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Linear Programming – Transportation and Assignment Models

Transportation problem deals with distribution of goods from several points of supply to a number of points of demand.  Objective: to schedule shipments from sources to destinations attaining minimal transportation and production costs.  This model is also used to determine where to place a new facility.  In a transportation table, sources are listed in separate rows and destinations in separate columns.

· Set up initial feasible solution using Northwest corner method:
1. Begin with northwest (upper left-hand) corner of table.

2. Deplete supply at each row before moving down to next row.
3. Fill the requirements of each column before moving right to the next row.

4. Check that supply / demand is met at each source / destination.
· Test optimality of solution by computing improvement index for each empty cell using  stepping stone method:
1. Trace a closed path turning only in squares that are being used, moving only horizontally and vertically.

2. Beginning with a + sign at the unused square, alternate + and – signs on each corner of the closed path.

3. Calculate an improvement index by adding the unit cost figures in square containing a + and subtracting unit costs in squares labeled with –.

· If all improvement indices are ≥ 0, an optimal solution has been found (any change would incur additional costs).  Otherwise obtain an improved solution:

1. Each negative index represents the amount by which the total transportation costs could be decreased if 1 unit or product were shipped on that route.  Choose cell with greatest improvement in cost (most negative value), to ship to.

2. Ship maximum allowable number of units on the new route, which is the smallest number in closed path traced from selected cell with a –.  To obtain a new solution, that number is added to all squares on the closed path with + and subtracted from all squares on the path assigned –.

· Iterate by computing improvement indices for each empty cell and determining if improvement is possible.

Special Cases (Transportation):

· Unbalanced transportation problems:

· Demand < Supply: introduce dummy destination with shipping costs of 0

· Demand > Supply: introduce dummy source with shipping costs of 0

· Degeneracy: 

Usually, # occupied squares = # rows + # columns –1 

If this is not the case, degeneracy occurs; place a 0 in an empty cell and treat it as a value.

(Choose a cell that allows all stepping-stone paths to be closed.)

· Alternate optimal solutions: 

In the optimal solution, one or more of the improvement indices of unused squares is 0.

Maximization transportation problem is solved in the same manner with one minor change: optimal solution is reached when improvement indices are all negative or zero.

If a route is unacceptable, assign it a very high cost (low cost in maximization problem) to prevent its use.

Assignment problem deals with determining the most efficient assignment of people to tasks, only one worker is assigned to each task. (Could be solved as a transportation problem, but would have severe degeneracy.)
Hungarian Method (Flood’s Technique):

· Find the opportunity cost table:

· Subtract the smallest number in each row from every number in that row

· In the new table, subtract the smallest number in each column from every number in that column

· Test the table to see whether an optimal assignment can be made: draw the minimum number of vertical and horizontal straight lines to cover all zeros in the table.  If the number of lines equals the number of rows or columns, an optimal assignment can be made.

· Revise the present opportunity cost table: subtract the smallest number not covered by a line from every other uncovered number.  Add this smallest number to any numbers at the intersection of horizontal and vertical lines.  Iterate by testing to see if optimal assignment can be made.

· Make the final assignment: select a row or column containing only one 0.  Make the obvious best assignment.  Repeatedly eliminate rows and columns that are no longer needed and make obvious assignments until all jobs have been assigned.

Maximization can become minimization: subtract all costs from largest.
Unbalanced problem: introduce dummy job or worker, with costs of 0.
