Solution of Exercises Sheet #6
Question 1:
Using a spreadsheet and the Monte Carlo method estimate the following integral
with 99% confidence to within ±0.01?

Solution: This problem has extremely high variance. With an estimated
standard deviation of 74.74, the sample size would need to be at least 364702999.
You should ask the students to estimate to within ±2, instead, which gives a more
reasonable sample size of 9118.
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Question 2:
Consider the triangular distribution:

a) Use a spreadsheet to generate 1000 observations of the triangular
distribution with a = 2, c = 5, b = 10?
b) Use your favorite statistical software to make a histogram of 1000
observations from your implementation of the triangular distribution
with a = 2, c = 5, b = 10?

Solution:

rand = Rnd()
If rand < (mode - min) / (max - min) Then
Triangular = min + Sqr((max - min) * (mode - min) * rand)
Else
Triangular = max - Sqr((max - min) * (max - mode) * (1 - rand))
End If
End Function
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Question 3:
A firm is trying to decide whether or not to invest in two proposals A and B that
have the net cash flows shown in the following table, where N(𝜇, 𝜎) represents
that the cash flow value comes from a normal distribution with the provided
mean and standard deviation.

The interest rate has been varying recently and the firm is unsure of the rate for
performing the analysis. To be safe, they have decided that the interest rate
should be modeled as a beta random variable over the range from 2 to 7 percent
with α1 = 4.0 and α2 = 1.2. Given all the uncertain elements in the situation, they
have decided to perform a simulation analysis in order to assess the situation.
a) Compare the expected present worth of the two alternatives. Estimate the
probability that alternative A has a higher present worth than alternative B.
b) Determine the number of samples needed to be 95% confidence that you have
estimated the P{PW(A) > PW(B)} to within ± 0.10.
Solution:
a) Use the PV or NPV functions to compute the net present values. Use
NORM.INV() to generate the cash flow value for each period. Use
BETA.INV() to generate the interest rate. Set up two data tables to
generate NPV values for each alternative. Set up statistical collection over
the simulated values. Based on a sample size of 100, we can be 95%
confident that the true probability is between [0.49, 0.69].
b) Based on the initial estimate of p = 0.59 for a sample size of 100, the
recommended sample size to be 95% confident of being within ± 0.10
should be at least:
𝑧𝛼⁄2 2
1.96 2
(
)
) 𝑝̂ 1 − 𝑝̂ = (
) 0.59(1 − 0.59) = 138.2
𝑛=(
𝐸
0.1
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Question 4:
Shipments can be transported by rail or trucks between New York and Los
Angeles. Both modes of transport go through the city of St. Louis. The mean
travel time and standard deviations between the major cities for each mode of
transportation are shown in the following figure.

Assume that the travel times (in either direction) are lognormally distributed as
shown in the figure. For example, the time from NY to St. Louis (or St. Louis to
NY) by truck is 30 hours with a standard deviation of 6 hours. In addition,
assume that the transfer time in hours in St. Louis is triangularly distributed with
parameters (8, 10, 12) for trucks (truck to truck). The transfer time in hours
involving rail is triangularly distributed with parameters (13, 15, 17) for rail (rail
to rail, rail to truck, truck to rail). We are interested in determining the shortest
total shipment time combination from NY to LA. Develop a spreadsheet
simulation for this problem.
a) How many shipment combinations are there?
b) Write a spreadsheet expression for the total shipment time of the truck
only combination.
c) We are interested in estimating the average shipment time for each
shipment combination and the probability that the shipment combination
will be able to deliver the shipment within 85 hours.
d) Estimate the probability that a shipping combination will be the
shortest.
e) Determine the sample size necessary to estimate the mean shipment
time for the truck only combination to within 0.5 hours with 95%
confidence
Solution:
Part a is easy. Part b is reasonable. Part c is challenging. Part d is very challenging.
Part e is easy if the student completed part c.
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a) There are 4 shipment combinations.
b) Unfortunately, we have to solve for the normal parameters of the lognormal
distribution in order to write the spreadsheet equations.

Solving for 𝜇 and 𝜎 2
𝑚 = 𝐸[𝑋]
𝑣 = 𝑉[𝑋]
Then,
𝑚

𝜇 = 𝑙𝑛
(

√1 +

𝜎 2 = 𝑙𝑛 (1 +

𝑣
𝑚2 )
𝑣
)
𝑚2

LOGN(40,8) has mu1 = 3.669 and sigma1 = 0.198
LOGN(30,6) has mu2 = 3.3816 and sigma2 = 0.198
A single expression cannot be used to implement the triangular distribution
(unless VBA is used).
X =LOGNORM.INV(RAND(),mu1, sigma1)
Y= LOGNORM.INV(RAND(),mu2, sigma2)
U = RAND()
F1 = 8 + SQRT((12-8)*(10-8)*U)
F2 = 12 – SQRT((12-8)*(12-10)*(1-U))
Z = If (U< (10-8)/(12-8), F1, F2)
Time = X + Y + Z
c) You should notice that truck takes longer than rail, which is not realistic.

Outline:
1) set up to compute the mu and sigma for the lognormal distributions, see
part b
2) set up to generate from the lognormal distributions, see part b
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3) set up to generate from triangular distribution. See book appendix for
CDF formulas and part b
4) enumerate the 4 path combinations and their lengths
5) use data tables to generate path lengths
6) use indicator variables to estimate P{path length <=85}
7) use MIN() function to find shortest path length
8) use IF() function to indicate which was the shortest. Collect statistics on
indicators.
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d)

e) Using the results from part (c)
𝑧𝛼⁄2 𝑠 2
1.96 × 9.01 2
𝑛≥(
) =(
) = 1247.446 = 1248
𝐸
0.5
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Question 5:
See Question 1 in solutions of Exercises Sheet #5.
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Question 6:
A firm produces YBox gaming stations for the consumer market. Their profit
function is:
Profit = (unit price - unit cost) × (quantity sold) − fixed costs
Suppose that the unit price is $200 per gaming station, and that the other
variables have the following probability distributions:

Use a spreadsheet to generate 1000 observations of the profit.
a) Make a histogram of your observations using your favorite statistical

analysis package.
b) Estimate the mean profit from your sample and compute a 99% confidence
interval for the mean profit.
c) Estimate the probability that the profit will be positive.
Solution:
a)
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b)

0.4
0.7

c) The estimate is 1. All profits were positive in the sample
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Question 7:
T. Wilson operates a sports magazine stand before each game. He can buy each
magazine for 33 cents and can sell each magazine for 50 cents. Magazines not
sold at the end of the game are sold for scrap for 5 cents each. Magazines can
only be purchased in bundles of 10. Thus, he can buy 10, 20, and so on magazines
prior to the game to stock his stand. The lost revenue for not meeting demand is
17 cents for each magazine demanded that could not be provided. Mr. Wilson’s
profit is as follows:

Not all game days are the same in terms of potential demand. The type of day
depends on a number of factors including the current standings, the opponent,
and whether or not there are other special events planned for the game day
weekend. There are three types of game days demand: high, medium, low. The
type of day has a probability distribution associated with it.

The amount of demand for magazines then depends on the type of day according
to the following distributions:

Solution:
Let Q be the number of units of magazines purchased (quantity on hand) to setup
the stand. Let D represent the demand for the game day. If D > Q, Mr. Wilson
sells only Q and will have lost sales of D-Q. If D < Q, Mr. Wilson sells only D
and will have scrap of Q-D. Assume that he has determined that Q = 50.
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Make sure that you can estimate the average profit and the probability that the
profit is greater than zero for Mr. Wilson. Develop a spreadsheet model to
estimate the average profit with 95% confidence to within plus or minus $0.5.
Initial sample size of 100 yields, s = 13.4. Thus, sample size needed is:
𝑧𝛼⁄2 𝑠 2
1.96 × 13.4 2
𝑛≥(
) =(
) = 2759.19 = 2760
𝐸
0.5
The order policy of Q = 50 is profitable on average and there is 97% chance of
positive profits with this policy. You should ask the students to try to find an
optimal policy for this situation.

- 16 -

Question 8:
The time for an automated storage and retrieval system in a warehouse to locate
a part consists of three movements. Let X be the time to travel to the correct aisle.
Let Y be the time to travel to the correct location along the aisle. And let Z be the
time to travel up to the correct location on the shelves. Assume that the
distributions of X, Y, and Z are as follows:

Develop a spreadsheet that can estimate the average total time that it takes to
locate a part and can estimate the probability that the time to locate a part exceeds
60 seconds. Base your analysis on 1000 observations.
Solution:
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Question 9:
Lead-time demand may occur in an inventory system when the lead-time is other
than instantaneous. The lead-time is the time from the placement of an order until
the order is received. The lead-time is a random variable. During the lead-time,
demand also occurs at random. Lead-time demand is thus a random variable
defined as the sum of the demands during the lead-time, or LDT = ∑𝑇𝑖=1 𝐷𝑖 where
i is the time period of the lead-time and T is the lead-time. The distribution of
lead-time demand is determined by simulating many cycles of lead-time and the
demands that occur during the lead-time to get many realizations of the random
variable LDT. Notice that LDT is the convolution of a random number of random
demands. Suppose that the daily demand for an item is given by the following
probability mass function:

The lead-time is the number of days from placing an order until the firm receives
the order from the supplier.
a) Assume that the lead-time is a constant 10 days. Use a spreadsheet to
simulate 1000 instances of LDT. Report the summary statistics for the
1000 observations. Estimate the chance that LDT is greater than or equal
to 10. Report a 95% confidence interval on your estimate. Use your
favorite statistical program to develop a frequency diagram for LDT.
b) Assume that the lead-time has a shifted geometric distribution with
probability parameter equal to 0.2 Use a spreadsheet to simulate 1000
instances of LDT. Report the summary statistics for the 1000
observations. Estimate the chance that LDT is greater than or equal to 10.
Report a 95% confidence interval on your estimate. Use your favorite
statistical program to develop a frequency diagram for LDT.
Solution:
a) Because the lead time is constant, the solution involves generating 10 demands
and summing them up. Then use a data table to generate 1000 of these sums.
The chance that the LDT is greater than 10 is 1.0.
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b) This part is more difficult to do in a spreadsheet because of the random sum that
must be generated because of the shifted geometric distribution. To generate from a
shifted geometric, use the following:
=1+INT(LN(1-RAND())/LN(1-p))
A simple solution is to create a running sum of the demand and to use a
VLOOKUP() to return the sum based on the value of the lead time. The only
technical issue is that the column that holds the running sum needs to be long
(theoretically infinite) because the geometric distribution has infinite range.
From a practical standpoint, just make it long enough to ensure with high
probability that there are enough sums to look up. Alternatively, a VBA function
can be used.
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Question 10:
See Question 2 in Solutions of Exercises Sheet #5.

Question 11:
See Question 7 in Solutions of Exercises Sheet #5.
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Question 12:
Describe a simulation experiment that would allow you to test the lack of

memory property empirically. Implement your simulation experiment in a
spreadsheet and test the lack of memory property empirically. Explain in your
own words what lack of memory means.
Solution:
Suppose the mean is 100 and delta is 120 and t1=200 and therefore t2 = 320.
The key is to record statistics only on those cases where T > 200 AND T>320. You
can then compare this to only those where T>120.
For I = 1 to n
Let T ~ expo(100)
If T > 120 record 1, else record 0 as P(T>120)
If T > 200
If T > 320, record 1, else record 0 as P(T>320| T > 200)
End if
End for
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Think of the random variable as the life time of a component. The memory-less
property implies that the component is just as likely to survive for at least 120
more time units, when it has already survived 200 time units as it was to survive
for at least 120 time units when it was new. Thus, it “forgets” the past 200 time
units.

Question 13:
See Question 9 in Solutions of Exercises Sheet #5.
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