ISYE 4803-REV: Advanced Manufacturing Systems
Instructor: Spyros Reveliotis
Midterm Exam I
October 4, 2017

Name: €OLO/\"ONS ' 4



Answer the following questions (8 points each):

1. What is the basic definition of quality for any product or service that is
offered by modern companies?
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2. From an operational standpoint, the U-shaped layout is a more efficient
layout than the S(serpentine)-shaped layout.

@RUE (i) FALSE

Please, explain your answer. Also, discuss the reason(s) that might lead to
the employment of the S-shaped layout for a certain flow line.

U- vhoped Qat]ﬂv" n indews] Mud me %'Q‘QLL/L@,
‘{J' He e &»ﬁa,rd /Qaﬂr\u" sine. U f->’f.°J’
o bellen froximib w He Qwu. WﬂLS‘WJEM_S/

: n' ,\j‘\ qn.J Terrui s
U ko Wy betkn commU 1ch
o 9 wechshhoy  bedkn overe-LL

<Lartin qmﬂ\t) | et
- oo ev\'ku Q,M/ camen
R I i upenpunvt

L H o ol.%{-u.\)— w‘-.)um/ oAc.
7On Hee Lm\—nu\»j/ S- )
m o« Qteu:) CMUW”R)\ Lowp-é&-n. QBJ/Q.JL ;:Mf»
\e hecw>«.17 u-( we LM 28 d‘»‘fy o~ lVD N "

o totudd awea,

L‘t a«'n\\n]



3. In a few words explain how the “pull” production system (according to
the definition of this concept that was presented in class) provided a solution
to the high levels of congestion of the “push”-based production flow lines that
were deployed in the 70’s and 80’s. How modern “push”-based production
lines have managed to overcome these congestion problems?
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4. What is the meaning of cycle time in the context of a synchronous
transfer line (e.g.. an assembly line integrated by a paced conveyor belt)? If
we want to increase the production rate of an already deployed synchronous
transfer line, its current cycle time should be

(i) increased. ecreased.

Please, explain your answer.
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5. Consider an M/M/1 queueing station with arrival rate A and processing
rate p. Provide an intuitive explanation of the fact that such a workstation
with A = g is unstable.
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Problem 1 (30 points): An assembly process consists of ten 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, ' 5 -
b 8 -
o 12 a
d 8 c. b
e 20 -
f 15 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 80 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 an M/M/2/3 queueing station. Pro-
cessing times at the two servers of the station are exponentially distributed
with rates p; = po = 10hr~1. Jobs arrive at this station from two different
Poisson streams with corresponding rates A\; = 10hr~! and \y = 8hr—!,
and they join the single queue of jobs waiting to be processed by the station
servers.

Please. answer the following questions:

i. (5 pts) Argue that this workstation is stable. according to the definition
of workstation stability that we have provided in class.

ii. (5 pts) What is the probability that the next arrival at the considered
workstation will occur from stream 17

iii. (5 pts) Model the operation of this workstation as a continuous-time
Markov chain (CTMC). Please, show clearly the states of this CTMC,
their semantics, and the transition rates among these states.

iv. (5 pts) Write down a system of equations that defines completely the
steady-state distribution for the CTMC that you developed in item
(iii) above. You don’t have the solve these equations, but, please,
show clearly their structure and the detailed values of all the involved
parameters.

v. (5 pts) Using the distribution that you defined in item (iv) above,
provide a formula that characterizes the line throughput.

vi. (5 pts) Using the distribution that you defined in item (iv) above, pro-
vide a formula that characterizes the utilization of each of the station
servers.
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