Simulation Questions:

1. An analysis of operations at Beaver Dairy indicates that workers responsible for maintaining machinery visit the spare parts department every one to four minutes according to the following distribution. 
Time Between Arrivals Probability
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.1

2 minutes 

.2

3 minutes 

.4

4 minutes 

.3

Machinery workers at the dairy earn $15 per hour. The company is considering two applicants, Ann and Jill, for the job of getting the workers the parts they need. The service times for these applicants are estimated by the following probability distributions:

Ann





Jill

Service Time Probability
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Ann would be paid $7 per hour. Jill, having more experience than Ann, would be paid $11 per hour. 

a. Simulate the system for 30 arrivals when Ann is the server. Use column 4 of Appendix to determine the interarrival times of workers and column 5 to determine Ann’s service times. 

b. Simulate the system for 30 arrivals when Jill is the server using the same set of random numbers as those used in part (a).

c. Which applicant appears to yield a lower average hourly cost for the company?

d. The mean interarrival time of workers is .1(1) + .2(2) + .4(3) + .3(4) = 2.9 minutes. The mean service time for Ann is .3(1) + .3(2) +.2(3) +.2(4) = 2.3 minutes; for Jill it is .4(1) + .3(2) + .1(3) + .2(4) = 2.1 minutes. If interarrival times and service times are exponentially distributed with these mean values, use the results of Chapter 12 to determine which applicant to hire.

2. Jewel Vending operates a coffee vending machine at a local college student union building. Based on historical data, Bill Jewel believes that the number of cups of coffee demanded per day is between 30 and 90, with the following probability distribution:

Cups of Coffee

Demanded per Day Probability

30 

.10

40 

.10

50 

.15

60 

.20

70 

.30

80 

.10

90 

.05

The vending machine holds enough supplies to make 300 cups. Each cup of coffee sells for $0.30 and costs Jewel $0.12 in supplies to produce. Jewel estimates an $8 labor cost to fill the machine. If the machine runs out of coffee, Jewel estimates that it suffers a goodwill cost of $0.50 for each unsatisfied customer. 

a. Calculate the average daily sales of coffee for this vending machine.

b. Determine the mean number of days it takes for the vending machine to sell out of coffee.

c. Suppose Jewel adopts a policy of filling the machine at the beginning of every kth day, where k is the answer found in part (b) above. Conduct a 20-day simulation of the vending machine to determine the average daily profit. Assume that the machine is filled on the first day. Use the first two numbers of column 2 of Appendix to determine the number of cups of coffee demanded daily.

d. Suppose Jewel decides to fill the machine every (k - 1) days, where k is the answer found in part (b). Repeat the 20-day simulation using the same set of numbers used in part (c). On the basis of this limited simulation, which policy would you recommend for Jewel?
3. Consider the data of Problem CD 13.2. Develop a simulation using an Excel spreadsheet to determine whether Bill should fill the coffee vending machine every k - 1, k, or k + 1 days, where k is the answer found in part (b) of Problem CD13.2. For each of these policies, conduct 10 simulation runs of 2000 days each in order to compute the average daily profit. Calculate a 95% confidence interval for the average daily profit under your recommended policy.

4. Demand for king-size waterbeds at the Big Easy Sleep Shop is either 0, 1, 2, 3, or 4 per day, with the following probability distribution:

Demand Probability

0 
.15

1 
.20

2 
.25

3 
.30

4 
.10

The waterbeds cost the store $120 each and sell for $180 each. The holding cost of a king-size waterbed is approximately $0.10 per day, and the cost of ordering waterbeds is an estimated $12. The lead time for delivery is between four and six days with the following probabilities:

Lead Time Probability

4 days 

.30

5 days 

.40

6 days 

.30

The store is open seven days a week. If Big Easy runs out of king-size waterbeds, it gives customers a $5 discount off their purchase for each day they must wait; 80% of all customers agree to accept this offer and backorder. An additional $3 administrative cost is associated with each backordered customer. For the 20% of customers who do not accept the offer, the store estimates that it suffers a goodwill loss of $25 and the sale is lost. The store’s inventory policy is to order 20 waterbeds when the inventory level reaches 10 units. 

a. Why can’t one of the inventory models presented in Chapter 10 be used to determine an optimal inventory policy for king-size waterbeds?

b. Simulate 25 days of operations and calculate the average profit per day over this period. Use column 1 of Appendix to determine the daily demand, column 2 to determine the lead time for delivery, and column 3 to determine whether or not a customer will backorder.

5. Consider the information given in Problem CD13.4 for the Big Easy Sleep Shop. Suppose the company orders up to 35 beds when the inventory level reaches 15 units. Using the same random numbers as in Problem CD13.4, conduct a 25-day simulation of operations and calculate the average profit per day over this period. Does this policy appear to yield a lower average daily cost than the store’s current policy of ordering 20 waterbeds when the inventory level reaches 10 units?

Appendix: Table of Pseudo-Random Numbers 

A similar table can be generated in Excel by entering for each cell: =INT(RAND()*10000)
	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	1
	9405
	2212
	5428
	6621
	3900
	7979
	1375
	2224
	5605
	5216
	1961
	4054
	48
	65
	7376

	2
	2399
	7496
	6799
	5139
	642
	3226
	6348
	3844
	1239
	1996
	3557
	7781
	584
	7171
	9097

	3
	4638
	3073
	437
	2664
	105
	1330
	7177
	394
	4270
	717
	7006
	1482
	5409
	8969
	48

	4
	7247
	4897
	9001
	7592
	4465
	2278
	5911
	1909
	1444
	1573
	6880
	5346
	113
	4758
	8955

	5
	7515
	5013
	6908
	1472
	6529
	822
	4410
	119
	7070
	8265
	8307
	306
	4793
	8387
	5449

	6
	4913
	7619
	3977
	3132
	5378
	7875
	6351
	4376
	853
	674
	9152
	1919
	5805
	219
	4473

	7
	4381
	6216
	6240
	8091
	1009
	8763
	5528
	5837
	5565
	6923
	4693
	6961
	3703
	7270
	5387

	8
	9909
	1072
	2349
	7307
	7468
	9991
	4700
	6146
	4393
	3626
	5515
	3222
	452
	2567
	8764

	9
	9650
	2996
	3311
	7397
	3605
	7695
	1353
	8052
	2110
	6728
	8706
	5689
	1392
	1419
	1141

	10
	9409
	840
	3005
	43
	3948
	3615
	7746
	6305
	3286
	6108
	5176
	8985
	9748
	2311
	7208

	11
	994
	35
	4676
	8306
	6469
	2566
	505
	4013
	5149
	3034
	2428
	6715
	8557
	7032
	3747

	12
	5097
	7257
	5359
	4033
	9348
	7599
	2856
	9723
	4383
	7781
	7616
	7817
	4116
	1519
	6942

	13
	5077
	5432
	8977
	8790
	999
	7942
	5054
	5897
	8706
	9610
	8345
	1259
	570
	2508
	3415

	14
	6699
	2647
	2742
	9845
	2397
	5710
	6496
	3574
	1231
	1169
	2385
	2425
	1870
	5446
	1762

	15
	2130
	7531
	3550
	4955
	8994
	1039
	9383
	7065
	8458
	3802
	7452
	3004
	234
	4260
	482

	16
	2131
	6239
	8075
	6773
	5984
	2270
	4141
	1254
	6791
	5383
	9860
	9459
	8022
	8904
	861

	17
	3213
	5436
	1790
	9154
	8084
	8962
	3608
	6552
	702
	1086
	3650
	223
	9924
	7818
	1069

	18
	132
	3119
	4046
	2003
	4549
	8679
	2714
	6913
	5544
	5766
	9789
	5636
	7875
	5809
	8983

	19
	4160
	7125
	3051
	4606
	7888
	9887
	9932
	7682
	8877
	5040
	415
	7575
	3984
	6733
	9774

	20
	5055
	1220
	142
	7429
	1769
	6585
	3413
	6379
	671
	2333
	5817
	4868
	1423
	5903
	2077

	21
	2141
	83
	8363
	7935
	6262
	7852
	8854
	3880
	7383
	1090
	5515
	3185
	5251
	4730
	4121

	22
	3993
	1371
	7734
	4824
	3859
	2017
	861
	4920
	5711
	338
	4200
	1447
	6892
	3471
	1834

	23
	5777
	9638
	6728
	1655
	9698
	6278
	8966
	1187
	6189
	2421
	9176
	8349
	5633
	1708
	8095

	24
	6205
	7727
	4172
	9583
	7436
	5856
	1065
	61
	8563
	45
	673
	7891
	5965
	7014
	9253

	25
	9535
	6469
	2691
	5974
	4368
	902
	6106
	6234
	9344
	7369
	7095
	8661
	2898
	5398
	2748

	26
	1366
	7414
	2078
	3450
	4889
	3802
	1236
	6416
	6174
	3088
	2743
	8490
	1025
	7360
	6504

	27
	6761
	4579
	7538
	7560
	220
	3081
	3707
	4224
	7044
	597
	834
	6026
	163
	8817
	1344

	28
	9116
	4307
	9304
	562
	3790
	1169
	7120
	8317
	7438
	2417
	666
	4890
	6365
	7577
	6959

	29
	3343
	5829
	3503
	4414
	2933
	8727
	2780
	7010
	3232
	6229
	9755
	3578
	7095
	5313
	5196

	30
	7150
	1090
	2598
	7886
	9883
	3526
	6883
	9743
	7445
	3948
	2967
	2799
	3983
	1552
	7611

	31
	2082
	8255
	6657
	2398
	6272
	416
	8608
	97
	495
	5882
	5960
	3782
	7691
	2990
	9625

	32
	1674
	558
	8495
	8378
	8177
	7927
	934
	8941
	2597
	6742
	797
	6159
	2663
	2605
	2515

	33
	4368
	2585
	274
	7479
	4207
	5626
	4488
	2922
	6674
	948
	1501
	4973
	5975
	6994
	6836

	34
	7619
	9512
	9915
	8032
	5552
	2911
	5494
	3370
	1224
	4871
	4479
	6810
	3973
	1375
	8281

	35
	3338
	4973
	8827
	3336
	9991
	3454
	4889
	7175
	7376
	7067
	6155
	6552
	7570
	9417
	6708

	36
	3962
	9350
	2122
	9855
	6920
	2373
	120
	1640
	9879
	5243
	1779
	6741
	9600
	5369
	6636

	37
	1568
	3556
	6322
	4516
	395
	3954
	8774
	9244
	3893
	4351
	5189
	5440
	6361
	9479
	4422


