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Answer the following questions (8 points each):

1. Briefly discuss how the modern information technology helps companies
control better their operational costs. Please, try to be specific about the
various relationships / dependencies that are employed in your arguments.
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2. What are some of the main advantages that have made the U-shaped
layout popular in modern production and distribution environments? What
is the key feature of the U-shaped layout that underlies and enables these
advantages?
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3. Consider an Assembly Line Balancing (ALB) problem that is addressed
through the relevant methodology that was presented in class. If the pro-
cessing times of the tasks involved range from 5 secs to 30 secs, and the line
will operate on an 8-hour daily shift, then,

we can infer that the maximum possible production rate for this as-
sembly line is 960 product units per day.

ii. we can infer that the maximum possible production rate for this as-
sembly line is 5760 product units per day.

iii. we can infer that the maximum possible production rate for this as-
sembly line is 3360 product units per day.

iv. the provided information is not adequate for determining a maximum
possible daily production rate.

Please, briefly explain your answer.
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4. What is the meaning of PASTA in queueing theory? Explain how PASTA
can be useful in the Mean Value Analysis (MVA) of queueing stations like
the M/M/1 queue and the M/G/1 queue.
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5. Consider an M/M/1 queue with an arrival rate A = 20 customers per
hour and a processing rate y = 30 customers per hour. Explain that this
queue will reach a steady-state operation, and determine the probability
that a customer that arrives when the queue operates in steady-state will
find the server busy.

Please. show clearly your calculations and explain clearly the rationale be-
hind your response.
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Problem 1 (20 points): An assembly process involves the following ten
atomic tasks with the corresponding processing times and precedence con-

straints being reported in the following table:

Task Proc. Time (secs)

Imm. Predecessors
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10
8
12
7
5
15
11
20
10
5

i. (15 pts) Use the Ranked Positional Weight heuristic to design an as-
sembly line for this process that possesses a production rate of 60 parts
per hour. Please, show clearly all the computations of this algorithm.

ii. (5 pts) Provide a lower bound for the number of workstations that
are necessary for the line designed in part #2 above. What are the
implications of this bound for the line that you derived in part #27
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Problem 2 (40 points): Consider a gas station with 2 pumps. Filling up
at any of the pumps of this gas-station takes an exponentially distributed
time with mean 5 minutes (Although the exponential nature of the tank-
filling times might sound a little strange, it becomes more realistic when
considering all the different sizes of the tanks in the contemporary fleet of
vehicles, and also the possibility that a car sitting at a pump might not be
actually serviced, but the driver is shopping in the gas-station mini-mart,
or s/he might be just sitting in the car checking email or talking on the
phone...).

Cars drive by this gas station according to a Poisson process with rate of
100 cars per hour, and 10% of this stream of cars are in need of refueling.
However. a passing car will just move on if there are no free pumps at the
gas station at that time.

Use the above information in order to answer the following questions:

i. (10 pts) Explain that the operation of the considered gas station can
be modeled as a Continuous-Time Markov Chain (CTMC) and pro-
vide the corresponding state transition diagram (STD). Please, define
clearly the meaning of the state of this CTMC and the transitions
among these states.

ii. (5 pts) What is the arrival process of the cars that are in need for
refueling? What is the corresponding arrival rate A?

iii. (5 pts} Explain that the CTMC that you developed in item # 1 above
corresponds to a stable quene. and compute the corresponding steady-
state probability distribution .

iv. (5 pts) Use your results for distribution 7 in step (iii) above. in order
to compute Aqss. the rate that the cars needing refueling actually enter
this gas-station.

v. (5 pts) What is the expected cycle time CT for a car that manages to
enter the gas station?

vi. (5 pts) What is the expected number of cars at any point in time at
this gas station?

vii. (5 pts) What is the expected number of cars at this gas station that
is observed by an arrival that needs refueling (but not necessarily en-
tering the gas station)?
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