[image: image9.wmf])

5

(

.

,...,

1

;

,...,

1

}

1

,

0

{

)

4

(

,

,...,

1

;

,...,

1

0

,

)

3

(

,

,...,

1

;

,...,

1

)

2

(

,

,...,

1

;

,...,

1

)

1

(

,

,...,

1

1

:

:

min

1

,

1

1

1

1

1

1

1

T

t

K

k

for

z

T

t

K

k

for

I

x

T

t

K

k

for

z

P

x

T

t

K

k

for

d

I

I

x

T

t

for

z

to

Subject

z

F

I

h

x

c

kt

kt

kt

kt

kt

kt

kt

kt

t

k

kt

K

k

kt

K

k

T

t

kt

kt

K

k

T

t

kt

kt

K

k

T

t

kt

kt

=

=

Î

=

=

³

=

=

£

=

=

=

-

+

=

£

+

+

-

=

=

=

=

=

=

=

å

å

å

å

å

å

å

Case Study 70       Bin Packing Problem

Bin Packing Problem

Problem Description

Bin packing is a well-known problem in the area of combinatorial optimization. This problem considers packing a set of items into a number of bins such that the total weight of the bins, volume, etc. does not exceed some maximum value. This is an NP-hard problem. The following is a list of approximation algorithms that have been developed to solve this problem: first-fit, best-fit, first-fit decreasing algorithms, etc. 

Manufacturing companies often face this problem. For instance, suppose we need a number of pipes of different, specific lengths to plumb a house and we can buy pipe stock that is 5 meters long each. In order to find how to cut these pipes to waste as little as possible (minimize the cost of pipe), one formulates this problem as a bin packing problem and solves it using one of the algorithms described below.  

Mathematically the problem is formulated as follows: Given a finite set of elements 
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; partition E into N subsets such that the sum of weights in each partition is at most w(bin) and that N is the minimum.

Approximation Algorithms
First Fit 
· Label bins as 1, 2, 3, . . .

· Objects are considered for packing in the order 1, 2, 3, . . .

· Pack object i in bin j where j is the least index such that bin j can contain object i.
Best Fit 
The same as FF, except that when object i is to be packed, find the bin which after accommodating object i will have the least amount of space left.
First Fit Decreasing 
Reorder objects so that 
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 ; then use FF.
Best Fit Decreasing 
Reorder objects so that 
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; then use the best fit algorithm.
Note the following: Packing generated by either first fit or best fit algorithms uses no more than 
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 EMBED Equation.3  [image: image7.wmf]bins. Packing generated by either first fit decreasing or best fit decreasing algorithms uses no more than
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 bins.
To learn more about the bin packing problem and the approximation algorithms, we refer the students to Garey and Johnson (2000).

User Interface

1. Build a welcome form.

2. Build a form that includes the following controls:

a. Insert a data entry form. The form consists of three text boxes and a command button. The user types in the text boxes the following information: the total number of bins available, the size of the bin, and the total number of objects to be packed. The user clicks on the command button to submit this data. Upon submission, a table appears (with dimensions 1 by the total number of objects) that allows the user to type in the weight of each object. 

b. Insert a command button titled “See an Example.” When the user clicks on this button, a form opens that includes the following:
i. A statement of an example of the bin packing problem.

ii. A mathematical formulation of the stated problem.

iii. The solution to this problem found using the approximation algorithms described above. Describe each step of the algorithm. 

c. Insert a command button titled “Solve the Problem.” When the user clicks on the command button, a frame appears that includes four option buttons and a command button. The option buttons allow the user to select one of the algorithms described above to solve the problem. When the user clicks on the command button, the problem is solved using the method chosen by the user, a report about the solution is created, and the user is prompted to choose whether to see the corresponding report. 

3. Build a form titled “Sensitivity Analysis.” The form has a number of option buttons that allow the user to select one of the following parameters for the purpose of the sensitivity analysis: the size of the bin or the weight of an object. For example, the user might be interested to know how the total number of bins needed to pack the items changes when the size of the bin increases/decreases.
4. Build a form titled “Reports.” The form has a number of option buttons that allow the user to open one of the reports presented below. 
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. Present the following data about the solution to the bin packing problem using the approximation algorithms:

a. The total number of bins used.

b. The unused space for each bin.  

2. Present the results from the sensitivity analysis.

3. Graph the relationship between the bin size and the total number of bins required to pack all objects. 

Reference
Garey, M. R., Johnson, D. S., “Computers and Intractability: A Guide to the Theory of NP-Completeness.” W.H. Freeman and Company, 2000. 
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