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Answer the following questions (8 points each):

1. What type of workflows can be organized according to a U-shaped layout?
What is the main feature of the U-shaped layout that makes it a competitive
option for those workflows?
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2. Consider the activity that takes place at a typical emergency room.
Which of the layouts discussed in class reflects the structure of the workflow
that takes place in such an environment?

Explain your answer.
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3. What is the basic definition of the quality of a given product or service?
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4. TFrom the definition of the “pull” system provided in class, it can be
inferred that these systems can be used only in a produce-to-order context.

(a) TRUE ALSE

Explain your answer.
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5. Jobs arrive at a certain station at batches of 10 units per batch, at a rate
of 5 batches per hour. Each unit needs an average processing time of one
minute, but 10% of these jobs need to go through some rework stage that
takes an extra minute. Is this station stable?

YES (b) NO

Explain your answer.
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Problem 1 (20 points): We want to design a synchronous transfer line
that will support an assembly process involving 5 tasks. The processing
times and the precedence constraints for these tasks are as follows:

task | t; (sec) | Imm. Pred
a 10 -
b 5 a
c 8 a
d ) b, ¢
e 7 -

The required throughput is 100 parts per hour.

ii.

iii.

iv.

(5 pts) What is the line cycle time c that is implied by the above
throughput requirement?

(5 pts) What is a lower bound (or the ”theoretical minimum”, in the
terminology of the posted excerpt on the ALB problem) to the number
of workstations required for this assembly line, if it is to produce at
the desired throughput?

(5 pts) Explain that, in the considered case, the bound that you ob-
tained in part (ii) is feasible (i.e., there exists a design that employs a
number of workstations equal to that suggested by the bound).

(5 pts) What is the maximum throughput requirement that can be
supported for this assembly process? Express your answer in parts
per hour.

Please, provide detailed and clear explanations for all your answers to the
above questions.
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Problem 2 (40 points): Consider a shoeshine shop consisting of two
chairs, 1 and 2. An entering customer will first go to chair 1. When his
work is completed in chair 1, he will proceed to chair 2, if that chair is
empty, or he will wait in his current chair until chair 2 becomes empty.
Customers arrive at this shop according to a Poisson process with rate A
but will enter the shop only if chair 1 is empty upon the time of their arrival.
Processing times at each of the two chairs are exponentially distributed with
respective rates ) and po.

Please, answer the following questions:

i. (10 pts) The exponential nature of the inter-arrival and the process-
ing times for the considered shop enable the modeling of its opera-
tional dynamics by continuous-time Markov chain (CTMC). What is
a pertinent definition of the state for this CTMC? Using your state
definition, draw the state transition diagram of the CTMC. (Hint:
Remember that a customer can be in chair 1 either getting service or
being blocked there while waiting for chair 2.)

ii. (10 pts) Explain why the CTMC developed in item (i) above has a
steady-state distribution for any values of A, u; and p2, and write
down the equations that provide this distribution. (You do not need
to solve these equations; just write them down.)

iii. (5 pts) What proportion of arriving customers enters the system?
iv. (5 pts) What is the throughput of this shop?
v. (5 pts) What is the average number of customers in this shop?

vi. (5 pts) What is the average time that is spent in the shop by a customer
who was able to enter it?

For items (iii) — (vi) above, express your answers in terms of the parameters
A, p1, sz and the steady-state probabilities that are characterized in step

(ii).
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