MAT361 HOMEWORK ASSIGNMENT SOLUTIONS F2010
Section 2.3 Solutions
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 EMBED Equation.3  [image: image3.wmf] 
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The last row of the last matrix indicates that the original system has no solution. 
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This system has an infinite number of solutions of the form

x3 = k, x1 = 2 ‑ 2k, x2 = 2 + k.
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This system has the unique solution x1 = 2 x2 = ‑1.
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This system has an infinite number of solutions of the form

x3 = c, x4 = k, x1 = 10/3 ‑ 2c/3 ‑ k/3, x2 =2/3 ‑ c/3 + k/3.
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The last row of the final matrix indicates that the original system has no solution.

6.  
[image: image20.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

0

4

4

1

1

0

1

2

1

2

2

0

  
[image: image21.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

0

4

4

1

1

0

2

2

0

1

2

1

  
[image: image22.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

0

2

4

1

1

0

1

1

0

1

2

1

  
[image: image23.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

-

0

2

0

1

1

0

1

1

0

1

0

1




[image: image24.wmf]ú

ú

ú

û

ù

-

ê

ê

ê

ë

é

-

-

2

2

0

2

0

0

1

1

0

1

0

1

  
[image: image25.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

1

2

0

1

0

0

1

1

0

1

0

1

  
[image: image26.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

1

2

1

1

0

0

1

1

0

0

0

1

  
[image: image27.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

1

1

1

1

0

0

0

1

0

0

0

1


Thus original system has a unique solution x1 = x2 = x3 = 1.
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Thus the original system has the unique solution x1 = 1, 

x2 = 1, x3 = 2.
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We now must pass over the third column, because it has no nonzero element below row 2.  We now work on column 4 and obtain
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We find that the original system has an infinite number of solutions of the form x1 = 2 + k, x2 = ‑1 ‑ 2k, x3 = k, x4 = 3.

SECTION 3.1

1.   max z =  30x1 + 100x2
     s.t.       x1 + x2(7 (Land Constraint)

               4x1 + 10x2(40(Labor Constraint)

              10x1 (30(Govt. Constraint)

                x1(0, x2(0

2a. No, government constraint is violated.

2b. No; Labor constraint is not satisfied.

2c. No, x2(0 is not satisfied.

2d. Yes, all constraints and sign restrictions are satisfied.

3. 1 bushel of corn uses 1/10 acre of land and 4/10 hours of labor while 1 bushel of wheat uses 1/25 acre of land and 10/25 hours of labor. This yields the following formulation:

max z =  3x1 + 4x2
s.t.      x1/10 + x2/25(7 (Land Constraint)

         4x1/10 + 10x2/25 ( 40 (Labor Const.)

          x1 (30 (Govt. Const.)

          x1(0, x2(0

4. x1 =  Number of Type 1 Trucks produced daily

   x2 =  Number of Type 2 Trucks produced daily

Expressing profit in hundreds of dollars we obtain the following formulation:

 max z =  3x1 + 5x2
 s.t.      x1/800 + x2/700(1 (Paint Shop Const.)

           x1/1500 + x2/1200(1 (Engine Shop Const.)

           x1(0, x2(0

Section 3.2
1. EF is 4x1 + 10x2 = 40, CD is x1 = 3, and AB is x1    + x2 = 7. The feasible region is bounded by ACGH. The dotted line in graph is isoprofit line 30x1 + 100x2 = 120. Point G is optimal. At G the constraints 10x1(30 and 4x1 + 10x2(40 are binding. Thus optimal solution has x1 = 3, x2 = 2.8 and z = 30(3) + 100(2.8) = 370.

[image: image39.png]10




2. AB is x1/800 + x2/700 = 1. CD is x1/1500 + x2/1200 = 1. 

 Feasible region is bounded by ABE. Dotted line is z = 3x1 + 5x2 = 1500. Moving isoprofit line up and to right we find optimal solution to be where x1(0 and Paint Shop constraint are binding. 

 Thus x1 = 0, x2 = 700, z = 3500(in hundreds) is optimal solution.
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3. x1 = Number of hours of Process 1 and x2 =  Number of hours of Process 2. Then the appropriate LP is

min z =  4x1 + x2
s.t.     3x1 + x2(10 (A constraint)

          x1 + x2(5  (B constraint)

          x1 (3  (C constraint)

          x1 x2(0

AB is 3x1 + x2 = 10. CD is x1 + x2 = 5. EF is x1 = 3. The feasible region is shaded. Dotted line is isocost line 4x1 + x2 = 24. Moving isocost line down to left we see that H (where B and C constraints intersect) is optimal. Thus optimal solution to LP is x1 = 3, x2 = 2, z = 4(3) + 2 = $14.

[image: image41.png]



5. Let x1 = desks produced, x2 = chairs produced. LP formulation is

   max z = 40x1 + 25x2
   s.t.    ‑2x1 + x2(0

            4x1 + 3x2(20

             x1, x2 (0

Graphically we find the optimal solution to be x1 = 2, x2 = 4 and z = 180.
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6. Let W = acres of wheat planted and C = acres of corn planted. Then the appropriate LP is

max = 200W + 300C

st        W + C(45 (Land)


    3W + 2C(100 (Workers)


    2W + 4C(120 (Fertilizer)



W, C(0

Graphically solving this LP we find the optimal solution to be z = $10,000, W = C = 20 acres.

Section 3.3

1. AB is x1 + x2 = 4. CD is x1 ‑ x2 = 5. From graph we see that there is no feasible solution (Case 3).
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2. AB is 8x1 + 2x2 = 16. CD is 5x1 + 2x2 = 12. Dotted line [image: image44.png]



 is z = 4x1 + x2 = 4. Feasible region is bounded by AEDF. Since isoprofit line is parallel to AE, entire line segment AE is optimal. Thus we have alternative or multiple optimal solutions.

3. AB is x1 ‑ x2 = 4. AC is x1 + 2x2 = 4. Feasible region is bounded by AC and infinite line segment AB. Dotted line is isoprofit line z = 0. To increase z we move parallel to isoprofit line in an upward and `leftward' direction. We will never entirely lose contact with the feasible region, so we have an unbounded LP (Case 4).
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4. AB is 2x1 + x2 = 6. CD is x1 + 3x2 = 9. The feasible region is bounded by AECF. Dotted line is 3 = 3x1 + x2. Moving up and to right (and parallel to isoprofit line) we find that point A is optimal. A is where constraints 2x1 + x2(6 and x2(0 are binding. 

Thus E has 2x1 + x2 = 6 and x2 = 0. Optimal solution to the LP is x1 = 3, x2 = 0, z = 9.

[image: image46.png]10 x,




5. True. If feasible region is bounded, moving parallel to isoprofit line will eventually cause us to leave feasible region. Thus if feasible region is bounded, the LP cannot be unbounded.

6. False. Consider the Dorian auto example of Section 3.2.

10. Let x1 = dollars bought (for francs) and x2 = francs bought (for dollars). Then we wish to solve

     max z = x1 ‑ .25x2

     st      x1 ‑ .25x2(0 (dollar constraint)  

           ‑3x1 + x2(0 (franc constraint)

               x1, x2(0

In the graph the LP's feasible region is between the lines indicated by segments AB and AC. Isoprofit lines are parallel to AB. We increase z by moving down and to right. Since AB has a larger slope than AC, we will have an unbounded LP. This is due to the inconsistency in the exchange rate in the France‑USA market. Of course, such an inconsistency in the currency markets would quickly be corrected before you could make an infinite amount of money! 
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Section 3.4
1. For i = 1, 2, 3 let xi = Tons of processed Factory i waste. 

Then appropriate LP is

min z =   15x1 + 10x2 + 20x3
s.t.     .10x1 + .20x2 + .40x3(30(Pollutant 1)

         .45x1 + .25x2 + .30x3(40(Pollutant 2)

            x1(0,x2(0,x3(0

    It is doubtful that the processing cost is proportional to the amount of waste processed. For example, processing 10 tons of waste is probably not ten times as costly as processing 1 ton of waste. The divisibility and certainty assumptions seem reasonable.

2. Let x1 = Number of valves ordered each month from    
supplier 1.

       x2 = Number of valves ordered each month from    
supplier 2.

       x3 = Number of valves ordered each month from    
supplier 3.

  Then a correct formulation is

min z =   5x1 +  4x2 + 3x3
s.t.    .4x1 + .3x2 + .2x3(500(Receive enough large  
valves)

         .4x1 + .35x2 + .2x3(300 (Receive enough     
medium valves)

         .2x1 + .35x2 + .60x3(300 (Receive enough    
small valves)

         x1(500, x2(500, x3(500

         x1(0, x2(0 x3(0

3a. Let x1 = units of food 1 bought and x2 = units of food 2 bought. Then we wish to solve

    min z = 7x1 + x2

    st      3x1 + x2(12

             x1 + x2(6

             x1, x2(0

Graphically, we find the optimal solution to be z = 12, x1 = 0, x2 = 12. This supplies 12 units of vitamin c, or 6 units in excess of what is needed.

3b. Now we wish to solve the following LP:

    min z = 7x1 + x2

    st      3x1 + x2 = 12

             x1 + x2 = 6

             x1, x2(0

The optimal solution to this LP is z = 24, x1 = x2 = 3. Now we ingest less vitamin C, but spend more money. The reason for this is that the constraints in 3b are tighter, or stronger, than the constraints in 3a. Thus the feasible region in 3b is a subset of the feasible region in 3a. When you have fewer options, you will not do as well; hence the z‑value in 3b exceeds the z‑value in 3a. Since no slack in the vitamin C constraint is allowed in 3b, we know less vitamin C will be ingested. 

Section 3.5 

1. Let x1 = Number of fulltime employees (FTE) who start work on Sunday, x2 = Number of FTE who start work on Monday... x7 = Number of FTE who start work on Saturday. x8 = Number of part‑time employees (PTE) who start work on Sunday,... x14 = Number of PTE  who start work on Saturday.

min z = 15(8)(5)(x1 + x2 + ...x7)+10(4)(5)(x8 + ...x14)

s.t. 8(x1+x4+x5+x6+x7)+4(x8+x11+x12+x13+x14)(88 (Sunday)

     8(x1+x2+x5+x6+x7)+4(x8+x9+x12+x13+x14)(136 (Monday)

     8(x1+x2+x3+x6+x7)+4(x8+x9+x10+x13+x14)(104 (Tuesday)

8(x1+x2+x3+x4+x7)+4(x8+x9+x10+x11+x14)(120 (Wednesday)

8(x1+x2+x3+x4+x5)+4(x8+x9+x10+x11+x12)(152 (Thursday)

     8(x2+x3+x4+x5+x6)+4(x9+x10+x11+x12+x13(112 (Friday)

8(x3+x4+x5+x6+x7)+4(x10+x11+x12+x13+x14)(128 (Saturday)


 20(x8+x9+x10+x11+x12+x13+x14)(.25(136+104+120+152+



112+128+88) (this constraint ensures that       

part‑time labor will fulfill at most 25% of all  

labor requirements)

        All variables (0.

2. Let x1 = employees starting at midnight

       x2 = employees starting at 4 AM

       x3 = employees starting at 8 AM

       x4 = employees starting at noon

       x5 = employees starting at 4 PM

       x6 = employees starting at 8 PM

     Then a correct formulation is

          min z  =  
x1 + x2 + x3 + x4 + x5 + x6
          s.t.    
x1 + x6(8

                  
x1 + x2 (7

                   
x2 + x3 (6

                   
x3 + x4 (6

                    
x4 + x5 (5

                   
x5 + x6(4

               
x1, x2, x3, x4, x5, x6 (0  

3. Let x1 = Number of employees who start work on Sunday and work 5 days, x2 = Number of employees who start work on Monday and work 5 days... x7 = Number of employees who start work on Saturday and work 5 days. 

  Also let o1 = Number of employees who start work on Sunday and work 6 days... o7 = Number of employees who start work on Saturday and work 6 days. Then the appropriate LP is

min z =  250(x1+x2+...x7) + 312(o1+o2+...o7)

s.t. x1+x4+x5+x6+x7+o1+o3+o4+o5+o6+o7(11 (Sunday)

     x1+x2+x5+x6+x7+o1+o2+o4+o5+o6+o7(17 (Monday)

     x1+x2+x3+x6+x7+o1+o2+o3+o5+o6+o7(13 (Tuesday)

     x1+x2+x3+x4+x7+o1+o2+o3+o4+o6+o7(15 (Wednesday)

     x1+x2+x3+x4+x5+o1+o2+o3+o4+o5+o7(19 (Thursday)

     x2+x3+x4+x5+x6+o1+o2+o3+o4+o5+o6(14 (Friday)

     x3+x4+x5+x6+x7+o2+o3+o4+o5+o6+o7(16 (Saturday)

          All variables nonnegative

4. Add the constraint that x1+x2+x3+x4+x5+x6+x7 = 25 and change the objective function to max z  =  2x1+x2+x7.

5. Let Shift 1 = 12AM‑6AM, Shift 2 = 6AM‑12PM, Shift 3 = 12PM‑ 6PM, Shift 4 = 6PM‑12AM. Let xij = workers working shifts i and j

min z = 144(x12 + x14 + x23 + x34)+ 216(x13 + x24)

st          x12 + x13 + x14(15

            x12 + x23 + x24(5  

            x13 + x23 + x34(12

            x14 + x24 + x34(6

          All variables (0

Section 3.6 

2. NPV of Investment 1 = ‑6 ‑5/1.1 +7/(1.1)2 +9/(1.1)3 =  $2.00

   NPV of Investment 2 = ‑8 ‑3/(1.1) +9/(1.1)2 +7/(1.1)3 =  $1.97

Let x1 = Fraction of Investment 1 that is undertaken and 

    x2 = Fraction of Investment 2 that is undertaken. If we measure NPV 

in thousands of dollars, we wish to solve the following LP:

               max z =  2x1 + 1.97x2
              s.t.      6x1 + 8x2(10

                        5x1 + 3x2(7

                         x1 (1

                         x2(1

  From the following graph we find the optimal solution to this LP to be x1 = 1, x2 = .5, z = $2,985.
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3. NPV = ‑100 + 120/ (1+.2) = 0!

4. Let Xi = fraction undertaken of investment I (I = 1,2, …,9) 

Max z = 14X1 + 17X2 + 17X3 + 15X4 + 40X5 + 12X6 + 14X7 + 10X8 + 12X9

St


12X1 + 54X2 + 6X3 + 6X4 + 30X5 + 6X6 + 48X7 + 36X8 + 18X9<=50 (Year 1)

             3X1 + 7X2 +6X3 + 2X4 + 35X5 + 6X6 + 4X7 + 3X8 + 3X9<=20 (Year 2)

             All variables>=0.

Section 3.8
1. Let (all variables are in ounces) Ing. 1 = Sugar, Ing. 2 = Nuts, Ing. 3 = Chocolate, Candy 1 = Slugger and Candy 2 = Easy Out Let xij =  Ounces of Ing. i used to make candy j.

The appropriate LP is 

max z =  25(x12 + x22 + x32) + 20(x11 + x21 + x31)

s.t. x11 + x12(100 (Sugar Const.)

     x21 + x22(20 (Nuts Constraint)

     x31 + x32(30 (Chocolate Const.)

(1)  x22/(x12 + x22 + x32)(.20 

(2)  x21/(x11 + x21 + x31)(.10 

(3)  x31/(x11 + x21 + x31)(.10 

(1) ‑(3) are not LP constraints and should be replaced by the following three constraints:

Replace (1) by x22(.2(x12+x22+x32) or .8x22‑.2x12‑.2x32(0

Replace (2) by x21(.1(x11+x21+x31) or .9x21‑.1x11‑.1x31(0

Replace (3) by x31(.1(x11+x21+x31) or .9x31‑.1x11‑.1x21(0

2. Let x9J = Pounds of Grade 9 oranges used in orange    
juice.

       x9B = Pounds of Grade 9 oranges used in bags.

       x6J = Pounds of Grade 6 oranges used in orange    
juice.

       x6B = Pounds of Grade 6 oranges used in bags.

max z =  .45(x9J + x6J)+.30(x9B + x6B)

s.t.   
x9J + x9B (100,000(Grade 9 Const.)

 

x6J + x6 (120,000(Grade 6 Const.)

  (1)   (9x9J + 6x6J)/(x9J + x6J)(8 (OJ at least 8)

  (2)   (9x9B + 6x6B)/(x9B + x6B)(7 (Bags at least 7)

         All variables (0

(1) Should be replaced by 9x9J + 6x6J(8x9J + 8x6J or x9J ‑ 2x6J(0.

(2) Should be replaced by 9x9B + 6x6B(7x9B + 7x6B or 2x9B ‑ x6B(0.

Optimal solution is to use 46,666 2/3 pounds of Grade 9 oranges in bags, 93, 333 1/3 pounds of Grade 6 oranges in bags, 26,667 2/3 pounds of Grade 6 oranges in juice, and 53,333 1/3 pounds of Grade 9 oranges in juice.

5. xij = barrels of oil i used to make product j (j = 1 is  gasoline and j = 2 is heating oil)

ai = dollars spent advertising product i

max z = 25(x11 + x21) + 20(x12 + x22) ‑ a1 ‑ a2

s.t. x11 + x21 = 5a1, x12 + x22 = 10a2, 2x11 ‑ 3x21(0 x11 + x12(5000 x21 + x22(10,000

4x12 ‑ x22(0 All variables (0

6. Let xiN = pounds of Nitrogen in fertilizer i 

       xiS = pounds of Silicon in fertilizer i

max z = 70(x1N + x1S) +40(x2N+x2S) ‑15(x1N+x2N) ‑ 10(x1S+x2S)

st  x1N(.4(x1N+x1S)

    x2S(.7(x2S+x2N)

    x1N + x2N(80

    x1S + x2S(100

    All variables(0

8. Let TV=Number of TV's purchased and R=Number of Radios purchased. Then appropriate LP is

max z=60TV+20R

s.t.  10TV+4R(200 (FLOOR CAPACITY)

      R/(T+R)(.6 OR .4R(.6T (AT LEAST 60% RADIOS)

      200TV+50R(3000 (CAPITAL CONSTRAINT)

      TV(0, R(0 

9. Let xi = amount invested in bond i(we assume entire $1,000,000 will be invested since all investments are always profitable)

max z = .13x1/1,000,000 + .08x2/1,000,000 + .12x3/1,000,000 + .14x4/1,000,000

st .06x1 + .08x2 + .10x3 + .09x4(.08(x1 + x2 + x3 + x4)

      x1(.4(x1 + x2 + x3 + x4)  

      x2(.4(x1 + x2 + x3 + x4)

      x3(.4(x1 + x2 + x3 + x4)

      x4(.4(x1 + x2 + x3 + x4 )

      x1 + x2 + x3 + x4 = 1,000,000

      3x1 + 4x2 + 7x3 + 9x4(6(x1 + x2 + x3 + x4)

       x1, x2, x3, x4(0 

13. For the given amounts of crude oil available and the given gasoline requirements it is not possible to produce 14,000 barrels of gasoline. Given the sulfur content of the gasolines and the available crudes, 14,000 barrels of gasoline would contain at most the amount of sulfur in the following: 3000 barrels of gas 1, 10,000 barrels of gas 2 and 1000 barrels of gas 3. This is 3000(.01) + 10,000(.02) + 1000(.01) = 240 barrels of oil. The 14,000 barrels of oil we can purchase having the least sulfur would consist of 5000 barrels of oils 1 and 2 and 4000 barrels of oil 3. This contains 5000(.005) + 5000(.02) + 4000(.03) = 245 barrels of sulfur. Thus there is no way to produce 14,000 barrels of gasoline. This explains why not all 14,000 barrels of refinery capacity are used 

Section 3.9
1. Let x1 = Hours of Process 1 run per week.

       x2 = Hours of Process 2 run per week.

       x3 = Hours of Process 3 run per week.

       g2 = Barrels of Gas 2 sold per week.

       o1 = Barrels of Oil 1 purchased per week

       o2 = Barrels of Oil 2 purchased per week

max z =  9(2x1)+10g2+24(2x3)‑5x1‑4x2‑x3‑2o1‑3o2
s.t.  o1 = 2x1 +x2                   

      o2 = 3x1+3x2+2x3              

      o1( 200

      o2( 300

      g2+3x3 = x1+3x2(Gas 2 Prod.)

      x1+x2+x3(100 (100 hours per wk. of cracker     
time)

      All variables (0.

2. Let UT = Unfinished tables produced.

       FT = Finished tables produced.

       UC = Unfinished chairs produced.

       FC = Finished Chairs produced.

        W = Wood purchased (in board feet).

max z =  70UT+140FT+60UC+110FC‑W

s.t.40(FT+UT)+30(UC+FC)(W(Wood
Used(Wood Purchased)

    W (40,000(Limitation on Wood Purchased)

    2UT+2UC+5FT+4FC (6,000(Labor Used (Labor

    Available)

    All Variables (0.

3. Let x6 = pounds of raw material used to produce  
Brute

x7 = pounds of raw material used to produce Chanelle

Then the appropriate formulation is:

     max z = 7x1 + 14x2 + 6x3 + 10x4 ‑ 3x5

     s.t.     x5 ( 4000

             3x2 + 2x4 + x5 ( 6000

              x1 + x2 = 3x6

              x3 + x4 = 4x7

              x5 = x6 + x7

              All variables (0

4. Let Iij = ounces of product i processed into product j


  IiS = ounces of product i sold 


  RM = pounds of purchased raw material

The correct formulation in LINDO follows:

MAX     10 I1S + 20 I2S + 30 I3S - 26 RM - 2 I13 - 6 I23 - I12

  SUBJECT TO

         2)   I1S <=   5000

         3)   I2S <=   5000

         4)   I3S <=   3000

         5)   2 RM + 3 I13 + I23 + 2 I12 <=   25000

         6) - I1S + 3 RM - I13 - I12 =    0

         7) - I2S + RM - I23 =    0

         8)   I3S - I13 - I23 =    0

  END

11. Let iS = pounds sold of product i i=A, B or C


Ri = pounds of raw material used to        

produce product i (i=A or B)


   C = pounds of C produced


  iP = pounds of product i processed i = A or B


   R = pounds of raw material purchased


   The correct formulation in  LINDO follows:

MAX     10 AS + 12 BS + 20 CS - 5 R - 3 AP - 2 BP

  SUBJECT TO

         2)   R - RA - RB =    0

         3) - AS - AP + RA =    0

         4) - BS + 0.6 AP - BP + RB =    0

         5) - 0.4 AP - 0.8 BP + C =    0

         6)   CS - C <=   0

         7)   CS <=   30

         8)   AS <=   30

         9)   BS <=   30

  END

Section 3.10
1. Let xt = Production during month t and it = Inventory at end of month t.

    min z 
= 5x1+8x2+4x3+7x4+2i1+2i2+2i3+2i4‑6i4
   s.t. i1 = x1 ‑ 50

        i2 = i1 + x2 ‑ 65

        i3 = i2 + x3 ‑ 100

        i4 = i3 + x4 ‑ 70

        All variables (0.

2. Define variables as in Problem 1. Then a correct formulation is

     min z =  13x1 + 14x2 + 15x3 + 2i1 + 2i2 + 2i3 

     s.t.  i1 =  x1 + 5 ‑ 20

           i2 =  i1 + x2 ‑ 10

           i3 =  i2 + x3 ‑ 15

           x1/2 + 5(20 (Meet Period 1 Demand)

           x2/2 + i1(10 (Meet Period 2 Demand)

           x3/2 + i2(15 (Meet Period 3 Demand)

           All variables (0

3. Let Ct = cheesecakes baked during month t

       Bt = black forest cakes baked during month t

       It = number of cheesecakes in inventory at end   
of month t


It'= number of black forest cakes in inventory  

at the end of month t. Then an appropriate  

formulation is

min z = 3C1 + 3.4C2 + 3.8C3 + 2.5B1 + 2.8B2 + 3.4B3 

            +.5(I1 + I2 +I3) + .4(I1' + I2' + I3')

s.t.  
C1 + B1(65

         C2 + B2(65

         C3 + B3(65

         I1 = C1 ‑ 40

         I2 = I1 + C2 ‑30

         I3 = I2 + C3 ‑ 20

         I1' = B1 ‑ 20

         I2' = I1' + B2 ‑ 30

         I3' = I2' + B3 ‑ 10

         All variables (0

5. Let Ti = trucks produced during month i

       Ci = cars produced during month i

       Si = steel bought during month i

       CIi = cars in inventory at the end of month i

       TIi = trucks in inventory at the end of month i   

min z =  400S1 + 600S2 + 150(TI1 + CI1 + TI2 + CI2)

     st  CI1 = 200 + C1 ‑ 800

         CI2 = CI1 + C2 ‑ 300

         TI1 = 100 + T1 ‑ 400, C1 + T1(1000

         TI2 = TI1 + T2 ‑ 300, C2 + T2(1000

         2T1 + C1(S1, S1(1500

         2T2 + C2(S2, S2(1500


(20C1 + 10T1)/ (C1 + T1)(16 or 4C1 ‑ 6T1(0


(20C2 + 10T2)/ (C2 + T2)(16 or 4C2 ‑ 6T2(0



ALL VARIABLES (0   

Section 3.12 Solutions
1. Since the February constraint cannot be met without violating the January constraint, the problem is now infeasible.

3. Let Cij = number of computers rented for j months at the beginning of month i and It = number of computers available to meet month t demand. Then a correct in LINDO follows:

MIN     100 C11 + 180 C12 + 250 C13 + 100 C21 + 180 C22 + 250 C23

       + 100 C31 + 180 C32 + 250 C33 + 100 C41 + 180 C42 + 250 C43 + 100 C51

       + 180 C52 + 250 C53 + 100 C61 + 180 C62 + 250 C63 + 100 C71 + 180 C72

       + 250 C73 + 100 C81 + 180 C82 + 250 C83 + 100 C91 + 180 C92 + 250 C93

       + 100 C101 + 180 C102 + 250 C103 + 100 C111 + 180 C112 + 250 C113

       + 100 C121 + 180 C122 + 250 C123

  SUBJECT TO

         2) - C11 - C12 - C13 + I1 =    0

         3) - C12 - C13 - C21 - C22 - C23 + I2 =    0

         4) - C13 - C22 - C23 - C31 - C32 - C33 + I3 =    0

         5) - C23 - C32 - C33 - C41 - C42 - C43 + I4 =    0

         6) - C33 - C42 - C43 - C51 - C52 - C53 + I5 =    0

         7) - C43 - C52 - C53 - C61 - C62 - C63 + I6 =    0

         8) - C53 - C62 - C63 - C71 - C72 - C73 + I7 =    0

         9) - C63 - C72 - C73 - C81 - C82 - C83 + I8 =    0

        10) - C73 - C82 - C83 - C91 - C92 - C93 + I9 =    0

        11) - C83 - C92 - C93 - C101 - C102 - C103 + I10 =    0

        12) - C93 - C102 - C103 - C111 - C112 - C113 + I11 =    0

        13) - C103 - C112 - C113 - C121 - C122 - C123 + I12 =    0

        14)   I1 >=   800

        15)   I2 >=   1000

        16)   I3 >=   600

        17)   I4 >=   500

        18)   I5 >=   1200

        19)   I6 >=   400

        20)   I7 >=   800

        21)   I8 >=   600

        22)   I9 >=   400

        23)   I10 >=   500

        24)   I11 >=   800

        25)   I12 >=   600

  END

4. Let St = bushels of wheat sold during month t, Bt = bushels of wheat bought during month t, and It = bushels of wheat in inventory at the end of month t (after buying wheat). Then a correct formulation is LINDO follows:

MAX     3 S1 + 6 S2 + 7 S3 + S4 + 4 S5 + 5 S6 + 5 S7 + S8 + 3 S9 + 2 S10

       - 8 B1 - 8 B2 - 2 B3 - 3 B4 - 4 B5 - 3 B6 - 3 B7 - 2 B8 - 5 B9 - 5 B10

  SUBJECT TO

         2)   I0 =    6000

         3)   S1 - B1 - I0 + I1 =    0

         4)   S2 - B2 - I1 + I2 =    0

         5)   S3 - B3 - I2 + I3 =    0

         6)   S4 - B4 - I3 + I4 =    0

         7)   S5 - B5 - I4 + I5 =    0

         8)   S6 - B6 - I5 + I6 =    0

         9)   S7 - B7 - I6 + I7 =    0

        10)   S8 - B8 - I7 + I8 =    0

        11)   S9 - B9 - I8 + I9 =    0

        12)   S10 - B10 - I9 + I10 =    0

        13)   S1 - I0 <=   0

        14)   S2 - I1 <=   0

        15)   S3 - I2 <=   0

        16)   S4 - I3 <=   0

        17)   S5 - I4 <=   0

        18)   S6 - I5 <=   0

        19)   S7 - I6 <=   0

        20)   S8 - I7 <=   0

        21)   S9 - I8 <=   0

        22)   S10 - I9 <=   0

        23)   I1 <=   20000

        24)   I2 <=   20000

        25)   I3 <=   20000

        26)   I4 <=   20000

        27)   I5 <=   20000

        28)   I6 <=   20000

        29)   I7 <=   20000

        30)   I8 <=   20000

        31)   I9 <=   20000

        32)   I10 <=   20000

  END

SECTION 4.1
1.        max z = 3x1 + 2x2
          s.t.    2x1 + x2 + s1 = 100

                   x1 + x2 + s2 = 80

                   x1 + s3 = 40

2.        min z = 50x1 + 100x2
           s.t.    7x1 + 2x2 ‑ e1 = 28

                   2x1 + 12x2 ‑ e2 = 243.        

3.        min z = 3x1 + x2
            s.t.   x1 ‑ e1 = 3

                   x1 + x2 + s2 = 4

                  2x1 ‑ x2 = 3

SECTION 4.4
2. 

From Figure 4 of Chapter 3 we see that the           

correspondence is as follows:

Extreme Point              Basic Feasible Solution

E = (3.6, 1.4)            x1 = 3.6, x2 = 1.4, e1 = e2 = 0

B = (0, 14)               x2 = 14, e2 = 144, e1 = x1 = 0

C = (12, 0)               x1 = 12, e1 = 56, x2 = e2 = 0

5. 
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 will do the trick.

SECTION 4.5
1. z    x1   x2   s1   s2   s3   RHS  Ratio

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   1   ‑3   ‑2   0    0    0    0

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   0    2    1   1    0    0    100  50

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   0    1    1   0    1    0    80   80  x1 enters     
basis in

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   0    1    0   0    0    1    40   40*   row 3

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

z    x1   x2   s1   s2   s3   RHS  Ratio    

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1     0   ‑2   0    0    3   120

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     0    1   1    0   ‑2    20    20* Enter x2   







in row 1

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     0    1   0    1   ‑1    40    40

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     1    0   0    0    1    40   None

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1     0    0   2    0   ‑1    160

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     0    1   1    0   ‑2    20   None

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     0    0  ‑1    1    1    20   20* Enter s3 in  







row 2

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     1    0   0    0    1    40   40

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑   

     1     0    0   1    1    0    180

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     0    1  ‑1    2    0    60

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     0    0  ‑1    1    1    20

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     1    0   1   ‑1    0    20

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

This is an optimal tableau so the optimal solution to the LP is z = 180, x2 = 60, x1 = 20, and s3 = 20, s1 = s2 = 0.

6.

	z
	X1
	X2
	X3
	S1
	S2
	S3
	RHS

	1
	-1
	-1
	-1
	0
	0
	0
	0

	0
	1
	2
	2
	1
	0
	0
	20

	0
	2
	1
	2
	0
	1
	0
	20

	0
	2
	2
	1
	0
	0
	1
	20


We arbitrarily choose X1 to enter basis. Then we arbitrarily choose X1 to enter the basis in ROW 3. The resulting tableau follows:

	Z
	X1
	X2
	X3
	S1
	S2
	S3
	RHS

	1
	0
	0
	-.5
	0
	0
	.5
	10

	0
	0
	1
	1.5
	1
	0
	-.5
	10

	0
	0
	-1
	1
	0
	1
	-1
	0

	0
	1
	1
	.5
	0
	0
	.5
	10


Now X3 enters basis in Row 2. The resulting tableau follows:

	Z
	X1
	X2
	X3
	S1
	S2
	S3
	RHS

	1
	0
	-.5
	0
	0
	.5
	0
	10

	0
	0
	2.5
	0
	1
	-1.5
	1
	10

	0
	0
	-1
	1
	0
	1
	-1
	0

	0
	1
	1.5
	0
	0
	-.5
	1
	10


X2 enters basis in ROW 1 yielding the following optimal tableau:

	Z
	X1
	X2
	X3
	S1
	S2
	S3
	RHS

	1
	0
	0
	0
	.2
	.2
	.2
	12

	0
	0
	1
	0
	.4
	-.6
	.4
	4

	0
	0
	0
	1
	.4
	.4
	-.6
	4

	0
	1
	0
	0
	-.6
	.4
	.4
	4


The optimal solution to the LP is Z=12, X1=X2=X3=4.

7.
At each iteration or pivot, the rule suggested in

 

Problem 5 requires more computational effort than the "entering most negative coefficient in row 0" rule.  This extra effort per iteration usually       

outweighs the fact that the Problem 5 rule usually requires fewer pivots. 

SECTION 4.6
3.    

	Z
	X1
	X2
	S1
	S2
	RHS

	1
	-2
	5
	0
	0
	0

	0
	3
	8
	1
	0
	12

	0
	2
	3
	0
	1
	6


We enter X2 into the basis in Row 1. The resulting optimal tableau is

	Z
	X1
	X2
	S1
	S2
	RHS

	1
	-31/8
	0
	-5/8
	0
	-7.5

	0
	3/8
	1
	1/8
	0
	1.5

	0
	7/8
	-7/3
	-3/8
	1
	1.5


The LP’s optimal solution is Z= -7.5 , X1=0, and X2=1.5.

4.

	Z
	X1
	X2
	S1
	S2
	RHS

	1
	3
	-8
	0
	0
	0

	0
	4
	2
	1
	0
	12

	0
	2
	3
	0
	1
	6


X1 enters the basis. We arbitrarily choose to enter X1 in row 2. The resulting optimal tableau follows:

	Z
	X1
	X2
	S1
	S2
	RHS

	1
	0
	-12.5
	0
	-1.5
	-9

	0
	0
	-4
	1
	-2
	0

	0
	1
	1.5
	0
	.5
	3


The LP’s optimal solution is Z = -9, X1=3, X2=0.

SECTION 4.7 

1. 
The objective function is now z = 4x1 + 2x2. Solving by the simplex algorithm we obtain the following sequence of tableaus:

z    x1   x2   s1   s2   s3   RHS  Ratio

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

1    ‑4   ‑2   0    0    0    0

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     2    1   1    0    0    100 50

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     1    1   0    1    0    80  80

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     1    0   0    0    1    40  40* Enter x1 in  







row 3

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

z    x1   x2   s1   s2   s3   RHS  Ratio

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

1     0   ‑2   0    0    4    160

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     0    1   1    0   ‑2    20  20* Enter x2 in  







row 1

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     0    1   0    1   ‑1    40  40

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     1    0   0    0    1    40  40

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

z    x1   x2   s1   s2   s3   RHS  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

1     0    0   2    0    0    200

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     0    1   1    0   ‑2    20

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     0    0  ‑1    1    1    20

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     1    0   0    0    1    40

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

This is an optimal tableau with an optimal solution z = 200, x1 = 40, x2 = 20, s2 = 20, s1 = s3 = 0. Observe that the non-basic variable s3 has a zero coefficient in Row 0 of the optimal tableau. Pivoting s3 into the basis we obtain the alternative optimal solution z = 200, s3 = 20, x1 = 20, x2 = 60, s1 = s2 = 0.

4. Clearly all optimal solutions are  of form  Z = 3 X1 = c, X2 = 1-c where 0<=c<=1.

8a. 
No, the only way we could pivot in a new basic variable and still keep z at its optimal value would be to pivot in x3. Since x3 has a negative coefficient in each constraint, we cannot enter x3 into the basis and there is only one optimal basic solution.

8b.
Since x3 has a 0 coefficient in row 0, we can increase x3 and still keep z at its same value. That is, x1 = 2 + c, x3 = c, x2 = 3 + 2c, x4 = 0, z = 2 is an optimal solution for any c0. Thus while this LP has only one optimal bfs, it has an infinite number of optimal solutions.

SECTION 4.8
1. 

z    x1   x2   s1   s2   RHS  Ratio

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   

1    0    ‑2   0    0    0

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   

0    1    ‑1   1    0    4  
None

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   
0   ‑1     1   0    1    1   1* Enter x2   


in row 2

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

  

z    x1   x2  s1   s2   RHS

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   

1   ‑2     0   0    2    2

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   

0    0     0   1    1    5

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   

0   ‑1     1   0    1    1

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Since x1 has a negative coefficient in Row 0 and a non-positive coefficient in each constraint, we have an unbounded LP. From the final tableau we find that (holding s2 = 0)

                              z = 2 + 2x1
                              s1 = 5

                              x2 = 1 + x1
                              s2 = 0

Thus if 2 + 2x1 = 10,000 or x1 = 4,999 we can find  
a point in the feasible region with z = 10,000.

Thus z = 10,000, s1 = 5, x1 = 4,999, x2 = 5,000, s2
= 0 is a point in the feasible region having

z10,000.                       

2.
For a min problem, an LP is unbounded if there is a variable with a positive coefficient in Row 0 that has a non-positive coefficient in each constraint. For the given problem we obtain the following tableau:

z    x1   x2   s1   s2   RHS

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

1    2    3    0    0    0

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0    1   ‑1    1    0    1

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0    1   ‑2    0    1    2

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Here x2 may be as large as desired. Since each unit by which x2 is increased decreases z by 3 units, we may make z as small as desired.

3.
From the given tableau we find that for x2,

points of the form z = 2x2, x1 = 0, x3 = 3 + x2, x4 = 4 are feasible. By letting x2 grow large, we see that the LP is unbounded.

SECTION 4.11
1.   z    x1   x2   s1   s2   s3   RHS  Ratio

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1    ‑5   ‑3   0    0    0    0

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     4    2   1    0    0    12 3

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     4    1   0    1    0    10 2.5* Enter x in   

row 2
    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     1    1   0    0    1    4

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑    

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1     0  ‑7/4  0   5/4   0    50/4

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑


0     0    1   1   ‑1    0    2    2* Enter x2 in   

row 1

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     1   1/4  0   1/4   0    10/4 10

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     0   3/4  0  ‑1/4   1    3/2  2*

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

The tie in the ratio test indicates that the next b.f.s. will be degenerate.

     z    x1   x2   s1    s2   s3   RHS  Ratio

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1    0    0   7/4  ‑1/2  0   16

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    0    1    1    ‑1   0    2   None

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    1    0  ‑1/4   1/2  0    2   4

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    0    0  ‑3/4   1/2  1    0   0*  Enter s2 in  







row 3

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

    z    x1    x2   s1   s2    s3   RHS  Ratio

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 

     1    0    0    1    0    1    16

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    0    1  ‑1/2   0    2     2

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    1    0   1/2   0   ‑1     2

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    0    0  ‑3/2   1    2     0

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

This is an optimal tableau with the optimal solution being z = 16, x1 = x2 = 2, s2 = s3 = s1 = 0. This bfs corresponds to the following three sets of basic variables: {x1, x2, s1}, {x1, x2, s2}, 

and {x1, x2, s3}. The degeneracy is due to the fact   
that the 3 = 2 + 1 (problem has two decision       
variables!) constraints meet in a single           
point (point A = (2, 2) in the figure).

[image: image50.png]



4. Here are the pivots:

	Z
	X1
	X2
	X3
	X4
	S1
	S2
	S3
	RHS

	1
	3
	-1
	6
	0
	0
	0
	0
	0

	0
	9
	1
	-9
	-2
	1
	0
	0
	0

	0
	1
	1/3
	-2
	-1/3
	0
	1
	0
	0

	0
	-9
	-1
	9
	2
	0
	0
	1
	1


X2 now enters in Row 1 yielding the following tableau.

	Z
	X1
	X2
	X3
	X4
	S1
	S2
	S3
	RHS

	1
	12
	0
	-3
	-2
	1
	0
	0
	0

	0
	9
	1
	-9
	-2
	1
	0
	0
	0

	0
	-2
	0
	1
	1/3
	-1/3
	1
	0
	0

	0
	 0
	0
	0
	0
	1
	0
	1
	1


We now enter X3 into the basis in Row 2.

	Z
	X1
	X2
	X3
	X4
	S1
	S2
	S3
	RHS

	1
	6
	0
	0
	-1
	0
	3
	0
	0

	0
	-9
	1
	0
	1
	-2
	9
	0
	0

	0
	-2
	0
	1
	1/3
	-1/3
	1
	0
	0

	0
	0
	0
	0
	0
	1
	0
	1
	1


We now enter X4 into the basis and arbitrarily choose to enter X4 in Row 1.

	Z
	X1
	X2
	X3
	X4
	S1
	S2
	S3
	RHS

	1
	-3
	1
	0
	0
	-2
	12
	0
	0

	0
	-9
	1
	0
	1
	-2
	9
	0
	0

	0
	1
	-1/3
	1
	0
	1/3
	-2
	0
	0

	0
	0
	0
	0
	0
	1
	0
	1
	1


X1 now enters basis in Row 2.

	Z
	X1
	X2
	X3
	X4
	S1
	S2
	S3
	RHS

	1
	0
	0
	3
	0
	-1
	6
	0
	0

	0
	0
	-2
	9
	1
	1
	-9
	0
	0

	0
	1
	-1/3
	1
	0
	1/3
	-2
	0
	0

	0
	 0
	0
	0
	0
	1
	0
	1
	1


We now choose to enter S1 in Row 1.

	Z
	X1
	X2
	X3
	X4
	S1
	S2
	S3
	RHS

	1
	0
	-2
	12
	1
	0
	-3
	0
	0

	0
	0
	-2
	9
	1
	1
	-9
	0
	0

	0
	1
	1/3
	-2
	-1/3
	0
	1
	0
	0

	0
	 0
	2
	-9
	-1
	0
	9
	1
	1


S2 would now enter basis in Row 2. This will bring us back to initial tableau, so cycling has occurred.

5. First change from Problem 4 occurs on last pivot. By Bland’s Rule we should enter X2, not S2 on last tableau. This yields the following tableau.

	Z
	X1
	X2
	X3
	X4
	S1
	S2
	S3
	RHS

	1
	6
	0
	0
	-1
	0
	3
	0
	0

	0
	6
	0
	-3
	-1
	1
	-3
	0
	0

	0
	3
	1
	-6
	-1
	0
	3
	0
	0

	0
	-6
	0
	3
	1
	0
	3
	1
	1


X4 now enters the basis in Row 3 yielding the following optimal tableau.

	Z
	X1
	X2
	X3
	X4
	S1
	S2
	S3
	RHS

	1
	0
	0
	3
	0
	0
	6
	1
	1

	0
	0
	0
	0
	0
	1
	0
	1
	1

	0
	-3
	1
	-3
	0
	0
	6
	1
	1

	0
	 -6
	0
	3
	1
	0
	3
	1
	1


From this tableau we find the optimal solution is

Z = 1, X2=X4=S1=1, X1=X3=S2=S3=0

SECTION 4.12
2.
After adding slack, excess and artificial variables, we obtain the following:

min z = 2x1 + 3x2 + Ma1
s.t.    2x1 +  x2 ‑ e1 + a1 = 4

        ‑x1 +  x2 + s2 = 1

After eliminating a1 from z ‑ 2x1 ‑ 3x2 ‑ Ma1 = 0 we obtain z ‑ (2 ‑ 2M)x1 + (M ‑ 3)x2 ‑ Me1 = 4M. Proceeding with the simplex we obtain

z      x1     x2      e1      s2      a1       RHS

____________________________________________________

1     ‑2+2M   M‑3     ‑M      0       0        4M

____________________________________________________

0       2      1     ‑1       0       1        4

____________________________________________________

0      ‑1      1      0       1       0        1

____________________________________________________

____________________________________________________

1       0     ‑2     ‑1       0      1‑M       4

____________________________________________________

0       1     1/2   ‑1/2      0      1/2       2

____________________________________________________

0       0     3/2   ‑1/2      1      1/2       3

____________________________________________________

This is an optimal tableau with optimal solution z = 4, x1 = 2, s2 = 3, 

e1 = x1 = 0.

0      1      1/2      1/2      0       2

SECTION 4.13
1.
After eliminating the artificial variable a3 from  
w ‑ a3 = 0, we proceed with Phase I.

     w    x1   x2   x3   s1   s2   e3    a3   RHS

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1    2    1    3    0    0    ‑1    0     3

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    1    1    1    1    0     0    0     2

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    2    1    0    0    1     0    0     3

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    2    1    3    0    0    ‑1    1     3

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1    0    0    0    0    0     0    ‑1    0

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0   1/3  2/3   0    1    0    1/3  ‑1/3   1

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    2    1    0    0    1     0     0    3

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0   2/3  1/3   1    0    0   ‑1/3   1/3   1

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

This is an optimal Phase I tableau. We now drop the a3 column and eliminate the variable x3 from the Phase II row 0 (z ‑4x1 ‑4x2 ‑ x3 = 0) this yields z ‑ 10x1/3 ‑ 11x2/3 ‑e3/3 = 1, indicating that the current tableau is optimal. Thus the optimal solution to the LP is z = 1, x2 = x1 = 0, x3 = 1.

SECTION 4.14
1.
Let it = it' ‑ it'' be the inventory position at the end of month t. For each constraint in original problem replace it by it' ‑it''. Also add the sign restrictions it'0 and it''0. To ensure that demand is met by end of Quarter 4 add sign restriction i4'‑i4''0. Change the terms involving it in objective function to 100i1' + 110i1'' + 100i2' + 110i2'' + 100i3' + 110i3'' + 100i4' + 110i4''.

2.
Let x2 = x2' ‑ x2'' where x2'0 and x2''0. Applying the simplex we obtain

z    x1   x2'    x2''   s1     s2     RHS

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

1    ‑2   ‑1      1      0     0      0

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     3    1     ‑1      1     0      6

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     1    1     ‑1      0     1      4

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

1     0   ‑1/3   1/3    2/3    0      4

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     1    1/3  ‑1/3    1/3    0      2

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     0    2/3  ‑2/3   ‑1/3    1      2

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

z    x1   x2'    x2''   s1     s2     RHS

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

1     0     0     0     1/2   1/2     5

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     1     0     0     1/2  ‑1/2     1

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     0     1    ‑1    ‑1/2   3/2     3

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

This is an optimal tableau with optimal solution z  
= 5, x1 = 1, x2' = 3, x2'' = 0, s1 = s2 = 0. Thus   
the optimal solution has x2 = 3‑0 = 3.

4. max z = z' + z''

  s.t.    4x1 + x24

          2x1 ‑ x2
          2x1 ‑ 3x2 = z' ‑ z''

         All variables non‑negative

First note that in any basic feasible solution, z'   
and z'' cannot both be positive. Then observe that  
if 2x1 ‑ 3x2>0, then z'' = 0 and the objective     
function will equal z' + z'' = z' = 2x1 ‑ 3x2 =    
|2x1 ‑ 3x2| while if 2x1 ‑ 3x2<0, z' = 0 and z'' =  
|2x1 ‑ 3x2| so the objective function will equal

     z' + z'' = z'' = |2x1 ‑ 3x2|

SECTION 4.16
2.
Let xi = Number of lots purchased from supplier i.

      min z = 10s1‑  +  6s2‑  +  4s3‑  +  s4+  

s.t 60x1 + 50x2 + 40x3 + s1‑ ‑ s1+ = 5,000         
(Excellent Chips)

20x1 + 35x2 + 20x3 + s2‑ ‑ s2+  = 3,000 (Good      
Chips)

20x1 + 15x2 + 40x3 + s3‑ ‑ s3+  = 1,000 (Mediocre   
Chips)

     400x1 + 300x2 + 250x3 + s4‑ ‑s4 +  = 28,000 (Budget   
Constraint)

     All variables nonnegative

If we assign priorities in the following order: budget, excellent, good, and mediocre, the goal programming algorithm yields the following optimal solution x1 = 0, x2 = 280/3, x3 = 0. All goals are met except for the excellent chip goal(within the budget constraints there is no way to meet the excellent chip goal).

3.
Let x1 = Number of purchased color TV's and x2 =   
Number of purchased VCR's. The preemptive goal     
programming model is 

     min z = P1s1+ + P2s2‑ + P3s3+
s.t. 300x1 + 200x2+ s1‑ ‑ s1+ = 20,000 (Purchase    

 
Constraint)

150x1 + 100x2 + s2‑ ‑ s2+ = 11,000 (Profit      
Constraint)

3x1 + x2 + s3‑ ‑ s3+ = 200 (Storage             
Constraint)

All Variables nonnegative

 
If the second priority goal were changed to make   
profits exactly equal to $11,000, then a term P2s2+  
should be added to the objective function.

7.
Let xim = Number of students taking marketing from professor i; xif = number of students taking finance from professor i; xip = number of students taking production from professor i; xis = number of students taking statistics from professor i. Then we wish to solve the following problem:


min s1- + s2- + s3- + s4-

st  7x1m + 7x2m + 3x3m + 5x4m + s1- - s1+ = 1200

    5x1f + 8x2f + 5x3f + 5x4f + s2- - s2+ = 1200

    8x1p + 9x2p + 7x3p + 6x4p + s3- - s3+ = 1200


 2x1s + 4x2s + 9x3s + 7x4s + s4- - s4+ = 1200


x1m + x2m + x3m + x4m = 200


x1f + x2f + x3f + x4f = 200


x1p + x2p + x3p + x4p = 200


x1s + x2s + x3s + x4s = 200


x1m + x1f + x1p + x1s = 200


x2m + x2f + x2p + x2s = 200


x3m + x3f + x3p + x3s = 200

   x4m + x4f + x4p + x4s = 200


All variables nonnegative

8.
Let

IS1 = In‑state nerds with 700 SAT, IS2 = In‑state non‑nerds with 700 SAT, IS3 = In‑state nerds with 600 SAT, IS4 = In‑state non‑nerds with 600 SAT, IS5 = In‑state nerds with 500 SAT, IS6 =In‑state non‑nerds with 500 SAT, OS1 = Out‑of‑state nerds with 700 SAT, OS2 = Out‑ of‑ state non‑nerds with 700 SAT, OS3 = Out‑of‑state nerds with 600 SAT, OS4 = Out‑of‑state non‑nerds with 600 SAT, OS5 = Out‑of‑state nerds with 500 SAT, OS6 = Out‑of‑state non‑nerds with 500 SAT.


Then appropriate formulation is


min z = P1s1‑ + P2s2‑ + P3s3‑ + P4s4‑
st IS1 + IS2 + IS3 + IS4 + IS5 + IS6 + OS1 + OS2 + OS3 + OS4

+OS5 + OS6 + s1‑ ‑ s1+ = 5000 (At least 5000 students)

60(IS1 + IS2 + OS1 + OS2) ‑ 40(IS3 + IS4 + OS3 + OS4) ‑140 (IS5 + IS6 + OS5 + OS6) + s2‑ ‑ s2+ = 0 (Avg., SAT640)

‑.25(IS1 + IS2 + IS3 + IS4 + IS5 + IS6) + .75(OS1 + OS2 + OS3 + OS4 + OS5 + OS6) + s3‑ ‑ s3+ = 0 (At least 25% out‑of‑state)

IS2 + IS4 + IS6 + OS2 + OS4 + OS6 + s4‑ ‑ s4+ = 2000 (at least 2000

non‑nerds)

IS11500, IS2400, IS31300, IS4700, IS5500, IS6500, OS1350, OS250, OS3400, OS4400, OS5400, OS6600

All variables nonnegative

All goals can be met except the non‑nerd goal. When the first three goals are met only at most 1850 non‑nerds can be admitted.

\ SECTION 5.2
1a. 4250 ‑ 5(75) = $3875.  Note we are in allowable range because land can decrease by up to 6.667 acres.

1b. Optimal solution is still to plant 25 acres of wheat and 20 acres of corn and use 350 labor hours.

New Profit = 130(25) + 200(20) ‑ 10(350) = $3750 or New Profit=Old Profit ‑20 (25) = $3750 (This follows because profit coefficient for AI is decreased by 20 and AD=30)

1c. Allowable Decrease = SLACK =15 and Allowable Increase = Infinity. 130 bushels is in allowable range so solution remains unchanged.

2a. Decision variables remain the same.

    New z‑Value = Old z‑value+10(88) = $33,420

2b. Relevant Shadow Price is ‑$20. Current basis remains optimal if demand is decreased by up to 3 cars, so Dual Price may be used to compute new z‑value.

    New Profit = $32,540 + (‑2) (‑20) = $33,580.

3a. We are within the allowable decrease for brownies so the decision variables remain unchanged. Since no brownies are eaten minimum cost is still 90¢.

3b. We are within allowable increase for cola soda so we eat same diet and new cost is 3(20) + 1(35) = 95¢.

3c. Allowable increase for chocolate is 4 so we are o.k. and New z‑value=90 ‑ (2)(‑2.5) = 95¢.

3d. We are within allowable increase for calories so New z‑ value = 90 ‑ (100) (0) = 90¢.

3e. Allowable decrease for sugar is 4 so New z‑value = 90‑ (‑1) (‑7.5) = 82.5¢.

3f. Pineapple cheesecake must become cheaper by 50¢ = reduced cost.  Thus, if a piece of cheesecake costs ( 30¢ we will eat some cheesecake.

3g. Brownie must become 27.5¢ = reduced cost cheaper.  Thus, if brownie costs ( 22.5¢ we will eat some brownies.

3h. Allowable Increase = SURPLUS = 5 and Allowable Decrease = Infinity. If 10 ounces of fat are required we are in allowable range, so decision variables and costs remain unchanged.

SECTION 5.3 

1. Since we are not using all the steel that is currently available, Carco would pay $0 for another ton of steel.  Also can see this since Row 5 shadow price is 0.

2. Cannot answer this question because current basis is no longer optimal if one more machine is available.

3. If you were given an extra ounce of chocolate, this would reduce cost by 2.5 cents, so you would be willing to pay up to 2.5 cents for an ounce of chocolate. 

SECTION 6.4
1. Both BR and PC have nonzero reduced costs. Since both the BR and PC objective function coefficients are within the allowable range, the current basis remains optimal.

2. Since the objective function coefficient for BR is outside its allowable range, the current basis is no longer optimal.

3. Both the fat and calorie constraints are nonbinding. Since the new calories requirement is outside its allowable range, the current basis is no longer optimal.

4. Both the fat and calorie constraints are nonbinding. The new fat and calorie constraints are each within their allowable range so the current basis remains optimal.

5. We need to use the 100% Rule. Since

 30‑15    80‑60

‑‑‑‑‑‑ + ‑‑‑‑‑‑ = .90(1 the current basis remains       30
50
optimal.

6. Use the 100% rule. Since

8‑6   500‑60

‑‑‑ + ‑‑‑‑‑‑‑ = .50(1 the current basis remains

4        (   
optimal.

SECTION 6.5
1.         min w =  y1 + 3y2 + 4y3
          s.t.     ‑y1 + y2 + y3(2

                    y1 + y2 ‑ 2y3(1

                    y1, y2, y3(0

2.        max z = 4x1 + x2 + 3x3
          s.t.    2x1 + x2 +  x3(1

                   x1 + x2 + 2x3(‑1

                   x1, x2, x3(0

3.        min w = 5y1 + 7y2 + 6y3 + 4y4
          s.t.     y1 + 2y2 + y4 (4

                   y1 +  y2 + 2y3 = ‑1

                   y3 +  y4 = 2

                 y1, y2(0, y3(0 y4 u.r.s.

4.        max z = 6x1 + 8x2
          s.t.     x1 + x2(4

                  2x1 ‑ x2(2

                  2x2 = ‑1

                   x1(0  x2 u.r.s.

SECTION 6.12
1. From printouts we find that only School 4 is inefficient. We find that .065(School 2 Inputs) + 1.21(School 3 Inputs) =
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Thus composite school uses 5% less of Inputs 1 and 2.

.065(School 2 Outputs) + 1.21(School 3 Outputs) =
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Thus composite school can produce 55% better reading with fewer inputs.

Problem 1 School 4 Printout

MAX 9T1+9T2+9T3

ST

-9T1-7T2-6T3+13W1+4W2+.05W3>0

-10T1-8T2-7T3+14W1+5W2+.05W3>0

-11T1-7T2-8T3+11W1+6W2+.06W3>0

-9T1-9T2-9T3+15W1+8W2+.08W3>0

T1>.0001

T2>.0001

T3>.0001

W1>.0001

W2>.0001

W3>.0001

15W1+8W2+.08W3=1

END

LP OPTIMUM FOUND AT STEP      6

        OBJECTIVE FUNCTION VALUE

        1)     0.9484789

  VARIABLE        VALUE          REDUCED COST

        T1         0.000100          0.000000

        T2         0.105187          0.000000

        T3         0.000100          0.000000

        W1         0.047177          0.000000

        W2         0.000100          0.000000

        W3         3.644364          0.000000

       ROW   SLACK OR SURPLUS     DUAL PRICES

        2)         0.058110          0.000000

        3)         0.000000         -0.065455

        4)         0.000000         -1.210909

        5)         0.051521          0.000000

        6)         0.000000         -4.974545

        7)         0.105087          0.000000

        8)         0.000000         -1.145455

        9)         0.047077          0.000000

       10)         0.000000          0.000000

       11)         3.644264          0.000000

       12)         0.000000          0.949091

SECTION 7.1
1.   
Cust. 1
Cust. 2
Cust. 3

	Warehouse 1


	15
	35
	25
	40

	Warehouse 2


	10
	50
	40
	30

	Shortage


	90
	80
	110
	20


        

30

30

30

2. 
C1
C2
C3
DUMMY


	W1


	15
	35
	25
	0
	40

	W2


	10
	50
	40
	0
	30

	W1 EXTRA


	115
	135
	125
	0
	20

	W2 EXTRA


	110
	150
	140
	0
	20



30
30
30
20

5.  
Month 1
Month 2


	Daisy
	800
	720
	0
	5

	Laroach
	710
	750
	0
	5


                3

4

3

SECTION 7.2
1. By NW corner method we obtain following bfs for Problem 1:

	30
	10
	
	40

	
	20
	10
	30

	
	
	20
	20


     
30  
30  
30

By NW corner method we obtain the following bfs for Problem 2:

               C1     C2          C3      DUMMY

	W1
	15

30
	35

10
	25
	0
	40

	W2
	10
	50

20
	40

10
	0
	30

	W1 EXTRA
	115
	135
	125

20
	0

0
	20

	W2 EXTRA
	110
	150
	140
	0

20
	20


      
30      30       
30      
20

By NW corner method we obtain following bfs for Problem 3:

     
M1   
M2   
M3   
M4   
M5   
M6   
DUMMY

	1R
	200
	
	
	
	
	
	
	200

	1O
	0
	100
	
	
	
	
	
	100

	2R
	
	160
	40
	
	
	
	
	200

	2O
	
	
	100
	
	
	
	
	100

	3R
	
	
	100
	100
	
	
	
	200

	3O
	
	
	
	100
	
	
	
	100

	4R
	
	
	
	140
	60
	
	
	200

	4O
	
	
	
	
	100
	
	
	100

	5R
	
	
	
	
	30
	150
	20
	200

	5O
	
	
	
	
	
	
	100
	100

	6R
	
	
	
	
	
	
	200
	200

	6O
	
	
	
	
	
	
	100
	100



200   
260 
240  
340  
190  
150  
420

SECTION 7.3
1. We begin with the bfs obtained in Section 7.2

v's     
15   
35  
25

u's

	0
	15

30
	35

10
	25
	40

	15
	10
	50

20
	40

10
	30

	85
	90
	80
	110

20
	20


            
30    
30     
30           

      _

Since c32=40 we enter x32 into basis. The loop involving x32 and some of the basic variables is (3, 2) ‑ (2, 2) ‑ (2, 3) ‑ (3, 3). x33 exits yielding the following bfs

     v's   15        35       25

u's         

	0
	15

30
	35

10
	25
	40

	15
	10
	50

0
	40

30
	30

	45
	90
	80

20
	110
	20



30     
30    
30           

      _

Since c21=20 we enter x21 into the basis. The loop involving x21 and some of the basic variables is (2,1)‑(1,1)‑(1,2)‑(2,2). After 

x22 exits we obtain the following bfs:

     v's  
15     
35     
45

u's         

	0
	15

30
	35

10
	25
	40

	-5
	10

0
	50
	40

30
	30

	45
	90
	80

20
	110
	20



30     
30    
30           

    _

Now c13=20 so we enter x13. The relevant loop is (1, 3) ‑ (2, 3) ‑ (2, 1) ‑ (1, 1). After x11 exits we obtain the following bfs:

     v's  
‑5     
35     
25

u's         

	0
	15
	35

10
	25

30
	40

	15
	10

30
	50
	40

0
	30

	45
	90
	80

20
	110
	20



30     
30    
30           

   This is an optimal tableau. Thus 10 units should be sent from Warehouse 1 to Customer 2, 30 units from Warehouse 1 to Customer 3, 30 units from Warehouse 2 to customer 1. 20 units of Customer 2's demand will be unsatisfied.

SECTION 7.5
1. We use a cost of M to rule out forbidden assignments and add a dummy job (Job 5) to balance the problem. Assigning a person to the dummy job has a 0 cost.

                    Job

               1    2    3    4    5

Row Min

	
	1
	22
	18
	30
	18
	0
	0

	
	2
	18
	M
	27
	22
	0
	0

	Person
	3
	26
	20
	28
	28
	0
	0

	
	4
	16
	22
	M
	14
	0
	0

	
	5
	21
	M
	25
	28
	0
	0


Column Min    
16  
18   
25   14   
0

Since all Row minima are 0 we proceed to the column minima. The reduced cost matrix is

                     Job

          

1      
2      
3      
4       
5  

	
	1
	6
	0
	5
	4
	0

	
	2
	2
	M
	2
	8
	0

	Person
	3
	10
	2
	3
	14
	0

	
	4
	0
	4
	M
	0
	0

	
	5
	5
	M
	0
	14
	0


Only 4 lines (we have used Row 1, Row 4, Col. 3 and Col. 5) are needed to cover all 0's in this matrix. The smallest uncovered element is 2 so we subtract 2 from all uncovered costs and add 2 to all twice covered costs. The resulting matrix is

                            Job

            
1     
2    
3  
4 
5

	
	1
	6
	0
	7
	4
	2

	
	2
	0
	M
	2
	6
	0

	Person
	3
	8
	0
	3
	12
	0

	
	4
	0
	4
	M
	0
	2

	
	5
	3
	M
	0
	12
	0


5 lines are needed to cover the 0's so an optimal solution is available: x12=1, x21=1, x35=1, x44=1, x53=1. Thus Person 3 is not assigned a job and a total time of 18+18+14+25=75 time units is required to complete all the jobs.

4. Cost matrix and optimal assignments (denoted by *) are as follows:   

                            Job




Person
1    2     3    
4   
Dummy

1        50    46    42   
40*     0

2        51*   48    44   
1000    0

2’       51    48    44* 
1000    0

3       1000   47    45    
45    

0

3’      1000   47    45    
45    
0

Note: 1000 rules out prohibited assignment. Total cost = 182

MP SECTION 11.1
                       Row Min

         ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

1.          2    2     2

         ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

            1    3     1

         ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Col. Max     2   3

Since max (row min) = min (column max) = 2, row choosing row 1 and column choosing column 1 is a saddle point. Value of the game is 2 units to the row player.

2.                                 Row Min

                  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

                    4  5  5   8  4

                  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

                    6  7  6   9  6

                  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

                    5  7  5   4  4

                  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

                    6  6  5   5  5

                  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Column Max          6  7  6  9  

     Since max (row min) = min (col max) = 6, row choosing row 2 and column choosing column 1 or column 3 are saddle points. Value of game is 6 units to the row player.

3. Since the Witch wants to maximize the length of Max's route, we let the Witch be the row player. We obtain the following reward matrix:

                                 Max Goes To

Witch Leaves Unblocked      Atlanta        Nashville   Row Min

                          ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑---------

Atl‑St.L and Nash.‑St. L.   1600           1800         1600

                          ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑---------

Atl.‑NO and Nash.‑St. L     1700           1800         1700

                          ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑---------

Atl.‑St. L and Nash.‑NO     1600           1400         1400

                          ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑---------

Atl.‑NO and Nash.‑NO        1700           1400         1400

                          ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑---------

Column Maximum              1700           1800

     Since max(row min) = min(column max) = 1700 we find that Max going to Atlanta and the Witch leaving the Atlanta‑New Orleans and Nashville‑St. Louis roads unblocked (or blocking Atlanta‑St. Louis and Nashville‑New Orleans) is a saddle point. Total length of Max's trip will be 1700 miles.

MP SECTION 11.2
1. Since the third column is dominated by either of the first two columns we need only solve the following game:

               _______

                1   2

               ‑‑‑‑‑‑‑

                2   0

               _______

     This game has no saddle point. Let x1 = probability that row chooses row 1 and y1 = probability that column chooses column 1. 

 Row player wants to choose x1 to maximize 

min( x1 + 2(1 ‑ x1), 2x1) = min(2 ‑ x1, 2x1). This maximum occurs 

 where lines y = 2 ‑ x1 and y = 2x1 intersect (at x1 = 2/3), Value  of game to row player is 2 ‑ (2/3) = 4/3.

     Column player chooses y1 to minimize 

max( y1 + 2(1 ‑ y1), 2y1) = max(2 ‑ y1, 2y1). The minimum occurs 

where 2 ‑ y1 = 2y1 or y1 = 2/3. Thus value of game to row player 

is 4/3 and row player's optimal strategy is ( 2/3, 1/3) and the  column player's optimal strategy is ( 2/3, 1/3, 0).

_1097673393.unknown

_1097674769.unknown

_1097904645.unknown

_1097904834.unknown

_1097904964.unknown

_1097905122.unknown

_1099482523.unknown

_1099482585.unknown

_1097905183.unknown

_1097905026.unknown

_1097904879.unknown

_1097904742.unknown

_1097904785.unknown

_1097904695.unknown

_1097674925.unknown

_1097904587.unknown

_1097674924.unknown

_1097674530.unknown

_1097674651.unknown

_1097674712.unknown

_1097674597.unknown

_1097674358.unknown

_1097674474.unknown

_1097674286.unknown

_1097671850.unknown

_1097672181.unknown

_1097673245.unknown

_1097673306.unknown

_1097673120.unknown

_1097671993.unknown

_1097672068.unknown

_1097671922.unknown

_1097670877.unknown

_1097671003.unknown

_1097671749.unknown

_1097670938.unknown

_1097670760.unknown

_1097670783.unknown

_1097669742.unknown

_1097670491.unknown

_1093764708.unknown

