MGMT 650 – Management Science and Decision Analysis

Solutions to Sample Questions for Final

1.
a.
x1 = 13.33, x2 = 10, x3 = 0, objective function = 763.33


b.
Constraints 1 and 2 are binding because they have 0 slack.


c.
The current solution will still remain optimal. The value of the objective function would increase by 13.333 times 3, that’s 40.


d.
The current solution will still remain optimal because the RHS (right hand side) of constraint 1 can be increased until 107.143. However since the dual price of this constraint is -0.778, the value of the objective function would decrease by 7.78 (that’s 0.778 times 10).

2. 
a.
x1 = 0, x2 = 80, x3 = 0, objective function = 400


b.
Constraint 3 is binding because it has 0 slack.


c.
Dual prices are 0, 0, and -1.25.



They measure the improvement in the objective function per unit increase in each right-hand side.


d.
2.5 < c1 < (


0 < c2 < 6



5 < c3 < (


As long as the objective function coefficient stays within its range, the current optimal solution point will not change, although the objective function value could.


e.
80 < b1 < (


-( < b2 < 320



280 < b3 < 340



As long as the right-hand side value stays within its range, the currently binding constraints will remain so, although the values of the decision variables could change.  The dual variable values will remain the same.

3. A set of activities in a project, their immediate predecessors and expected times are listed below. A part of the Management Scientist output has also been provided.
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(a) Determine the slack of each activity: slack of an activity can be calculated as LS-ES or LF-EF
A – 3, C – 8, D – 3, F – 0, G – 0, I – 8 

(b) Which activities are critical and why? 

B, E, F, G – because their slacks are 0.
(c) What is the project completion time? 19 days – completion time of activity G and I.
(d) Can activity I be delayed without delaying the project’s completion? Justify your answer.

Yes, it has a positive slack of 8 days and hence can be delayed by a maximum of 8 days without delaying the project.
Note – for such a question, you may be asked to construct a project network diagram.

4.
Let A = 1 if project A is selected, 0 otherwise; same for B, C, D, and E


Max 
12000A + 10000B + 15000C + 5000D + 20000E


s.t.
5A +   3B + 7C + 2D + 15E  (  25



8A + 12B + 5C + 3D +   1E  (  20



C + D ( 1



A,B,C,D,E={0,1}

5. A car rental agency uses 96 boxes of staples a year. It costs $10 to order staples, and carrying costs are $0.80 per box on an annual basis.
Based on the Economic Order Quantity (EOQ) as determined by Management Scientist and other information provided below, answer the following questions?

 INVENTORY POLICY

                   ****************

    OPTIMAL ORDER QUANTITY                        48.99

    ANNUAL ORDERING COST                         $19.60

    TOTAL ANNUAL COST                            $39.19

    MAXIMUM INVENTORY LEVEL                       48.99

    AVERAGE INVENTORY LEVEL                       24.49

    NUMBER OF ORDERS PER YEAR                      1.96

    CYCLE TIME (DAYS)                            186.26

(a) What is the EOQ? 


About 49 boxes (48.99 rounded up)

(b) What is the significance of EOQ?

It is that quantity which minimizes the sum of annual inventory holding/carrying cost and annual ordering cost; in this case, 49 boxes.

(c) What is the annual inventory holding cost at EOQ?

At EOQ, the annual inventory holding cost equals the annual ordering cost (given above). So is the annual inventory holding cost at EOQ is $19.60.

(d) How frequently does the company place order for staples?

Every 186.26 days (given by the cycle time).

(e) What is the annual expenditure for ordering 60 boxes of staples? Is ordering 60 boxes a good idea for this company?

If Q =60, annual ordering cost = (D/Q).C0 = (96/60).10 = $16 which is less than the annual ordering cost at EOQ ($19.60). 

But the annual holding cost = ½ (Q.Ch) = ½(60x0.80) = $24, which is greater than the annual holding cost at EOQ ($19.60).

Thus total annual cost at Q=60 boxes is $16+$24 = $40, but the total cost at EOQ = $39.19. Hence its perhaps a good idea to order 60 boxes (though savings are very small).

The main idea that I want to illustrate here is that a sub-optimal order quantity will result in higher costs.

6. Chapter 8, problem 7 solutions


a.
x1 + x3 + x5 + x6 = 2


b.
x3 - x5 = 0


c.
x1 + x4 = 1


d.
x4  x1


x4  x3

e.
x4  x1


x4  x3


x4  x1 + x3 - 1

7. Open-ended question; hence no solutions are provided.
8. (a) Increasing because the slope of the trend equation F(t) = 1600 + 360t is positive. Enrollments are increasing by 360 students per year.

(b) Forecast for this year: t=5; F(5) = 1600 + 360(5) = 3400.

Forecast for next year: t=6; F(6) = 1600 + 360(6) = 3760.

(c) Given F(t) = 4000, plug it in to the forecast trend equation and solve for t.

4000 = 1600 + 360 t, which gives t = 6.67 years, which corresponds to 2 years from now (remember t=5 corresponds to “now”, t=6 corresponds to 1 year from now, and hence t=6.67 (approx 7) corresponds to 2 years from now).

(d) Error = Actual – Forecast.

For this year, actual enrollment = 3500 (from part (b)); forecast = 3400.

Hence error = 3500 – 3400 = 100.

9. (a) Forecast for period 4 = (10+12+x)/3 = 11.67. Solve for x and get x = 13.01.

(b) Forecast error for period 7 = z = Actual – Forecast = 26 – 19.33 = 6.67

(c) Again, y – 28 = - 10, solving for “y” yields y = 18

(d) 3-month moving average forecast for January 2006 = (y+16+14)/3 =  (18+16+14)/3 = 16 units.

(e) Remember higher weights for most recent periods. Thus,

4-period weighted MA forecast for period 13 = (0.4)14 + (0.3)16 + (0.2)18 + (0.1)28 = 16.8

(f) Forecast obtained in part (e) = 16.8.

Now forecast for period 14 = 
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F13= 16.8; A13=20, alpha = 0.2; Plug in all values and get F14 = 17.44.

10. (a) Decision alternative 2 – a large outlet, because it maximizes the expected profit ($19,500).

(b) Given that state of nature 2 (average market) is certain, recommend decision alternative 2 (large outlet) because it maximizes expected profit.

(c) EVPI = expected payoff under certainty – expected payoff under risk 
Given, EVPI = $6000, expected payoff under risk = $19500. 

Hence expected payoff under certainty = $25,500
11. Let Xij  
= 1 if person i is assigned to job j



 = 0 otherwise


Min
9X1A + 5X1B + 4X1C + 2X1D + 12X2A + 6X2B + 3X2C + 5X2D 



+ 11X3A + 6X3B + 5X3C + 7X3D

s.t.
X1A + X1B + X1C + X1D  =  1



X2A + X2B + X2C + X2D  =  1



X3A + X3B + X3C + X3D  =   1



X1A + X2A + X3A   =  1



X1B + X2B + X3B   =  1



X1C + X2C + X3C   =  1



X1D + X2D + X3D  =  1



All variables are {0,1}
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