If the coefficient of the ‘y’ (like) term is negative, then the LET sign  (less than or equal to), ≤ ,  that is on the line or above the  line and the GET sign, ≥ ,  that is on the line or below the line. 

_________________________________________________________________________________________________

In Max problems, the preponderance of constraints will be of the less than or equal to (LTE) type. Maximization: The ‘Z” line should be as far away from the origin as possible, thus the max point will be the furthest. {Right side of the FSR is closed}. 

In Min problems, the preponderance of constraints is greater than or equal to (GTE) type. Minimization: The “Z’ line should be as close to the origin as possible, thus the min point will be the closest. (FSR goes outwards)  {Left side of the FSR is closed} 


4x-12y=0  x=0, y=0 and y=0, x=0 (0,0) 
4x=12y  12y=4x  y=1/3 x  (use your table to find out another point) 

*Using Solver in assignments, copy paste the worksheet, screenshot the ‘solver’, screenshot the answer in ‘reports’ (appears as a new tab). 


Slack: Only when dealing with ≤ constraints (LTE). 
If the LHS value = RHS value, the slack in considered to be =0. 
If RHS value is ≥ RHS value, then slack =RHS value - LHS value
N.B. LHS is not more than RHS in LTE constraint 
Slack = RHS value – LHS value 
When slack = 0, it is known as a binding constraint 
When slack > 0, it is known as a non-binding constraint   

Ex1: Z= 40x + 30y, x*=25, y*=20
 0.4x + 0.5y= 0.4 *25 + 0.5 *20
Zmax= 1600, LHS=20, RHS=20. Slack = RHS-LHS  20-20= 0
 Binding constraint: Resource completely used 

Ex2: RHS=0X* + 0.2y* = 0*25+ 0.2*20 = 4
RHS=5  Slack=RHS-LHS  5-4=1; Resource not fully used  









Linear Programming Applications: 

Marketing applications; Media Selection 

S1: 
Let X1 be: Number of TV commercials
Let X2 be: Number of Radio commercials
Let X3 be: Number of Newspaper ads 

S2:
Objective function is to maximize exposure (given in terms of the number of people).  (ZMax being the value we will obtain through this process)

MaxZ = 20,000 X1 + 12 000 X2 + 9 000 X3 

S3:   
Subject to:
- Budget constraint;   15 000 X1 + 6 000 X2 + 4 000 X3 ≤ 100,000$
- TV time constraint; X1 ≤ 4
- Radio time limit;      X2 ≤ 10
- Newspaper limit;     X3 ≤ 7 
- Ad agency limit;       X1 + X2 + X3 ≤ 15

S4: 
X1, X2, X3 ≥ 0  Xi ≥ 0, i= 1..3

*Fractions – Round them up or down (use the general rule)  Round numbers for X1, X2 and X3. However, some of the constraints may not be satisfied. 

______________________________________________
















Higher return = Higher risk: Promise of high returns should be questioned.
Investment problems: How much money you put into it or how many units you want to return.  

Problem 2: 

S1: 
Let X1 be: Dollar amount invested in Municipal bonds at 8.5 % 
Let X2 be: Dollar amount invested in Certificates of Deposit at 5 %
Let X3 be: Dollar amount invested in Treasury Bills at 6.5 %
Let X4 be: Dollar amount invested in the Growth Stock Fund at 13 % 

S2:
Objective function is to maximize our returns.

MaxZ = 0.085X1 + 0.05X2 + 0.065X3  + 0.13X4 
 
S3: 
(Aside: Slightly modify the problem so that a maximum of $70,000 can be invested). 

1. Investment limit;                X1 + X2 + X3 + X4 ≤ 70,000$ (“=” with the original condition)

2. Municipal Bond limit;        X1 ≤ 0.2(X1 + X2 + X3 + X4)
Solver Compatible Format:  0.8X1 – 0.2X2 – 0.2X3 – 0.2X4 ≤ 0 
(Variables on the left side and numbers on the right side) 

3. TB and CoD limit;               X2 + X3 ≥ 0.3(X1 + X2 + X3 + X4) 
SCF:                                            -0.3X1 + 0.7X2 + 0.7X3 – 0.3X4 ≥ 0 

4. CoD and TB limit; SCF:     -1.2X1 + X2 + X3 – 1.2X4 ≥ 0 
*Ratios are not in the domain of linear programming (X2 + X3) / (X1 + X4) ≥ 1.2/1
 X2 + X3 ≥ 1.2(X1 + X4) – If X1 and X4 were negative, we could not cross multiply. 

5. CD limit;                                X2 ≤ X1 + X3 + X4 
SCF:                                            -X1 + X2 – X3 - X4 ≤ 0 

S4:
X1, X2, X3, X4 ≥ 0  Xi ≥ 0, I = 1..4  

_________________________________________________________





Ingredient Blending Applications Blending Problem

*Double subscript variable:

S1: Let Xij be the number of gallons of crude “i” and used to make fuel “j”. 
	i = Crude 1 (1) / Crude 2 (2)
	j = Fuel “r” for Regular and “h” for High Octane 
 We want to minimize the cost

S2: Our objective function is to minimize the cost
	MinZ = 0.10 X1r + 0.10 X1h + 0.15 X2r + 015 X2h = total cost 

S3: Subject to – the minimum constraint for Regular gas.   
	Actual values/ limits in regular: 0.2 X1r + 0.5 X2r
	Minimum values in regular: 0.4 X1r + 0.4 X2r
 Actual values ≥ minimum: 0.2 X1r + 0.5 X2r ≥ 0.4 X1r + 0.4 X2r 
(Decision variables, on the left-hand side)
= -0.2 X1r + 0.1 X2r ≥ 0

Subject to – the maximum constraint for high-octane gas.
Actual values for high octane: 0.6 X1h + 0.3 X2h 
Maximum values for high octane: 0.5 X1h + 0.5 X2h
 Actual values ≤ maximum: 0.6 X1h + 0.3 X2h ≤ 0.5 X1h + 0.5 X2h
(Decision variables, on the left-hand side)
= 0.1 X1h – 0.2 X2h ≤ 0 

Subject to – the demand for Regular
 X1r + X2r ≥ 800,000 (there is no constraint as to how much they can produce)

Subject to – the demand for High-octane
 X1h + X2h ≥ 500,000 

[Demand = Supply, supply and demand are equal
Demand < Supply, demand constraints are greater than or equal to
Demand > Supply, demand constraints are less than or equal to. ]

S4: Xij ≥ 0  i = 1, 2; j= r, h 

*Bulk quantities can have fractional solutions 
* Blending and transportation problems: Not necessarily maximizing or minimizing; it depends on the data given. 
(Solution on DD) 




Manufacturing Applications Production Scheduling Problem

Production, Demand, Inventory (PDI) Identity 
Let P be the number of units produced
Let D be the number of units demanded / sold 
Let I be the ending inventory (Io being the beginning inventory)
Let n be the period number (generally in terms of months) 

Pn + I(n -1) - Dn = In   Difference equation 

n = 1  Month 1
P1 + Io – D1 = I1 
-----------------------
Demand is not a decision variable – we cannot control it, nor can we predict what it will be; in a solver-compatible model, the demand should never be on the left-hand side, MUST be on the right-hand side. 

Production and inventory on the LHS (decision variables); 
Thus;  P1 + Io – I1 = D1 

S1: Let Pmi be the number of men’s bikes produced in month ‘i’
Let Pwi be the number of women’s bikes produced in month ‘i’
Let Imi be the number of men’s bikes in the inventory at the end of month ‘i’
Let Iwi be the number of women’s bikes in inventory at the end of month ‘i’ 
i = 1,2 (1 or 2 months)

S2: MinZ = 120 Pm1 + 120 Pm2 + 90 Pw1 + 90 Pw2 + 0.02(120) Im1 + 2.4 Im2 + 0.02(90) Iw1 + 1.8 Iw2  

S3: Subject to; [Demand 150 and 121 in month 1; 200 and 150 in month 2]
1) First month production: Pm1 + Imo – Im1 = D1  
Pm1 + 20 – Im1 = 150  Pm1 – Im1 = 130 
2) Women: Pw1 – Iw1 = (125-30 =95) 
3) Second month productions: Pm2 + Im1 – Im2 = 200
4) Women: Pw2 + Iw1 – Iw2 = 150 
5) Labor hours: 3.5 Pm1 + 2.6 Pw1 ≤ (1000 + 100 = 1100)
6) 3.5 Pm1 + 2.6 Pw1 ≥ (1000 – 100 = 900)
7) 3.5 Pm 2 + 2.6 Pw2 ≤ 1100
8) 3.5 Pm2 + 2.6 Pw2 ≥ 900 
9) Im2 ≥ 25
10)  Iw2 ≥ 25

S4: Pmi, Pwi, Imi, Iwi ≥ 0

Solution: In simplex specific format (Excel). 
*Yellow variables as integers 
Solver: If a cell is left blank, it’s as if there was a 0 in the cell.
Blue cells= data, yellow= decision variables, orange= target cell. 

Solver can use rows, columns, or rectangles  if you want a range in a rectangle; you select opposing corners – corner points. (Rectangular vs. linear ranges)

-Round up or down based on common sense (try both scenarios)

- If you declare all of the variables as integers, the computer will have a hard time computing these integer solutions. 

-If you are declaring integer variables, you will not get a sensitivity analysis.
(Sometimes you can declare all of the yellow variables as integer variables).

-Change in the objective function = change in the RHS
*Do NOT make changes in the technological coefficients
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