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Case Study 1      Snow Disposal Assignment Problem


[image: image7.wmf]min

11

..

1

1

1

1

{0,1},.

nm

dvx

ijiij

ij

st

n

vxVj

iijj

i

n

rxRj

iijj

i

m

xi

ij

j

xij

ij

==

£"

=

£"

=

="

=

Î"

åå

å

å

å

Snow Disposal Assignment Problem
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Problem Description
Snow removal and disposal are important activities in many cities around the world. In order to facilitate the traffic flow in urban areas that receive heavy snowfalls, snow is first plowed from streets and sidewalks and then hauled to disposal sites. A city is typically divided into many sectors that are cleared of snow concurrently. Because transportation of snow is expensive, it has become an important strategic problem. 

This case study considers the snow removal and disposal problem in the city of Montreal. For the purpose of this study, the city is divided into 60 sectors and 20 disposal sites. On average, about 300,000 truckloads of snow are hauled from sectors to disposal sites each year. Approximately 660 trucks are used in Montreal to haul the snow. There are four different types of disposal sites: river sites, quarry sites, sewer chutes, and surface sites. The city has three river sites along the St. Lawrence River, the Francon quarry site, ten sewer chutes, and six surface disposal sites. Spreadsheet 1 presents the volume of snow that each type of disposal site can hold and the corresponding handling costs. The average cost is about $0.24 (Canadian) per cubic meter of snow.

The snow disposal assignment problem finds the best assignment of snow removal sectors to snow disposal sites for a given set of sectors and cities. We assume that the cost of serving each sector is proportional to the straight-line distance between the centroids of the sector and the assigned disposal site. Therefore, we seek an assignment that minimizes the sum of the distance from the centroid of each sector to the centroid of each disposal site. 

The following is the mixed integer programming (MIP) formulation of the snow disposal assignment problem.

Where, 
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 presents the distance from the centroid of sector i to the centroid of disposal site j; 
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 presents the annual capacity of site j (m3); 
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 presents the annual volume of snow in sector i (m3); 
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 presents the snow removal rate in sector i (m3/hr); 
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 presents the maximum snow receiving rate of site j (m3/hr);
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 is a binary variable that takes a value of 1 if sector i is assigned to disposal site j, and 0 otherwise. 

The snow disposal problem for the city of Montreal has been solved by Campbell et al. (1995). For the purpose of this project, the student will have to solve and demonstrate the performance of the heuristic proposed on randomly generated problems. The user will be asked to provide the following information: the number of sectors and the number of sites available. The rest of the information (e.g., annual volume of snow in each sector, snow removal rate, etc.) could be randomly generated or read from a file.
Excel Spreadsheets

1. Build a spreadsheet that presents the distance from the centroid of each sector to each disposal site (in km). 

2. Build a spreadsheet that presents estimates on the annual volume of snow in each sector (m3/year). 

3. Build a spreadsheet that presents the hourly snow removal rate in each sector (m3/hour). 

A Heuristic Approach
The snow disposal problem can be formulated as an integer-programming problem. This formulation can be viewed as a generalized assignment problem. One can solve this problem to optimality; however, the solution times are far too long. Fast heuristic procedures can be used to solve the problem, allow interactive use, and facilitate sensitivity analysis. We present in here a heuristic that can be used to solve the problem. This heuristic consists of the following two phases: (1) Assign each sector to a disposal site based on a penalty defined as the difference between the best and the second best assignment. (2) Perform a two-opt exchange procedure in which sectors are considered two at a time and reassigned if the new assignment decreases the total value of the objective function. 
(A) Penalty-based assignment

(1) For each sector i, calculate its penalty:

Penalty (i) = annual quantity of snow in sector i multiplied by the difference between the distance to the closest acceptable site and the distance to the second closest acceptable site. A site is acceptable to a sector if the annual capacity is not exceeded by the assignment. Sort the sectors in decreasing order of penalties. Assign the sectors (starting with the ones at the top of the list) to sites. Adjust each site’s residual capacity accordingly, and recalculate the penalty of a sector if one of its two closest sites becomes unacceptable.
(2) Assign to a dummy site the sectors that could not been assigned to the existing sites because of capacity restrictions. Set the distance from the dummy site to each sector to infinity

(3) Assign to a dummy site the sectors that could not been assigned to the existing sites because of capacity restrictions. Set the distance from the dummy site to each sector to infinity.


(B) Two-opt exchange

(4) For each pair of sectors i and j, already assigned to sites x and y, identify a pair of sites k and l such that k ( x or l ( y. Assign sector i to site k and sector j to site l if the total distance traveled decreases, and the annual capacity of site k and l is not violated.

(5) Repeat step 4 until no further improvement can be obtained.

User Interface
1. Build a welcome form.

2. Build a form that allows the user to define the size of the problem and generate or read the data needed. The form should allow the user to enter the total number of disposal sites and snow sectors. Insert an option group to allow the user to choose a method of generating the problem data. The two options are to generate the data randomly or to upload the data from a file. Insert an option group that allows the user to choose a method of solving this problem: MIP formulation or the heuristic approach. Insert a command button that, when clicked on, solves the snow disposal problem using the data and solution method chosen by the user.  

3. Build a form that presents the final solution (the assignment of sectors to sites). Insert a command button that, when clicked–on, performs sensitivity analysis of the solution with respect to the total snow volume. Insert an option group that allows the user to choose a report to review.  

Design a logo for this project. Insert this logo in the forms created above. Pick a background color and a font color for the forms created. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports

1. Report the final assignment of each sector to the disposal sites, as presented by the heuristic. For each disposal site, report the available capacity. Report the total cost of the assignment.

2. Report the final assignment of each sector to the disposal sites, as presented by the MIP solution. For each disposal site, report the available capacity. Report the total cost of the assignment.

3. The assignment of snow sectors to disposal sites is based on estimates about the total snow volume. Report the total cost of the current assignment in the case that the total snowfall amount changes by ± 5%, ± 10%, and ± 20%. 

4. Modify the heuristic so that it considers capacity constraints of the three river sites. Report the total cost of disposing snow as the volume of snow that can be handled by the river sites decreases by 5%, 10%, and 15 %.   
Reference
Campbell, J.F. and Langevin, A., “The Snow Disposal Assignment Problem,” Journal of the Operational Research Society, Vol. 46, pp. 919-929, 1995.
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