(14-15) The wheat harvesting season in the American Midwest is short, and most farmers deliver their truckloads of wheat to a giant central storage bin within a two-week span. Because of this, wheat-filled trucks waiting to unload and return to the fields have been known to back up for a block at the receiving bin. The central bin is owned cooperatively, and it is to every farmer's benefit to make the unloading/storage process as efficient as 'possible. The cost of grain deterioration caused by unloading delays, the cost of truck rental, and idle driver time are significant concerns to the cooperative members. Although farmers have difficulty quantifying crop damage, it is easy to assign a waiting and unloading cost for truck and driver of $18 per hour. The storage bin is open and operated 16 hours per day; 7 days per week, during the harvest season and is capable of unloading 35 trucks per hour according to an exponential distribution. Full trucks arrive all day long (during the hours the bin is open) at a rate of about 30 per hour, following a Poisson pattern. 

To help the cooperative get a handle on the problem of lost time while trucks are waiting in line or unloading at the bin, find the 

(a) Average number of trucks in the unloading system. 

(b) Average time per truck in the system.
(c) Utilization rate for the bin area.

(d) Probability that there are more than three trucks in the system at any given time. 

(e) Total daily cost to the farmers of having their trucks tied up in the unloading process. 

The cooperative, as mentioned, uses the storage bin only two weeks per year. Farmers estimate that enlarging the bin would cut unloading costs by 50% next year. It will cost $9,000 to do so during the off-season. Would it be worth the cooperative's while to enlarge the storage area?
(14-19) Juhn and Sons Wholesale Fruit Distributors employ one worker whose job is to load fruit on outgoing company trucks. Trucks arrive at the loading gate at an average of 24 per day, or 3 per hour, according to a Poisson distribution. The worker loads them at a rate of 4 per hour, following approximately the exponential distribution in service times. Determine the operating characteristics of this loading gate problem. What is the probability that there will be more than three trucks either being loaded or waiting? Discuss the results of your queuing model computation.

(14-20) Juhn believes that adding a second fruit loader will substantially improve the firm's efficiency. He estimates that a two-person crew, still acting like a single-server system, at the loading gate wills double the loading rate from 4 trucks per hour to 8 trucks per hour. Analyze the effect on the queue of such a change and compare the results with those found in Problem 14-19.
(14-22) Juhn and Sons Wholesale Fruit Distributors (of Problem 14-19) are considering building a second platform or gate to speed the process of loading their fruit trucks. This, they think, will be even more efficient than simply hiring another loader to help out the first platform (as in Problem 14-20). Assume that workers at each platform will be able to load 4 trucks per hour each and that trucks will continue to arrive at the rate of 3 per hour. Find the waiting line's new operating conditions. Is this new approach indeed speedier than the other two considered?
(15-14) Clark Property Management is responsible for the 4 maintenance, rental, and day-to-day operation of a large apartment complex on the east side of New Orleans. George Clark is especially concerned about the cost projections for replacing air conditioner compressors. He would like to simulate the number of compressor failures each year over the next 20 years. Using data from a similar apartment building he manages in a New Orleans suburb, Clark establishes a table of relative frequency of failures during a year as shown in the following table:
	Number of A.C. Compressor Failures
	Probability (Relative Frequency)

	0
	0.06

	1
	0.13

	2
	0.25

	3
	0.28

	4
	0.20

	5
	0.07

	6
	0.01


He decides to simulate the 20-year period by selecting two-digit random numbers from the third column of Table 15.5, starting with the random number 50. Conduct the simulation for Clark. Is it common to have three or more consecutive years of operation with two or fewer compressor failures per year?
(15-15) The number of cars arriving per hour at Lundberg's Car Wash during the past 200 hours of operation is observed to be the following:
	Number of Cars Arriving
	Frequency

	3 or less
	0

	4
	20

	5
	30

	6
	50

	7
	60

	8
	40

	9 or more
	0

	
	Total 200


(a) Set up a probability and cumulative probability distribution for the variable of car arrivals.

(b) Establish random number intervals for the variable.

(c) Simulate 15 hours of car arrivals and compute the average number of arrivals per hour. Select the random numbers needed from the first column of Table 15.5, beginning with the digits 52.
Table 15:5 – First Column
	52

	37

	82

	69

	98

	96

	33

	50

	88

	90

	50

	27

	45

	81

	66

	74

	30

	59

	67

	60

	60

	80

	53

	69

	37


(15-16) Compute the expected number of cars arriving in Problem 15-15 using the expected value formula. Compare this with the results obtained in the simulation.

(15-17) Refer to the data in Solved Problem 15-1, which deals with Higgins Plumbing and Heating. Higgins has now collected 100 weeks of data and finds the following distribution for sales:
	Hot Water Heater Sales Per Week
	Number of Weeks This Number Was Sold

	3
	2

	4
	9

	5
	10

	6
	15

	7
	25

	8
	12

	9
	12

	10
	10

	11
	5


(a) Resimulate the number of stockouts incurred over a 20-week period (assuming Higgins maintains a constant supply of 8 heaters).

(b) Conduct this 20-week simulation two more times and compare your answers with those in part (a). Did they change significantly? Why or why not?

(c) What is the new expected number of sales per week?
Table 15.11
	Daily Uploading Rate
	Probability
	Cumulative Probability
	Random Number Interval

	1
	0.05
	0.05
	01 to 05

	2
	0.15
	0.20
	06 to 20 

	3
	0.50
	0.70
	21 to 70 

	4
	0.20
	0.90
	71 to 90

	5
	0.10
	1.00
	91 to 00

	
	1.00
	
	


(15-18) An increase in the size of the barge unloading crew at the Port of New Orleans (see Section 15.5) has resulted in a new probability distribution for daily 'unloading rates. In particular, Table 15.11 may be revised as shown here:
	Daily Uploading Rate
	Probability

	1
	0.03

	2
	0.12

	3
	0.40

	4
	0.28

	5
	0.12

	6
	0.05


Table 15.5 – Bottom Row
	37

	77

	13

	10

	02

	18

	31

	19

	32

	85

	31

	94

	81

	43

	31

	58

	33

	51


(a) Resimulate 15 days of barge unloadings and compute the average number of barges delayed, average number of nightly arrivals, and average number of barges unloaded each day. Draw random numbers from the bottom row of Table 15.5 to generate daily arrivals and from the second-from the-bottom row to generate daily unloading rates.

(b) How do these simulated results compare with those in the chapter?
Table 15.14
	Repaired Time Required
	Number of Times Observed
	Probability
	Cumulative Probability
	Random Number Interval

	1
	28
	0.28
	0.28
	01 to 28

	2
	52
	0.52
	0.80 
	29 to 80

	3
	20
	0.20
	1.00 
	81 to 00

	Total
	100
	1.00
	
	


(15-25) Stephanie Robbins is the Three Hills Power Company management analyst assigned to simulate maintenance costs. In Section 15.7 we describe the simulation of 15 generator breakdowns and the repair times required when one repairperson is on duty per shift. The total simulated maintenance cost of the current system is $4,320. Robbins would now like to examine the relative cost-effectiveness of adding one more worker per shift. The new repairperson would be paid $30 per hour, the same rate as the first is paid. The cost per breakdown hour is still $75. Robbins makes one vital assumption as she begins-that repair times with two workers will be exactly one-half the times required with only one repairperson on duty per shift. Table 15.14 can then be restated as follows:
	Repair Time Required (Hours)
	Probability

	½
	0.28

	1
	0.52

	1 ½
	0.20

	
	1.00


(a) Simulate this proposed maintenance system change over a 15 generator breakdown period. Select the random numbers needed for time between breakdowns from the second-from-the bottom row of Table 15.5 (beginning with the digits 69). Select random numbers for generator repair times from the last row of the table (beginning with 37).

(b) Should Three Hills add a second repair person each shift?
Table 15.5 – Second from Bottom Row
	69

	84

	12

	94

	51

	36

	17

	02

	15

	29

	16

	52

	56

	43

	26

	22

	08

	62


Table 15.5 – Bottom Row
	37

	77

	13

	10

	02

	18

	31

	19

	32

	85

	31

	94

	81

	43

	31

	58

	33

	51


