The Dark Side of LP: 

Tools for Modeling Validation: 
Introduction: Potential problems exist which affect any linear programming application. Solutions may be infeasible or unbounded, having redundant constraints, or there may be multiple solutions. Degeneracy may also occur. These pitfalls are not of much deficiencies of linear programming as they are situations of which the decision maker should be cognizant. What can go wrong in the process of building an LP model? 

Problems with LP Packages: Most LP software solvers have difficulties in recognizing the dark side of LP and giving any suggestions as remedies.  Apply the following numerical problems to the WinQSB and discover and then report what you get as output.

Degeneracy Case: A corner point in a n‑dimensional decision variables problem is called a degenerate corner point if more than n constraints become binding (i.e. active) at that corner point. That is, whenever some corner points osculate. For example, in a 2‑dimensional problem, a corner point is degenerate if at that corner point 3 or more constraints become equalities. 

Example:

Max         6X1 

subject to: 

                 X1  1,  X2   1, X1 ‑ X2   1, all decision variables   0. 

Sensitivity Analysis: Sensitivity analysis may NOT be valid. 

Unbounded Case: The feasible region is unbounded and the optimal solution is also unbounded.
Resolution: In real life, this is very rare. Check the formulation of the constraints, one or more constraints are missing. Check also the constraints for any mis‑specification in the direction of inequality constraints, and numerical errors. 

Sensitivity Analysis: Not applicable. 

Unboundedness Feasible Region: Know that unbounded solution case required an unbounded feasible region. The reverse of this statement may not be correct. For example the following LP problem has unbounded feasible region, however solution is bounded: 

Example: 

Max ‑4X1 ‑2X2 

    subject to: 

    X1  4,   X2   2,  all decision variables   0. 

Multiple Solutions Case: 

Example:

Max 6X1 + 4X2 

    subject to: 

    X1 + 2X2    16,  3X1 + 2X2  24,  all decision variables   0. 

Resolution: Check the coefficients in the objective function and the constraint. There could have been e.g. rounding errors. 

Sensitivity Analysis: The usual sensitivity analysis based on one optimal solution may not be valid for the others. 

No Solution Case:  Infeasible solution means the constraints are too limiting and have left no feasible region. 

Example:  

Max 5X1 + 3X2 

subject to: 

    4X1 + 2X2  8, X1  4,  X2  6. 

Resolution: Check the constraints for any mis‑specification in the direction of inequality  constraints, and numerical errors. If no error exists, then there are conflict of interests.

Sensitivity Analysis: Not applicable. 

Redundancy Among the Constraints Case: Redundancy means some constraints are not needed as there are other more severe ones. 

Example:

Maximize 5X1 + 6X2 

subject to: 3X1 + 6X2  8, 6X1 + 4X2  24, and both X1, X2  0. 

Sensitivity Analysis: The RHS sensitivity analysis may not be valid, and for the redundant  constraints are not available. 

LP with no Vertex Case: The following LP has no vertex: 

Maximize X1 + X2 

subject to: X1 + X2  5, X1, X2 unrestricted.

