SR REI032 F EAR LA ANEXASL

PR LEEWIRAL Aom(—fE) #HBhERE £ 3 B % [ '
AR ARERGES *kFAABLES (F) WKL

1. (10 %) The follo.wing is a linear programming model P and its dual problem D.

P:Minimize c¢x D: Maximize wb
Subjectto Ax>b Subjectto wA <c
x>0 w>0

Suppose we know that P has an optimal solution; also, we know that the first constraint
of P is redundant (P & % — & PR X% 54060 » TR BIRERA AR SR
84 #x1£ #%). Now, suppose w, is the decision variable in D that corresponds to the first
constraint of P. Then, what is the value of w, in an optimal solution to D? Please design

a small example and use the example to answer this question.

2. (30 %) Consider a scenario in which you are asked to use operations research to deter-
mine the assignment (3§ J&) of a total of 4 courses to a total of B classrooms in a total of
C time periods. Let X, be a 0/1 (i.e. binary) variable which represents the decision of
assigning course a (a could be a Calculus or an English Conversation course) to
classroom b (b could be & 3 £ 1001 4 %) in time period ¢ (¢ could be 9:00 ~ 9:50 on
Monday morning). Then if X, =1, it means course a is assigned to classroom b dur-
ing time period c, and if X, =0, it means course a is not assigned to classroom b dur-
ing time perio'd g,

' 4
a. (10 %) Suppose we have this constraint in the model: ZX abe =1, for any classroom
a=1
b=1,2,..., B and any time period ¢ = 1, 2,..., C. What is the purpose of that con-
straint? (3% P 3% PR B K 6945 B B4 7)) ,
b. (10 %) Please formulate the following requirement as a constraint: “For any course

a, a can only be assigned to just one classroom in any time period.”

c. (10 %) Let M be a set which contains every time period on Monday morning. Sup-

B B
pose we need this constraint (Z ZX & bcj[z ZX azbc] =0 for assigning two spe-
' ' b=l.ceM b=lceM

cial courses a, and a, to classrooms. What is the purpose of that constraint? —

3. (10 %) Does the following model have an optimal solution? If the answer is yes, please |
identify all optimal solutions. If the answer is no, please explain why you think the prob- '
lem does not have an optimal solution.

Minimize 6x; —6x, +2x;
Subject to 2x; +6x, —4x; 210
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4. (5 * 5 =25 points)

A bank has established two counters one for commercial banking and the second for personal
banking. Arrival and service rates at the commercial counter are 6 and 12 per hours respectively.
The corresponding numbers at the personal banking counter are 12 and 24 respectively. Assume
that arrivals occur in Poisson processes and service times have exponential distributions. Assuming
that the two counters operate independently of each other, determine

A. the expected number of waiting customers

B. the mean waiting time at each counter.

Commercial Personal
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i w(1—p)

(2) What is the effect of operating the two queues as a two server queue with arrival rate 18/hr and

service rate 18/hr? Please determine

A. the expected number of waiting customer

B. the mean waiting time at the counter.

C. Is this new system more efficient than the two single-server operations in (1)?

Two-server queue
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5. (10 + 15 =25 points)

A computer device can be either in a busy mode (state 1) processing a task, or in an idle mode
(state 2), when there are no tasks to process. Being in a busy mode, it can finish a task and enter an
idle mode any minute with the probability 0.2. Thus, with the probability 0.8 it stays another
minute in a busy mode. Being in an idle mode, it receives a new task any minute with the
probability 0.1 and enters a busy mode. Thus, it stays another minute in an idle mode with the

probability 0.9. The initial state is idle. Let Xn be the state of the device after n minutes.

A. Find the distribution of X5.

B. Find the steady-state distribution of X,,.




