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Answer the following questions (8 points each):

1. In a stable flowline that can be modeled as a sequence of n G/G/m
queues according to the theory that was presented in class, the variability in
the inter-arrival times of the workstation W S;,1, as measured by the SCV
of the corresponding distribution, is always higher than the variability in
the inter-arrival times of workstation WS, forall i =1,2,...,n — 1.

(a) TRUE FALSE

Explain your answer.
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2. A manufacturing workstation that fits the assumptions of a G/G/1
queueing station currently is found to be unstable, i.e., unable to support
the required production rate. Which (it may be more than one) of the
following are reasonable options for addressing the faced problem, without
compromising the posed throughput requirement?

i. Reduce the variability of the job processing times at the station.
Add another machine at the station.
iii. Reduce the rate with which parts are fed to the station.

ncrease the availability of the station server.

Explain your answer.
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3. For a manufacturing workstation that can be modeled as a G/G/1 queue,
and experiences non-destructive preemptive outages of its server according
to the model that was presented in class, explain how a reduction of the
variability of the server downtime can lead to a reduction of the average
WIP of the station.
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4. What are the main reasons that lead to batch-based processing in con-
temporary manufacturing facilities?
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5. Consider a G/G/1 queueing station where arriving parts are processed in
batches of k parts in a sequential manner, i.e., the k parts are processed on
the station server one after the other. Assuming that the processing times
of the parts in a batch are mutually independent, the total processing time
of batch has

@ a smaller

ii. a larger
iii. the same

iv. an incomparable

amount of variability w.r.t. the variability in the part processing times.

In your response, consider that variability is measured by the SCV of the
corresponding distributions, and provide a brief explanation of your answer.
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Problem 1 (30 points): Consider a stable single-server manufacturing
station which constitutes the first station of a longer production line. Jobs
are released to this station at a constant pace, and the server utilization is
measured at 90% of its effective capacity. The server nominal (or “natural”)
processing time (i.e., the processing time that does not include the experi-
enced outages) is deterministically equal to 2 minutes, and the estimated
availability is 85%. It is also known that the times between failures are
exponentially distributed, while downtimes are normally distributed with
mean 15 minutes and st. deviation 7.5 minutes. Your task is to compute the
following:

i. (10 pts) The throughput of this station in the operational regime that
is described above.

ii. (10 pts) The expected cycle time CT for a job going through this
station.

iii. (10 pts) The variability that is induced by this station to the rest of
the production line, as measured by the SCV of the inter-departure
times.
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Problem 2 (30 points): Parts arrive for processing at a furnace according
to a Poisson process with rate A = 30 parts per hour. The processing time of
these parts at the furnace is deterministically equal to 30 minutes. Answer
the following questions:

i. (10 pts) What is the minimum batch size k that ensures a stable
operation for this furnace?

ii. (10 pts) What is the part cycle time at this furnace when it is operated
with the batch size that you determined in part (i)7

ili. (10 pts) What is the batch size that leads to the minimum cycle time
at this furnace? What is this minimum cycle time?
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