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Abstract

The purpose of this study was to develop an expansion strategy for the South Shore YMCA. Relevant information pertaining to demographics, population concentrations and traffic flow was collected in order to sufficiently understand the target area. A bi-objective minimization model was developed to simultaneously determine the best number of facilities and their locations on a network of potential sites. The model also maximized the accessibility to their potential members while restricting cannibalization between different facilities. Four approaches of expansion were developed ranging from minimizing the number of facilities to maximizing accessibility. Recommendations were made regarding the best opportunities for expansion. 
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The Need for Project 

	The South Shore YMCA is looking to expand their facilities to reach the largest amount of the South Shore population.
.

	The YMCA is the largest not-for-profit organization in America. For this project, the Capstone group focused on the South Shore YMCA (SSYMCA.). The South Shore does not currently have enough YMCA's within the given population’s reach.  The South Shore is a densely populated area that stretches south down Route 3 from Quincy to Route 6 on Cape Cod to Provincetown.  The purpose of this project was to complete a facilities location study to determine future expansion strategies for the South Shore YMCA (SSYMCA).  The SSYMCA will benefit from the completion of this project in several ways.  The main motivation is to create a concrete process for determining a future expansion strategy, and easily knowing where the next best place is to build a new facility.  This will result in accurate market presentation throughout the South Shore and Cape Cod.  

Another benefit is providing tangible data regarding expansion strategies.  Many new facilities are built as a result of a large donation made by an individual.  Often times the donor would like to place the new facility in a certain location that may not be the optimal place for the new YMCA. The results of this capstone project allow the YMCA to work with donors to find an appropriate location for a new facility by using the expansion strategy generated by the capstone team.  This way, the YMCA can expand in an efficient manner, avoiding cannibalization between its branches.


	
	


The Design Project Objectives and Requirements 

	The project objective is to complete a facilities location study to determine future expansion strategies for the SSYMCA.
	Design Objectives
The objective of this project was to complete a facilities location study to determine future expansion strategies for the SSYMCA. This was accomplished by completing a facilities location model to determine the best possible locations for new facilities, and the type of new facility to be built within the SSYMCA’s service area.  
Design Requirements

There are five key requirements that were fulfilled to successfully complete this facility location project, including:  (1) identifying and understanding the target population and target area, (2) locating a  new branch of the SSYMCA so that it is accessible from major roads and highways, accessible from public transportation and accessible to the majority of the target population (>80%), (3) locating a new branch of the SSYMCA that does not adversely affect existing branches, (4) creating a comprehensive expansion plan that identifies future location and facility type, and (5) designing a methodology to develop recommendations for future expansions beyond this study.

	
	


Design Concepts Considered

	Several design concepts were considered with the final decision to compile several aspects of multiple facility location models.   
	Several models were researched, evaluated and compiled to fulfill all requirements of this project.  The final decision to construct a model to assist in the decision of determining the optimal location did not come until other design concepts were considered.  After evaluating these simpler design concepts we decided to research facility location models.  Models with the most impact on our final design decision are discussed in this section. 
Map of Single Optimal Future Location
In the initial phases of this project it was decided that our end deliverable would be a map of the South Shore with the best locations pinpointed upon the map.  The design would begin with a close look at census data and the wants and needs of the communities in the South Shore.   The community with the most need and the largest success rate would be researched in more detail.  The best locations would be discovered using traffic data.  
Map of Optimal Locations Throughout the South Shore

The second design considered was similar to the initial design with more complexity.  The overall region would be considered instead of focusing on one main community.  The generated solution would show opportunities for expansion across the South Shore and Cape Cod regions.  This would be most useful to the SSYMCA because they would have multiple locations to show a donor who may be interested in opening a facility in a certain location.  
P-Median Model
The third design for the project used a model that was closely related to the needs of our project.  The model would minimize distance between customers and facilities when given a number of facilities to locate.   
Uncapacitated Model 

The fourth design concept utilized the needs for an uncapacitated model.  This model would result in discovering the optimal location and assigning customers to these facilities so that transportation costs are minimized.  
Set Covering Model 

The fifth design was a set covering model.  This results in locating the minimal number of facilities that are required to cover all users in the South Shore.  A maximum distance is considered.  

	
	


Recommended Design Concept 

	Using a bi-objective optimization function, the design team prepared a set of possible expansion strategies for the SSYMCA.
	The design team was able to develop a model incorporating the different characteristics of the facility location models that were researched to meet the requirements of the SSYMCA’s problem. The final design of the optimization model was a minimizing function which used two objectives to take into account the two driving factors of the facility location, which were number of facilities and accessibility of facilities. The first objective piece of the bi-objective function is a location set covering model. This piece of the function minimizes the total number of facilities required to cover the entire region’s demand. The second objective piece of the function is rooted in the P-Median model, and maximizes the accessibility of the facilities to its customers by minimizing the demand weighted distance between facilities and demand nodes.

This model is constrained by the needs and demands of the SSYMCA and its customers. One set of constraints ensures that each demand node is assigned to one and only one potential facility. The next constraint ensures that any potential facility will not be within 30 minutes of another one. These constraints lead the model to find the optimal solutions based on the two objectives of the model.
The model’s outputs were run with different situations and strategies in mind, including more facilities or fewer facilities. This provided a range of different solutions for the SSYMCA to choose from depending on any unforeseen circumstances.

The biggest advantages of this approach are that it simultaneously analyzes a large set of different and dependent variables to come up with an optimal solution across the entire region, rather than a singular point of expansion This bi-objective function brings together several key characteristics of other facility location and network problem models to consider the unique needs and demands of a YMCA facility. It accounts for penetration in the potential market in weighting demands, as well as including the accessibility of customers to facilities in terms of drive times. The use of a set-covering model ensures that the entire region will be covered without neglecting any populations. 




Financial Issues 
	Financial considerations were not a focus of the facility location model.
	The SSYMCA’s focus for the development of this expansion plan was to be able to understand the opportunities for expansion throughout the region, not just the cheapest way to expand into the region. This study implicitly takes financial considerations into account by minimizing the number of facilities required to satisfy the demand of the entire region. The design team was explicitly told not to consider costs of building an actual facility because that was not the goal of the project.




Recommended Improvements 
	Inclusion of time of day traffic flow trends and population growth trends would improve the strength of the model
	This facility location study used age and gender demographics, current YMCA user statistics, traffic volume and current facility locations to generate a useful set of results for the SSYMCA. Studying traffic flows based on time of day would provide a better understanding of facility accessibility to potential customers. Incorporating a method to adjust for future population growth would also be an improvement on the current model. This addition would provide a more versatile product for the YMCA. Finally, an adaptation of the model into a general, usable application for the SSYMCA would be a good expansion of the current project.
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