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Answer the following questions (8 points each):

1. Write down the formula for the expected cycle time in the queue, C7Ty,
for a stable M/G/1 queueing station. Also, discuss whether your formula is
an exact estimate of this quantity or an approximation.
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2. Characterize the variability of the inter-departure times of an M/M/1
queueing station. Please, show clearly your entire argument and any com-
putations involved in it.
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3. Consider a G/G/1 queueing station experiencing non-destructive pre-
emptive outages of the type that we discussed in class. The station is cur-
rently unable to deliver its target throughput 7H. Suggest three different
(practical) approaches that can be pursued in an effort to establish a stable
operation for this station without compromising the target throughput 7H.
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4. In class we showed that the squared coefficient of variation, SC'V;, of
the batch processing times for a batching scheme with (i) a batch size of
k parts and (ii) mutual independence among the processing times of the
different parts in the batch, is equal to SCV},/k, where SCV/, is the squared
coefficient of variation for the part processing times. Provide an intuitive
explanation for this result.
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5. Consider a single-server queueing station processing two job types, J;
and Jo. Each job type arrives according to a Poisson distribution with
corresponding arrival rate \;, i = 1,2. Also, processing times of type .J; are
distributed according to some general distribution G; with mean ¢; and CV
Ci.

Finally, job type 1 has preemptive priority over job type 2; i.e., the station
maintains a distinct queue for each job type, and the server allocation to
the two job types observes the following two rules:

Rule 1 When the server completes its current job, it will draw its next job
from the typé 1 queue if there are any jobs present in this queue.

Rule 2 Whenever the station server works on a type 2 job and a type 1
job shows up, the server will send back its current job to the head of
the queue for type 2 jobs, and it will shift its attention to the new
arrival. Furthermore, the preempted job will resume its processing
(only) when the system is clear again of type 1 jobs.

Provide the stability condition for this queueing station.

Also, assuming that the system is stable, provide a formula for the expected
cycle time, C'Ty, for type 1 jobs.

The uhiligabs 4 e shebhey serret will twopeck
b cak 4 W T job e vl be
u = 2% and ug =k l,

Olviswly , we weed = Wik =Akithh<l,

Uir & e ‘Cec\ww »Jl-cJaiL'L'b (M;kqi’l\r% s b,
Vo Lrw\ru/(l C,’\'L u%’U/) b vebia

f‘&bmr’hw dﬂ-umg Q/I J.L ‘:’H‘L m/\)s ’L V:J— “
e duihed m s rt lm ; H_.JL U.M_)oliﬂ
'\'9Y.Q L QKTefLthLL 1’(“” s bah ﬂ'\ € "W‘—v
Jedicded be Hem. ena, amu;—mm) U~ k, Ll
We Ll fore: T, = ———-—ltzc‘_‘ﬂ_hLH

-\
In M dhire erprensim, We Tecs ni g8 l‘l.e,_,{. He auived prse’
‘)o\\o %(\( L V, pofsxc/q, J



Problem 1 (30 points): Consider a single-server station where the parts
to be processed arrive in kits of 10 parts per kit. Kits arrive according to a
Poisson process with a rate of 4 kits per hour. Each kit is processed serially
by the station server, one part at a time, with the part processing time being
equal to 1 minute per part and the coefficient of variation for these processing
times being 0.5. Parts in a kit leave the server only when the entire kit has
been processed. Furthermore, the server experiences preemptive outages
with normally distributed downtimes with mean 5 minutes and st. deviation
2 minutes, while the time between two consecutive outages is exponentially
distributed with a mean of 30 minutes.

Use the above information in order to perform the following:

i. (10 pts) Show that the station operation under the considered regime
is stable.

ii. (10 pts) Compute the average cycle time of a part going through this
station.

iii. (10 pts) Compute the average number of parts waiting for processing
at this station.
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Problem 2 (30 points): Consider a queueing station where parts arrive
according to a Poisson process with rate r, = 10 parts per hour, and, upon
arrival, they are classified as type 1 and type 2 with corresponding proba-
bilities equal to 0.5. Both part types are joining a single infinite-capacity
queue, and they are processed according to a FCFS policy. Processing times
for parts of type 1 are deterministically equal to 7 minutes and processing
times for parts of type 2 are deterministically equal to 4 minutes.

Answer the following questions.

i. (5 pts) Show that the operation of this queueing station is stable.

ii. (10 pts) Define the distribution of the processing times that are experi-
enced at the server of this workstation, treating jobs in both both part
types as a single stream of jobs, and compute the mean, the variance
and the CV of this distribution.

iii. (10 pts) Compute the expected waiting time in the queue for the parts
going through this workstation, and the average number of parts in
this queue, when the station is operated in steady state.

iv. (5 pts) Compute the expected cycle time at this station for each part
type.
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