ISYE 4803-REV: Advanced Manufacturing Systems
Instructor: Spyros Reveliotis
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October 10, 2018

Name: SOLUT\ONS



Answer the following questions (8 points each):

1. What are the basic mechanisms that can be used by a company in its
effort to increase its responsiveness to the experienced demand?
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2. What is the main feature of the U-shaped layout that makes it very
attractive for contemporary sequential workflows?
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3. Explain in a few words the rationale behind the Ranked Positional
Weights (RPW) heuristic for the Assembly Line Balancing problem.
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4. In the assembly line balancing problem, the processing times t; that
are required for the various tasks 7; are treated as deterministic quantities.

Provide some justification(s) for this approach.
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5. Explain the reason why an M/M/1 queueing station with p = 1 is
unstable.
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Problem 1 (30 points): An assembly process consists of six atomic tasks.
The processing times for these tasks and the precedence constraints among
them are reported in the following table:

()

Task Proc. Time (secs) Imm. Predecessors

a 10 -
b 25 -
C 12 a
d 13 c, b
e 30 -
f 20 d, e

i. (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 parts per hour.

ii. (5 pts) Express the precedence constraints for the various tasks of this

assembly line through a precedence graph.

iii. (15 pts) Use the Ranked Positional Weight heuristic presented in class

in order to come up with an efficient design for this assembly line that
will support a production rate of 100 parts per hour.

iv. (5 pts) Provide a lower bound for the number of workstations that are

necessary for the line designed in part (iii) above. What is implied by
this lower bound for the optimality of the design that you obtained in
part (iii) above?
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Problem 2 (30 points): Consider a single-server queueing station that
processes two types of jobs. Jobs from each job type arrive according to
a Poisson process with corresponding rates A\; = 5hr~! and Ay = 4hr~1,
and they join a single queue of jobs waiting to be processed by the station
servers according to a FCFES policy.

Processing times at the station server are exponentially distributed with
rate = 10hr~! for both job types.

Please, answer the following questions:

i. (5 pts) Argue that the considered queueing station is stable.

ii. (5 pts) What is the throughput of this station with respect to each job
type?

ili. (5 pts) What is the utilization of the server of this station with respect
to each job type?

iv. (5 pts) What is the probability that a job waiting in the queue of this
station is type 17

v. (5 pts) Argue that the considered queueing station can be modeled as
an M/M/1 queue, and define the parameters of this model.

vi. (5 pts) What is the cycle time of a job that goes through this queueing
station?
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