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(15 %) Consider the following linear programming (LP) model
Minimize ex
subjectto Ax<b
x>0
where A is the coefficient matrix, x is the variable vector (all variables are non-negative),
b is the right-hand-side vector, and ¢ is the cost vector. Suppose we know that x, and
x, are both optimal solutions to this LP model, that is, X, #x,and ex, = ¢x, is the

lowest value for ex.

Is it possible that the above LP model also has a third optimal solution (34 _t LP £ & 7T
RREA F A& ?), that is, is it possible that there exists another vector x,such
that x; #X,,X, #X,, and ¢x, =ex, =cx,? Please answer “yes” or “no” and give a
reason to support your answer. You can illustrate your reasons with numerical
examples, but your reasons cannot be specific numerical examples (7T A T [%5] F 4%
BIREARE & 0 23R B AR LR R4k F).

(15 %) We are writing an airplane scheduling problem as an LP model. For any flight j

(% j #73%), letx; be the time at which it will leave airport X (x; ZALHE j Z AL RHFRI)
and /, be the duration of the flight (¢,  Ai3 j Z A&4T#F ). Note that x; is a decision

variable and ¢, is a parameter. Assume that for safety reasons, before a flight arrives at

its destination, no other flights can leave airport X (2% R 45 s 24 & » £ — Mk
HEH B oA ARG X L MIEL AL T FE).

Given the above safety reasons, we will have “x, —x, ¢, or x, —x, 2 as constraints
for flights 1 and 2 (this is because either flight 1 will leave airport X before flight 2, or

flight 2 will leave airport X before flight 1). But this “or” constraint is not linear.

Consider the following two constraints in which y is a binary variable (i.e., y is either 0
or 1) and M is a very, very big number:
My+x —-x,2t,
Xy =X
Please complete the second constraint with M, y, and ¢,, so that the finished second
constraint is linear and the two constraints have the same effect GFEA M~y ~ BA & ¢, R
T E—BARMA  EEFEAALGE AR ARG HETHEARMKLA
BT x —x, 20, or x,—x, 21 | REIEEEHER).
(20 4+) For the following (primal) LP model, please find an optimal solution for both the
primal and the dual problems.
Minimize 2x, +3x, +4x,
subjectto x, +2x, +x; 23
2x,—x, +3x, 24
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4.(5*%2=10 %)
(1) Define a Queuing System. How would you apply Queuing Theory to regulate traffic lights?

(2) Define a Markov Chain. How would you apply Markov Chain to predict the market share of

competitors?

5.(5%4=204%)

NCU Car Wash is an automatic operation with a single bay. On a typical morning, cars arrive at a
mean rate of nine per hour, with arrivals tending to follow a Poisson distribution. Service time,
including manual drying time, is assumed to be exponentially distributed. Past experience suggests
that the mean service time should average five minutes.

(1) System utilization =

(2) Average number of cars in line and service =

(3) Average time cars spend waiting in line =

(4) Percent of idle time =

6. (5+15=20 %)
A car rental agency has three locations in Chungli City: A, B and C. The agency has a group of
delivery drivers to serve all three locations.

® Of the calls to location A, 30% are delivered in area A, 30% are delivered in B, and 40% are
delivered in C.

® Of the calls to location B, 40% are delivered in areca A, 40% are delivered in B, and 20% are
delivered in C.

® Of the calls to location C, 50% are delivered in area A, 30% are delivered in B, and 20% are

delivered in C.

(1) What is the transition matrix?

(2) What are the long-term probabilities of serving those three locations?
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