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—. [14%) A manufacturing plant must develop a cost estimate for a customer’s order
for four large turbine shafts. It is estimated that the first shaft will take 100 hours
of shop time, and an 80% learning curve is expected.

(1) [4%] How many labor-hours should the fourth shaft require?

(2) [3%)] How many labor-hours should the whole order for four shafts require?

(3) [3%] If the labor rate is $12.50 per hour and the pricing policy for the
company is to double the labor cost of the order, what is the customer price
for each shaft?

(4) [4%] Trouble is encountered on the order, and it is obvious that the original
estimate was too low because it took 90 labor-hours for the third shaft. The
company wants to approach the customer with a revised price for the order.
What should the new price be for the whole order?

(Hint: T, = T,(nb) and b=log r/log 2 where T} is the labor-hours to produce the
first unit, b is the slope of learning curve, and r is the learning rate
percentage.)
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= [14%] A PC manufacturing company produces, assembles and ships a computer to its cus-
tomer. Suppose there are totally 11 tasks (A, B, ..., K) to be done for each deal, and the
following table defines the preceding tasks (i.e. those tasks needed to be done before task 1)
and time required for each task i (1 € {4, B, ..., K}). Answer the following questions:

[Task T

Preceding Tasks | Processing time (Day)
None

B | None

c |AB
D |c

E |C
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(1) [4%) Draw the PERT diagram for each deal.

(2) [6%] What is the critical path for this deal? What is the minimum number of days
to finish a deal?

(3) [4%) Calculating the critical path is in fact equal to calculating the longest path in the
PERT diagram. It is known that seeking a longest path in a general graph is NP-hard. Is it
possible to find a longest path in a PERT diagram in polynomial time (i.e. the upper bound
in time for calculating a critical path is proportional to a polynomial function of nodes or
arcs in the PERT diagram)? Explain your answer.
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9, [36%) A manager of a bicycle company considers to maintain one dedicated facility or one
flexible facility in U.S. and Mexico, respectively. A dedicated facility can only sell products to
its local market, while a flexible facility can sell products to both local and another markets.
For example, if the manager decides to build a dedicated facility in U.S., while a fiexible
facility in Mexico, then the customers in U.S. can buy bicycles manufactured in either U.S.
or Mexico, while the customers in Mexico can only buy bicycles manufactured in Mexico
Let KF and fcf respectively represent the capacity (i.e. the maximum number of bicycles
manufactured) and the annual fixed cost for a facility of type k € {d, f} in country 1 € {U, M},
where d and f respectively represents for dedicated and flexible facility type, and U and M
respectively represents for United States and Mexico.

Similarly, let vc} represent the variable cost for manufacturing a bicycle in a facility of type
k € {d. f} in country i € {U, M}.

Let e, represent the transportation cost for shipping a bicycle from country 1 to country 7,
where 1,7 € {U, M} (note that there are two possible cases: i = j or i # j). Let r, represents
the unit revenue earned for selling one bicycle in country i. Suppose D, represents the fore-
casted demands needed to satisfy in country

Let y¥ denote whether to run a facility of type k (i.e. y¥ = 1) in country i or not (i.e. ¥ =0)
Let z¥ denote the amount of bicycles manufactured in the facility of type k in country i,

2z, represents the amount of bicycles sold in country j which are transported from country i
(note that there are two possible cases: i = j or 1 # 5)

Now the manager asks you to seck the most profitable way to maintain one facility in
each country, to manufacture and ship bicycles to markets. Answer the following questions:
(1) [4%) Can this integer programming problem be solved by several linear programming
problems? If yes, how to do ti? If no, why not? Explain your answer.

(2) {6%) List all the decision variables for this facility location problem. How many deci-
sion vanables are there for this problem?

(3) [4%] Write the objective function. (hint' profit = revenue - cost)

(4 [4%] Write the capacity constraints associated with each facility of type k in country
4. (hint: amount of bicycles manufactured in a facility cannot exceed its designed capacity)

(S [4%)] Write the constraints that describe only one type (.. either dedicated or flexi-
ble) of facility can be maintained in each country i

(@ [4%) Write the flow balance constraints that describe the relationship between z¥ and
. (hint: amount of bicycles manufactured in country i equal to the amount of bicycled
transported from it)

(71 [4%) Write the constraints that restrict the amount of bicycles transported to a coun-
try j to satisfy (i.e. no less than) its forecasted demand.

(&) [6%] Write the constraints that describe the relation between z,, and y for each i # j
(hint: if a facility of type d is maintained in country 4, then z,, = 0 for j # i, and z, < K%
otherwise, )¢ () 2 < K/ in country i)




