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MP CHAPTER 3 SOLUTIONSPRIVATE 

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

5. If there are > and or < constraints, then a problem may have no optimal solution. Consider the problem max z = x st x<1. Clearly, this problem has no optimal solution (there is no largest number smaller than 1!!)

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: image1.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.
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4a. We want to make x1 larger and x2 smaller so we move down and to the right.

4b. We want to make x1 smaller and x2 larger so we move up and to left.

4c. We want to make both x1 and x2 smaller so we move down and to left.

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: image6.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.
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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.

7. If an LP's feasible region is bounded, then the LP must have at least one extreme point that is optimal. Thus if an LP has an optimal solution, we can find an optimal solution to the LP by considering only the LP's extreme points.

8. The LP is infeasible, because no points can satisfy the last two constraints.

9. The optimal z‑value is 45. The corner points (10, 3) and (15, 0) are optimal (as are any points on the line joining them).

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! 

[image: image9.png]%

oF

0.5

%

1.5





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. 

4. Let X1=Number of days spent in mine 1 and X2=Number of days spent in mine 2. Then appropriate LP is

min z=X1+X2

s.t. 2X1+ X2(12

     2X1+3X2(18

     X1(0 X2(0

Graphically we find the optimal solution to be X1=4.5 days X2=3 days, z = 7.5 days. 

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

6. Let Xi=Number of policemen who work for 12 hours and begin during Shift i and Yi=Number of policemen who work for 18 hours and begin during shift i. Beginning times for each shift are

Shift 1=12AM, Shift 2=6 AM, Shift 3=12 PM, Shift 4=6 PM

Then appropriate LP is

min z=48(X1+X2+X3+X4)+84(Y1+Y2+Y3+Y4)

s.t. X1+X4+Y1+Y3+Y4(12

     X1+X2+Y1+Y2+Y4(8

     X2+X3+Y3+Y1+Y2(6

     X3+X4+Y2+Y4+Y3(15

      All variables (0
7. Let PTi = Part-time people starting at I PM and Fi = Full-time people starting at hour I .  Also define INVi = checks that have arrived before hour I and are unprocessed at time I. and Pi = checks processed between time I and time I + 1. Then a correct formulation is

Min z = 160(F10 + F11 + F12) + 75(P2 +P3)

s.t.  INV11 = 5000 – P10

       INV12 = INV11 + 4000 – P11

       INV1 = INV12 + 3000 – P12

       INV2 = INV1 + 4000 – P1

       INV3 = INV2 + 2500 – P2

       INV4 = INV3 + 3000 – P3

       INV5 = INV4 + 4000 – P4

       INV6 = INV5 + 4500 – P5

       INV7 = INV6 + 3500 – P6

       INV8 = INV7 + 3000 – P7
Pi<= 6500 (I = 10, 11, …7)

P10<=5000F10

P11<=5000(F10 + F11)

P12<=5000(F10 + F11 + F12)

P1<=5000(F10 + F11 + F12)

P2<=5000(F10 + F11 + F12 + P2)

P3<=5000(F10 + F11 + F12 + P2 + P3)

P4<=5000(F10 + F11 + F12 + P2 + P3)

P5<=5000(F10 + F11 + F12 + P2 + P3)

P6<=5000(F11 + F12 + P2 + P3)

P7<=5000(F12 + P3)

ALL VARIABLES >=0

Section 3.6 

1. For r = .02 the NPV of Investment 1 is

‑10,000 +24,000/1.02 ‑ 14,000/(1.02)2  =  $73.05.

  For r = .02 the NPV of Investment 2 is

‑6,000 +8,000/1.02 ‑ 1,000/(1.02)2 =  $881.97

  Thus for r = .02 Investment 2 has a larger NPV than Investment 1.

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.

5. Let D = Debt and I = Investment (both measured in millions of dollars). The LP formulation is

max z = .5D- .1I

st      I(1, D(.4I, and I(.8 + D


I, D(0

Graphically solving this LP we find the optimal solution to be D = .4, I = 1 and z = .1. Note that we invest in project with negative NPV because it allows us to issue debt!!

Section 3.7 

1. Graphically, we find the optimal solution to be z = 2500, x1 = 50, x2 = 100.

2. This change increases the value of Jan. 1 Inventory by $5,000. Now Jan. 1 Asset Position = 25,000 + 20x1 + 15x2. Since Jan. 1 Liabilities also increase by $5,000, Constraint 4 is now

         25,000+20x1+15x2
        ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ (2

             16,000

or 20x1 + 15x2(7,000. But we know that 50x1 + 35x2(6,000, so the problem is now infeasible.

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.

3. Let x1 = Dollars invested in bonds.

       x2 = Dollars invested in home loans.

       x3 = Dollars invested in auto loans.

       x4 = Dollars invested in personal loans.

    max z = .10x1 + .16x2 + .13x3 + .20x4
      s.t.      x1 + x2 +  x3 +  x4(500,000(Limited   


Funds)

     

   ‑ x1 x4(0(1) 

               x2 ‑ x3 (0(2)

           ‑.25x1 ‑ .25x2 ‑ .25x3 + .75x4(0(3)

               All variables (0

 The optimal solution is x1 = x2 = x3 = x4 = $125,000, z = $73,750.

4.  S = investment in stocks (in hundreds)

    L = investment in loans (in hundreds)

    max z = 10S + 15L

    s.t.      S +   L(10

              S(.3(S + L) or .7S ‑ .3L(0

              L(4   L, S(0

Graphically we find optimal solution to be L = 7(hundred) S = 3(hundred) and z = 135.

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

7. Let xij = ounces of chemical i used to produce drug j

max z = 6(x11 + x21) + 5(x12 + x22) ‑6(x11 + x12) ‑ 4(x21 + x22)

st        x11 + x21(40 (Drug 1)

          x12 + x22(30 (Drug 2)

          x11 + x12(45 (Chemical 1)

          x21 + x22(40 (Chemical 2)

x11/(x11+x21)(.7 or .3x11(.7x21

x22/(x12+x22)(.6 or .4x22(.6x12

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 

10. Let Mi = Tons of coal shipped from Mine i and Xij = Tons of coal shipped from Mine i to Customer j. Here is appropriate formulation in LINDO.

  MIN     50 M1 + 55 M2 + 62 M3 + 4 X11 + 6 X12 + 8 X13 + 12 X14 + 9 X21

       + 6 X22 + 7 X23 + 11 X24 + 8 X31 + 12 X32 + 3 X33 + 5 X34

  SUBJECT TO

         2)   M1 <=   120

         3)   M2 <=   100

         4)   M3 <=   140

         5)   X11 + X21 + X31 =    80

         6)   X12 + X22 + X32 =    70

         7)   X13 + X23 + X33 =    60

         8)   X14 + X24 + X34 =    90

         9)   0.08 M1 + 0.06 M2 + 0.04 M3 <=   15

        10)   0.05 M1 + 0.04 M2 + 0.03 M3 <=   12

        11)   M1 - X11 - X12 - X13 - X14 =    0

        12)   M2 - X21 - X22 - X23 - X24 =    0

        13)   M3 - X31 - X32 - X33 - X34 =    0

  END

 We find the LP has no feasible solution, because the 5% ash constraint cannot be met. 

11. Let Xi = Pounds of chemical i used to produce 1000 pounds of drug. Then the correct formulation in  LINDO follows:
MIN     8 X1 + 10 X2 + 11 X3 + 14 X4

  SUBJECT TO

         2)   0.03 X1 + 0.06 X2 + 0.1 X3 + 0.12 X4 >=   80

         3)   0.02 X1 + 0.04 X2 + 0.03 X3 + 0.09 X4 >=   40

         4)   0.009999999 X1 + 0.009999999 X2 + 0.04 X3 + 0.04 X4 >=   20

         5)   X1 + X2 + X3 + X4 =    1000

         6)   X2 >=   100

  END

12. Let S = fraction of money invested in stocks


   T = fraction of money invested in T-Bills


   G = fraction of money invested in gold

From spreadsheet we find the following

Investment     Expected Return        Risk Index

Stocks


10.9               16.9

Gold           

16.9               26.52

T-Bills         
7.43               7.43

The correct formulation in LINDO follows: 
MAX     10.9 S + 16.9 G + 7.43 T

  SUBJECT TO

         2)   16.9 S + 26.52 G + 7.43 T =    15

         3)   S + G + T =    1

         4)   S >=   0.2

         5)   S <=   0.5

         6)   T >=   0.2

         7)   T <=   0.5

         8)   G >=   0.2

         9)   G <=   0.5

  END

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 

14. Let REG = liters of regular produced


   PREM = liters of premium produced


   RREF = liters of Reformate used in regular


   PREF = liters of Reformate used in premium, etc. See the following LINDO formulation 
MAX     29.3625 REG + 31.3025 PR

  SUBJECT TO

         2)   PREF + RREF <=   15572

         3)   RFCG + PFCG <=   15434

         4)   RISO + PISO <=   6709

         5)   RPOL + PPOL <=   1190

         6)   RMTB + PMTB <=   748

         7)   REG - RREF - RFCG - RISO - RPOL - RMTB - RBUT =    0

         8)   PR - PREF - PFCG - PISO - PPOL - PMTB - PBUT =    0

         9)   REG >=   9800

        10)   PR >=   30000

        11) - 90 REG + 98.9 RREF + 93.2 RFCG + 86.1 RISO + 97 RPOL + 117 RMTB

       + 98 RBUT >=   0

        12) - 21.18 REG + 7.66 RREF + 9.78 RFCG + 29.52 RISO + 14.51 RPOL

       + 13.45 RMTB + 166.99 RBUT <=   0

        13) - 10 REG - 5 RREF + 57 RFCG + 107 RISO + 7 RPOL + 98 RMTB

       + 130 RBUT >=   0

        14) - 50 REG + 46 RREF + 103 RFCG + 100 RISO + 73 RPOL + 100 RMTB

       + 100 RBUT >=   0

        15) - 96 PR + 98.9 PREF + 93.2 PFCG + 86.1 PISO + 97 PPOL + 117 PMTB

       + 98 PBUT >=   0

        16) - 21.18 PR + 7.66 PREF + 9.78 PFCG + 29.52 PISO + 14.51 PPOL

       + 13.45 PMTB + 166.99 PBUT <=   0

        17) - 10 PR - 5 PREF + 57 PFCG + 107 PISO + 7 PPOL + 98 PMTB + 130 PBUT

       >=   0

        18) - 50 PR + 46 PREF + 103 PFCG + 100 PISO + 73 PPOL + 100 PMTB

       + 100 PBUT >=   0

        19) - 0.38 REG + RFCG <=   0

        20) - 0.38 PR + PFCG <=   0

  END

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

5. Let A = Total number of units of A produced

       B = Total number of units of B produced

      CS = Total number of units of C produced     
(and sold)

      AS = Units of A sold

      BS = Units of B sold

     max z =  10AS+ 56BS +100CS

     s.t        A + 2B + 3C(40

                A = AS + 2B

                B = BS+ CS

               All variables Nonnegative

6. Let P1 = hours of process 1 and P2 = hours of process 2. Also define Xij = ounces of chemical i used in drug j. Then a correct formulation is

max z = 6(X11 + X21) + 4(X12 + X22)

s.t.    3P1 + 2P2(100 (Raw Mat.)

     
2P1 + 3P2(120 (Labor)

        X11 + X12(3P1 + 3P2

     
X21 + X22(3P1 + P2

     .35X11 ‑ .65X21(0

     .45X12 ‑ .55X22(0

     All variables non‑negative. 

7. Let P1 = pounds of cream cheese produced

       P2 = pounds of cottage cheese produced

       HF = pounds of high fat milk purchased

       LF = pounds of low fat milk purchased

       HFE=

pounds of high fat milk put through        

evaporator

       LFE=
pounds of low fat milk put through evaporator

       HF1=
pounds of high fat milk used to make cream cheese

       LF1=
pounds of low fat milk used to make cream cheese

       C1 = cream input to make cream cheese

       HF2=
pounds of high fat milk used to make cottage cheese

       LF2=
pounds of low fat milk used to make cottage cheese

       C2 =
cream input to make cottage cheese

max z = 1.1P1 + .8P2 ‑.4HFE ‑ .4LFE ‑.4LF ‑ .8HF

s.t.  P1(1000, P2(1000, P1(1500, P2(2000

      P1 = HF1 + LF1 +C1

      P2 = .9(HF2 + LF2 + C2)

      HFE + LFE(2000

      HF1 + LF1 + C1 +HF2 + LF2 + C2(3000

      HF = HFE + HF1 + HF2

      LF = LFE + LF1 + LF2

      C1 + C2 = .3LFE + .6HFE

      .1HF1 ‑ .2LF1(0

      .25HF2 ‑ .05LF2(0

            C1 ‑ .4P1(0

          C2(.2(HF2 + LF2 + C2)

      All variables (0 
8. Let pis = units of product i sold

       p1p = units of product 1 processed further 

       p2p = units of product 2 processed further

       p5L = units of product 5 leftover

       p6L = units of product 6 leftover

       RM = units of raw material purchased   

       p1 = total product 1 produced

       p2 = total product 2 produced   

       p5 = total product 5 produced

       p6 = total product 6 produced 

max z = 7p1s + 6p2s + 4p3s + 3p4s + 20p5s + 35p6s ‑ 4p5L ‑ 3p6L  ‑6RM ‑ 4p1 ‑ 4p2 ‑ 2p3s ‑ p4s ‑ 5p5 ‑5p6

st   p1 = 4RM

     p2 = 2RM

     p3s = RM

     p1s(1200

     p2s(300

     p1 = p1s + p1p

     p2 = p2s + p2p

     p4s = p1p

     p5 = .8p2p

     p6 = .3p2p

     p5 = p5s + p5L

     p6 = p6s + p6L

     p5s(1000

     p6s(800

     RM(3000     

9. Let RMi = pounds of raw material used to        
produce input i i = 1, 2

       Pi = times process i is run

       Li = ounces of input i leftover

       iS = ounces sold of product i i = A, B


   C = ounces of C sold


   D = ounces of D sold 


   WD = ounces of waste disposed of in river

        RM = pounds of raw material purchased

        LA = ounces of product A leftover

        LB = ounces of product B leftover

The correct formulation in LINDO follows:
MAX   - 2 RM1 - 4 RM2 - P1 - 8 P2 + 7 C + 2 D - 6 RM + 18 AS + 24 BS

  SUBJECT TO

         2)   RM1 + RM2 - RM =    0

         3)   2 RM1 - 2 P1 - P2 - 2 C - L1 =    0

         4)   3 RM2 - P1 - 2 P2 - 2 D - L2 =    0

         5)   AS <=   5000

         6)   BS <=   5000

         7) - P1 - 0.8 P2 + 0.8 C + 1.2 D + WD =    0

         8)   WD <=   1000

         9)   2 RM1 + 2 RM2 + 2 P1 + 3 P2 + C + D <=   6000

        10) - P1 + AS + LA =    0

        11) - P2 + BS + LB =    0

  END
10. Let K = number of kilns run for 8 hour shift (fractions are ok)

Si = pounds of grade i sold
Li = pounds of grade i leftover after sales

NPi = pounds of grade i not process

Pi = pounds of grade i produced by kiln that are processed

The correct formulation in LINDO follows:

MAX     12 S1 + 14 S2 + 10 S3 + 18 S4 + 20 S5 + 25 S6 - 150 K - 2 P1

       - P2 - P3 - P4 - 2 P5 - 3 L1 - 2 L2 - 3 L3 - 2 L4 - 4 L5 - 2 L6

  SUBJECT TO

         2)   2 K - P1 - NP1 =    0

         3)   3 K - P2 - NP2 =    0

         4)   K - P3 - NP3 =    0

         5)   1.5 K - P4 - NP4 =    0

         6)   2 K - P5 - NP5 =    0

         7)   3 K - NP6 =    0

         8)   S1 + L1 - NP1 =    0

         9)   S2 + L2 - NP2 =    0

        10)   S3 - 0.3 P1 + L3 - NP3 =    0

        11)   S4 - 0.2 P1 - 0.8 P3 + L4 - NP4 =    0

        12)   S5 - 0.3 P1 - 0.5 P4 + L5 - NP5 =    0

        13)   S6 - 0.2 P1 - P2 - 0.5 P4 - 0.9 P5 + L6 - NP6 =    0

        14)   S1 <=   20

        15)   S2 <=   30

        16)   S3 <=   40

        17)   S4 <=   35

        18)   S5 <=   25

        19)   S6 <=   50

  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

12. Let A = hundreds of liters of A purchased and processed

        B
= hundreds of liters of B produced from A and processed          

        C = hundreds of liters of C from A

        D = hundreds of liters of D from processed C

        iS = hundreds of liters of i sold (i=B,C or D)


   CP = hundreds of liters of C processed

        iL = hundreds of liters of product i left unsold (i=B,C or D)


   The correct LP formulation in  LINDO is as follows: 
MAX     12 BS + 16 CS + 26 DS - 9 A - CP

  SUBJECT TO

         2) - CS - CP + C - CL =    0

         3) - BS + B - BL =    0

         4) - DS + D - DL =    0

         5)   BS <=   30

         6)   CS <=   60

         7)   DS <=   40

         8) - 0.6 A - 0.4 CP + B =    0

         9) - 0.4 A + C =    0

        10) - 0.6 CP + D =    0

        11)   3 A + CP <=   200

  END    
13. Let  Uij = barrels of unpurified oil I used to make gas j, Pij =  barrels of purified oil I used to make gas j,. Gi = barrels sold of gas I , Ci = barrels of crude I used.

Max z = 8G1 + 12G2 -6C1 – 8C2 - .5(P11 + P21 + P12 + P22)

St  

              G1<=4200, G2<=4300

               G1 = U11 + U21 + P11 + P21

               G2 = U12 + U22 + +P12 + P22

               C1 = U11 + P11 + P12 + U12

               C2 = U21 + P21 + U22 + P22

              .10U11 + .05P11 + .02U21 + .01P21<=.04G1

               .10U12 + .05P12 + .02U22 + .01P22<=.03G2

ALL VARIABLES>=0

14. Let G = barrels sold of gas, HO = barrels of heating oil sold, Mi = barrels sent through processing method I ,Gi = barrels gas made from grade I, HOi = heating oil barrels made from grade I,  G6U = barrels grade 6 unprocessed, G8U = barrels grade 8 unprocessed, G6P = Barrels grade 6 processed, G8P = Barrels grade 8 processed, Di = Barrels grade I disposed, DIS = Total barrels disposed, GR10 = Barrels Grade 10 produced by methods 1-3.

MAX Z = 8G + 6HO -3.4M1 – 3M2 -2.6M3 – 1.3G6P – 2G8P - .20DIS

ST

          G6P + G6U = .2M1 + .3M2 +.4 M3 

          G8P + G8U = .2M1 + .3M2 + .4M3

                     GR10 = .6M1 + .4M2 + .2M3

                             G = G6 + G8 + G10

                             HO = HO6 + HO8 + HO10

                             G6U = G6 + HO6 + D6

                     G8U + G6P = G8 + HO8 + D8

                     G8P + GR10 = G10 + HO10 + D10

                      DIS = D6 + D8 + D10

                     G<=2000, HO<=600,

        6G6 + 8G8 + 10G10>=9G

        6HO6 + 8HO8 + 10HO10>=7HO

ALL VARIABLES>=0

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

4. Let XAij = units of product A produced during month  

i on line j



XBij = units of product B produced during month  


i on line j

 IAt  = 
units of product A in inventory at end of   
month t

       IBt = units of product B in inventory at end of  
month t

Note: i = 1 is March, i = 2 is April

  Then a correct formulation is

     min z = .75XA21   + .75XA11 + .80XA12 + .80XA22 + .60XB11 +  .60XB21 + .70XB12 + .70XB22 + .20IA1 + .20IA2 + .20IB1 +.20IB2 

          s.t. .12XB11 + .15XA11(800

               .15XA21 + .12XB21(400

               .16XA12 + .14XB12(2000

               .16XA22 + .14XB22(1200

                ‑XA12 + IA1 ‑ XA11 = ‑4500

                ‑XA21 ‑ XA22 ‑ IA1 +IA2 = ‑8000

                ‑XB11 ‑ XB12 + IB1 = ‑1250

                ‑XB21 ‑ XB22 ‑ IB1 + IB2 = ‑4000

                    IA2(1000

                    IB2(1000

               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   

6. Let st = shirts produced in month t regular time, st' = shirts produced in month t, overtime, pt = pants produced in month t, regular time, pt' = pants produced in month t, overtime.

it = shirt inventory at end of month t

pt = pants inventory at end of month t.

min z = 4(s1+p1+s2+p2) + 8(s1'+p1'+s2'+s2') + 3(i1+i2+p1+p2)

st i1 = 1 + s1 + s1' ‑ 10

   i2 = i1 + s2 + s2' ‑12

   p1 = 2 + p1 + p1' ‑ 15

   p2 = p1 + p2 + p2' ‑ 14

   s1 + p1(25

   s2 + p2(25

   2(s1+s1') + 3(p1+p1')(90

   2(s2+s2') + 3(p2+p2')( 60 + (90‑2s1‑2s1'‑3p1‑3p1')

       All variables(0

7. Let st = pairs of shoes made during quarter t of each year and it = inventory of pairs of shoes at the end of each year

xt = workers getting quarter t off during each year

Minimizing cost per year yields the following objective function

min z = 1500(x1 + x2 + x3 + x4) + 50i1 + 50i2 + 50i3 + 50i4

st s1(50(x2 + x3 + x4)

   s2(50(x1 + x3 + x4)

   s3(50(x1 + x2 + x4)

   s4(50(x1 + x2 + x3)

   i1 = 0 + s1 ‑ 600

   i2 = i1 + s2 ‑ 300

   i3 = i2 + s3 ‑ 800

   i4 = i3 + s4 ‑ 100

   i4 = 0

All variables (0

8. Let Rt = quarter t regular time production

       Ot = quarter t overtime production

       It = quarter t ending inventory (after spoilage)

min z =  40R1 + 40R2 + 4OR3 + 60(O1) + 60(O2) + 60(O3) +  
15I1 + 15I2 + 15I3

st     R1(27, R2(27, R3(27, 

          I1 = .9(20 + .8R1 + .8O1 ‑ 30)

          I2 = .9(I1 + .8R2 + .8O2 ‑ 20)

          I3 = .9(I2 + .8R3 + .8O3 ‑ 40)

          ALL VARIABLES (0

Note that the fact that I1, I2, and I3 are nonnegative ensures that demand for each quarter is met on time.

9. xi = number of workers who get quarter i off

   it = inventory of mixers at end of quarter t

   mt = mixers produced during quarter t

min z = 30(i1 + i2 + i3 + i4) + 30,000(x1 + x2 + x3 +   
x4)

st   i1 = 600 + m1 ‑ 4000, i2 = i1 + m2 ‑ 2000

     i3 = i2 + m3 ‑ 3000, i4 = i3 + m4 ‑ 10,000

     m1(500(x2 + x3 + x4), m2(500(x1 + x3 + x4),

     m3(500(x1 + x2 + x4), m4(500(x1 + x2 + x3)

     All variables (0

Section 3.11
1. The objective function given in Problem 1 `double counts' a portion of the money received by Finco. For example, if $1 is invested in C and the proceeds of this investment is later invested in B the net result would be that $1 has been transformed into $1.80. The objective function in Problem 1, however, implies that these investments would transform $1 into 1.2(1) + 1.2(1.5) = $3, which is incorrect. The reason for the error is that the money included in 1.2(1) is also included in the term 1.2(1.5).

2. The objective function in Problem 2 is just Finco's initial cash position + the sum of the amounts by which each investment increases Finco's cash position. Thus the objective function in Problem 2 is Finco's final cash position.

3. Let A = $ invested in A.

       B = $ invested in B.

       c0 = Leftover cash at Time 0

       c1 = Leftover cash at Time 1

       c2 = Leftover cash at Time 2.

Then a correct formulation is

max z =  c2+1.9B

s.t. A + c0 = 10,000(Time 0 Avail = Time 0 Inv.)

   .2A + c0 = B + c1 (Time 1 Avail. = Time 1 Inv.)

  1.5A + c1 = c2 (Time 2 Avail. = Time 2 Inv.)

  All Variables (0

The optimal solution to this LP is B = c0 = $10,000, 

A = c1 = c2 = 0 and z = $19,000. Notice that it is optimal to `wait' for the `good' investment (B) even though leftover cash earns no interest.

4. Let Ai = Units of bond i bought at ask price and 



Bi = units of bond i sold at bid price

        
Ct = cash on hand after year t payments are      


received (measured in current $)

max z = 980B1 + 970B2 + 960B3 + 940B4 ‑990A1 ‑985A2 ‑   
972A3 ‑ 954A4

st C1
=
100(A1 ‑ B1) + 80(A2 ‑ B2) + 70(A3 ‑ B3) +      

60(A4 ‑ B4)

   C2 = 10C1/9 + {110(A1 ‑ B1) + 90(A2 ‑ B2) + 80(A3 ‑  
B3) + 50(A4 ‑ B4)}

   C3 =
10C2/9 + {1100(A1 ‑ B1) + 1120(A2 ‑ B2) +       
1090(A3 ‑ B3)+ 1110(A4 ‑ B4)}


A1, A2, A3, A4(1000, B1, B2, B3, B4(1000

        All variables (0

5. We assume the following order of events ensues each month.


a. Short-term loan and interest on short and long-term loans are paid. We assume first interest payments on the January short-term and long-term loan are made at beginning of February.


b. New short-term loan (or Long-term Loan) is received


c. Month's cash flow is accounted for

     d. Interest on balance is received

All variables are in thousands of dollars

Let Bt = Month t balance after month t's cash flow is accounted for. t =1, 2, ...,12

    LT = Long-term Loan

    St = Size of month t short-term loan

    B13 = Ending balance after long-term loan and December short-term loan are paid back.


The correct LP in LINDO follows:
SUBJECT TO

         2)   B1 - LT - S1 =  - 12

         3) - 1.004 B1 + 0.009999999 LT + 1.015 S1 + B2 - S2 =  - 10

         4)   0.009999999 LT - 1.004 B2 + 1.015 S2 + B3 - S3 =  - 8

         5)   0.009999999 LT - 1.004 B3 + 1.015 S3 + B4 - S4 =  - 10

         6)   0.009999999 LT - 1.004 B4 + 1.015 S4 + B5 - S5 =  - 4

         7)   0.009999999 LT - 1.004 B5 + 1.015 S5 + B6 - S6 =    5

         8)   0.009999999 LT - 1.004 B6 + 1.015 S6 + B7 - S7 =  - 7

         9)   0.009999999 LT - 1.004 B7 + 1.015 S7 + B8 - S8 =  - 2

        10)   0.009999999 LT - 1.004 B8 + 1.015 S8 + B9 - S9 =    15

        11)   0.009999999 LT - 1.004 B9 + 1.015 S9 + B10 - S10 =    12

        12)   0.009999999 LT - 1.004 B10 + 1.015 S10 + B11 - S11 =  - 7

        13)   0.009999999 LT - 1.004 B11 + 1.015 S11 + B12 - S12 =    45

        14)   B13 + 1.01 LT - 1.004 B12 + 1.015 S12 =    0

  END

6. We use the same variable definitions as in Problem 5 and also define STt = Amount of month t debt that is stretched. Note that we can only stretch if month's cash flow is negative, and we assume that the maximum amount that can be stretched equals the absolute value of the month's cash flow. See the LINDO printout for the solution to the problem. Note that the stretching option is used during several months, but short-term loans are still used.

MAX     B13

  SUBJECT TO

         2)   B1 - LT - S1 - ST1 =  - 12

         3) - 1.004 B1 + 0.01 LT + 1.015 S1 + 1.01 ST1 + B2 - S2 - ST2

       =  - 10

         4)   0.01 LT - 1.004 B2 + 1.015 S2 + 1.01 ST2 + B3 - S3 - ST3 =  - 8

         5)   0.01 LT - 1.004 B3 + 1.015 S3 + 1.01 ST3 + B4 - S4 - ST4

       =  - 10

         6)   0.01 LT - 1.004 B4 + 1.015 S4 + 1.01 ST4 + B5 - S5 - ST5 =  - 4

         7)   0.01 LT - 1.004 B5 + 1.015 S5 + 1.01 ST5 + B6 - S6 =    5

         8)   0.01 LT - 1.004 B6 + 1.015 S6 + B7 - S7 - ST7 =  - 7

         9)   0.01 LT - 1.004 B7 + 1.015 S7 + 1.01 ST7 + B8 - S8 - ST8 =  - 2

        10)   0.01 LT - 1.004 B8 + 1.015 S8 + 1.01 ST8 + B9 - S9 =    15

        11)   0.01 LT - 1.004 B9 + 1.015 S9 + B10 - S10 =    12

        12)   0.01 LT - 1.004 B10 + 1.015 S10 + B11 - S11 - ST11 =  - 7

        13)   0.01 LT - 1.004 B11 + 1.015 S11 + 1.01 ST11 + B12 - S12 =    45

        14)   B13 + 1.01 LT - 1.004 B12 + 1.015 S12 =    0

        15)   ST1 <=   12

        16)   ST2 <=   10

        17)   ST3 <=   8

        18)   ST4 <=   10

        19)   ST5 <=   4

        20)   ST7 <=   7

        21)   ST8 <=   2

        22)   ST11 <=   7

  END

  TITLE PROBLEM 6 SECTION 3-11

 LP OPTIMUM FOUND AT STEP     23

        OBJECTIVE FUNCTION VALUE

        1)     12.558660    

  VARIABLE        VALUE          REDUCED COST

       B13        12.558660           .000000

        B1        18.502960           .000000

        LT        30.502960           .000000

        S1          .000000           .012349

       ST1          .000000           .006736

        B2         8.271942           .000000

        S2          .000000           .012300

       ST2          .000000           .006709

        B3          .000000           .000498

        S3          .000000           .011748

       ST3          .000000           .006182

        B4          .000000           .012065

        S4          .305030           .000000

       ST4        10.000000           .000000

        B5          .000000           .011886

        S5        10.714630           .000000

       ST5         4.000000           .000000

        B6          .000000           .011711

        S6        10.220380           .000000

        B7          .000000           .011538

        S7        10.678720           .000000

       ST7         7.000000           .000000

        B8          .000000           .011367

        S8        18.213930           .000000

       ST8         2.000000           .000000

        B9          .000000           .011199

        S9         5.812167           .000000

       B10         5.795621           .000000

       S10          .000000           .011155

       B11          .000000           .006024

       S11          .000000           .005020

      ST11         1.486227           .000000

       B12        43.193880           .000000

       S12          .000000           .011000

       ROW   SLACK OR SURPLUS     DUAL PRICES

        2)          .000000          1.127144

        3)          .000000          1.122653

        4)          .000000          1.118181

        5)          .000000          1.113230

        6)          .000000          1.096779

        7)          .000000          1.080570

        8)          .000000          1.064601

        9)          .000000          1.048868

       10)          .000000          1.033368

       11)          .000000          1.018096

       12)          .000000          1.014040

       13)          .000000          1.004000

       14)          .000000          1.000000

       15)        12.000000           .000000

       16)        10.000000           .000000

       17)         8.000000           .000000

       18)          .000000           .005484

       19)          .000000           .005403

       20)          .000000           .005244

       21)          .000000           .005167

       22)         5.513773           .000000

 NO. ITERATIONS=      23
7. Let UPi = unpaid balance after month I payment. Let P = monthly payment. Our model will have no objective function, only constraints

UP1 = 1000 – (P-.01(1000))

For  t = 1,2, …59

UPt =UPt-1 – (P-.01(UPt-1))

UP60 = 0.

ALL VARIABLES >=0.

8. Let BSt = ending month t Saks balance, BBt = ending month t Bloomingdale’s balance, BMt = ending month t Macy’s balance. Let PSt = Month t Saks payment, PBt = Month t Bloomingdale’s payment, PMt = Month t Macy’s payment

MIN 
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           PBt + PSt + PMt<=5000 (t= 1,2 ,… 60)

           BS0 = 20000, BS0 = 0 = 50000, 

           BM0 = 40000, BS36=BM36=BS36=0,

            For t = 1, 2, …35

          BSt = BSt-1- (PSt - .005BSt-1)

          BBt = BBt-1 – (PBt - .01BBt-1)

          BMt = BMt-1 – (PMt - .015BMt-1)

ALL VARIABLES >=0

9. Let Pi = Fraction of project I invested in, Bt = Money borrowed at time t, Ct= ending cash position at time t

MAX Z = 5.5P1 +6P3-P2+1.03C2.5-1.035B2.5

ST

C0 = 2-3P1-2P2-2P3+B0

C.5=1.03C0-1.035B0-P1-.5P2-2P3

C1=1.03C.5-1.035B.5+1.8P1+1.5P2-1.8P3

C1.5=1.03C1-1.035B1+1.4P1+1.5P2+P3

C2=1.03C1.5-1.035B1.5+1.8P1+1.5P2+P3

C2.5=1.03C2-1.035B2+1.8P1+.2P2+P3

All Bt<=2

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.

2. Let JAN1 = Number of computers rented at beginning of JAN for one month, etc. Also define IJAN = Number of computers available to meet January demand, etc.  The appropriate LP is

min z = 200(JAN1 + FEB1 + MAR1 + APR1 + MAY1 + JUNE1) + 350(JAN2 + FEB2 + MAR2 + APR2

+MAY2+JUN2)+450(JAN3+FEB3+MAR3+APR3+MAY3+JUN3)‑150MAY3‑300JUN3

‑175JUN2

s.t.  IJAN = JAN1 + JAN2 + JAN3

      IFEB = IJAN ‑ JAN1 + FEB1 + FEB2 + FEB3

      IMAR = IFEB ‑ JAN2 ‑ FEB1 + MAR1 + MAR2 + MAR3

      IAPR = IMAR ‑ FEB2 ‑ MAR1 ‑ JAN3 + APR1 + APR2 + APR3

      IMAY = IAPR ‑ FEB3 ‑ MAR2 ‑ APR1 + MAY1 + MAY2 + MAY3

      IJUN = IMAY ‑ MAR3 ‑ APR2 ‑ MAY1 + JUN1 + JUN2 + JUN3

      IJAN(9

      IFEB(5

      IMAR(7

      IAPR(9

      IMAY(10

      IJUN(5   All variables (0

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
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