
IE 581 — Introduction to Stochastic Simulation Name ___________________

Three pages of hand-written notes, front and back. Closed book. 120 minutes.

1. True or false. (Three points if correct, two points if blank. If you wish, write an explanation
of your thinking.)

(a) T F The (hoped for) advantage of a double-linked list, compared to a single-
linked list, is that it requires less computer memory.

(b) T F The (hoped for) advantage of a nonhomogeneous Poisson process,
compared to a homogeneous Poisson process, is computational efficiency: the
simulation model will run faster.

(c) T F The (hoped for) advantage of control variates, compared to using no
control, is that the model validity is improved.

(d) T F The (hoped for) advantage of acceptance/rejection, compared to using a
special property, is to induce correlation to reduce variance.

(e) T F The (hoped for) advantage of batching in steady-state simulation, compared
to no batching, is to better estimate the standard error of the point estimator, θ̂.

(f) T F In strictly stationary simulation output data, say Y 1, Y 2,..., the mean E(Yi ) is
a constant and the variance V(Yi ) goes to zero.

(g) T F PRIME, the software that implements Bezier curves, yields a simple
graphical method to estimate the standard error of the point estimator, θ̂.

(h) T F NORTA, which we also called the "three-step method", can be applied for
any number of dimensions, but is especially useful in one dimension.

(i) T F SimLib can be used for simulating customers flowing through a system, but
could not be used to simulate non-flow systems, such as construction management or
financial markets.

(j) T F In a simulation of customers flowing through a system, the "time in the
system" for adjacent customers commonly has negative autocorrelations, because of
the law of averages.
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2. Consider tossing two independent six-sided dice, with X 1 and X 2 denoting the number of
dots facing up. We are interested in using Monte Carlo simulation to estimate
P(X 1 + X 2 = 3). (Ignore the fact that we know that p = 1 / 18.)

We can write

p = E
I
LI [F 1

−1 (U 1) + F 2
−1 (U 2) = 3]

M
O,

where I is an indicator function equal to one if the condition is true and zero if the
condition is false.

Let p̂ be the fraction of successes in n independent Monte Carlo trials.

For Parts (a–c), state the quantity requested. (For example, the point estimator is p̂ .)

(a) What is the performance measure?

(b) In the equation defining p , where is X 1?

(c) In the Monte Carlo experiment, what are the output data?

(d) In this experiment, is it ok to generate values of U 1 and U 2 from the same random-
number stream? Discuss.
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3. Consider the formula

V(Yd) =
n

V(Y )hhhhh
I
J
L
1 + 2Σh =1

n [1 −
n

hhh]ρh

M
J
O

.

Consider also output data Y 1, Y 2, . . . , Yn from one long simulation run. To estimate the
standard error, we discussed the formula

V̂(Yd) =
n

V̂(Y )hhhhh
I
J
L
1 + 2Σh =1

m [1 −
m

hhhh]ρ̂h

M
J
O

.

(a) If the output data are covariance stationary, what is the optimal value of d , the number
of initial observations to delete to avoid initialization bias?

(b) If the output data are covariance stationary, what is the relationship between V(Y ) and
V(Yn )?

(c) If the output data are covariance stationary, then ρh = ρ−h . What is the value of ρ0?

(d) Suppose that n = 1000. To obtain one more meaningful digit in Yd, what new value of
n is needed?

(e) Suggest an estimator for V(Y ).

(f) If the output data are known to be independent and identically distributed, what is the
optimal value of m ?

Schmeiser Page 3 of 5 Final Exam, Spring 2002



IE 581 — Introduction to Stochastic Simulation Name ___________________

4. Consider using q linear control variates to estimate a performance measure θ:

θ̂(α) =
k

j =1
Σ
k I

J
L
θ̂j −

i =1
Σ
q

αi (Cij − µi )
M
J
O

hhhhhhhhhhhhhhhhhhhhhh .

(a) Which constants (in the above equation) have values that are known to the practitioner
before the experiment is run?

(b) What is the relationship between α and αi ?

(c) What is the relationship between E(θ̂(α)) and E(θ̂1)?

(d) Why do we want to choose k quite a bit larger than the value of q ?

(e) If a control variate is negatively correlated with θ̂, can the linear control still reduce
variance? Discuss.
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5. Consider the nonhomogeneous Poisson process (NHPP) with rate function λ(t ) for 0 ≤ t ≤ ∞.
The cdf for a NHPP is

F
Ti | Ti −1=ti −1

(t ) = 1 − exp(−(Λ(t ) − Λ(ti −1))) ,

where Λ(t ) = ∫0
t
λ(τ)d τ.

(a) In the cleaning-and-patching example, where would a NHPP be useful?

(b) Is the cdf for the "time of the next Poisson event", or is it for the "time until the next
Poisson event"?

(c) Thinning a Poisson process is analogous to which of the four methods of random-
variate generation?

6. Consider using micro and macro-replications to analyze one long simulation run with
autocorrelated, covariance-stationary, output data Y 1, Y 2, . . . , Yn .

What is the advantage to selecting a large value of m , the macro-replication length?
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