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Case Study 13       The Annual Bolder Boulder Race

The Annual Bolder Boulder Race
Problem Description

The annual Bolder Boulder is one of America’s top 10-km races. The race is held each Memorial Day in Boulder, Colorado. This race attracts world-class runners as well as casual joggers. The race has grown to approximately 20,000 participants. The race is a point-to-point race beginning at the Bank of Boulder at the northeast corner of the city, winding throughout the city streets, and ending near to the town center in the University of Colorado’s football stadium. 

As the race grew in size, problems arose. The quality of the race began to suffer because there was little running room in the crowded streets. A bigger concern was the long queues in the finish lines. Because of the limitations on space, number of chutes and equipment, large queues of runners built up in front of the finish line at certain times. 

To address these organizational issues we will build a decision support system. 

Database Design

We present here the main entity types of this database. For each entity type, we provide some of the corresponding attributes. Use this information in order to: (a) Build an Enhanced E-R diagram; (b) Transform the Enhanced E-R diagram to a relational database. Identify the primary key(s) and the foreign key(s) for each relation. Draw the relational integrality constraints; (c) For each of the relations created, indicate its normal form. If the relation is not in the 3NF, decompose it into 3NF relations.

1. Participant: The main attributes are social security number, name, address, birth date, gender, certified personal record (PR) running times for a 10 km race, etc. 

2. Race: The main attributes are date; total number of runners registered for the race; number of runners that finished the race; number of female runners; number of male runners; name, age, and running time of the male winner; name, age, and running time of the female winner; name, age, and running time of the male master (male older than 40 years old) winner; name, age, and running time of the female master (female older than 40 years old) winner.

Note that the database keeps information about the running time of each runner for all the races organized so far. 
Access Application Development

The following are some of the queries, forms, and reports one can create in order to increase the functionality of the database:
Queries:
1. In such big races the “citizen runners” are separated from the “elite runners” (runners with certified PR of 38 min. for men and 41 min. for women). This separation enables the audience at the football stadium to watch the finish of the world-class runners. The runners are notified if they qualify as “elite runners.” Create a query that provides the following information about each of the “elite runners”: social security number, name, address, and PR. Have this information sorted by PR running times. 

2. In order to avoid crowded finish lines, the runners (other then “elite runners”) are distributed into 19 groups based on stated or proven ability (PR). Each group consists of up to 1,000 runners, and the groups are released (start the race) at fairly constant intervals of one minute. The runners are notified about their group number one week in advance. Create a query that groups the runners based on their performance.  

3. Create a query that presents the final results of the race. This query classifies the participants by age group and gender (e.g., an age group consists of females from 5-10 years old, or 10-15 years old, or 15-20 years old, etc.). Within each group, sort the runners based on their running times. 

4. Use the information from the current and previous races to find the average running times for each combination of age and gender groups. 

5. Use the historical data and the results from the current race to find the average age of the best 1% runners of this race. This query should include the name and social security number of these runners.

6. Using historical data and the results from the current race, find the names and ages of the ten youngest runners of the race.

7. Create the following search queries:

a. Create a query that prompts for the name of a runner and presents the running time and placement in the runner’s age group during the last five races. 

b. Create a query that prompts for a date and returns the results of the race run on that date.

Forms:
1. Create a user sign-in form together with a registration form for new users.

2. Create the following data entry forms that are used for database administrative functions: participants, and races. These forms allow the user to add, update, and delete information about participants and races.

3. Create a form that allows the user to browse through the results of the current and previous races. For each race the following information is presented: total number of runners registered for the race; number of runners who finished the race; number of female runners; and number of male runners. Create a subform that presents for the selected race the names and running times of the three best runners in each age group. Create a command button that, when clicked on, presents the name and time of the winner of this race.

4. Create a form that allows the user to choose from a list box the name of a participant. Create a subform that presents for the selected participant a list of races run and the corresponding running time. Create a command button that, when clicked-on, prompts for the name of a city and returns a list with the name and race results of all the participants from that city. 

Design a logo for this database. The logo may contain the picture of a runner. Insert this logo in the forms created above as well as on the reports that you will be creating next. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports
1. Create a report that contains information about the times and names for male and female open (best overall male winner and best overall female winner) and master male and female open for the last five races. The race manager will present this report to the race newsletter.      

2. Create a report that contains information about the number of the participants in the race during the ten last years. This report will be presented to the organizers of “Road Runners Club of America” in order to classify this race as a world-class race.

3. Create a report that presents the following information about the “elite runners”: social security number, name, address, birth date, gender, running time in the last race, and PR. 

4. Create a report that presents the following information about the runners of the current race: name, age, gender, and running time. Group this information by age and gender. Within each group sort the information by running time. 

5. Use the chart wizard to perform the following tasks:

a. Graph the running times of the winners of this race during the last ten years.

b. Graph the running times of the female winners of this race during the last ten years.

c. Graph the running times of the female master winners of this race during the last ten years.

d. Graph the running times of the male winners of this race during the last ten years.

e. Graph the running times of the male master winners of this race during the last ten years.

f. Graph the age of the youngest runners of this race during the last ten years.

6. Use the label wizard to create labels with the address of each participant. 

Visual Basic.NET Application Development

This database application can be used by runners, organizers of the race, the database administrator, etc. In the following figure we present a tentative layout of the system. 


In the welcome screen, the user can choose one of the five options presented. We give details about the forms or set of forms to be included in each option; however, you are encouraged to add other forms you find important.  

Participant Information: The user can search the database to retrieve information about a participant. We suggest that related search queries and forms already created in the Access Application Development section be included in here. These forms will enable the user to do the following: find the name, PR, and running times of a participant, etc.

Race Information: The user can browse the database to learn more about a particular race. The user can identify the following for a particular race: the number of participants, the name and running time of female/male winner, the name and running time of male/female master winner, etc.   

Statistics, Graphs, and Data Mining: The statistical analysis tools, such as plots (similar to the ones created in the Access Application Development section), are included in here. 
Simulation Model: In this system we plan to include a simple simulation model. This simulation model will help to manage the race. 

Complaints have been received about long waiting queues at the end of the race because of the limited number of chutes placed. The race management is thinking of increasing the number of chutes at the finish line. It is understandable that the more chutes that are placed, the easier it would be to handle the runners. However, there is a limit in terms of volunteers who help at the chutes and a limit on the number of chutes that can be placed. The interior dimensions of the stadium allow for at most 15 chutes to be placed.

This is a queuing problem. Since this race has been going on for many years, there is at least ten years’ history of data. Use the historical data on running times to find the distribution of the running times and estimate the corresponding parameters. Consider the following: there are two people in each chute who keep track of the time and the identification number of the runners as they pass the finish line. The service time in the chute is uniformly distributed with the mean 2 min. and the standard deviation 1 min. The management wants to simulate the model and identify the optimal number of chutes needed. 
Update: The update form requires an administrator login name and password. This form allows the user to add/delete/update the information kept in this database about runners, races, etc.

Web Extension

Users of this database are runners, race managers, database administrators, etc. A user can access the database from personal computers at home or in the office. A runner should be able to browse through the information about the races, other runners, etc. but should not be able to update this information. Only the database administrator has access to the data entry forms.

Develop an ASP.NET web application that will enable the users to access the database and perform the activities described above. Your application will have forms similar to the ones described in the VB.NET Application section.

Reference

R. Farina, G.A. Kochenberger, and T. Obremski “The computer runs the Bolder Boulder: A simulation of a major running race,” Interfaces 19: 48-55, 1989.
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