ISYE 4803-REV: Advanced Manufacturing Systems
Instructor: Spyros Reveliotis
Midterm Exam I
October 5, 2016

Nme: SOLOTIONS



Answer the following questions (8 points each):

1. In class we recognized responsiveness as one of the key strategic require-
ments for modern corporations. Please, (a) explain what is meant by this
term, and (b) outline some of the primary concepts and practices that enable
modern companies to support this requirement at the operational level.
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2. Identify a sinsle feature of the U-shaped layout that has rendered it the
most preferred layout in modern production and distribution environments.
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3. In the ALB problem that we considered in class, there was an idle time
of at least 5 secs at every station in the produced design. Noticing this
result, somebody suggested that, in the final implementation of this design,
it might be pertinent to reduce the line cycle time to 55 secs (instead of the
original value of 60 secs). Do you agree with this idea?

(i) YES o

Please, explain your answer.
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4. Consider an M/M/1 queue which serves its arriving stream of customers
in a stable manner. In the current operational regime the average waiting
time is 30min. In an effort to decongest the line, the server was replaced by
a faster one, and now the average waiting time has been reduced to 15min.
Based on this information, we can conclude that the average number of
customers waiting in the queue (not accounting for those in service) in this
new regime has been reduced to half the value of this quantity in the previous
condition.

RUE (ii) FALSE

Please, explain your answer.
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5. Consider a single-server workstation that operates in a stable regime,
with a server utilization equal to p. The time between any two consecutive
arrivals is normally distributed, a fact that reflects the distribution of the
processing times of the heavily utilized upstream workstation.

Based on the above information, we can infer that the probability that a
new arrival will find the station idle is equal to

Please, explain your answer.
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Problem 1 (30 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:

i,

ii.

iil.

iv.

Task Proc. Time (secs) Imm. Predecessors

a 1 -
b 8 -
¢ 12 a
d T ¢, b
e 5 -
f 15 d, e

(5 pts) What is the highest possible throughput that can be attained
by any synchronous transfer line that supports the execution of these
tasks? Please, provide your response in items per hour.

(10 pts) The RPW heuristic uses the positional weights (PW;) of the
different tasks in order to develop the ordered task list that is even-
tually used in the design process that specifies the line workstations.
Explain (by providing the necessary mathematical argument) that in
the aforementioned process, a valid task ordered list can also be ob-
tained by replacing the positional weights, PW;, by the cardinalities
of the (task) successor sets S; that we defined in class during the com-
putation of the PW;. In other words, instead of ranking the tasks by
decreasing PW;, now we shall rank them by decreasing |S;| (remember
that for any given set A, |A| denotes its cardinality, i.e., the number of
the elements in this set — you need to justify that the suggested substi-
tution will provide task ordered lists that still respect the precedence
constraints among the tasks).

(10) Use the heuristic that results from the substitution that is sug-
gested in item (ii) above in order to design an assembly line for the
considered process that will support a production rate of 100 parts per
hour. Please, show clearly all the computations of this algorithm.

(5 pts) Provide a lower bound for the number of workstations that are
necessary for the line designed in part (iii) above. What can you infer
from this computation regarding the optimality of the design that you
obtained in part (iii) above?
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Problem 2 (30 points): Consider an M/M/1/c queue operating in steady-
state. For this queue, we have that:
the average inter-arrival time t, = the average processing time t, = Smin.

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

i. (5 pts) What is the minimum possible value for ¢ so that the percentage
of the lost customers is no more than 15%7

ii. (25 pts) For the value that you computed in item (i) above, compute
also

e the server utilization;

e the average number of customers in the entire system;

o the average number of customers waiting in the queue;

o the expected cycle time for the customers that enter the queue;

e the expected cycle time for an arriving customer, irrespective of
whether s/he entered the queue or not.
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