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Case Study 2       Bakery Distribution System

Bakery Distribution System

Problem Description
The bakery shop is part of a large food service chain that provides meals to a county school system and other customers. The bakery is responsible for delivering products to over 50 delivery points. The manger of this bakery shop is concerned about delivering on time. The main reasons for this concern are not only the penalty he has to pay for late deliveries, but also maintaining customer satisfaction. There are profits in minimizing the travel distance or maximizing the truck load, but achieving timeliness at low cost does more than maximize profits of the bakery shop, as it also keeps customers satisfied. 

The manager of the bakery shop is interested in building a decision support system to identify delivery routes that guarantee on-time delivery. Currently the manager is just guessing and physically testing the delivery routes. This practice makes the addition of new delivery routes expensive.

Excel Spreadsheets

1. The manager used the straight-line distance between delivery points as an estimate of the travel time. He used such an estimate because the travel time between delivery points has a very small variance, and travel time is only a small portion of the total time required to complete a route. The following spreadsheet presents the expected travel time as a function of the distance traveled.
	Straight-line

Distance (miles)
	Expected Travel

Time (minutes)
	Std. Deviation of Travel 

Time (minutes)

	1.2
	8
	2

	2.1
	10
	2.1

	3.5
	12
	2.4

	5.3
	14
	2.6

	7.8
	16
	3

	10
	18
	3.2


2. Loading and unloading times count for a big portion of the total time required to complete a route. These times depend on the volume of products delivered. Create the following spreadsheet, which presents the expected loading and unloading times as a function of the load size.

	Load (Not to

exceed)
	Expected Unload

Time (minutes)
	Std. Deviation of Unload

Time (minutes)

	5
	11
	2

	10
	15
	3

	15
	22
	2

	18
	25
	2


3. Build a spreadsheet that keeps the following information about each customer: name, location (X and Y coordinates), and average weekly demand.

4. Build a spreadsheet that keeps the following historical data about each order: order date, customer name, ordered amount, expected delivery time/date, and actual delivery time/date.

It is likely that the manager would reject unfamiliar or overly complicated solutions. For this reason we suggest the following nearest neighbor heuristic to pick routes and estimate completion times. 

The Nearest Neighbor Heuristic 

The heuristic works as follows: 

1. Calculate the Euclidean distance between the bakery shop and each delivery point, as well as the distance between every two delivery points. 

2. Build delivery routes the following way: Starting with the bakery shop, (a) identify the nearest delivery point; (b) calculate the total of travel and delivery time to this point; (c) check if the total time exceeds the promised delivery time. If it does not, continue this process by choosing the nearest neighbor (delivery point). When the total time exceeds the promised delivery time, do not deliver to that node. The required delivery should be performed by another route. Continue building delivery routes until the total demand is satisfied.  

Simulation

When solving this problem, one should consider the uncertainties in the time it takes to load/unload the trucks and in travel time. However, the heuristic proposed above assumes that the data is deterministic. For this reason, perform a simulation study to assure the reliability of the results from the heuristic. Run the simulation 100 times. In each run, the load/unload times and travel times are calculated using the information provided in Spreadsheets 1 and 2 as follows: assume that the distribution of the travel time and load/unload operations is normal; the expected travel time and load/unload times present the mean of the distribution, and the corresponding standard deviations present the standard deviation of the distribution. For example, if the load does not exceed 5 units, generate the unload time from a normal distribution with a mean of 11 minutes and a standard deviation of 2 minutes. 

The objective of this simulation study is to identify the probability that the schedule we propose (the solution from the heuristic procedure) will guarantee on-time deliveries.

User Interface

1. Build a welcome form.

2. Build a form that allows the user to do the following:

a. Enter the total number of customers that are going to receive a delivery.

b. Enter the following information about each order: customer name, order size, and expected delivery time and date. 

c. Save the information about orders. 

d. Solve the problem by running the nearest neighbor heuristic and report the final results. 

e. Run the simulation. The user could be prompted to enter the following information related to the simulation: the total number of iterations and the seed. The default number of iterations is 100.  

Add command buttons, list boxes, combo boxes, option buttons, subforms, etc. as needed. 

3. Build a form that presents the results of the final solution. Allow users to change the order of delivery in the final solution if they choose to do so. Provide the user with the cost and expected delivery time of the new route. Insert a command button that, when clicked on, opens the summary reports created. 

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 weekly delivery routes (as provided by the heuristic). Present in this report the total delivery costs and the expected delivery times. 

2. Build a histogram of the customer demand using historical data. 

3. Report a summary of the results from the simulation analysis. Include the following in this summary: the probability that the promised delivery times will be met by the schedule, expected delivery times and costs, etc.

4. Based on historical data about demands and costs, build a report to present the following statistics: 

a. Actual weekly cost of distribution during the last 52 weeks.

b. Average weekly demand.    

Reference
Martin, E., “Centralized Bakery Reduces Distribution Costs Using Simulation,” Interfaces, Vol. 28: 4, pp 38-46, 1998.
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