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Chapter Fourteen: Simulation

PROBLEM SUMMARY
1. Rescue squad emergency calls

2. Car arrivals at a service station

3. Machine breakdowns

4. Inventory analysis

5. Decision analysis

6. Machine repair time (14–3)

7. Product demand and order receipt

8. Bank drive-in window arrivals and service

9. Loading dock arrivals and service

10. Product demand and order receipt

11. Football game

12. Student advising, arrival and service

13. Markov process

14. Inventory analysis

15. Rental car agency

16. CPM/PERT network analysis

17. Store robbery and getaway

18. Stock price movement

19. Hospital emergency room staffing

20. Break-even analysis

21. Rating dates

22. Model analysis (14-21)

23. Production capacity

24. Baseball game

25. Crystal Ball, maintenance cost

26. Crystal Ball, B-E analysis (14-20)

27. Crystal Ball, rating dates (14-21)

28. Crystal Ball, production capacity (14-23)

29. Crystal Ball, investment selection

30. Crystal Ball, inventory management

31. Crystal Ball, hotel room rates

32. Crystal Ball, CPM/PERT network

PROBLEM SOLUTIONS
1.
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2.0
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Snowfall Cumulative Financial
Level (in) Probability RN Return

>40 0.40 01-40 $120,000
20-40 0.60 41-60 40,000
<20 1.00 61-99,00 -40,000

Random
Number Return

45 40,000
90 -40,000
84 -40,000
17 120,000
74 -40,000
94 -40,000
07 120,000
15 120,000
04 120,000
31 40,000
07 120,000
99 -40,000
97 -40,000
73 -40,000
13 120,000

4.

Use fifth column of random numbers in Table 16.3

Random
Number Return

03 120,000
62 -40,000
47 40,000
99 -40,000
75 -40,000

560,000

The expected value is $40,000 so the simulated average for 20 weeks is
significantly lower indicating the need for more trials.

Average return = = $28,000560,000
20
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Cummulative
Direction Probability Probability RN Ranges

East (x = +1) .25 .25 01–25
West (x = –1) .25 .50 26–50
North (y = +1) .25 .75 51–75
South (y = –1) .25 1.00 76–99,00

17.
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In 2 of the 5 trials the robber is within 2 blocks
of the store.  As an example, at the end of 10
blocks in trial 1, the robber is 1 block west and
3 blocks north.

18.

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
End of
Block r (x,y) r (x,y) r (x,y) r (x,y) r (x,y)

1 58 (0,1) 68 (0,1) 20 (1,0) 53 (0,1) 24 (1,0)
2 47 (–1,1) 13 (1,1) 85 (1,–1) 45 (–1,1) 83 (1,–1)
3 23 (0,1) 09 (2,1) 59 (1,0) 56 (–1,2) 05 (2,–1)
4 69 (0,2) 20 (3,1) 72 (1,1) 22 (0,2) 81 (2,–2)
5 35 (–1,2) 73 (3,2) 88 (1,0) 49 (–1,2) 07 (3,–2)
6 21 (0,2) 77 (3,1) 11 (2,0) 08 (0,2) 78 (3,–3)
7 41 (–1,2) 29 (2,1) 89 (2,–1) 82 (0,1) 92 (3,–4)
8 14 (0,2) 72 (2,2) 87 (2,–2) 55 (0,2) 36 (2,–4)
9 59 (0,3) 89 (2,1) 59 (2,–1) 27 (–1,2) 53 (2,–3)
10 28 (–1,3) 81 (2,0) 66 (2,0) 49 (–2,2) 04 (3,–3)

Within 2 blocks? no yes yes no no

Stock Price Cummulative
Movement Probability Probability RN Ranges

Increase (+) .45 .45 01–45

Same (0) .30 .75 46–75

Decrease (–) .25 1.00 76–99,00

Monte Carlo Simulation (using 16th row of random num-
bers from Table 15.3)

Considering the city as a grid with an x and y axis with
the store at point (0,0) each random number selected indi-
cates a movement of 1 unit (block) in either an x or y
direction.

Stock Probability Cummulative RN Probability Cummulative RN
Price Increase Probability Ranges Decrease Probability Ranges

1/8 .40 .40 01–40 .12 .12 01–12
1/4 .17 .57 41–57 .15 .27 13–27
3/8 .12 .69 58–69 .18 .45 28–45
1/2 .10 .79 70–79 .21 .66 46–66
5/8 .08 .87 80–87 .14 .80 67–80
3/4 .07 .94 88–94 .10 .90 81–90
7/8 .04 .98 95–98 .05 .95 91–95
1 .02 1.00 99,00 .05 1.00 96–99,00

Monte Carlo Simulation (using the third column of random numbers from Table 15.3)
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19.

Cummulative
Time Between Arrivals Probability RN Ranges

5 .06 01–06
10 .16 07–16
15 .39 17–39
20 .68 40–68
25 .86 69–86
30 1.00 87–99,00

Cummulative
Service Probability RN Ranges

Doctor (D) .50 01–50
Nurse (N) .70 51–70
Both (B) 1.00 71–99,000

In order to expand the model for practical pur-
poses the length of the simulation trial would be
increased to one year.  Then this simulation
would need to be repeated for many trials, i.e.,
1,000 trials.

Stock Price Price
Day r Movement r Change (+,–) Stock Price

1 76 – 23 1/4 61 3/4
2 47 0 61 3/4
3 25 + 79 1/2 62 1/4
4 08 + 15 1/8 62 3/8
5 71 – 58 1/2 61 7/8
6 56 0 61 7/8
7 31 + 11 1/8 62 
8 94 – 31 3/8 61 5/8
9 88 – 10 1/8 61 1/2
10 14 + 54 1/4 61 3/4
11 77 – 24 1/4 61 1/2
12 06 + 23 1/8 61 5/8
13 62 0 61 5/8
14 92 – 87 3/4 60 7/8
15 68 0 60 7/8
16 27 + 23 1/8 61 
17 76 – 28 3/8 60 5/8
18 17 + 98 7/8 61 1/2
19 35 + 25 1/8 61 5/8
20 96 – 53 1/2 61 1/8
21 58 0 61 1/8
22 31 + 07 1/8 61 1/4
23 30 + 45 1/4 61 1/2
24 70 0 61 1/2
25 33 + 69 3/8 61 7/8
26 88 – 16 1/4 61 5/8
27 70 0 61 5/8
28 70 0 61 5/8
29 07 + 37 1/8 61 3/4
30 03 + 47 1/4 62 
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Doctor Nurse Both

Cummulative RN Cummulative RN Cummulative RN
Time Probability Ranges Time Probability Ranges Time Probability Ranges

10 .22 01–22 5 .08 01–08 15 .07 01–07
15 .53 23–53 10 .32 09–32 20 .23 08–23
20 .78 54–78 15 .83 33–83 25 .44 24–44
25 .90 79–90 20 1.00 84–99,000 20 .72 45–72
30 1.00 91–99,000 35 .89 73–89

40 1.00 90–99,00

Arrival Time of Service (mins.) Departure
Clock

Patient r Clock r Service r Doctor Nurse Wait? D N

1 20 15 31 D 98 30 30
2 24 30 01 D 56 20 50
3 48 50 00 B 58 30 30 80 80
4 27 65 74 B 76 35 35 15 115 115
5 79 90 77 B 48 30 30 25 140 140
6 81 115 92 B 48 30 30 25 170 170
7 64 135 06 D 94 30 35 200
8 34 150 53 N 88 20 20 190
9 65 170 68 N 79 15 20 205
10 22 185 30 D 53 15 15 215
11 26 200 43 D 52 15 15 230
12 15 210 85 B 87 35 35 20 265 265
13 52 230 46 D 47 15 35 300
14 12 240 26 D 56 20 60 320
15 40 260 33 D 31 15 60 335
16 27 275 13 D 06 10 60 345
17 76 300 55 N 13 10 310
18 51 320 57 N 31 10 330
19 38 335 83 B 79 35 35 10 380 380
20 40 355 71 B 94 40 40 25 420 420

P (wait) = = .75

Average waiting time = mins. = 22 mins.

15
20

440
20

It would seem that this system is inadequate
given that the probability of waiting is high
and the average time is high.  Also, observing
the actual simulation three customers had to
wait an hour and two others had to wait 35
minutes which seems excessive.  Of course in
order to make a fully informed decision this
simulation experiment would need to be
extended for more patients and then repeated
several hundred times.
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Attractiveness RN1 Range

1 1-27
2 28-62
3 63-76
4 77-85
5 86-99,00

Sales
Volume RN1 Range

300 1-12
400 13-30
500 31-50
600 51-73
700 74-91
800 91-99,00

Price RN2 Range

$22 1-7
$23 8-23
$24 24-47
$25 48-72
$26 73-90
$27 91-99,00

Variable
Cost RN3 Range

$18 1-17
$19 18-49
$10 50-78
$11 79-92
$12 93-99,00

20.

21.

cf = $9,000

Sales Variable
Month RN1 Volume (V) RN2 Price (p) RN3 Cost (Cv) Z=VP-9,000-VCv

1 58 600 47 $24 23 9 0
2 69 600 35 $24 21 9 0
3 41 500 14 $23 59 10 –2,500
4 28 400 68 $25 13 8 –2,500
5 09 300 20 $23 73 10 –5,100
6 77 700 29 $24 72 10 +800
7 89 700 81 $26 20 9 +2,900
8 85 700 59 $25 72 10 +1,500
9 88 700 11 $23 89 11 –600
10 87 700 59 $25 66 10 +1,500
11 53 600 45 $24 56 10 –600
12 22 400 49 $25 08 8 –200
13 82 700 55 $25 27 9 +2,200
14 49 500 24 $24 83 11 –2,500
15 05 300 81 $26 07 8 –3,600
16 78 700 92 $27 36 9 +3,600
17 53 600 04 $22 75 12 –3,000
18 79 700 61 $25 44 9 +2,200
19 37 500 45 $24 18 9 –3,500
20 65 600 37 $24 30 9 0

Probability of at least breaking even = = .50
10
�
20

Intelligence RN2 Range

1 1-10
2 11-26
3 27-71
4 72-88
5 89-99,00

Personality RN3 Range

1 1-15
2 16-45
3 46-78
4 79-85
5 86-99,00
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Demand RN Range

0 1-3
100 4-15
200 16-35
300 36-70
400 71-90
500 91-99,00

Date RN1 Attractiveness RN2 Intelligence RN3 Personality Average Rating

1 95 5 30 3 59 3 3.67
2 93 5 28 3 72 3 3.67
3 09 1 54 3 66 3 2.33
4 95 5 36 3 98 5 4.33
5 56 2 26 2 60 3 2.33
6 79 4 14 2 50 3 3.00
7 61 2 81 4 84 4 3.33
8 14 1 24 2 75 3 2.00
9 85 4 49 3 08 1 2.67
10 09 1 53 3 45 2 2.00
11 60 2 98 5 90 5 4.00
12 86 5 74 4 55 3 4.00
13 69 3 08 1 10 1 1.67
14 96 5 06 1 62 3 3.00
15 78 4 22 2 99 5 3.67
16 61 2 18 2 45 2 2.00
17 04 1 23 2 63 3 2.00
18 16 1 20 2 99 5 2.67
19 82 4 88 4 85 4 4.00
20 03 1 65 3 33 2 2.00

Average overall rating of Salem dates = 2.92

22. There are several ways to access the accuracy of
the results. First the student can determine the
expected value for each characteristic and average
them to see if this results in a value close to the
simulated result.

E (Attractiveness) = 2.50

E (Intelligence) = 3.05

E (Personality) = 2.77

Average rating = = 2.77

This is a relatively close to the simulated result
of 2.92 which tends to verify that result.

Confidence limits can also be developed for the
average rating. However, this is best/easiest
done with Excel.

2.50 + 3.05 + 2.77
��

3

23. Capacity

F(x) = 

r = 

x = �3�6�0�,0�0�0�r

x2
�
360,000

x2
�
360,000



224

Week RN1 Capacity RN2 Demand Capacity>Demand?

1 .16 240.0 27 200 yes
2 .93 578.6 42 300 yes
3 .13 216.3 85 400 no
4 .27 311.8 46 300 yes
5 .53 436.8 19 200 yes
6 .18 254.6 31 200 yes
7 .24 293.9 1 0 yes
8 .06 146.9 19 200 no
9 .27 311.8 35 200 yes
10 .81 540.0 72 400 yes
11 .16 240.0 75 400 no
12 .37 365.0 66 300 yes
13 .74 516.1 90 400 yes
14 .39 374.7 95 500 no
15 .67 491.1 17 200 yes
16 .12 207.8 9 100 yes
17 .88 562.8 34 200 yes
18 .07 158.7 44 300 no
19 .51 428.5 70 300 yes
20 .89 566.0 95 500 yes

Probability capacity > demand = = .75
15
�
20

24.
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25. average maintenance cost for the life of the car 
= $3,594.73

P(cost ≤ $3,000) = .435

26. average profit = $813.11

probability of breaking even = .569

27. average rating = 2.91

probability of rating better than 3.0 (i.e., P(x ≥ 3.0))
= .531

28. average surplus capacity = 47.86

probability of sufficient capacity = .599

29. (a) In Crystal Ball include the parameters (�, �) for
each fund return distribution in a spreadsheet
cell. Select 6 other spreadsheet cells for the
investment combination returns. For example, if
the return parameters for investment 1 is in cell
D6, the return parameters for investment 2 are
in cell D7 and the total return for the investment
combination (1,2) is in cell C12, the formula in
C12 is “=50,000* (1+D6)^3 + 50,000(1+D67)^3”

The simulation results are as follows,

Combination Return P (Return ≥ 120,000)

1,2 � = 157,572, � = 21,459 (.974)

1,3 � = 166,739, � = 28,599 (.959)

1,4 � = 161,888, � = 23,016 (.981)

2,3 � = 148,692, � = 22,693 (.911)

2,4 � = 144,841, � = 13,683 (.980)

3,4 � = 129,429, � = 20,886 (.653)

(b) The highest probability of exceeding $120,000 is 
virtually tied at .98 between (1,4) and (2,4).

30. Q: � = 1,860.83, � = 435.83
TC: � = 1,465.2, � = 326.85

31. (a) Select an Excel spreadsheet cell to include the
normal distribution parameters (� = 800, � =
270) for conference rooms, for example, cell
D4.


