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Back Story / Problem 
Traveling for leisure is generally accompanied by planning stresses resulting from the desire to maximize 

an individual’s limited vacation time by seeing as many attractions as possible during a limited stay. As a 

result, a multitude of travel companies have emerged, selling pre-packaged and “stress-free” travel 

itineraries to resolve these difficult questions for the user. Similar complications also exist in the hotel 

industry, where success of a hotel relies heavily on proximity to tourist attractions.  

In both situations, the primary question of concern is — how can an individual maximize their 

rewards (e.g. highly-rated attractions seen) over their time-constrained visit? This project attempts to 

address this problem through a shortest-path approach maximizing the number of highly-rated attractions 

visited (which simultaneously requires a minimization of distance traveled). As a shortest path problem, 

two main datasets are necessary: nodes and edges.  

 

1. Node data was scraped from TripAdvisor using a Scrapy Spider. This spider crawls through the Things 

to Do list (for an Austin, Texas example, see the “Top attractions in Austin” list at TripAdvisor), and 

collects the attraction’s name, address, and average user rating. The name is used for displaying 

purposes and for searching google reviews using the Google API; the address is geocoded to retrieve a 

latitude-longitude pair for each attraction; and the user ratings are a reward for optimization.  

2. Edge data was pulled from Open Street Maps (http://download.geofabrik.de/) and pre-processed using 

the PyQGIS API. With PyQGIS, specific features were selected (such as “primary roads” and 

“motorways”, while “footways” and “pathways” were ignored), one-way road data was collected 

(described by directionality), and the latitude-longitude pairs at each end of these road segments were 

computed to create a node network. Geodesic lengths were determined by projecting from the World 

Geodetic System of 1984 (WGS84) coordinate reference system to the North American Datum of 1983 

projection to convert decimal degrees to meters (which were then converted to miles). Finally, the map 

was re-projected to WGS84 for more reasonable visualizations of results. 

 

As this tool is meant to be used instantaneously for a user-

specified city, the script must collect data once it is run. To 

collect node data, a wrapper script was written to call on and save 

the TripAdvisor spider results as a .csv file, which is then read 

and converted to a pandas dataframe. Edge data required some 

pre-processing due to the tremendous length of time required to 

run the PyQGIS script; as such, this code pulled a pre-processed 

shapefile for the state specified by the user. This pre-processed 

shapefile was then clipped to a local extent defined by the 

TripAdvisor attraction locations using the Geospatial Data 

Analytics Library (GDAL) command-line tool, ogr2ogr. This 

smaller, clipped shapefile was then read into a pandas dataframe 

using the pyshp (shapefile.py) module, and the dataframe was 

then manipulated to give it a more convenient and workable 

structure.  

 

Optimization of Vacation Itinerary 

Setting Up the Problem 

The objective of solving the vacation itinerary optimization was to select the sequence of attractions to be 

visited during each day of the vacation to maximize reward. A shortest path problem was implied to find 

the shortest route among the attractions. 

Figure 1: Austin Network 

http://download.geofabrik.de/
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Rewards were calculated as a sum of attraction ratings (positive reward) and travel time (negative 

reward). In order to have consistent units for comparison of the two reward types, attraction ratings and 

travel time were converted to US dollars (USD). Since no literature exists for converting ratings to USD, 

the conversion constant for attraction ratings was arbitrarily chosen to be $10 per unit rating (e.g. a rating 

of 4.12 would be converted to $41.20). The travel time conversion constant of $36 per hour was calculated 

using the Clearer Thinking Quiz Tool for the money value of free time for an average person earning an 

hourly salary of $25. The Clearer Thinking Quiz Tool was recommended in Maggie McGrath’s article 

“How Much Is Your Time Really Worth?” (McGrath 2016).  

For simplification, a few constraints and assumptions were made for scheduling limits and data 

interpretation. Each vacation day was constrained to begin and end at the user-determined hotel. The daily 

activity time was expected to be 12 hours or less, meaning the user was assumed to spend 12 hours or less 

at the attractions and travelling. The user was assumed to spend two hours at each attraction. Additionally, 

for simplification of data interpretation, roads were categorized as either “Freeway” or “Other”. “Freeway” 

and “Other” roads were assumed to have speeds of 65 mph and 40 mph, respectively. 

 

Basic Algorithm 

The basic algorithm used to determine the vacation itinerary was: 

1. Read road network and attractions dataframes. 

2. Use road network data frame to create a NetworkX graph. Determine the strongly connected 

subgraph with the most edges for use in solving for shortest paths. 

3. Find the best solution for a set number of vacation days.  

4. Output the itinerary and map. 

 

Itinerary Algorithm 

To minimize computation time, the Clark and Wright’s Savings Algorithm-based algorithm was 

implemented to reach a heuristic solution. The basic concept is to iterate through the elements of a sequence 

and randomly select subsequent elements to be switched with the current element, until a sequence with the 

best total value is found. The sequence with the best total value is then adjusted to meet the remaining 

constraints. The algorithm used is as follows: 

1. Create an “initial” itinerary by ordering all available attractions from highest rated to lowest rated. 

As per the assumptions, the itinerary will begin and end with the hotel. 

2. Calculate the total reward for the “initial” itinerary. 

3. Choose a sample size, N, for random selection of subsequent attractions (N = 5 was used). 

4. Randomly select an attraction from the subsequent attractions, and switch with the first attraction 

to create a new itinerary. Calculate the total reward for the new sequence. 

5. Repeat Step 4 until N itineraries have been created. 

6. Compare total rewards of “initial” and N itineraries, and pick the itinerary with the highest reward. 

7. Consider current element as “treated,” and truncate the itinerary to only the “treated” elements.  

8. Calculate the total time (time spent at the attractions and travel time) for the truncated itinerary. If 

the total time is less than 12 hours, then return to Step 4, considering the full itinerary. If the total 

time is equal to 12 hours, then the truncated itinerary is the best itinerary. If the total time is greater 

than 12 hours, then the truncated itinerary minus the last attraction is the best itinerary. 

 

Analysis Design 
The output of routing problems are routes that the user needs to take along with the schedule. The best way 

to present this information is through a Graphical User Interface (GUI) as a map showing routes and a table 

with the schedule. Reviews of locations in the schedule have also been provided. 

There are a few GUI packages available in python: Kivy, PyQt, Tkinter, PyGUI, libavg, wxPython, 

etc. Tkinter was selected for this project because it is a standard part of python, though often the most 

ignored. It is simple, yet fast and powerful, and it has an excellent layout and geometry management. 
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On executing the code there is an input interface, as shown in Figure 2. Users are expected to type 

their destination city and a hotel in that city for accommodation. The output interface has three frames, one 

each for displaying the map, the schedule, and reviews for the selected location in the schedule. The output 

window is interactive: there is a zoom button to zoom into the map, and the reviews are dynamically fetched 

from Google Maps and Places using the Google API suite. The response from the API was fetched using 

the urllib module, and the json module was used to deserialize the response from Google Web API. 

 

 
Figure 2: Input Interface 

 
Figure 3: Output Interface 

Limitations 
This application is limited to the United States, yet the application can be easily extended to cities in other 

countries if the shapefiles have been preprocessed and TripAdvisor results for that city are available.  

The routing problem was solved using the heuristic described earlier. While this resulted in faster 

execution of the application, the output was not necessary optimal. As suggested during the presentation, 

formulating the problem as an integer program could have been a better alternative. Other limitations 

include ‘static’ output schedules, limitations on the usage of the Google API suite, and quality of road 

network data. While the application can handle multiple-day routing, this option is unavailable in the 

interface. 

 

Future Work 
The application currently takes a hotel as input; however, it makes more sense to choose a hotel which is 

centered around the attractions. This would be easy to incorporate when attractions are categorized in the 

model. It would also be interesting to use a more accurate dollar value of ratings when the required literature 

is available.  
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