§5.1 Linear Inequalities in Two Variables
How to Graph/Solve Linear Inequality in 2 Variables
Step 1:  Graph the boundary line using graphing skills


a)  For < or > the boundary lines isn't part of solution & is dotted


b)  For ( or ( the boundary lines is part of solution & is solid

Step 2:  Choose 2 check points


a)  1 above boundary line


b)  1 below boundary line

Step 3:  Shade region containing check point creating a true statement

or

Alternate to Step 2 & 3:


  With the inequality in slope-intercept form (be cautious that inequality switched if you 


   multiplied or divided by a negative) shade region indicated



< or ≤ shade below the line (so as x increases the y’s decrease)


> or ≥ shade above the line (so as x increases the y’s increase)



It is smart to use a single check point to check your solution.


Example:
Graph the following inequality on the graph on below.




y  –  2x  <  1





















Example:
Graph the following inequality:
y  (  3



Example:
Graph the following inequality:
x  ≤  -2


Example:
Graph 3x  ( 4y  (  12


Note:  Don't rush into the assumption that you'll be shading the region below the line!  First put the equation into slope-intercept form.

Application problems simply use our skills developed in writing linear equations in 2 variables and the key words that follow:


at least ( ≥


more than (  >


no more than 
(  ≤


without exceeding (  ≤

minimum (  ≥


maximum  (  ≤

Also important in application problems is the fact that the variables must usually be non-negative.  This leads to non-negative restrictions, the fact that the inequality is only relevant in the first quadrant where both x & y are positive.

Example:
Labor costs for a farmer are $55 per acre for corn and $45 per acre for 



soybeans.  How many acres of each crop should the farmer plant if he 



wants to spend no more than $6,900 on labor? (#44 p. 257)

Sometimes, as with many algebraic word problems, more information is given to you than is needed and you will need to “wade through” the extra material to get to what is important.

Example:
 A company uses sedans and minivans to produce custom vehicles for 



transporting hotel guests to and from airports.  Plant A can produce 10 



sedans and 8 minivans per week and Plant B can produce 8 sedans and 6 



minivans per week.  How many weeks should each plant operate in order 



to produce at least 480 minivans? (#50 p. 257)

Example:
A farmer wants to use 2 brands of fertilizer for his soybean crop.  Brand A 



contains 18% nitrogen, 24% phosphate and 12% potash.  Brand B contains 



5% nitrogen, 10% phosphate and 15% potash.  How many pounds of each



brand of fertilizer should he add to each acre if he wants to add at most 60 



pounds of potash to each acre?  (#46 p. 257)

§5.2 Systems fo Linear Inequalities in Two Variables
Graphing Systems of Linear Inequalities
1)
Graph each of the equations separately (it may help to use color to see each as 


individuals).

2)
Shade the region where both are true at the same time (the region of overlap) called a 


feasible region in linear programming.
3)
Highlight the boundary lines surrounding the region in (2).

4)
Find the point(s) of intersection of the boundary lines.  This must be done using 


methods from chapter 4.  These are called the corner points in linear 


programming problems.

Example:
Solve  the system

3x  +  2y  ≥  8








x  −  5y  <  5




















Example:
Solve



x  + y  >  3








x  +  y  ≤  -2



















Note:  There may be no solution to the system.  The complement of this is when one system’s solution is a subset of the other and the solution is the smaller set.

When there are more than 2 equations begin by forming constraints on the coordinate system.  Constraining equations will be a pair of equations that are very broad and general equations that form boundaries on a solution; the most common are what I call quadrant constraints such as x>0, y>0, etc.

Process for Solving a System of More than 2 inequalities
1)
Find 2 equations that form a constraint (look for broad and general equations)
2)
Graph the remaining equation(s) within the constraints


Example:
Solve the system


x  ≥  0









y  ≥ 0









5x  +  4y  ≤  16









x  + 6y  ≤  18



















In linear programming problems, solutions can be either bounded or  unbounded.  A bounded solution can be enclosed by a circle and an unbounded solution can not be enclosed within a circle.  The first 2 examples were unbounded and this last example is bounded.
Applications in this section continue from the last section and now have several constraining factors.  Don’t forget that the non-negative restrictions will still apply!

Example:
A dietitian in a hospital is to arrange a special diet using two foods.  Each 



ounce of food M contains 30 units of calcium, 10 units of iron and 10 units 



of vitamin A.  Each once of food N contains 10 units of calcium, 10 units 



of iron and 30 units of vitamin A.  The minimum requirements in the diet 



are 360 units of calcium, 160 units of iron and 240 units of vitamin A.  If x 



is the number of units of food M and y is the number of ounces of food N 



used, write a system of linear inequalities that reflects the conditions 



indicated.  Find the set of feasible solutions graphically for the amount of 



each kind of food that can be used. (#40 p. 264)


§5.3 Linear Programming in 2 Dimensions: A Geometric Approach
The first thing that we need for this section is a whole bunch of definitions:

Linear Programming – Mathematical process developed to help management in decision making.

Decision Variables – The variables of focus

Objective Function – Function that will use the decision variables to produce an optimal value.

Problem Constraints – Restrictions imposed by physical conditions such as time, money, manpower etc.

Non-Negative Constraints – Fact that decision variables must be positive

Feasible Region – The intersection region of all functions/constraints.

Corner Points – Intersection of boundary lines

Constant-Profit Line – Line formed by assigning the objective function a fixed value.  There are infinite constant profit lines for every objective function.

Optimal Solution – The point that maximizes the objective function and is still a part of the feasible region.

Next we must have 2 Theorems:


Fundamental Theorem of Linear Programming (Version1)
If an optimal value of an objective function exists then it must 

occur at a corner point of the feasible region.

Existence of an Optimal Solution


A)
If a feasible region is bounded then a maximum and 




a minimum value always exist for the objective function.



B)
If the feasible region is unbounded & the coefficients of




the objective function are positive thent he minimum exists




but a maximum does not.



C)
If the feasible region is empty (no points satisfy all constraints) 




then neither a maximum nor minimum will exist.

And finally, the part we’ve been waiting for …  How do we use linear programming?

Geometric Method for Solving Linear Programming Problems
Step 1:  Graph the feasible region & if an optimal solution exists (*see existence above) find 


  the corner points (the intersection of boundary lines)
Step 2:  Plug in corner points to optimal function & create a table of values called a 


  corner point table.

Step 3:  Find optimal solution from step 2’s table (the largest value for the objective function)

Step 4:  Interpret the answer in terms of the original problem

*Note:  Skipping this step could result in an erroneous solution.

Multiple Optimal Solutions – When 2 or more points optimize a linear programming problem, the line segment that joins the points is also an optimal solution.*

*Note:  This is the only time a non-corner point is an optimal solution.

Important Note:  If a solution is not an integer that should be, interpret the solution as averages.  Methods that find integer solutions are beyond the scope of this text/class.

Example:
Maximize
P = 3x  +  2y



subject to
6x  +  3y  ≤ 24





3x  +  6y  ≤  30





        x, y  ≥  0



(#10 p. 273)


Example:
An investor has $24,000 to invest in bonds of AAA and B qualities.



The AAA bonds yield an average of 6% and the B bonds yield 10%. The 



investor requires that at least 3 times as much money be invested in AAA 



bonds as in B bonds.  How much should be invested in each type of bond 



to maximize the return?  What is the maximum return? (#38 p. 275)

*Note:  Remember the wording as much as can be confusing with all the prepositions.  To simplify your life, take the first thing and multiply it by the last and set it equal to the thing in the middle!
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