ISYE 4803-REV: Advanced Manufacturing Systems
Instructor: Spyros Reveliotis
Midterm Exam II
November 11, 2019
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Answer the following questions (8 points each):

1. What is the production rate of an unstable G/G/1 queue (i.e., a G/G/1
queue with A > p) as t — 00?

Please, briefly explain your answer.

fﬂ an uw>ralle c\\.uJuu(/M k=,

W \()o‘ (l'. €, Hey numlex 4 J'obs o x’\v‘?
jn q‘toun{nJ) — oo

jknu./ Ha s*wﬁn') ye et wi \u.zf \omj

Ci. <. oWl veadh o uf—\e»jo}w)j \00'/.)

ot Wt produdion v WAL be "

({.e. one )'ob evey %, binee Un'\ts/cm_

qéu@{),



2. An automated single-server manufacturing workstation that meets the
operational assumptions of the G/G/1 queue, currently is found to be un-
stable. The shop-floor supervisor who has taken a two-days short course
on factory physics and has heard about the negative impact of variability
on the performance of any production system, tries to address this problem
by replacing the station server with another one that has the same pro-
cessing rate with the current one, but a smaller variability in its processing
times. Do you think that the supervisor’s approach can address effectively
the experienced problem?

(a) YES NO

Please, briefly explain your answer.
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3. The total processing time of a batch of k parts where the part processing
times are mutually independent, has a lower variability than the processing
time of any single part.

@ TRUE (b) FALSE

Please, briefly explain your answer.
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4. Discuss whether Kingman’s approximation for CT, of a stable G/G/1
queue gives a correct result for the case of a stable D/D/1 queue, ie., a
G/G/1 queue where all inter-arrival times are deterministically equal to t,,
all processing times are deterministically equal to t,, and tq > tp.
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5. Consider two single-server workstations WS; and WS with the same
distribution for their nominal processing times. But these two workstations
also experience preemptive nondestructive outages according to the model
that was discussed in class, and it further holds that
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where my, and m;,, i = 1,2, are the corresponding MTTF and MTTR
discussed in class, and o, i = 1,2, are the standard deviations for the
distributions of the corresponding downtimes.

Show that these two workstations will either both of them be stable or both
of them be unstable, for any job arrival process with rate A. Also in the
case of stable operation, discuss which workstation will present the highest
congestion.

Uwd mn’m.ﬂ-—)
u|: S’re,‘: f)keq_c U\_L —‘G
Ty avonvers @B He ol gk e gquesher . B e
-K& e Lovel x)u\.\-/ wHe alse nefhta K o

k-4 | .
Cr - Cr' - /'L,Cr—l_ — S:}" - CrL QM Co‘ - COI

1 mr
e = ﬂ(fu«‘m( 7
-~ a T M"l —
CC — Ca‘ ‘\"("\'CY; )aoC"’“r) k -
%
2 2 T
— Coy + Qe Ja (leay) Y2M2 o Ce,

: 21 C% 4 0% e
F‘\/\J.L), C_rci‘: Ca ‘}'fe, (VR b~ Ca +(eaq U Z—— — C—T-‘-'L

— =
U - =2 l—ua~ Qo




1)
(31 )

U

2
C7- CL’Z*'(;’S L "f*kf . 1+ () 0-9

Problem 1 (30 points): Consider a single-server workstation that meets
the operational assumptions of the G/G/1 queueing station discussed in
class. The processing times at the workstation server are normally dis-
tributed with a mean of 3 min and st. deviation of 1 min. Furthermore,
observation of this workstation indicates that it is in a stable operational
mode, and the server utilization is 90%.

Please, answer the following questions:

i. (5 pts) What is the production rate of this workstation?

ii. (5 pts) If parts arrive for processing at this workstation according to
a Poisson process, what is their cycle time at this workstation?

iii. (5 pts) Answer the question in part (ii) above for the case where parts
are released for processing to this workstation from a neighboring stor-
age area according to a deterministic pace that is specified by the
production rate that is calculated in item (i).

iv. (10 pts) Determine the variability in the departure process of this
workstation for each of the two operational regimes that are defined
in items (ii) and (iii) above.

v. (5 pts) If the server of this workstation starts experiencing preemptive
nondestructive outages with the time between two consecutive failures
following an exponential distribution with rate 1 failure per hour, what
is the maximal MTTR that will still ensure a stable operation for this
workstation?

= Ay = 32=08 = 1= 0.9 ~ 0.3 minT! = [T 4"

B - [¥wm
B | =\ 2 l-0.§3+3 wan
o+ ! ’
(T~ Zﬁ] —(—D—E—- 3+2 = 4. 5 min
\-0.9 B
U-04).) +0.9 Vq =078

3 2 L T
Cy= (-uw)w +ucp = (\-09%).0 4 o.°?"/j'10.03

NMNTTF |
£ol A - — . We e 2%141L¢)Aﬁnwﬂﬂ

MTTF +MTTTR

\ , 3 |
Uass dm\«tu MTQ‘M ok 208 = |- 09509 M1

=

L fMTTR
M TR < ‘/q = O 11! I/\\r - CC"¥ w\;v)



12

Problem 2 (30 points): Consider a single-server workstation where parts
arrive according to a Poisson process with rate r, = 10 parts per hour, and,
upon arrival, they are classified as type 1 and type 2 with corresponding
probabilities equal to 0.4 and 0.6. Both part types are joining a single
infinite-capacity queue, and they are processed according to a FCFS policy.
Furthermore, the processing of both types of parts at the workstation server
is fully automated, and therefore, the corresponding processing times are
deterministically equal to 7 minutes for parts of type 1 and deterministically
equal to 4 minutes for parts of type 2.

Please, answer the following questions.

i. (5 pts) Show that the operation of this workstation is stable.

ii. (10 pts) Define the distribution of the processing times that are ex-
perienced at the server of this workstation, treating jobs in both part
types as a single stream of jobs, and compute the mean, the variance
and the CV of this distribution.

iii. (5 pts) Compute the expected waiting time for the parts going through
this workstation, and the average number of parts in the workstation
buffer, when the workstation is operated in steady state.

iv. (5 pts) Compute the expected cycle time at this workstation for each
part type.

v. (5 pts) Assuming that the server is busy, what is the probability that
the part in processing is of type 17
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