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Answer the following questions (8 points each):

1. A recent IE graduate was approached by a company that asked her to
design for them a single-server workstation that will deliver a throughput of
10 parts per hour while maintaining an average waiting time of 4 hours for
the processed parts and an average WIP for the station buffer of 30 parts.
In her enthusiasm as a novice engineer, she rushed to agree, but now she
might be in trouble.
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2. In class we presented a model for extending the Mean Value Analysis for
the basic G/G/m queueing station to stations that might experience non-
destructive preemptive outages during the processing of the parts that are
going through them. The development of this model was based on a set of
assumptions regarding the experienced outages. Briefly discuss how these
assumptions impact the practical applicability of the developed model.
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3. Consider an M/G/1 workstation where the arriving jobs are of two
different types, I and II, with respective probabilities p and 1-p. Jobs of
type I (resp., IT) have a mean processing time equal to ¢, (resp., t2). The
total arrival rate for this arrival process is A. Write down the stability
condition for this workstation.
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5. During the discussion of the example on the design of asynchronous

transfer lines, we showed that if the processing times for the parts in a

batch are independent and identically distributed. then the SCV for the

batch processing time is equal to the SCV for the part processing times

divided by the batch size B; i.e., : et
SCV[batch proc. time|] = SCV[part proc. time| / B.

Provide an intuitive justification for this result.
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Problem 1 (30 points): Consider a G/G/1 queueing station with an
arrival rate A = 10 jobs per hour, CV for the inter-arrival times, ¢, = 0.7.
mean processing time ¢, = 4 min, and st. deviation for the processing times
0p = 2 min. However, the operator who runs the server of this workstation
is also responsible for another operation of this shop-floor, and therefore,
the server is not available 100%. The disruptive events that take away the
operator from the considered workstation are randomly generated, according
to a Poisson process. Furthermore, every time that the operator walks away
from the workstation, she stays away for a random time period that has a
mean of 30 minutes and a st. deviation of 10 minutes. If there is a part
in processing when the operator walks away, the processing of this part is.
resumed upon the return of the operator.

L. (10 pts) What is the minimum avai]abiﬁty of the operator at this
workstation that will render the workstation stable?

2. (20 pts) Perform a MVA for this station, assuming that the operator
is actually available at this workstation 80% of the time. In particular,
compute the server utilization, the mean cycle time in the queue, the
total expected cycle time in the system, and the corresponding WIP
levels for the waiting queue and for the entire system. Also, please,
notice that in this analysis, you need to consider the statistics of the
effective processing times, 7., that account for the operator unavail-
ability; these statistics can be obtained from the provided information.
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Problem 2 (30 points): Consider an M/G/1 workstation where jobs arrive
at a rate of 10 parts per hour, and where the processing of the arriving jobs
takes place in two consecutive processing stages (without the jobs leaving
the server between the two stages). The pairs of the mean and the CV of
the processing time distribution of each stage are, respectively, (2min, 0.8)
and (3min, 1.1).

1. (5 pts) Show that the operation of this workstation is stable.

2. (5 pts) Compute the SCV for the effective processing time of this
workstation.

3. (5 pts) Compute the expected waiting time for the jobs going through
this workstation.

4. (5 pts) Compute the average WIP at this workstation.
5. (5 pts) Compute the mean for the job inter-departure times.

6. (5 pts) Compute the SCV for the job inter-departure times.
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