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This Written Report is a management presentation and technical report combined. It presents the problem and my results in a nontechnical form to assist management in decision-making, and provides the mathematical and technical detail necessary to back up my analysis.
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1.0 Management Summary

The scheduling of sports competitions has recently been receiving a great deal of attention, covering areas from professional levels such as the NBA all the way to amateur leagues. In this project I examine the need for an effective strategy to model sports scheduling.
Lake Highlands Soccer Association was formed in 1972 to promote the sport of Soccer in Lake Highlands and throughout North Texas. Lake Highlands Soccer Association serves as the "Home Association" for about 1,800 youth players from neighborhoods in the Dallas and Richardson school districts. Andy Weil serves on the 2007-2008 Lake Highlands Soccer Association Board with the position of Boys League Director. He is my contact from the Lake Highlands Soccer Association. He has presented me with data that is needed in developing their schedules and I implement a model that meets all their requirements and delivers a far more effective solution.

The problem at hand is that, similar to many leagues out there, Lake Highland Soccer Association has been using an inefficient method of scheduling to determine all leagues schedules. There is no model in place, and schedules are manually done by hand, leading to hours and hours of wasted time, just to determine a schedule that may be suitable to the each league’s constraints.

With the assistance of Dr. Richard Barr, Chair of the Engineering Management, Information, and Systems Department, this project was made possible. We examined the problem, and found it to be a great programming project. In working on a solution I was advised to focus on Constraint Programming and use ILOG’s Optimization Programming Language to model the program and assist in finding a solution. After taking all the different requirements of 
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the Leagues from Andy Weil, I formed a plan, and have been constructing the program over the course of the semester. Here I am now after nearly four month of hard work, presenting a solution that will model the problem and provide a feasible schedule. I formed two different programs to undertake the two different formations of the leagues. With that said, the program displays solution to the constraints at hand, and forms a simple easy user friendly schedule in a matter of seconds.
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2.0 Background & Description of the


 Problem

Unlike most professional sports scheduling problems, the objective of the problem is not to identify a low-cost, low-travel schedule. Rather, it is simply to identify all feasible schedules, that is, a series of competitions that satisfies the specified conditions. 

There exist two different league scenarios. In the first scenario, the problem involves finding a schedule for a league with 7 teams that play games over a season of 12 weeks. Each of the 12 weeks in the season has 3 identical slots to which games can be assigned, 9:15am, 11:30am, and 2:30pm. Each team plays once a week. For each pair of teams, these two teams are opponents once in a season. Some Requirements are the following:

    -All Games played on same Field (1 Field)

    -First 2 Weeks are Friendlies and do not count:

        -Any Team can play any other team at most once

    -Weeks 3-10 are the season:

        -Each Team plays each other Team once (6 Games)

        -Each Team gets 2 Bye/Conflict Weeks

        -Teams can request up to 2 specific bye dates

    -Weeks 11-12 are the Tournament:

        -Top 6 Teams play Week 11

        -Best 2 Teams play a Championship Game in Week 12
An additional special request is that two of the teams cannot play in the morning slot. 
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In the second scenario, the problem involves finding a schedule for a league with 6 teams that play games over a season of 12 weeks. Each of the 12 weeks in the season has 3 identical slots to which games can be assigned, 9:15am, 11:30am, and 2:30pm. Each team plays once a week. For each pair of teams, these two teams are opponents twice in a season. Some Requirements are the following:
 -All Games played on same Field (1 Field)
-Each Team plays at most once per weekend
-Each Team plays each other Team Twice (6 Games)
-Each Team gets 2 Bye/Conflict Weeks
-Teams can request up to 2 specific bye dates

An additional special request is that two of the teams cannot play in the morning slot. 
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3.0 Analysis of the Situation

To start the process in solving my problem was to analyze which programming language and software to use. Through various comparisons, I found ILOG’s Optimization Programming Language to be the optimal methodology. ILOG depicts the following, “In addition to powerful mathematics and modern computer power, excellence in optimization requires efficient models and easy to use applications. ILOG OPL Development Studio provides the fastest way to build efficient optimization models and state-of-the-art applications for the full range of planning and scheduling problems.”
ILOG's Optimization Programming Language (ILOG OPL) provides a natural representation of optimization models, requiring far less effort than general-purpose programming languages. ILOG OPL has advanced data types designed for the special needs of optimization problems, and it fully supports linear and quadratic objectives and constraints, as well as real and integer decision variables. It also supports both mathematical and constraint programming techniques.

The ILOG OPL integrated development environment (IDE) makes it easy to evaluate different modeling approaches to a problem and to integrate external data. Debugging and tuning tools support the development process, and once ready, the model can be deployed into an external application. 
The following diagram shows the complete model and application development process supported by ILOG OPL Development Studio.
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Finally, I had to decide whether to implement the program using Mathematical Programming or Constraint Programming. With Mathematical Programming, problems have variables, constraints, and an objective function. The objective is to identify optimal feasible solution. It can have continuous and integer variables. Lastly, it is not well-suited to many combinatorial problems. With Constraint Programming, problems have variables and constraints. The objective is to identify all feasible solutions. It has logical and combinatorial basis. It typically uses variables with discrete value sets. Lastly, it is designed for combinatorial problems.
That was a rather simple choice to make, leading Constraint Programming to be the appropriate programming technique since it matches my objective’s demands. Given these variables, constraints, and data, find all feasible solutions, hence not an optimal solution. Constraint programming is a great application for scheduling because its characteristics are difficult to optimize, challenging to model, and important in practice.
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4.0 Technical Description of the Model

In order to expedite the scheduling process for the Lake Highlands Soccer Association I had to develop a program with the critical constraints that had to be met. To make this model simple enough to comprehend, I produced variables, constraints, and data to uniquely identify each possible game during the season.

Consider the situation for the first league, in which we have a number of competitors, Teams 1-7 and their opponents Visitors 1-7, that are to be paired for a series of competitions. Each competition takes place on one venue during a period of time, Weeks 1-8 and Slots 1-3.  Here is the following code for the first league scenario along with an explanation of the program.
I declared all played games as a function of Week, Slot, Team, and Visitors. For all played games the result was 1 and all non played games resulted in 0.
dvar int+ x[Week, Slot, Team, Visitor] in 0..1;

There were six critical constraints that produced the desired solution. First, each team was to only play six games during the season.
forall (t in Team)

play6: sum(w in Week, s in Slot, v in Visitor) (x[w,s,t,v] + x[w,s,v,t]) == 6;

Second, teams cannot play itself.

forall (w in Week, s in Slot, t in Team) no1v1: x[w,s,t,t] == 0;

Third, each team plays only once per week.
forall (w in Week, t in Team)  play1prwk: sum (s in Slot, v in Visitor) 
(x[w,s,t,v] + x[w,s,v,t]) <= 1;

Fourth, there should only be one game per time slot.
forall (w in Week, s in Slot)  play1prslot: sum (t in Team, v in Visitor) (x[w,s,t,v]) <= 1;
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Fifth, each team plays each opponent only once during the season.
forall (t in Team, v in Visitor) opponent1: sum (w in Week, s in Slot) (x[w,s,t,v]+x[w,s,v,t]) <= 1;

Lastly, no morning games for the two teams that cannot play during that time.

         forall (t in noMornings) noam1:  sum (w in Week, s in amSlot, v in Visitor) x[w,s,t,v] == 0;

         forall (t in noMornings) noam2:  sum (w in Week, s in amSlot, v in Visitor) x[w,s,v,t] == 0; 
Now consider the situation for the second league, in which we have a number of competitors, Teams 1-6 and their opponents Visitors 1-6, that are to be paired for a series of competitions. Each competition takes place on one venue during a period of time, Weeks 1-12 and Slots 1-3.  Here are a couple differences in constraints for the second league scenario along with an explanation of the program.

First, each team was to only play ten games during the season.

forall (t in Team)

play10: sum(w in Week, s in Slot, v in Visitor) (x[w,s,t,v] + x[w,s,v,t]) == 10;

Lastly, each team plays each opponent twice during the season.

forall (t in Team, v in Visitor) opponent1: sum (w in Week, s in Slot) (x[w,s,t,v]+x[w,s,v,t]) <= 2;

The solutions developed from this model is displayed and explained in the next section.
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5.0 Analysis & Managerial Interpretation
An important characteristic of this problem makes identifying the solution relatively straightforward in many instances. Due to the structure of the problem, multiple feasible solutions exist. Looking at the solutions below, the weeks could be rearranged, the time periods could be rearranged, and the teams could be renumbered, resulting in alternate feasible solutions. Although the majority of practical problems will likely consist of 10 or fewer competitors, there may be situations in which the solution to larger problems is necessary. Of course, as the problem becomes larger, the combinatorial aspect of the problem makes it more difficult to identify the feasible solutions. The branch-and-bound process will become really large. But in most circumstances that will not be an issue.
With the current problem described for the first league, there were 1,176 variables used along with 315 constraints. It used 5,924 branch-and-bound problems to find the solution. For the second league, there were 1,296 variables used along with 377 constraints. It used 31,466 branch-and-bound problems to find the solution.

I had two different solution display functions. The first is a more user friendly output, which displays the schedule in a weekly format. The second displays the games as a list of the week and slot. As you can see it displays the weeks 1-8 with each corresponding slot 1-3 and the two teams that are to be playing a game. In the event of no game scheduled for that particular slot, it displayed “BYE GAME”. Both solutions are identical and only displayed in different formats. For both solutions, there is at least one team on its bye game during that week. Here are the outputs for both leagues one and two.
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User Friendly Schedule Display (League 1)
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Display solution as a list of the Week and Slot (League 1)
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User Friendly Schedule Display (League 2)
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Display solution as a list of the Week and Slot (League 2)
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6.0 Conclusions & Critique

I have developed a constraint programming model to identify balanced schedules that satisfy several stated goals and constraints. These goals ensure fairness of competition by maintaining a consistent number of games on the field, while competing against all other competitors. Although the proposed model provides great solutions for most practical applications, some areas of future research would include identifying other solution methodologies to solve larger problems. Constraint programming has been shown to be useful in this sport scheduling application and holds promise for future larger problems.

The model runs smoothly and outputs the desired solution. It does what the objective of this project was, which is to identify feasible schedules, that is, a series of competitions that satisfies the specified conditions, and in a matter of just seconds. 

The anticipated value to client is the following. Time efficiency, this model saves hours and hours of manually planning a league schedule as done currently. It will obtain feasible solutions within seconds from compiling. Finally with a few changes to the variables and constraints, you can make a schedule for any specifically desired league.

The only limitation I see in this model is the ability to display every possible feasible solution. I tried very hard to improve the program in order for it to display all solutions. But the ultimate goal was to find a feasible solution, and this model accomplishes that. It was very difficult not working with a team on this project. Most times having second opinions and assistant could be of incredible help. Nevertheless, Dr. Barr has been readily available to meet with me whenever I need assistance and has had a huge part in turning this project into a success!
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