a 

particular day, subject to route balancing, attraction queue capacity, guest satisfaction and 

visiting time constraints. The solution serves as a reference when distributing routes to 

the visitors. 

 

3.1 Notation Explanations 

To develop the visitor routing management model (VRMM), we consider following 

sets: 

I = set of locations in the park. |I | = I+1 if there is an entrance and I attractions for 

the guests to visit on the day. 

𝑖, 𝑗 ∈ {0,1… , 𝐼} = index of locations/attractions/rides. The entrance is represented 
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by location i = 0. 

T = set of time periods in an operational day. |T| = T if there are T time periods 

available for a guest to visit in one day. One time period is an hour for this report. 

𝑡 ∈ {0,1… , 𝑇} = index of time periods. t = 0 is the time period right before the 

park begins daily operations. 

R = set of visitor routes. |R | = R if there are R visitor route patterns can be chosen. 

𝑟 = {1,2… , 𝑅} is the index of visitor routes. 

To find out the active routes and the visitor distribution on each route, we define the 

following variables: 

Pr is expected number of visitors to be assigned on route r. This should be a 

non-negative variable, with a 0 value indicating that route r will not be chosen as an 

active route on the day for any visitor. 

Yr = 1 if route r is recommended to any visitor in the solution plan, i.e., if Pr > 0, Yr 

= 1, otherwise, Yr = 0. 

𝑋𝑖𝑡
𝑟

 = 1 if visitors on route r are recommended to visit location i during time period 

t, 0 otherwise. 

We are given the following parameters: 

Hi = Happiness level a visitor gains if ride i is taken. 

Ci = Capacity for an attraction i in a single time period depending on maximum 
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ride throughput and maximum guest waiting time on ride i. 

Imin = minimum number of attractions a visitor needs to ride on a given day to 

ensure happiness. 

Imax = maximum number of attractions a visitor can ride due to time and tiredness 

constraints. 

G = set of attractions that every visitor would like to go, while g is the number of 

time periods those must-visit attractions require. 

Ln = set of attractions that take n time period to ride, n is an integer greater than 1 

and less than or equal to T. 

𝑊𝑖𝑗 = average walking time for a visitor to walk from location i to j. 

Ws = maximum walking time a visitor would like to incur on a single trip between 

the current location and the next target location. 

A = set of ride attractions that are restricted to some visitors. For example, A can be 

set of intensive attractions with height constraints. 

SA = percentage of guests that are prohibited from riding a set of attractions A. 

Et = maximum percentage of guests initiating a route in time period t, that is, no 

more than Et of the total guests arrive before the beginning of time period t+1 in the 

solution. 

N = maximum number of total routes that can be recommended to the guests in an 

operational day.  



 23 

Pmax = maximum number of visitors the park can hold in a day on the 

recommended routes. 

Pmin = minimal number of visitors the plan is able to take, which is equal to the 

current guest income rate times the number of arrival time periods. For example, if the 

routes are designed to allow guests to come during the first two time periods, Pmin = 

2*current rate for one time period. 

 

3.2 Modeling Assumptions  

We now formulate a model with parameters and assumptions as consistent as 

possible with the data collected.  

 

3.2.1 Visitor Behaviors 

According to the data gathered before, the following assumptions are made. All 

visitors are willing to regroup to ride attractions with a smaller waiting time. That is, 

when assigning them to the attractions, they are regarded as single riders and can be 

batched again to adapt to the ride capacity. Visitors will not repeat any ride on the same 

day. Therefore, the routes will allow guests to visit the same attraction only once. Given 

an appropriate length for a single time period, the routes designed for guests are such that 

no more than one location is recommended in each time period.  

The proportion of visitors that are restricted to a certain set of attractions is a 
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constant every day. There are safety restrictions with some attractions, assuming the 

percentage of visitors that cannot ride certain attraction is independent of the random 

visitor arrivals. The routes must be consistent with the proportion of customers who are 

able to ride the attractions contained the routes. 

All the visitors have a common time constraint on the inter-attraction walking time. 

They also share the same walking speed when calculating walking time, whose value is 

the average across all visitors based on the historical data. The main reason for this 

assumption is that, if walking times between rides are too long, this likely to lead to 

circuitous and thus unsatisfactory routes.  

Visitors are willing to leave the park from any attraction, since they may want to 

watch fireworks or leave earlier to rest. Therefore, the exit for the park will not be 

considered when calculating the total route walking time. All recommended routes are 

one-way non-closed routes.  

Guest can always take rests during leisure time within a time period or choose not 

to go to the recommended attraction for lunch or other breaks. The route plans for guests 

function purely as recommendations. 

 

3.2.2 Attraction Operations 

Attractions are categorized into several levels according to their popularity, which 

is indicated from the guest surveys. We assume each attraction has the same happiness 

level for all visitors. 



 25 

When calculating the capacity for an attraction in one time period, it consists of two 

parts. 

First is the maximum number of visitors that can complete the ride in a time period. 

We need to assume that the attraction runs with zero downtime. Also we assume that the 

attraction always has a queue, i.e., no attractions ever starves. In order to get the 

maximum number of visitors throughout an attraction with full utilization, this 

assumption is reasonable. 

The other part is the queue capacity for each attraction. Assume that the ride queue 

can be modeled by an M/G/1/∞/N system [14]. The guest interarrival times follow an 

exponential distribution, consistent with our observations. The changeover time follows a 

truncated normal distribution for attractions. We assume there is only one queue for each 

attraction, which is the queue for visitors with recommended routing plans. The queue 

capacity can be infinite and the batch size is N, depending on the ride capacity for one car. 

The method of getting the maximum guest arrival rate for each attraction will be 

discussed in next chapter. 

The property for an attraction being a must-visit, time-consuming or restricted will 

not change with days. 

When calculating the walking time between attractions, we use speed divided by 

distance, which is assumed to be the length of the shortest path one can take on feasible 

routes in the park. 

3.3 Mathematical Model 
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In the visitor routing management model (VRMM), in addition to identifying the 

feasible rides, we focus on capturing the desired customer distribution in the park. The 

model is formulated below: 

Maximize  ∑ ∑ ∑ 𝑃𝑟𝐻𝑖𝑋𝑖𝑡
𝑟

𝑡∈𝑇𝑖∈𝐴𝑟∈𝑅  

Subject to  

                       ∑ 𝑋𝑖𝑡
𝑟

𝑖∈𝐴  1, 𝑡 ∈ 𝑇, 𝑟 ∈ 𝑅 (1) 

                       ∑ 𝑋𝑖𝑡
𝑟

𝑡∈𝑇  1, 𝑖 ∈ 𝐼 { 𝑛}, 𝑟 ∈ 𝑅 (2) 

               ∑ ∑ 𝑋𝑖𝑡 
𝑟𝑡   

 

𝑡 = 𝑖∈𝐴 { } = 0, 𝑡 ∈ 𝑇, 𝑟 ∈ 𝑅 (3) 

 (1  𝑋𝑖𝑡
𝑟 )𝑋𝑖,𝑡 1

𝑟 (∑ 𝑋𝑖,𝑡  1
𝑟𝑡 𝑛 1

𝑡 =𝑡   ) = 0, 𝑖 ∈  𝑛, 𝑡 ∈ {0, …𝑇   }, 𝑟 ∈ 𝑅 (4) 

                   ∑ 𝑋𝑖,𝑡 1
𝑟𝑇

𝑡=𝑇 𝑛 = 0, 𝑖 ∈  𝑛, 𝑟 ∈ 𝑅 (5) 

         𝐼    1 ≥ ∑ ∑ 𝑋𝑖𝑡
𝑟

𝑡∈𝑇𝑖∈𝐴 ≥ 𝐼 𝑖𝑛  1, 𝑟 ∈ 𝑅 (6) 

                   ∑ ∑ 𝑋𝑖𝑡
𝑟

𝑡∈𝑇𝑖∈ =  , 𝑟 ∈ 𝑅 (7) 

     𝑊𝑖𝑗𝑋𝑖𝑡
𝑟 𝑋𝑗,𝑡 𝑘

𝑟  
{∑ ∑  

   
 =1}   

       ∈ 
 𝑊 , 𝑖, 𝑗 ∈ 𝐼, 𝑡 ∈ 𝑇, 𝑘 ∈ {1, …𝑇  𝑡}, 𝑟 ∈ 𝑅 (8) 

 ∑ {𝑃𝑟 ∗  1  ∏ (1  ∑ 𝑋𝑖𝑡
𝑟

𝑡∈𝑇 )𝑖∈ 𝑟∈𝑅  }  (1   𝐴) ∗ ∑ 𝑃𝑟𝑟∈𝑅  (9) 

                      ∑ 𝑃𝑟𝑋 𝑡
𝑟

𝑟∈𝑅  𝐸𝑡 ∑ 𝑃𝑟𝑟∈𝑅 , 𝑡 ∈ 𝑇 (10) 

                      ∑ 𝑃𝑟𝑋𝑖𝑡
𝑟

𝑟∈𝑅   𝑖 , 𝑖 ∈ 𝐼, 𝑡 ∈ 𝑇 (11) 

                         ∑  𝑟𝑟∈𝑅    (12) 
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                  𝑃   ≥ ∑ 𝑃𝑟𝑟∈𝑅 ≥ 𝑃 𝑖𝑛 (13) 

                             𝑃𝑟  𝑃    𝑟 , 𝑟 ∈ 𝑅 (14) 

                             𝑃𝑟 ≥ 0, 𝑟 ∈ 𝑅 (15) 

                              𝑟 ∈ {0,1}, 𝑟 ∈ 𝑅  (16) 

                            𝑋𝑖𝑡
𝑟 ∈ {0,1}, 𝑖 ∈ 𝐼, 𝑡 ∈ 𝑇, 𝑟 ∈ 𝑅. (17) 

  

The VRMM model above maximizes the total happiness for all visitors the park 

can serve in a day while maintaining a given service level.  

Constraints (1), (2), and (3) reflect basic rules for route construction. Constraints (1) 

state that for any feasible route, only one or zero attractions can be recommended in one 

time period. Constraints (2) are also route design constraints, indicating that routes that 

allow guests to repeat a ride are not feasible. Constraints (3) imply that every feasible 

route should start at the park entrance, i.e., no ride can be planned before the time period 

one enters the park.  

Constraints (4) and (5) concern the attractions that take n time periods to ride. 

Constraints (4) basically require that such rides need to occupy n consecutive time 

periods in the planned route. Constraints (5) say those attractions can only be assigned 

before the beginning of time period T-n+1, since all visitors need to complete the ride 

before closing time. 

Constraints (6) through (8) are constraints on guest satisfaction from different 
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aspects according to survey results and other observations. Constraints (6) guarantee 

every route includes at least Imin attractions recommended to visitors and at most Imax 

attractions can be visited in the route. Constraints (7) establish that every route contains 

all the must-ride attractions. The indicator functions in constraints (8) return 1 if locations 

i and j are two successive locations that a customer needs to walk according to the plan. 

The single trip walking time is constrained to be less than the maximum time a guest 

would like to spend on the trip.  

Constraints (9) and (10) are visitor distribution constraints based on current guest 

behavior. Constraint (9) insures that the number of visitors on prohibited routes is less 

than the total number of visitors without restrictions. For example, some attractions are 

too intense for SA of visitors. The constraints say, routes that are “intense” should be 

assigned to no more than 1-SA of visitors, that is to say, routes for visitors who prefer 

non-intense plans are no less than the required SA. Constraints (10) require that no more 

than Et of the guest are recommended to arrive before time period t+1. These constraints 

are used to prevent the situation in which all the recommended routes in a solution start at 

time 0, which is undesirable. 

Capacity constraints (11) impose the requirement that the total number of visitors 

recommended to ride the same attraction during the same period across all routes cannot 

be more than the attraction throughout plus the queue capacity in this time period. This 

ensures an improvement on guest waiting time, which directly results in an increase in 

the service level. 

Constraint (12) requires that the total number of routes cannot be greater than N. 
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The park operators are usually not willing to distribute too many plans to visitors to keep 

management simple. Constraint (13) guarantees that the total number of visitors that can 

be assigned is at least Pmin to maintain same profit for the park and at most Pmax due to 

operational constraints. 

Constraints (14) indicate that if Yr = 0, then Pr must be 0, which linearizes the Yr 

constraints. (15), (16) and (17) impose non-negativity and integrality conditions. 

Note that the VRMM is a non-linear mixed integer programming problem, and 

contains a knapsack problem defined by (11), which is known to be NP-complete. It is 

also a large scale optimization problem due to the number of variables and constraints. 

Consequently, some of the constraints were relaxed using a two-phase heuristic in order 

to find reasonably good solutions to the real problem. 
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Chapter 4: Heuristics and Methodology 

 

The procedure to solve the VRMM is inspired from the node routing problem with 

capacity [6] and the vehicle routing problem with time windows [3, 5, 9, 10, 12]. A 

two-phase heuristic [1, 2, 11] is introduced in the following sections. The first phase is to 

generate candidate routes using a construction algorithm [4, 7] described in section 4.1. 

In the second phase, we select recommended routes from the candidates and determine 

the visitor numbers associated with them to maximize the total happiness. 

 

4.1 Route Construction Algorithm 

This section describes an implementable heuristic to generate a set of visiting 

routes and establish a series of constraints to filter and split, as shown in Figure 8. 
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Figure 6: Route Construction Process Flow Chart 

A first attempt to solve the problem to generate qualified visiting routes starts with 

an exhaustive method. A route pool in which a complete set of routes contained would be 

created in this step, as indicated by the exhaust engine and three determine procedures in 

the figure. R(0, t) specifies the time period occupied by the entrance location, and R(L, t) 

is the set of attractions which require multiple time periods to ride, finally R(G, t) is the 

set of attractions chosen by visitors. The result of the exhaust procedure is, actually, a 

huge set of routes including all of outcomes, which might contain impractical or 

inefficient routes. 

Therefore, another problem is how to filter the route pool and get feasible route 
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candidates. As shown in the filter module in the figure, we designed a filter using Wij and 

happiness constraints by analyzing data from the Disney park survey in section 2.3.2. Wij 

is a matrix indicating the walking time from one attraction or location to another. Using 

Wij, some routes are filtered if they contain rides with an unacceptable amount of walking 

time. On the other hand, the happiness value assigned to each attraction and location is 

another way to filter routes that have lower happiness than the average. 

Given customer requirements, it is necessary to mark routes according to the 

attractions they feature. We divided attractions into two types: intense and non-intense. 

Intense attractions exclude some visitors, while non-intense ones are accessible to 

everybody. Hence, a splitter module is integrated into the framework to divide route 

candidates into intense and non-intense types so that the intensive route constraints can 

be formulated in a solver in the second phase. 

Upon obtaining a qualified route in the exhaust loop, it is added to the route 

database R as output. This routes database is the basis of further optimization as 

discussed later.  

In the next chapter, we test the heuristic using a route construction tool 

implemented as in the flowchart mentioned above, and perform computational 

experiments on real data gathered from the survey. Furthermore, we also use the heuristic 

to conduct a numerical analysis to develop structural insights into this problem that will 

be useful in practical implementation. 
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4.2 Attraction Capacity Simulation 

As discussed in section 3.2.2, the capacity parameters are decided with the help of 

simulation. In the future state, interactions between attractions are assumed to be ignored, 

so we simulate each attraction separately. Figure 9 shows the model structure for a 

regular attraction in the Arena simulation software.  

 

Figure 7: Attraction Capacity Simulation Model 

The inputs for simulation models are: 

1.  Guest arrival batch size distribution, which is first mentioned in section 2.2.1. 

This is entered in the Arrive process. 

2.  Distribution for number of attraction riders per run, which is listed in section 

2.3.1 from cast member survey results. Data is entered in batch process, and visitors are 

regrouped in this process to ride the attraction. There will be waiting time for visitors to 

batch together for a ride if the ride has a relatively large capacity per run. Sometimes, 

attractions also take less than the maximum number of visitors. This information is also 

reflected in the batching process. Some attractions take customer groups in the same 

pattern as they arrive and do not have a batching process. For example, Attraction 5 in 

this case does not have a batching process. 
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3.  The attraction service time distribution - the time between two consecutive 

runs is used here. This data is listed in section 2.2.4 and is entered in the attraction 

process. The process performs a “seize-delay-release” action, therefore, there is a waiting 

time associate with each attraction. The statistics for the waiting time are summarized in 

the run report and are compared with the visitors’ maximum waiting time in section 2.3.2. 

4.  Model run settings, such as number of replications and replication length. We 

adjust the visitor group arrival rate and run the model for each attraction until the average 

waiting time for each customer is close enough to the maximum average waiting time. 

The mean waiting time includes the waiting time for batching and riding. The group 

arrival rate adjustment procedure is: 

Step 1 ▪ Ci = Initial rate = mean of visitor group count per run * number of runs per 

time period. Mean of visitor group count per run = Average of visitor counts per 

run / average number of visitors per group. Number of runs per time period = 

length for one time period / mean attraction changeover time. Calculate ΔT = 

mean waiting time from simulation – guest maximum waiting time. If |ΔT| < ε, 

STOP, else if ΔT > 0 go to step 2, ΔT < 0 go to step 3. ε is the waiting time 

tolerance for each attraction, which is equal to 5% of the maximum waiting time. 

Step 2 ▪ Decrease the rate by one group: Ci = Ci – 1. If the waiting time is still 

greater than desired the waiting time and |ΔT| > ε, go back to step 2, else, STOP. 

Step 3 ▪ Increase the rate by one group: Ci = Ci + 1. If the waiting time is still less 

than desired waiting time and |ΔT| > ε, go back to step 3, else, STOP. 
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Record the maximum group arrival rates, Ci, to be the capacity for attractions in a 

time period. 

4.3 Route Selection Methods 

After generating the candidate routes and obtaining the attraction capacities, the 

remaining part of the VRMM can be formulated as a mixed integer programming 

subproblem with the same objective function: 

Maximize  ∑ ∑ ∑ 𝑃𝑟𝐻𝑖𝑋𝑖𝑡
𝑟

𝑡∈𝑇𝑖∈𝐴𝑟∈𝑅  

Subject to   (9), (10), (11), (12), (13), (14), (15), and (16). 

Constraint (9) can be rewritten in a linear form:  ∑ 𝑃𝑟𝑟∈𝑅𝑛 
≥  %∑ 𝑃𝑟𝑟∈𝑅  , where 

Rni is the set of routes that do not have restricted attractions. The problem then can be 

solved using the MIP solver in GAMS. 
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Chapter 5:  Computational Study 

 

This chapter provides details on the computational experimental design and 

evaluation. First, we built a tool based on the algorithm shown in Table 9. The proposed 

algorithm is applied in three different phases to generate qualified routes for the set R. 

Thus, the tool consists of an exhaustive engine that generates all possible routes without 

constraint, a filter that finds and removes an unqualified subset of routes, and a splitter 

that divides routes into intense and non-intense routes. Python code for this tool appears 

in Appendix 9. 

Algorithm: Routes Construction for Visitor Routing Management Model 

   1:   Given:  T: set of time periods in an operational day 

   2:           t: index of time periods, t ∈{0, 1, 2, 3, …, |T|}  

   3:           I: set of locations and attractions in the park 

   4:           i: index of locations/attractions, i∈{0, 1, 2, 3, …, |I|} 

   5:           Imax: maximum number of attractions a visitor can ride 

   6:           Imin: minimum number of attractions a visitor can ride 

   7:           G: Set of attractions that every visitor would like to go 

   8:           L: set of attractions that take n time period to ride 

   9:           Hi: Happiness level a visitor can gain if route i is taken 

  10:           Ci: Capacity for an attraction i in a single time period 

  11:           Wij : walking time for a visitor to walk from location i to j 

  12:   Goal:   R: set of visitor routes 

  13:           r: index of visitor routes. r∈{0, 1, 2, 3, …, |R|}  

  14:           Rni: set of visitor routes with non-intense attractions 

  15:   Let R(i, t) be a two-dimension i-by-t matrix. Its columns stand for a    

  16:           continuous time period and rows stand for the set location  

  17:           and attraction. The elements values are binary. 

  18:   Let TL   be a sequence of time period occupied by the set L 

  19:   Let combination(a, b) be the combination called function which select  

  20:                     b out of a larger set a, where order does not matter.  

  21:   Let permutation(a, b) be the permutation called function which select  

  22:                     b out of a largest set a into a particular order. 

  23:   Let c be the set of objects return from combination(a, b) function 

  24:   Let p be the set of objects return from permutation(a, b) function 
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  25:   Let counter be a temporary variables to count loops  

  26: 

  27:  Create a two-dimension matrix R(i, t) then    

  28:  for g = |G| ∈[Imin, Imax] do   

  29:      for t0 is in T && t < |T| - |G|- |TL|do 

  30:          R(i=0, t0) = true;  

  31:          counter = 0; 

  32:          for tL = Combination(t = [t, |T|] - tL, 1); ++counter do 

  33:              R([tL, tL+|TL|], i =∀ {L}) = True; 

  34:              if counter < |L| then 

  35:                  continue; 

  36:              end if 

  37:              for c = Combination(t = [t, |T|] - tL, g) do 

  38:                  for p = permutation(I, g)  do 

  39:                      R[p, c] = true; 

  40:                      if R do filter by Wij then 

  41:                          continue;  

  42:                      end if     

  43:                      if R do filter by Hi then 

  44:                          continue  

  45:                      end if 

  46:                      /* Route R() is a qualified candidate */ 

  47:                      update R(i, t) to R; 

  48:                      if R() do not contain intense attraction then 

  49:                          /* R() is a route without intense attraction */ 

  50:                          update R(i, t) to Rni; 

  51:                      end if 

  52:                      create a new R(i, t) 

  53:                  end for 

  54:              end for 

  55:          end for 

  56:      end for     

  57:  end for 

 

Table 9:  Route Construction Tool Algorithm 

The whole process shown in Table 9 can be summarized as follows: 

1. Construct a list R for saving qualified routes. 

2. Construct a two-dimensional matrix R(i, t) to indicate route information. 

3. Determine time period t for location entrance i=0. 

http://dict.bing.com.cn/#qualified


 38 

4. Determine time period tL for the set of attractions L that take multiple time periods 

through the procedure combination from remaining available time period. 

5. Choose the time period for the set of attractions would to be visited through the 

procedure combination from remaining available time periods. 

6. Determine the attraction visit order by permuting all attractions except entrance, 

mentioned in 3, and L, mentioned in 4. 

7. Filter routes using the walking time between each attraction in the route. In our 

experiment, a Wij matrix is used as the filter condition. For instance: 

            1  1  0  1  0  1  0  1  1 

          1  1  0  1  1  1  1  1  1 

0  0  1  1  0  1  0  1  1 

1  1  1  1  0  1  1  1  1 

Wij =      0  1  0  0  1  1  1  1  1 

1  1  1  1  1  1  1  1  1 

1  0  1  0  1  1  1  1  1 

1  1  1  1  1  1  1  1  1 

1  1  1  1  1  1  1  1  1  . 

W (i, j) = 0 represents the ride between i and j attraction is impractical, so a 

route which includes W (i, j) will be filtered.  

8. Filter routes using the happiness values as compared to average happiness. For 

instance: Happiness = [9.7, 9.7, 9.2, 9.1, 8.7, 8.6, 7.9] 

The elements in vector Happiness are indexed according to attraction 

number, e.g., Happiness [0] = 9.7 means the happiness value of number attraction 

1 is 9.7 out of 10. 

9. Split the route into intense and non-intense types. 

10. Update the route r(i, t) to R.  
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The R matrix below indicates a candidate route: 

 

1  0  0  0  0  0  0  0  0 

          0  0  0  0  0  0  0  0  0 

          0  0  0  0  0  1  0  0  0 

          0  0  0  0  0  0  0  0  0 

R (i, j) =   0  0  0  0  0  0  0  1  0 

          0  0  0  0  0  0  1  0  0 

          0  0  0  0  0  0  0  0  0 

          0  0  0  0  0  0  0  0  0 

          0  1  1  1  1  0  0  0  0  . 

The routes can also be converted into a more easily understood format such as R(r) = [0, 

8, 2, 5, 4]. The ride order is entrance -> attraction 8 -> attraction 2 -> attraction 5 -> 

attraction 4.  

For the Disney Epcot case, the data are given as follows: 

|T| = 9 

t ∈ {0, 1, 2, 3, 4, 5, 6, 7, 8} 

|I| = 9 

i ∈ {0, 1, 2, 3, 4, 5, 6, 7, 8} 

Imax = 4 

Imin = 3 

L1 = {8} 

Hi = Happiness = [9.7, 9.7, 9.2, 9.1, 8.7, 8.6, 7.9] 

Wij : shown in section 2.3.2 

The statistics for the exhaustive visiting routes are listed below: 

Exhaustive number of routes: 9240 
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Number of routes with Wij filter enabled: 4004 

Number of routes with Happiness filter enabled: 4632 

Number of routes with Wij and Happiness filter enabled: 1543 

The next procedure is the splitter. In the experiment, a group of intense attraction is 

defined as: Array_intense = [0, 1, 0, 1, 0, 0, 0, 0, 0]. This represents Array[1] =1 and 

Array[3] =1, namely attraction 1 and 3 are intense. Therefore, all routes without 

attractions 1 and 3 are categorized as non-intense. The experimental results for this 

categorization procedure are: 

Non-intense route numbers: 56 (R1 - R56) 

Intense route numbers: 1478 (R57 – R1543). 

After generating all the candidate routes in the experimental case, attraction 

simulations are run to get the capacity parameters. Here, we set the waiting time tolerance 

to be ε = 5% * maximum waiting time, where the guest maximum waiting time are from 

Table 8 in section 2.3.2. The tolerance for simulation results is listed below. For each 

attraction listed below, we ran the model for 20 replications, where one replication is 8 

hours of simulated time. The capacity for each attraction was then determined by 

simulations in Arena. Table 10 summarizes the maximum visitor group arriving rate 

given the maximum mean waiting time, which is treated as a capacity in the model. 

 

 

 

 



 41 

Attraction Index Desired Mean WT 

(min) 

Waiting Time 

Tolerance ε (min) 
Capacity (groups/hr) 

1 20 1 210 

2 15 0.75 132 

3 20 1 464 

4 5 0.25 662 

5 20 1 102 

6 5 0.25 376 

7 5 0.25 407 

Table 10:  Attraction Capacity Simulation Results 

With the candidate routes and other parameters input into the model, the problem 

can be solved by the MIP solver in GAMS. The GAMS code and the run results are in 

Appendix 10 and 11. The two tables below show the solutions as recommended routes. 

“ni” in parentheses indicates non-intensive routes, which do not include attraction 1 or 3. 

Route 1 for example, can be distributed to 102 groups of visitors who arrive in the first 

two hours in one day. The route says guests can arrive any time before 11am. According 

to this recommended route, visitors are recommended to visit attraction 8 first after 

arrival. If they go to attraction 2 between 3:01pm and 4:00pm, they can stay in a fast lane 

that has a relatively high probability to wait less than 15 minutes. The same holds for 

attractions 5 and 4 afterwards. A total of14 types of routes will be distributed to visitors. 

The number of visitor groups that can be covered by these routes is 1932, which is 

greater than the current value of 1819. The non-intense routes can hold 20% of the guests, 

which ensures the visitors who are restricted to some attractions still have a route to 

choose from. The proportion of visitors that need to arrive before 10am is also 50% of the 

total number. Therefore, the recommended plan can be distributed to visitors by operators 

beforehand.  
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Ti Time R1 (ni) R2 (ni) R3 (ni) R4 (ni) R5 R6 R7 

0 9:01-10:00 Free Free Enter Enter Free Free Free 

1 10:01-11:00 Enter Enter Att. 8 Att. 5 Enter Enter Enter 

2 11:01-12:00 Att. 8 Att. 5 Att. 8 Att. 2 Att. 8 Att. 3 Att. 1 

3 12:01-13:00 Att. 8 Att. 2 Att. 8 Att. 8 Att. 8 Att. 8 Att. 3 

4 13:01-14:00 Att. 8 Att. 8 Att. 8 Att. 8 Att. 8 Att. 8 Att. 2 

5 14:01-15:00 Att. 8 Att. 8 Att. 2 Att. 8 Att. 8 Att. 8 Att. 8 

6 15:01-16:00 Att. 2 Att. 8 Att. 5 Att. 8 Att. 3 Att. 8 Att. 8 

7 16:01-17:00 Att. 5 Att. 8 Att. 4 Att. 4 Att. 1 Att. 4 Att. 8 

8 17:01-18:00 Att. 4 Att. 4 Att. 6 Att. 6 Att. 4 Att. 1 Att. 8 

# Groups 102 102 102 80 210 210 132 

Table 11:  Recommended Visitor Routes with Numbers of Visitor Groups Associated 

(Part I) 

 

 

Ti Time R8 R9 R10 R11 R12 R13 R14 

0 9:01-10:00 Free Enter Enter Enter Enter Enter Enter 

1 10:01-11:00 Enter Att. 8 Att. 8 Att. 8 Att. 1 Att. 1 Att. 3 

2 11:01-12:00 Att. 3 Att. 8 Att. 8 Att. 8 Att. 4 Att. 3 Att. 6 

3 12:01-13:00 Att. 6 Att. 8 Att. 8 Att. 8 Att. 8 Att. 2 Att. 1 

4 13:01-14:00 Att. 1 Att. 8 Att. 8 Att. 8 Att. 8 Att. 8 Att. 8 

5 14:01-15:00 Att. 8 Att. 1 Att. 3 Att. 4 Att. 8 Att. 8 Att. 8 

6 15:01-16:00 Att. 8 Att. 4 Att. 1 Att. 1 Att. 8 Att. 8 Att. 8 

7 16:01-17:00 Att. 8 Att. 6 Att. 4 Att. 3 Att. 2 Att. 8 Att. 8 

8 17:01-18:00 Att. 8 Att. 3 Att. 5 Att. 2 Att. 3 Att. 4 Att. 4 

# Groups 210 210 78 132 132 30 202 

Table 12:  Recommended Visitor Routes with Numbers of Visitor Groups Associated 

(Part II) 
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Chapter 6:  Conclusion and Recommendation 

 

This report discussed an existing problem at a current amusement park operation, 

verified by data collected from a pilot park, Disney Epcot. The problem was formulated 

into a general routing model with constraints on attractions and guests. A two-phase 

heuristic was proposed to solve the problem. In the first phase, the park operator can set 

parameters as needed to generate candidate routes. Logistic analytic methodologies were 

applied to solve the second phase optimization problem. The solution for the Epcot case 

was analyzed and the heuristic was then shown to be functional. Applying logistic models 

in the amusement park industry is regarded as a new way of improving guest experiences 

and optimizing operations. 

In conclusion, we believe the model presented in this report addresses an important 

problem in the amusement park industry. In addition, the solution heuristics can be used 

to design and improve park operations. Such strategy would also be recommended to the 

operators since it should result in improved guest experiences and enhance park 

reputation.  
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Chapter 7:  Future Research 

 

One interesting research aspect of amusement park operation optimization lies in 

considering the stochastic behavior of visitors with respect to waiting and riding. 

Dynamic programming approaches could be applied to solve the related real-time 

optimization problem. 

It would also be interesting to take attraction performance, such as down time, into 

consideration. Scheduling the attractions run hours and visitor route designs 

simultaneously could cut amusement park costs and provide better operational control. 

Furthermore, the guest experience could be further improved by studying facilities 

location and the service processes. Analysis of the costs and benefits of facility and labor 

investment could play an important role in decision making.  

Finally, this project aims to improve park operations only from the attraction riding 

viewpoint, whereas retail stores, restaurants, and other activities could be included in the 

model in order to maximize profit.  
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Appendix 

Appendix 1: Attraction Introductions 

 

Below is the brief information on attractions in the model, all of the quotes in this 

appendix are taken from [15].  

Attraction 1 (Soarin'TM) is a family and adult class ride attraction with minimum 

height restriction of 40in/102cm.  

The attraction takes guests on a high-flying magical journey that sweeps them up, over, 

and across the richly diverse landscape of California. Using stunning cinematic artistry and 

Walt Disney Imagineering-developed motion-based technology, Soarin' literally lifts Guests 

40 feet aloft into a giant projection screen dome. From all sides -- up, down, left, and right -- 

their field of vision is completely filled with the beauty and wonder of the Golden State of 

California as their flying theater takes them soaring on an unforgettable journey, where they 

experience the extraordinary sensation of free flight. Guests will discover a state so diverse 

that nearly every type of climate and terrain is contained within its borders, to include 

mountains, deserts, and the ocean. In addition to the stunning visual aspects of the ride, 

Guests are treated to a multi-sensory experience that also encompasses sounds and smells. 

Attraction 2 (Mission: SPACE) is a family and adult class ride attraction with 

minimum height restriction of 44in / 112cm.  

For safety, guests should be in good health and free from high blood pressure, heart, 

back or neck problems, motion sickness, or other conditions that could be aggravated by this 

adventure. Expectant mothers should not ride. Mission: SPACE is created by turning off the 

spinning centrifuge, may be more suited for some guests, such as those who are prone to 
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motion sickness or have other conditions. Both versions offer the exciting astronaut training 

experience through a dramatic story that invites Guests to explore a new world. 

Attraction 3 (Test Track) is a family and adult class ride attraction with minimum 

height 40"/102 cm of ride restriction. “Guest will be the test driver, race up bumpy terrain, 

zip through hair-pin turns, feel the burn in a heat chamber, experience the chill of the cold 

chamber, then speed outside and onto 50-degree banked curves at 60mph.” 

Attraction 4 (Turtle Talk) with Crush is a theater attraction with character 

experience show. “Guests and their favorite animated characters can talk, joke and play 

together. It is inside the Future World, The Seas with Nemo & Friends Attraction. No 

restrictions applied to this attraction, and theater has a large capacity and longer service 

time.” 

“IllumiNations: Reflections of Earth is a firework show from 9:00 pm to 9:15 pm, 

guests will witness a thrilling nighttime kaleidoscope as the sky erupts with over 1,100 

pyrotechnic bursts and the extraordinary Earth Globe floats across the lagoon, revealing 

wonders of the seven continents on its curved LED screen — the first ever of their kind. 

Revel in rousing original music as lasers turn the very sky into a work of art. This will 

not be in the model due to the operation time is at night.” 

Attraction 8 (World Showcase) contains several pavilions, which is the upper right 

part on the map. “Guests can walk, eat, and drink around the "world", also have the 

chance to shop around the "world". They have souvenirs from Japan, Morocco, Italy, 

France and more.” It is regarded as a land with infinite capacity, so that there is no queue 

and waiting time for this. This is the main feature of this park, therefore, every guest will 
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be recommended to explore the attraction, which approximately takes 4 hours. 

Attraction 5 (Epcot Character Spot) is “a meet and greet character location for 

guests to step into a cartoon-like setting and take photos, collect autographs and 

experience an adventure with their beloved characters.” Time takes for each group of 

guests to get the service varies from person to person. Therefore, a time study is needed 

to get the distribution of the service time for this attraction.  

Attraction 6 (Journey Into Imagination with Figment) is a family and adult class 

ride attraction. “Guests will take a rollicking ride through the Imagination Institute and 

join the lovable and fun-loving Figment, along with Dr. Nigel Channing, on a journey 

that will engage the imagination and the senses.” 

Attraction 7 (Spaceship Earth) is a family and adult class ride attraction inside a 

180-foot-tall geosphere. “With a world of amazing, new enhancements, including 

narration by famed actress, Dame Judi Dench, this classic attraction will take guests from 

living in the past to picturing in the future. And guests also get to experience “Project 

Tomorrow” - an interactive playground area where they can build, play, create, compete 

and explore after the attraction.” 
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Appendix 2: Park Map 
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Appendix 3: Screenshots of Wait Time Application
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Appendix 4: Time Study Tool Python Code 

""" 

Alligator - A runtime queueing-time collection tool. 

 

Copyright (C) 2011 Yue Shen 

 

This program is free software: you can redistribute it and/or modify 

it under the terms of the GNU General Public License as published by 

the Free Software Foundation, either version 3 of the License, or 

(at your option) any later version. 

 

This program is distributed in the hope that it will be useful, 

but WITHOUT ANY WARRANTY; without even the implied warranty of 

MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the 

GNU General Public License for more details. 

 

You should have received a copy of the GNU General Public License 

along with this program.  If not, see <http://www.gnu.org/licenses/>. 

 

Authors - Yue Shen (syue@utexas.edu) 

 

File: queue.py - Define queueing time collection infrasturacture. 

""" 

 

import os 

import sys 

import time 

import msvcrt 

from datetime import date 

from datetime import datetime 

#import win32api 

#import win32con 

 

TICK = 1 

QUIT = 2 

 

def ParserInput(): 

    new_char = msvcrt.getch() 

    if new_char in '\r\n': 

        return TICK 

    elif new_char == 'q': 

        return QUIT 

 

def DisplayOrder(counting): 

    print counting, 
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def DisplayTime(time_stamp, wrap): 

    print str(time_stamp.hour).zfill(2)+':' \ 

          +str(time_stamp.minute).zfill(2)+':' \ 

          +str(time_stamp.second).zfill(2)+':' \ 

          +str(time_stamp.microsecond)[0:3], 

    if wrap: 

        print     

 

def GetDataDir(dir_name): 

    if os.path.isdir(os.getcwd()+dir_name) 

        DataDir = os.getcwd()+dir_name 

    else: 

        os.mkdir(os.getcwd()+dir_name) 

        DataDir = os.getcwd()+dir_name 

    return DataDir 

 

def OutputFile(time_stamp_list): 

    today_ = date.today() 

    GetDataDir(str(today_)) 

    print DataDir 

    sys.exit() 

    outfile = open(str(today_)+'.txt', 'w') 

    for entry in time_stamp_list: 

        outfile.write(str(entry[0])+' ') 

        outfile.write(str(entry[1].hour).zfill(2)+':' \ 

                      +str(entry[1].minute).zfill(2)+':' \ 

                      +str(entry[1].second).zfill(2)+':' \ 

                      +str(entry[1].microsecond)[0:3].zfill(3)+' ') 

        outfile.write(str(entry[2])[0:10]) 

        outfile.write('\n') 

    outfile.close() 

    return str(today_)+'.txt' 

 

def main(): 

    counting = 0 

    time_stamp_list = [] 

    option = ParserInput() 

    curr_time = datetime.now() 

    DisplayOrder(counting) 

    DisplayTime(curr_time, True) 

    time_stamp_list.append([counting, curr_time, 0]) 

    curr_time_stack = curr_time 

    counting += 1 

    while True: 

        option = ParserInput() 
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        if option == TICK: 

            curr_time = datetime.now() 

            DisplayOrder(counting) 

            DisplayTime(curr_time, False) 

            print ' '+str(curr_time - curr_time_stack)[0:10] 

            time_stamp_list.append([counting, curr_time, \ 

                                   (curr_time - curr_time_stack)]) 

            curr_time_stack = curr_time 

            counting += 1 

        elif option == QUIT: 

            break 

 

    file_name = OutputFile(time_stamp_list) 

    home_dir_ = os.getcwd() 

    print "Saved to", home_dir_+'\\'+file_name 

     

 

if __name__ == '__main__': 

    main() 
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Appendix 5: Attraction Changeover Time Anderson-Darling Normality Test 

Probability Plot 
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Appendix 6: Cast Member Survey Sheets 

  

Cast Member Survey 

Attraction: ____________  

 

Attraction Performance Info 

1. Downtime: 

Have you seen any time the attraction is down, if yes, how often does this happen 

and how long will it take to be back up each time? 

 

 

2. Capacity: 

How many people can it take per run?  

How many runs are there inside the attraction? 

Will each run take full capacity of it? If not, to what percentage is a single run full? 

 

 

3. Duration (service time): 

How long does this attraction take to run for one time? 

How long will a guest spend in this location in total? 

 

 

4. Load/Unload Time: 

How long does it take for the attraction to load a run? What’s the interval time 

between 2 consecutive runs? 

 

Guest Behavior Info 

5. Population: 

Can you estimate how many guests will take this attraction in 2 hours time? What 

percentage of guests comes to this park will ride this attraction? 

 

 

6. Peak Time: 

When do you have the longest wait time? 

 

 

7. Wait Time: 

What’s the range of wait time for this attraction? Are guests expected to wait less or 

more than the estimated wait time on board? If yes, by how much? 
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Appendix 7: Guest Survey Sheets 

 

 

 

 

 

 Guests Survey 

 
Group type:                

 

Guest Basic Info 

How many people are there you in your group? 

 

Is this the first time you came to this park? 

 

Have you plan your visit beforehand? If yes, please indicate. 

 

When did you come to the park today? 

 

How long can you wait in queue for an attraction? 

 

Attraction Preference 

What attractions in my list have you ride? 

 

Can you put them in the order of you ride today? 

 

How long did you spent in the land world showcase? 

 

Waiting Experience 

How long have you wait in queue for each attraction? 

 

Is the estimate wait time on the board accurate? If not, is it shorter or longer by how much 

time? 

 

Reservation System 

If you are offered a bunch of fast passes will you follow the time on fast pass to ride the 

attractions? 

 

Where did you buy your ticket? Resort? Online? Ticket Center? 

 

Do you have any more advice? 
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Appendix 8: Walking Time in Minutes between Attraction i and j in Minutes Given 

Speed = 20m/min. 

i\j 0 1 2 3 4 5 6 7 L 

0 0.00 24.41 25.51 24.16 25.78 15.10 26.70 3.75 24.82 

1 24.41 0.00 25.49 24.14 9.73 9.31 10.26 20.67 19.03 

2 25.51 25.49 0.00 7.07 26.86 16.18 27.78 21.76 21.28 

3 24.16 24.14 7.07 0.00 25.52 14.84 22.72 20.41 15.92 

4 25.78 9.73 26.86 25.52 0.00 10.68 17.14 22.04 22.96 

5 15.10 9.31 16.18 14.84 10.68 0.00 11.60 11.36 12.28 

6 26.70 10.26 27.78 22.72 17.14 11.60 0.00 22.96 17.07 

7 3.75 20.67 21.76 20.41 22.04 11.36 22.96 0.00 21.07 

L 24.82 19.03 21.28 15.92 22.96 12.28 17.07 21.07 0.00 
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Appendix 9: Code for the Route Construction Tool 

 

""" 

Giraffe - A Routes Exhaustion Tool for Visitor Routing Management Model(VRMM). 

 

Copyright (C) 2012 Yue Shen 

 

This program is free software: you can redistribute it and/or modify 

it under the terms of the GNU General Public License as published by 

the Free Software Foundation, either version 3 of the License, or 

(at your option) any later version. 

 

This program is distributed in the hope that it will be useful, 

but WITHOUT ANY WARRANTY; without even the implied warranty of 

MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the 

GNU General Public License for more details. 

 

You should have received a copy of the GNU General Public License 

along with this program.  If not, see <http://www.gnu.org/licenses/>. 

 

Authors - Yue Shen (syue@utexas.edu) 

 

File: Giraffe.py - Define and implement exhaustion algorithm. 

""" 

 

import os 

import sys 

import time 

import msvcrt 

#import win32api 

#import win32con 

 

""" 

User Config 

""" 

Turn_on_Wij_Filter = False 

Turn_on_Wij_Happiness = False 

Turn_on_Intense = False 

 

time_period_option = 9 

attraction_i_option = 9 

 

Imax = 4 

Imin = 3 
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L_time = 4 

 

OUTPUT_ALL = 'routes_all.txt' 

OUTPUT_OPT_Wij = 'routes_opt_Wij.txt' 

OUTPUT_OPT_HAPPINESS = 'routes_opt_happiness.txt' 

OUTPUT_OPT_Wij_HAPPINESS = 'routes_opt_Wij_happiness.txt' 

OUTPUT_INTENSE = "routes_intense.txt" 

OUTPUT_NON_INTENSE = "routes_non_intense.txt" 

 

 

def OutputVersion(): 

  print "Giraffe v1.0 Routes Exhaustion Tool" 

  print "Copyright (C) 2012. VRMM Technical Solution. Yue Shen <syue@utexas.edu>" 

  print 

 

 

def ParserInput(): 

    key_char = msvcrt.getch() 

    if key_char in '\r\n' : 

        return 'e' 

    elif key_char == 'y' : 

        return 'y' 

    elif key_char == 'n' : 

        return 'n' 

    else : 

        return False 

 

   

def Combination(items, n=None): 

    if n is None: 

        n = len(items) 

    for i in range(len(items)): 

        v = items[i:i+1] 

        if n == 1: 

            yield v 

        else: 

            rest = items[i+1:] 

            for c in Combination(rest, n-1): 

                yield v + c 

 

 

def Permutation(items, n=None): 

  if n is None: 
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    n = len(items) 

  for i in range(len(items)): 

    v = items[i:i+1] 

    if n == 1: 

      yield v 

    else: 

      rest = items[:i] + items[i+1:] 

      for p in Permutation(rest, n-1): 

        yield v + p 

 

 

def FilterWithWij(entrance_period, L_period, cc, ee): 

  Wij = [] 

  for i in range(attraction_i_option) : 

    Wij.append([]) 

 

  Wij[0] = [1, 1, 0, 1, 0, 1, 0, 1, 1] 

  Wij[1] = [1, 1, 0, 1, 1, 1 ,1, 1, 1] 

  Wij[2] = [0, 0, 1, 1, 0, 1 ,0, 1, 1] 

  Wij[3] = [1, 1, 1, 1, 0, 1 ,1, 1, 1] 

  Wij[4] = [0, 1, 0, 0, 1, 1 ,1, 1, 1] 

  Wij[5] = [1, 1, 1, 1, 1, 1 ,1, 1, 1] 

  Wij[6] = [0, 1, 0, 1, 1, 1 ,1, 0, 1] 

  Wij[7] = [1, 1, 1, 1, 1, 1 ,1, 1, 1] 

  Wij[8] = [1, 1, 1, 1, 1, 1 ,1, 1, 1] 

   

  route = [] 

  #route.append(entrance_period) 

  route.append(0) 

  for i in range(len(cc)) : 

    if cc[i] < L_period : 

      route.append(ee[i]) 

  route.append(8) 

  for i in range(len(cc)) : 

    if cc[i] > L_period + 3 : 

      route.append(ee[i]) 

 

  for i in range(len(route)-1) :  # route = [0,1,2,3,4], read 0~3 

    wi = route[i] 

    wj = route[i+1] 

    if Wij[wi][wj] == 0 : 

      return True 

  #print route 

  return False 
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def FilterWithHappiness(entrance_period, L_period, cc, ee): 

  #Happi = ['9.9', '9.7', '9.4', '9.1', '8.7', '8.4', '7.9'] 

  #Happi = ['9.7', '9.7', '9.2', '9.1', '8.7', '8.6', '7.9'] 

  Happi = ['9.5', '9.7', '9.3', '9.1', '8.7', '8.6', '7.9'] 

  sum =0 

  for i in range(len(Happi)) : 

    sum += float(Happi[i]) 

  base_happiness = (sum / len(Happi)) 

  # Get Happiness value for ee route 

  happiness = 0 

  for i in range(len(ee)) : 

    happiness += float(Happi[int(ee[i]-1)]) 

  average_happiness = happiness / len(ee) 

  if average_happiness < base_happiness : 

    return True 

 

  """ 

  route = [] 

  route.append(entrance_period) 

  for i in range(len(cc)) : 

    if cc[i] < L_period : 

      route.append(ee[i]) 

  route.append(8) 

  for i in range(len(cc)) : 

    if cc[i] > L_period + 3 : 

      route.append(ee[i])  

  print route 

  """ 

  return False 

 

 

def IsIntense(ee) : 

  for i in range(len(ee)) : 

    if (ee[i] == 1 or ee[i] == 3) : 

      return True 

  return False 

 

 

def Save(file_name, matric, depth) : 

  out = open(file_name, 'w') 

  out.write(''.rjust(9,' ')) 

  for a in range(time_period_option) : 
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    out.write('t'+str(a)+' ') 

  out.write('\n') 

   

  for i in range(depth): 

    for j in range(attraction_i_option): 

      out.write('r'+(str(i+1)+'.'+'i'+str(j)).ljust(7, ' ')+' ') 

      for k in range(time_period_option): 

        out.write(str(matric[i][j][k])) 

        out.write('  ') 

      out.write('\n') 

    #out.write('\n') 

  out.close() 

 

   

def main(): 

  ## initialization 

  OutputVersion() 

  print "Define Time period T = 9, t = {0,1,2,3,4,5,6,7,8}" 

  print "Define Attraction A = 9, i = {0,1,2,3,4,5,6,7,8}" 

  print "Define minimum number of attractions = ", Imin 

  print "Define maximum number of attractions = ", Imax 

 

  ## parser program options 

  sys.stdout.write("[+] Does hook filter with Wij [y/n]? ") 

  parameter = ParserInput() 

  sys.stdout.write(parameter+'\n') 

  if parameter == 'y' : 

    Turn_on_Wij_Filter = True 

  else : 

    Turn_on_Wij_Filter = False 

  parameter = ParserInput() 

  if parameter != 'e' : 

    print "Error input" 

    sys.exit() 

 

  sys.stdout.write("[+] Does hook filter with happiness values [y/n]? ") 

  parameter = ParserInput() 

  sys.stdout.write(parameter+'\n') 

  if parameter == 'y' : 

    Turn_on_Wij_Happiness = True 

  else : 

    Turn_on_Wij_Happiness = False 

  parameter = ParserInput() 

  if parameter != 'e' : 
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    print "Error input" 

    sys.exit() 

 

  sys.stdout.write("[+] Does divide routes into non-intense and the other [y/n]? ") 

  parameter = ParserInput() 

  sys.stdout.write(parameter+'\n') 

  if parameter == 'y' : 

    Turn_on_Intense = True 

  else : 

    Turn_on_Intense = False 

  parameter = ParserInput() 

  if parameter != 'e' : 

    print "Error input" 

    sys.exit() 

   

  # program start 

  time_period_list = [] 

  for i in range(time_period_option): 

    time_period_list.append(i) 

     

  attraction_i_list = [] 

  for i in range(time_period_option): 

    attraction_i_list.append(i) 

 

  #3-d matric initialization 

  routes_option = 9240 

  matric = [] 

  for i in range(routes_option): 

    matric.append([]) 

    for j in range(attraction_i_option): 

      matric[i].append([]) 

      for k in range(time_period_option): 

        matric[i][j].append(0) 

 

  matric_intense = [] 

  for i in range(routes_option): 

    matric_intense.append([]) 

    for j in range(attraction_i_option): 

      matric_intense[i].append([]) 

      for k in range(time_period_option): 

        matric_intense[i][j].append(0) 

 

  matric_non_intense = [] 

  for i in range(routes_option): 
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    matric_non_intense.append([]) 

    for j in range(attraction_i_option): 

      matric_non_intense[i].append([]) 

      for k in range(time_period_option): 

        matric_non_intense[i][j].append(0) 

             

  route_index = 0  #matric[route_index][][] 

  route_intense_index = 0 

  route_non_intense_index = 0 

   

  ##3 or 4 

  for num_attr_needed in range(Imin, Imax+1): 

     

    ##0 or 1 

    for period_entrance_choose in range(time_period_option - L_time - 

num_attr_needed): 

      #print period_entrance_choose 

       

      ##1234, 2345, 3456... 

      for L_period_choose in range(period_entrance_choose + 1,time_period_option - 

L_time + 1): 

        #print L_period_choose,'~',L_period_choose+3 

         

        ##Combination(3,4) 

        attr_candidate_list = [] 

        for front_edge in range(L_period_choose - period_entrance_choose - 1): 

          attr_candidate_list.append(period_entrance_choose + front_edge + 1) 

        for back_edge in range(time_period_option - L_period_choose - 4 ): 

          attr_candidate_list.append(L_period_choose + 4 + back_edge) 

        #print attr_candidate_list 

        comb = Combination(attr_candidate_list, num_attr_needed) 

        for c in comb : 

             

            ## permutation P(3,7) P(4,7) 

            enum = Permutation(attraction_i_list[1:time_period_option-1], 

num_attr_needed) 

            for e in enum : 

              #print i 

                if (Turn_on_Wij_Filter) : 

                  if (FilterWithWij(period_entrance_choose, L_period_choose, c, e)) : 

                    continue 

                if (Turn_on_Wij_Happiness) : 

                  if (FilterWithHappiness(period_entrance_choose, L_period_choose, c, 

e)) : 
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                    continue 

                ##update matric 

                matric[route_index][0][period_entrance_choose] = 1  # set entrance 

                matric[route_index][8][L_period_choose] = 1 

                matric[route_index][8][L_period_choose+1] = 1 

                matric[route_index][8][L_period_choose+2] = 1 

                matric[route_index][8][L_period_choose+3] = 1 

                for ii in range(len(e)) : 

                  matric[route_index][e[ii]][c[ii]] = 1 

                route_index +=1 

 

                if (Turn_on_Intense) : 

                  if (IsIntense(e)) : 

                     matric_intense[route_intense_index][0][period_entrance_choose] = 

1 

                     matric_intense[route_intense_index][8][L_period_choose] = 1 

                     matric_intense[route_intense_index][8][L_period_choose+1] = 1 

                     matric_intense[route_intense_index][8][L_period_choose+2] = 1 

                     matric_intense[route_intense_index][8][L_period_choose+3] = 1 

                     for ii in range(len(e)) : 

                       matric_intense[route_intense_index][e[ii]][c[ii]] = 1 

                     route_intense_index += 1 

                  else : 

                     

matric_non_intense[route_non_intense_index][0][period_entrance_choose] = 1 

                     matric_non_intense[route_non_intense_index][8][L_period_choose] 

= 1 

                     

matric_non_intense[route_non_intense_index][8][L_period_choose+1] = 1 

                     

matric_non_intense[route_non_intense_index][8][L_period_choose+2] = 1 

                     

matric_non_intense[route_non_intense_index][8][L_period_choose+3] = 1 

                     for ii in range(len(e)) : 

                       matric_non_intense[route_non_intense_index][e[ii]][c[ii]] = 1 

                     route_non_intense_index += 1 

                      

  """ 

  ## print 3-D matric 

  for i in range(routes_option): 

    for j in range(attraction_i_option): 

      for k in range(time_period_option): 

        sys.stdout.write(matric[i][j][k]) 

        sys.stdout.write(' ') 
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      sys.stdout.write('\n') 

    print 

  """ 

 

  ## program exit, and output matric file 

  print "DONE" 

  print "Routes number : ", route_index 

  print "Routes number with intense : ",route_intense_index 

  print "Routes number with non intense : ",route_non_intense_index 

   

  if Turn_on_Wij_Filter == 0 and Turn_on_Wij_Happiness == 0 : 

    Save(OUTPUT_ALL, matric, route_index) 

    print "Saved to", OUTPUT_ALL 

  if Turn_on_Wij_Filter == 1 and Turn_on_Wij_Happiness == 0 : 

    Save(OUTPUT_OPT_Wij, matric, route_index) 

    print "Saved to", OUTPUT_OPT_Wij 

  if Turn_on_Wij_Filter == 0 and Turn_on_Wij_Happiness == 1 : 

    Save(OUTPUT_OPT_HAPPINESS, matric, route_index) 

    print "Saved to", OUTPUT_OPT_HAPPINESS 

  if Turn_on_Wij_Filter == True and Turn_on_Wij_Happiness == True : 

    Save(OUTPUT_OPT_Wij_HAPPINESS, matric, route_index) 

    print "Saved to", OUTPUT_OPT_Wij_HAPPINESS 

 

  if (Turn_on_Intense) : 

    Save(OUTPUT_NON_INTENSE, matric_non_intense, route_non_intense_index) 

    print "Saved to", OUTPUT_NON_INTENSE 

    #Save(OUTPUT_INTENSE, matric_intense, route_intense_index) 

    out = open(OUTPUT_INTENSE, 'w') 

    out.write(''.rjust(9,' ')) 

    for a in range(time_period_option) : 

      out.write('t'+str(a)+' ') 

    out.write('\n') 

    print "Saved to", OUTPUT_INTENSE 

     

    for i in range(route_intense_index): 

      for j in range(attraction_i_option): 

        out.write('r'+(str(i+1+route_non_intense_index)+'.'+'i'+str(j)).ljust(7, ' ')+' ') 

        for k in range(time_period_option): 

          out.write(str(matric[i][j][k])) 

          out.write('  ') 

        out.write('\n') 

      #out.write('\n') 

    out.close() 
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  #while True : 

  #  parameter = ParserInput() 

  #  if parameter == 'e' : 

  #    sys.exit() 

    

if __name__ == '__main__': 

    main() 
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Appendix 10: GAMS Code 

SETS 

    r  set of routes  /r1*r1543/ 

    i  set of locations  /i0*i8/ 

    t  set of time periods   /t0*t8/ ; 

 

$include "candidate_routes.txt" 

$include "visitor_att_info.txt" 

 

POSITIVE VARIABLE 

    p(r)  number of visitors assigned to route r 

    ni    visitors on non intense routes; 

 

BINARY VARIABLE     

    y(r)  active routes ; 

 

FREE VARIABLE 

    z     objective total happiness ; 

 

EQUATION 

    totalhappi      objective function - max happiness 

    intense         visitors assign on nonintense routes more than s% 

    early       visitors assign on early routes (start in time period 0) less than e% 

    capacity(i,t)   attraction capacity per time period ensure less wait time 

    marnumber       active route number due to management constraints 

    mavisitor       max visitors in a day due to operation constraints 

    mivisitor       min visitors in a day maintain current profit  

    nonintense      number of nonintense routes 

    rnumber(r)      number of active routes; 

 

    totalhappi.. z =E= sum((r,i,t),p(r)*h(i)*x(r,i,t)); 

    intense.. ni =G= s*sum(r,p(r)); 

    early.. sum(r,p(r)*x(r,'i0','t0')) =L= e*sum(r,p(r)); 

    capacity(i,t).. sum(r,p(r)*x(r,i,t)) =L= c(i); 

    marnumber.. sum(r,y(r)) =L= n; 

    mavisitor.. sum(r,p(r)) =L= ma; 

    mivisitor.. sum(r,p(r)) =G= mi; 

    nonintense.. ni =E= sum(r$(ORD(r) LE 56),p(r)); 

    rnumber(r).. p(r) =L= ma*y(r); 

 

MODEL leopard /all/; 

SOLVE leopard using MIP maximizing z; 

DISPLAY p.l, y.l, z.l, ni.l ; 
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Appendix 11: GAMS Run Report 
 
**** REPORT SUMMARY :        0     NONOPT 

                             0 INFEASIBLE 

                             0  UNBOUNDED 

GAMS Rev 237  LEX-LEG 23.7.3 x86_64/Linux                                                                                                                                                                                            

04/07/12 11:23:47 Page 284 

G e n e r a l   A l g e b r a i c   M o d e l i n g   S y s t e m 

E x e c u t i o n 

 

 

----  13964 VARIABLE p.L  number of visitors assigned to route r 

 

r41   102.000,    r45   102.000,    r49   102.000,    r53    80.400,    r893  

210.000,    r944  210.000,    r1006 132.000,    r1026 210.000,    r1046 210.000,    

r1096  78.000,    r1117 132.000,    r1285 132.000,    r1397  30.000,    r1469 201.600 

 

 

----  13964 VARIABLE y.L  active routes 

 

r41   1.000,    r45   1.000,    r49   1.000,    r53   1.000,    r893  1.000,    r944  

1.000,    r1006 1.000,    r1026 1.000,    r1046 1.000,    r1067 1.000,    r1096 1.000,    

r1117 1.000,    r1285 1.000,    r1397 1.000,    r1469 1.000 

 

 

----  13964 VARIABLE z.L              =  1028515.800  objective total happiness 

            VARIABLE ni.L            =      386.400  visitors on non intense routes 

 

 

EXECUTION TIME       =        0.023 SECONDS      4 Mb  LEX237-237 Aug 23, 

2011 

 

 

USER: Department of Mechanical Engineering           G120201:1740AP-LNX 

      The University of Texas at Austin                          DC3789 

      License for teaching and research at degree granting institutions 

 

 

**** FILE SUMMARY 
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