Physicians of JIMU health center check up patients during the day at the rate of
one every 15 minutes. Assume the check up time is exponentially distributed.
Itis observed that on the average one patient arrives at the health center in
every 20 minutes according to Poisson distribution to join the single waiting line.
JMU would like to study the current service level at its health center using
M/M/s model in Q.xIs. Assume only one physician is doing the check — ups and
M/M/l Queuing model is used for Questlons 1to7.
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1. What is the probability that more than three and less than six patients arrive
at the health centerin two hours?
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2. Recall that the function for the Poisson distribution has the form =
POISSON(x, mean, cumulative). Enteringthe formula=POISSON(2, 2, TRUE)
in Excel will return a value of 0.6767. Show the standard equation with the
result for the problem and briefly interpret the meaning of it.
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3. What is the probability that a patient will spend more than 10 minutes for
the check up?
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4. What is the Excel@ formula or function to be used to compute the
probability that a patient will spend more than 10 minutes for the check up?
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5. What is the probability that there is more than one patientin the
health center for check -ups?
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6. What is the expected number of patients in the health center?
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7. Suppose the physician receives pay of $100 per hour and the cost of a
patient waiting is estimated to be $1 per minute, what is the total cost per

hour for JIMU to operate its health center?
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Assume all of the information is givenin Table 1:

/
°/hr

» Twoor more physician are doing the check— upsand M/M/s modelis used for Questions 8 to 10

+ Al oftime unitsare in hours and

+ The arrival rate A and the service rate u for M/M/s model may be differentthan that of M/M/1

mode|

Option1 | Option2 | Option3 | Option4 | Option s
Arrival rate 5 5 15 15 15
Service rate 8 8 8 8 8
Numberof servers 1 2 2 3 4
Utilization 62.50% 31.25% 93.75% 62.50% 416.88%
P(0), probability that the systemis empty 0.375 0.5238 0.0323 0.1322 0.1432
Lg, expected queue length 1.0417 0.0676 13.6089 0.6457 0.1276
L, expected number in system 1.6667 0.6926 15.4839 2.5207 2.0026
W, expected time in queue 0.2083 0.0135 0.9073 0.043 0.0085
W, expected total time in system 0.3333 0.1385 1.0323 0.168 0.1335
Probability that a customerwaits 0.625 0.1488 0.9073 0.3874 0.1447
P1 0.2344 0.3274 0.0606 0.2479 0.2798
P2 0.1465 0.1023 0.0568 0.2324 0.2623
P3 0.0916 0.0320 0.0532 0.1452 0.1639
P4 0.0572 0.0100 0.0493 0.0908 0.0768
P5 0.0358 0.0031 0.0468 0.0567 0.0360

. Assume there are 15 patients arrive at the health center per hour.

a. If JMU wants the expected time for a patient to wait in line before being checked to be no

more than 3 minutes, which option(s) should JMU take and why?

b. With three physicians do check — ups, what is the probability that more than one patient is

waiting in line?
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8. Assume there are 15 patients arrive at the health center per hour.
a. If JMU wants the expected time for a patient to wait in line before being checked to
be no more than 3 minutes, which option(s) should JMU take and why?
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8. Assume there are 15 patients arrive at the health center per hour.
b. With three physicians do check — ups, what is the probability that more than one
patient is waiting in line?
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9. if IMU wants to minimize the hourly total operating cost with the arrival rate A
of 15 patients per hour, which option should the bank take and why?
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10. (13 points) Asin the table for the option 4, P; =0.1322 fors = 3 (three physicians do the check —
5 -1
ups). Use the M/M/s queuing equation 2, = [ES B [j':q + [A":J i_)] to confirm the value of
0.1332.
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