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For our research project we decided to explore a few different techniques to find an optimal route of home visits spanning a week for a social worker working in Westchester County, New York.  Our social worker lives in Somers, NY, and starts each day of work there.  Throughout the week she must visit all of the patients for a minimum of an hour.  During the visits she bills $40/hour. Following the home visits, the social worker then must end each day of work in Dobbs Ferry, NY, where her office is located.  In the week we researched, the social worker needs to visit 11 patients throughout Westchester County. There are two patients living in Peekskill, one in Sleepy Hollow, one in Tarrytown, one in Dobbs Ferry, two in Yonkers, three in White Plains, and one in Greenburgh, NY.  Below is a chart summarizing the distances and travel times between the towns the social worker must visit.  The social worker gets reimbursed $0.50 per mile.  To find the optimal route, we chose to minimize the cost of travel, which was equivalent to minimizing the distance traveled.  We assumed that the distance between patients in the same town is zero, since we were unable to obtain exact addresses of patients, due to patient confidentiality.  

Integer Programming Solution


Our first solution to the Home Scheduling Problem was to create an integer program.  From the integer program we expect to obtain an optimal solution that allows the social worker to travel the least costly route, and therefore the shortest route.  Our first attempt at the integer program solution is not going to take time into account.  In other words, the program will not schedule the social worker according to days.  The expected output will create a schedule that would be optimal if the social worker were to visit all patients within one day.  


The objective of the integer program is to minimize the cost of travel.  We are assuming that by minimizing the cost of travel to the institute and that we are simultaneously minimizing the amount of travel time, which is in turn beneficial to the social worker.  The associated cost of traveling from town to town, is the distance times .5, since the amount the social worker is reimbursed for is $.50 for every mile of travel.

The integer variables in the program are written as 
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 represents the distance of traveling from patient i to patient j.  The subscripts i and j represent all eleven patients.  The patients and their associated town can be identified in the table below.  

	Town
	Associated Patient Number

(i = 0...11, j = 0...11)

	Somers
	0

	Peekskill
	1

	Peekskill
	2

	Sleepy Hollow
	3

	Tarrytown
	4

	Dobbs Ferry
	5

	Yonkers
	6

	Yonkers
	7

	White Plains
	8

	White Plains
	9

	White Plains
	10

	Greenburgh
	11



There are several constraints involved in the Home Scheduling problem that need to be translated into integer constraints.  First of all, the social worker has to start in Somers, NY (home) and end in Dobbs Ferry, NY (the office).  The social worker also must see all the patients.  Although, each patient must be seen, a patient can only be seen once.  There are several towns in which there is more than one patient present within the town.  For these towns, we are assuming that when the social worker visits just one of those patients within the town, the social will then see all patients located within the town.  As we’ve mentioned previously we also assumed that the distance traveled between patients in the same town is essentially zero.  There also is no looping allowed within the program.  In other words, if the social worker is going to go from Dobbs Ferry to Yonkers, the social worker will not go from Yonkers to Dobbs Ferry at any point within the optimal solution.  


The integer program is as follows:  
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Minimize: Cost of Travel
Subject to:

1) The social worker starts in Somers, NY.
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2) The social worker must see every patient/visit every town once
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3) No looping.
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4) The social worker ends in Dobbs Ferry, NY
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We ran our integer program in LINDO Release 6.1.  The optimal solution produced the following schedule:

The social worker begins the day in Somers, NY and then travels 16.6 miles to Peekskill.  Once in Peekskill, the social worker will see the two patients in Peekskill.  The social worker then travels 16.4 miles to Sleepy Hollow to see one patient.  After Sleepy Hollow, the social worker will travel 0.7 miles to Tarrytown to see another patient.  The social worker will then travel 7.3 miles to White Plains.  The social worker will see all three patients in White Plains.  Following White Plains, the social worker will travel 4.3 miles to Greenburgh and then will travel 9.1 miles to see two patients in Yonkers.  The social worker will then travel 6.1 miles to Dobbs Ferry, where she will end her workday at the office.  The optimal distance that the social worker needs to travel is 60.5 miles.  The associated cost with this schedule is $30.25.  


As previously mentioned, this integer program solution is optimal under the assumption that the social worker will see all patients in a single day.  Due to time constraints, this solution is not feasible in a real world setting where the social worker would actually visit all eleven patients over a three-day period.  We therefore decided to look into an integer program solution that splits the program up into three days.  We added the constraints the social worker must leave Somers three times and end in Dobbs Ferry three times, to account for the three day split up of schedules.  Unfortunately, when we added these constraints to our integer program using LINDO 6.1 we reached the limits of the software available to us.  In conclusion, we determined that although the integer program gave us an optimal solution it is not necessarily real world enough.  Therefore, we looked into exploring other solutions.  
Dijkstra’s Algorithm


We explored Dijkstra’s Algorithm as another possible technique to solving our home scheduling problem.  Similar to the integer programming solution, this technique is not going to find a necessarily realistic solution; it will create an optimal solution as if the social worker were going to visit all of her patients in one day.  To find this optimal solution we followed a very simple set of rules.  We would start in Somers, NY, and travel to the closest patient.  After visiting the first patient we would then travel to the next closest patient, excluding the patient in Dobbs Ferry, NY since that was our end point.  We would continue traveling this way until the last patient we had to visit was the one in Dobbs Ferry.  We assumed that when we traveled to a town that contained more than one patient of ours, that we would visit all of the patients in that town before leaving.  


As summarized by the chart below, we would start in Somers, and travel to the closest town of Peekskill, 16.6 miles away.  While in Peekskill, we would visit both patients there, and then travel to the next closest town of Sleepy Hollow, 16.4 miles away.  From Sleepy Hollow we would then travel to Tarrytown which is only 0.7 miles away.  Then from Tarrytown we would travel to Greenburgh, 6.2 miles away.   We excluded Dobbs Ferry as the closest town to Tarrytown, only 4.5 miles away, to avoid traveling to our end point before we finished visiting all of our patients.   Then from Greenburgh we would visit our 3 patients in White Plains next, 4.3 miles away, once again excluding the closest town of Dobbs Ferry, 3.4 miles away.  From White Plains we would then travel to Yonkers, NY, 15.1 miles away to visit 2 patients.  And finally from Yonkers we would travel 6.1 miles to Dobbs Ferry to visit our last patient and to finish the day in the office.  


In summary, using Dijkstra’s Algorithm, we would start from Somers and travel to Peekskill, then Sleepy Hollow to Tarrytown, to Greenburgh, to White Plains, to Yonkers and then finally to Dobbs Ferry.   This route totals to 65.4 miles which would cost the company $32.70.
Shortest Path Algorithm


Dijkstra’s Algorithm is not the most realistic solution since we are not accounting for time.  The social worker will not realistically visit a weeks worth on patients in a single day.  The standard number of working days for this many patients was three days.  Therefore, we needed to come up with a solution that incorporated separate working days. The next solution and most realistic algorithm we could investigate was the shortest path algorithm. We chose to look at the shortest path algorithm because we wanted to minimize the distance that the social worker was traveling.  While splitting up the schedule into three separate days and taking into account the restrictions that the social worker had to start in Somers, New York, and end in Dobbs Ferry, New York.  Every time a shortest path was found that was considered to be that days’ work.  After an iteration of the shortest path algorithm, the towns, which were found to be in the first shortest path, were removed from the chart.  Then another path must be found.  These runs of the algorithm continued until there were no more patients left to visit.  The procedure that we used to implement the shortest path algorithm was to make a visual map representation of the algorithm.
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The starting point on the map was Somers, New York, and the ending point was Dobbs Ferry, New York.  All the towns where patients are located, (Yonkers, New York, White Plains, New York, Greenburgh, New York, Peekskill, New York, Tarrytown, New York, and Sleepy Hollow, New York) were placed in between Somers, New York and Dobbs Ferry, New York with lines to and from every location.  The distance from place to place is also present on the map. Once the chart was made, the algorithm looked for the first shortest path from Somers, New York to Dobbs Ferry, New York. On the first day, the shortest path algorithm output created a schedule from Somers, New York, 16.6 miles to Peekskill, New York, 16.4 miles to Sleepy Hollow, New York, 0.7 miles to Tarrytown, New York, and 4.5 Miles to Dobbs Ferry, New York. The total distance traveled was 38.2 mile.  Given that we receive $0.50 a mile, the associated cost is $19.10. Luckily, there were two patients in Peekskill, New York, one in Sleepy Hollow, New York, and one in Tarrytown, New York. Our goal was to see three to four patients everyday to avoid a schedule were the majority of the patients are seen one day and other days with very few patient home visits schedule, since that is not a realistic work schedule. There is also a patient in Dobbs Ferry, New York, which we do go to everyday but at the end we will just look at whichever day has the least amount of patients and visit the patient in Dobbs Ferry, New York on that day. Since every patient takes approximately an hour, this scheduled day would take approximately five hours and three minutes. As previously stated, we then remove the nodes for Peekskill, New York, Sleepy Hollow, New York, and Tarrytown, New York from the graph. Now the graph still has the starting node in Somers, New York and the finishing node in Dobbs Ferry, New York since we still need to start and finish there every day.   Currently, the only towns that we still need to visit are White Plains, New York, Greenburgh, New York, and Yonkers, New York.
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For the second day’s schedule, the shortest path was from Somers to White Plains, New York, which was 23.1 miles, then from White Plains, New York to Greenburgh, New York which was 4.3 miles, then to Dobbs Ferry, New York which was 5.2 miles. There were three patients in White Plains, New York that were visited followed by a patient in Greenburgh, New York. This day again already has four patients so we are not going to visit the patient from Dobbs Ferry, New York on this day. The total distance was traveled was 35.1 miles with an associated cost of $17.55. The four patients take four hours to visit with an additional 53 minutes of driving. Once again, in order to find the shortest path for the third day we would remove the nodes for White Plains, New York and Greenburgh, New York. This graph leaves only one path since the social worker only needs to visit one more town to see all patients
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The shortest path on the third day schedules the social worker to being in Somers and to then drive 34.8 miles to Yonkers, New York and to continue another 6.1 miles to Dobbs Ferry, New York.  On the third day, once the social worker is in Dobbs Ferry, the social worker will then visit the patient located in Dobbs Ferry, since there are only two patients in Yonkers, New York and we visited four patients on the first and second day. There was a total mileage of 40.9 miles with an associated cost of $20.45. This day has 3 hours worth of patient visits with an hour and four minutes worth of driving time. The shortest path algorithm is now complete since all of the patients were visited in the shortest amount of distance each day. The total driving mileage for the week was 114.2 and the amount of time was 14 hours exactly.  Although, fourteen hours does not initially seem like a lot of work for one week but with the application of the shortest path algorithm we simplified the workdays.   We did not take into account the amount of time spent on paperwork every day or the amount of time spent driving from one patient to another within the same town. 
Conclusion



To find a solution to schedule a social worker that makes home visits, we explored three separate algorithms.  The algorithms that we researched were an integer program solution, Dijkstra’s algorithm and the shortest path algorithm.  Through the integer program solution, we found a schedule that scheduled the social worker with the lowest associated cost and minimal amount of distance traveled.  Unfortunately, the integer program solution is not as realistic of a solution as we originally hoped for.  The integer program solution outputs a schedule that has the social worker visit all patients within a single day.  This is not realistic due to the fact the social worker will visit eleven patients within a three day work week, not in a single day.  


We then looked into Dijkstra’s algorithm for a possible solution.  The schedule that Dijkstra’s algorithm found was very similar to the solution that we obtained for the integer program.  Unfortunately, we ran into a similar problem from the integer program.  The solution from Dijkstra’s is not as realistic as wish the schedule to be for our purposes.  Once again, the algorithm created a schedule that had the social worker visit all patients within a single day.


Due to solutions that we obtained from the integer program and Dijkstra’s algorithm, we looked for a solution that could split the schedule up into three separate days to reflect a realistic workweek for the social worker.  We therefore looked at a slight variation of the shortest path algorithm.  We ran three iterations of the shortest path algorithm to account for the three separate days.  After each iteration, we removed the scheduled towns and continued the algorithm with these already scheduled towns removed.  The output from the shortest path algorithm was a schedule that had the social worker traveling the minimal amount of distance while taking into account the constraints that the social worker must start in Somers and end in Dobbs Ferry, New York.  The shortest path algorithm gave us the optimal and most realistic solution to the scheduling of home visits for a social worker problem.


We have successfully solved the scheduling of home visits of a social worker through the shortest path algorithm. There are several other problems that our solution can be expanded to, such as the delivery of flowers, packages, and almost any home visiting service.  

MICHELLE GANBAUM
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