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Answer the following questions (8 points each):

1. A potential adversary effect of a high variability in the processing times
of a given workstation is the destabilization of this workstation.

(a) TRUE (b)) FALSE

Please, explain your answer, taking carefully into consideration the notion
of “stability” of a manufacturing workstation that was defined in class.
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2. The specification of the target throughput for a given workstation deter-
mines completely the degree of congestion in the operation of this worksta-
tion.

(a) TRUE (b) FALSE

Please, provide a thorough technical explanation of your answer. Also,
please, make sure to define the “measures of congestion” that are relevant
to the analysis of the above statement.
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3. In class, we used the theoretical developments on the Asynchronous
Transfer Line (ATL) model in order to argue the value of timely preven-

tive maintenance in the operation of the contemporary production systems.
Please, reproduce that argument.
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4. Consider a CONWIP line of five single-server stations where each station
has the same processing time distribution. The line is operated with a
constant WIP level of 20 parts, and the line throughput is estimated at 6
parts per hour. Based on this information, the average time of a part going
through one of the line stations is
1. more than an hour.
@ less than an hour.

3. equal to an hour.

4. impossible to tell.

Please, explain your answer.
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5. Explain the notion of ”balancing” and its significance in the context of
the design of synchronous transfer lines.
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Problem 1 (30 points): A certain operation at a manufacturing facility
is supported by two different single-server workstations, W.S1 and W S2,
with the corresponding processing times distributed according to the normal
distributions N(10,3%) and N (8,3?) (assume that these times are measured
in minutes). Parts requesting the considered operation arrive according to
a Poisson process with rate of 8 parts per hour, and they are diverted to
workstations W.S1 and W52 with corresponding probabilities p and 1 — p.

L. (10 pts) Determine the range of the values of p that lead to a stable
operation for the two workstations.

2. (10 pts) Determine the value of p that balances the workload of the
two workstations.

3. (10 pts) For the p value determined in part 2, compute the expected
cycle time for a part that arrives at the considered facility in order to
execute the considered operation.

Remark: The part routing scheme that is described in the above problem
is known as “Bernoulli splitting” (with the corresponding routing probabil-
ities). The Bernoulli splitting of an arrival process that is a Poisson process
with rate A, according to the routing probabilities p and 1 — p, generates
two Poisson processes with rates pA and (1 — p)A.
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Problem 2 (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:

Task Proc. Time (secs) Imm. Predecessors

a 10 -
b 8 -
c 12 a
d 7 c, b
e 5 C
f 15 d, e
g 11 -
h 15 2
i 10 e, h
k 5 f, i

1. (10 pts) What is the maximal possible hourly throughput that can be
attained for this assembly process? Please, explain your answer.

2. (15 pts) In class we discussed the Ranked Positional Weight (RPW)
heuristic as a design procedure for the assembly line balancing prob-
lem. Consider a variation of the RPW where tasks are ordered in
decreasing cardinality of their successor sets S;. Argue that this or-
dering also respects the precedence constraints of the tasks, and apply
the resulting heuristic in order to design a line for the above assembly
process that possesses a production rate of 60 parts per hour. Please,
show clearly all the computations of your algorithm.

3. (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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