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     For the Teacher

Purpose:
This aplet is designed to solve Linear Programming problems (also known as Minimax or Linear Optimization).  In this type of problem the result of a linear function must be minimized or maximized subject to the satisfaction of a series of linear constraints.

Functionality:
	When the  Linear Programming  aplet is run a message is shown (see right) and then the VIEWS menu is displayed (see below right). The standard constraints of 
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 are entered automatically. If there is an existing set of stored constraints then running the aplet will produce the message shown on the right.  The default option is to discard the data.

The menu shown in two parts on the right will then be displayed.  This menu can be re-displayed at any time by pressing VIEWS.

Constraints should be dealt with first, using the Constraints option.  Choosing this option will result in the menu shown right.

Constraints should be entered in the form 
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 (or 
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).  This process is shown right for the constraint 
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  would be entered by setting the x coefficient to zero.  A constraint of 
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 would be entered as 
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Multiple constraints are entered by choosing the  Add Constraint  option repeatedly. Use the  Exit  option once finished. The set of constraints used in this document are shown below:
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Once the constraints have been entered they can be displayed and deleted or edited using the other options. 

The option of  Objective function  should be chosen next.  This is the equation which is to be maximized or minimized on the feasible region.  It must be in the form 
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 and the values of A and B are entered by the user. The function is displayed at the end of the process. 

The aplet is preset with default axes of 
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.  If these are not ideal for your set of constraints then they can be changed in PLOT SETUP by choosing the Set Axes option further down in the main menu.  

This option will go through the constraints and inform you of the largest x and y intercepts to aid you in deciding on the best axes to use. It should be mentioned that for the purpose of solving problems the axes don’t have to be visible - they could be set to display only the feasible region (or any part of it) if that is desirable. Press  VIEWS  to redisplay the main menu after setting axes.

The linear programming problem can now be solved by choosing the  Analyse  option.  Pressing  View plot  will simply display the graph without solving for the vertices. Analyse  will not only display the feasible region but also check the points of intersection of every pair of lines to see if they are in this region.  This process can be slow, especially on the older model 39G, with the amount of time taken being roughly proportional to the square of the number of constraints. 

Note:  As can be seen on the screen, the ‘false’ side of the inequality has been graphed.  By doing this, the feasible region becomes the only area which is free of shading.  
As each vertex of the feasible region is located it is marked with a hollow circle on the screen.  A list of the vertices is then given, followed by the maximum and the minimum value of the objective function, together with the vertex at which each occurs.

Once the process of analysis has been performed the user can choose the final option of  Sensitivity.  In this process the values of the coefficients of the objective function are varied to decide for what range of values the current best solution is stable.

The aplet will first display the current best vertex and value and then ask the user to choose which of the two coefficients of the objective function is to be varied.

The user must now choose which of the two neighboring vertices the objective function should be tilted towards. The aplet will not attempt to isolate the two neighboring vertices: instead the user is presented with a list containing all the vertices of the feasible region from which they can choose. There is a limit of twelve vertices to this list but very few problems will exceed this. Any unused entries in the list are filled out with (0,0) and should be ignored. Multiple constraints passing through the origin can also produce multiple occurrences of (0,0) in the main portion of the list.

Finally, the solution is shown.  In this case that the current value of A in 
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  can decrease from 6 to 5 before the optimum solution point will jump from (32,48) to (20,60).  To find the full range of values for A you would now repeat this process for (64,0), which is the vertex on the other side of the base point. Doing this gives a stable range for A of 
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When the user has completed work the  Quit   option should be chosen.  The option of retaining or discarding the data will be given, with the default being to keep it.

Discarding the data will delete the contents of the constraints matrix M0 and delete the lists L7, L8, L9 and L0 which have been used to store the vertices of the feasible region and various other values.

Note: Matrix M9 is used to store working results when finding the intersections of pairs of lines.  It will be overwritten whenever the Analyse option is chosen.  L7, L8, L9 and L0 contain information used during the calculation process. Any information in them will also be overwritten.
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