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1. True or false. (3 points if correct, 2 points if left blank.)
(If you wish, write an explanation of your thinking.)

(a) T F ←← The Box-Muller method of generating independent standard normal random
variates is an example of composition.

(b) T ←← F When generating multivariate normal random vectors with covariance matrix
Σ using the Cholesky decomposition matrix C , the computation of C needs to be
done only once regardless of the number of vectors to be generated.

(c) T ←← F The acronym NORTA is another name for what the instructor called the
"three-step" method of generating random vectors.

(d) T F ←← In next-event simulation, the meaning of "event" is the same as in
probability, where we speak of the probability of an event.

(e) T F ←← Summing independent random variates is called composition.

(g) T F ←← Next-event simulation advances time in fixed increments ∆(t ).

(h) T F ←← For any random variables X and Y and for any real numbers x and y , the
following holds: FX ,Y (x ,y ) = FX (x ) F

Y | X = x
(y ), where F denotes a cdf.

(i) T F ←← An event graph shows the relationships between the probabilities of various
events.

(j) T F ←← In next-event simulation, the "next event" is the event scheduled by the
current event.

(k) T ←← F In next-event simulation, time is continuous and events occur at points in
time.

(l) T ←← F In the three-step method, xi = Fi
−1(ui ) in Step 3 yields a random variate xi

that is from the distribution with cdf Fi , regardless of whether the i th marginal
distribution is discrete or continuous.

2. In dynamic systems, data collection can be observational (O) or time based (T).
Circle the data collection method needed to compute each point estimator.

(a) average number in list 1 T ←← O

(b) fraction of the time that the cleaner is idle T ←← O

(c) fraction of arriving customers who find the cleaner idle T O ←←

(d) average number in the system T ←← O
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3. In next-event simulation, an event does fundamental three things: (1) schedule future events,
(2) update the system state, and (3) update statistical accumulators.

In the cleaning-and-patching example, we studied the "end_patching" event, which was
implemented with the following C function.

void end_patching( void )

{

/* The patched part leaves the system. */

_<2>_list_remove( FIRST, LIST_STATION_P );

_<3>_sampst(sim_time - transfer[2], SAMPST_DELAY_P);

_<3>_sampst(sim_time - transfer[1], SAMPST_DELAY_SYSTEM);

_<1>_if (list_size[LIST_STATION_P] > 0) {

/*The patcher begins works on the next part.*/

event_schedule( sim_time +

expon( mean_patching_time, STREAM_SERVICE_P ),

EVENT_END_PATCHING );

}

}

In the four blank lines, enter "1", "2", or "3" to indicate the purpose of the associated

line(s) of code. If a line is not related to any of the three purposes, enter "O" for "other".
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4. Suppose that we want to generate a random variate from the pmf f (x ) = x / 21 for
x = 1, 2,..., 6 and zero elsewhere.

Further suppose that we want to use acceptance/rejection, based on tossing a fair six-sided
die. That is, r (z ) = 1 / 6 for z = 1, 2,..., 6 and zero elsewhere.

The acceptance/rejection method accepts the candidate value z with probability
f (z ) / cr (z ), where c = E(N ). Here N is the number of iterations needed to accept one
candidate value.

(a) Determine the best value of c .

_________________________________________________________

Valid values of c yield cr (z ) ≥ f (z ) for every real number z .

Any value of c is valid when z is not in {1, 2,.., 6}.

For z = 1, 2,..., 6, the inequality is c (1 / 6) ≥ z / 21.

Therefore z = 6 determines the valid values of c .

Setting c (1 / 6) ≥ 6 / 21 yields c ≥ 12 / 7.

The best value of c is the smallest value that is valid.

Therefore, c* = 12 / 7. ←←

_________________________________________________________

(b) Let c* denote your answer to Part (a). What is the associated value of P(A ), where A
is the event that a candidate value is accepted?

_________________________________________________________

P(A ) = 1 / c* ←←
_________________________________________________________

(c) Using this problem for context, circle "constant", "random variable", "event", or
"undefined" for each part below.

(i) E(N ) constant ←← random variable event undefined

(ii) A constant random variable event ←← undefined.

(iii) f (5) constant ←← random variable event undefined

(iv) f (A ) constant random variable event undefined ←←
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5. Antithetic variates. For each part, choose one answer. Here θ̂ is the point estimator of the
unknown performance measure θ. Also, θ̂ is a function of θ̂1 and θ̂2.

(a) The purpose of antithetic variates is

(i) to estimate the standard error of θ̂.

(ii) to reduce the standard error of θ̂. ←←

(iii) to estimate the variance of θ̂.

(iv) to induce negative correlation between θ̂ and θ.

(b) The application of antithetic variates is

(i) to a single system. ←←

(ii) to the difference between exactly two systems.

(iii) to the difference between two or more systems.

(iv) to the difference between the point estimators from two systems.

(c) The antithetic-variates point estimator is of the form

(i) θ̂ = (θ̂1 + θ̂2) / 2 ←←

(ii) θ̂ = θ̂1 − θ̂2

(iii) θ̂ = θ̂2 − θ̂1

(iv) θ̂ = (θ̂1 − θ̂2) / 2

(d) The fundamental result underlying antithetic variates is

(i) V(X + Y ) = V(X ) + V(Y ).

(ii) V(X + Y ) =/ V(X ) + V(Y ). ←←

(iii) V(X − Y ) = V(X ) + V(Y ).

(iv) V(X − Y ) =/ V(X ) + V(Y ).

(e) If θ̂1 arises from using random numbers U and θ̂2 arises from using random numbers
1 − U , then

(i) θ̂1 and θ̂2 are identically distributed but not independent. ←←

(ii) θ̂1 and θ̂2 are independent but not identically distributed.

(iii) θ̂1 and θ̂2 are independent and identically distributed.

(iii) θ̂1 and θ̂2 are not independent and are not identically distributed.
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