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COMP SCI/SFWR ENG 4/6E03 - Additional Questions for
Final Exam

1. (a) True or False. MVA may be used to calculate the probability that there are zero jobs
at a node.
(b) True or False. All things being equal, increasing variability improves system perfor-
mance.
(c) True or False. In an arbitrary network, the node with the smallest processing rate is
the bottleneck.

2. Parts (a) and (b) are unrelated.
(a) A single server system has arrivals occurring according to a Poisson process with rate
one per minute. You have two design choices. The first has processing times that are
exponentially distributed with mean two per minute, the second has processing times that
are uniformly distributed between 20 seconds and 40 seconds. If the mean waiting time
is the performance measure of interest, which would you choose?
(b) Give an example of a performance measure that is difficult to calculate using the basic
MVA algorithm.

3. Answer True or False to each part.
(a) Increasing variability in processing times tends to improve performance.
(b) Resource utilization can be calculated using the MVA algorithm.

4. True or False.

(a) A single server has arrivals that follow a Poisson process. Processing times for Design
Option A are exponentially distributed with mean one minute. Design Option B
has processing times that are 30 seconds with probability 1/2 and 90 seconds with
probability 1/2. With mean response time as the performance measure of interest,
Design Option A is preferred.

(b) A bottleneck node in a network has the longest mean processing time.

5. Requests arrive to a processor according to a Poisson process with rate 1 per minute.
The processing time at this processor is either exactly 40 seconds with probability 1/3, or
exactly 20 seconds with probability 2/3. If the processing time is 20 seconds, a request is
generated (at the beginning of the 20 seconds) for a second processor, where the processing
time is exponentially distributed with mean 10 seconds. No synchronization between
processors is required and each processor uses the FCFS discipline.

(i) Give code for a simulation analysis of this system.

(ii) To validate the simulation, one can explicitly calculate the expected waiting time at
the first processor using a model from the course. Identify the model and calculate
the expected waiting time.



2

6. A system is modelled as an open queueing network with 3 nodes: CPU , IO1, IO2. Both
IO nodes have processing rate 1.2 per second, the processing rate at the CPU is 2 per
second. External arrivals occur to the CPU at rate 1 job every 7 seconds. After processing
at the CPU, jobs exit the network with probability 0.1, go to IO1 with probability 0.3
and to IO2 with probability 0.6. Jobs exiting IO1 or IO2 always return to the CPU. All
underlying distributions are exponential.

(a) What is the bottleneck device?

(b) Calculate the mean number of jobs at the CPU .

(c) Calculate the mean time in the network (from entry to exit) for an arriving job.

(d) Give simulation code for this network.

7. True or False.
(a) CSIM uses the batch means method to compute output results.
(b) In an M/M/1 system, mean waiting time is directly proportional to the server utiliza-
tion.
(c) In a system with multiple processors, the processor with the slowest processing rate
is the bottleneck.
(d) The exponential distribution is the only continuous distribution with the memoryless
property.

8. True or False.
(a) To get comparable results, simulation run lengths must typically be increased for
systems with higher underlying variability.
(b) In an M/M/k system, the expected waiting time for jobs that must wait depends only
on ρ, the load on the system.
(c) Systems with Round-Robin routing can be modelled as product-form networks.

9. You have a single processor implementing FCFS and are given the option of three different
processing time distributions: (i) exponential with rate two per minute, (ii) uniformly
distributed between 10 and 50 seconds, (iii) equal to exactly 10 or 50 seconds with equal
probability. If the performance measure is mean waiting time, which would you choose?

10. A single server system has arrivals occurring according to a Poisson process with rate
one per minute. You have two design choices. The first has processing times that are
exponentially distributed with mean two per minute, the second has processing times that
are uniformly distributed between 20 seconds and 40 seconds. If the mean waiting time
is the performance measure of interest, which would you choose?

11. (a) A closed network has 3 nodes and 2 jobs circulating. After visiting node 1, a job is
equally likely to go to nodes 2 or 3. After nodes 2 or 3, jobs always return to node 1.
The mean processing times at nodes 1, 2 and 3 are 1 second, 2 seconds and 4 seconds,
respectively. Using MVA, calculate the expected number of jobs at node 1. (If you do
not use MVA, the maximum score for the question is 4 marks.)
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(b) True or False. MVA can be used for networks where priorities are used to decide the
order of processing at a node.

12. (a) For a single server queue you are given the option of three different processing time
distributions: (i) exponential with rate 5 per minute, (ii) uniformly distributed between
10 and 14 seconds, (iii) equal to 11 or 13 seconds with equal probability. If mean response
time is the performance measure of interest, which would you choose?
(b) True or False. Randomly routing arrivals to one of two identical servers leads to better
mean response time than alternately routing arrivals to each queue.

13. Write simulation code for the following system. There is a single server. Arrivals to
the server occur according to a Poisson process with rate 1 per minute. The server uses
processor sharing, but can serve at most five jobs at a time. There is also a buffer for five
extra jobs (if the processor is fully occupied). If that buffer is full, arrivals are rejected.

14. Suppose that a random variable X has density function f(x) = c/(x+ 1)2.5 for x ≥ 0 and
0 otherwise.
(a) What is c?
(b) Does X have an IFR or DFR distribution (or neither)?

15. Write simulation code for a two-node closed queueing network with two jobs circulat-
ing. The two nodes are connected in a cyclic manner, i.e. the nodes are visited in the
order 1, 2, 1, 2, 1, 2, . . .. Each node has a single FCFS server, and the processing times at
each node have the processing time distribution given by the distribution in the previous
problem.

16. True or False.
(a) A key component of the PageRank algorithm is the analysis of a DTMC.
(b) FCFS is optimal for single-server processors with DHR processing time distributions.
(c) The traffic equations for a closed network have a unique solution.
(d) MVA can be used to determine the utilization of a node.
(e) Suppose that a server has arrivals that follow a Poisson process. You can choose job
processing times to be exactly one second, or exponentially distributed with mean one
second. You would prefer them to be exactly one second.
(f) A system has throughput of 3 jobs per minute, and the average number in system is
23. The average response time is 69 minutes.
(g) PS scheduling is insensitive to variance of job processing times.
(h) Priorities can be modelled using product-form results.
(i) The exponential and uniform distributions both have the memoryless property.

17. The performance of a system with fault detection is evaluated as follows. When operating,
faults occur at a rate of λ = 1 per hour, with fault times being exponentially distributed.
With probability 0.99, a fault is detected and recovery takes an exponentially distributed



4

period of time with mean 1 second. If the fault is not detected, recovery takes an expo-
nentially distributed period of time with mean 5 minutes. Calculate the expected time
until the system fails due to an undetected fault.

18. A system has room for at most two in system (i.e. arrivals finding two in the system are
lost). Arrivals follow a Poisson process with rate 1 per minute. The processing times are
exponentially distributed with mean 40 seconds if there is one job in the system and 20
seconds if there are two jobs in the system. Starting with an empty system, calculate the
mean time until there are two jobs in the system.

19. True or False.

(a) JSQ routing generally performs better than Random routing, but worse than Round-
Robin routing.

(b) MVA is a fast algorithm to determine the limiting distribution of a queueing network.

(c) Generally speaking, for a component with a DFR lifetime distribution, it makes sense
to replace it before it fails.

(d) The performance of Random routing deteriorates as the age of the state information
increases.

(e) A network with JSQ routing internally can be analyzed using MVA.

(f) In an M/G/1 queue, LCFS and PS have identical mean response times.

(g) The exponential distribution is IFR but not DFR.

(h) In an M/M/N system, if the arrival rate is Nλ and each processor has processing
rate µ, if we fix λ/µ < 1, then as N → ∞, the probability that a job has to wait
before it begins processing goes to zero.

(i) The minimum of two uniformly distributed random variables is uniformly dis-
tributed.

(j) If two components with reliability R are placed in parallel, the resulting reliability
is R2.

20. A computer system operates as follows. Failures occur following an exponential distribu-
tion with mean 10 hours. With probability 0.99, the failure is minor and can be repaired
in a time that is exponentially distributed with mean six minutes. With probability 0.01,
the system permanently fails. Calculate the expected lifetime of the system (the time
until it permanently fails).

21. Suppose that we have ten computer systems that each operate as the system in the
previous question. The one change is that only one minor failure can be repaired at a
time (the mean repair time remains six minutes). Write simulation that simulates the time
to failure of the overall system (i.e. yields the time until all ten systems have permanently
failed).
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22. Suppose that we have six components, each with reliability R. Which is a better con-
figuration: (i) two subsystems of three components in series, with the two subsystems in
parallel; (ii) three subsystems of two components in parallel, with the three subsystems
in series? Justify your answer.

23. True or False.

(a) Little’s Law requires that processing times be exponentially distributed.

(b) Components with an IFR distribution should only be replaced when failed.

(c) If a component has a constant failure rate, its lifetime is exponentially distributed.

(d) PS and SRPT have the same mean response time in an M/G/1 queue.

(e) JSQ and Random Routing have the same long term server utilization.

(f) The cdf of a random variable, F (x), always approaches 1 as x approaches infinity.

(g) In an M/G/1 queue, the mean response time of LCFS is insensitive to processing
time variance.

(h) Most commercial load balancers have Round Robin and Least Connections options.

(i) If one wants to decrease the width of a confidence interval by a factor of two, one
must double the number of samples.

(j) Using MVA, one can compute the utilization of a node.

24. Suppose that we have a system with three machines, each with failure rate 1 per day.
Repair times have mean 2 hours, and repairs are made by a single repair person. Suppose
that it costs 400 dollars per day for a repair person (whether they are busy or not) and
10,000 dollars per day whenever the number of operating machines drops below two. (For
example, if half of the time less than two machines are operating, then you pay 5,000
dollars per day.) Should a second repair person be added?

25. Consider a system consisting of a file server, two workstations and a network connecting
them. The system is operational if the file server and at least one workstation is oper-
ational (the network is assumed to be fault-free). Suppose that the failure rate of each
workstation is 0.0001 per hour, the failure rate of the file server is 0.00005 per hour, the
repair rate of a workstation is 1.0 per hour (workstations can be repaired simultaneously),
and the repair rate of the file server is 0.5 per hour. Calculate the MTTF.

26. Give simulation code for the system in question 24 for a single repair person, where the
goal of your simulation is to estimate the utilization of the repair person.


