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Answer the following questions (8 points each):

1. Explain why in a stable M/M/1 queue, the server utilization is equal
to p = A/u, where X is the arrival rate and yu is the processing rate of the
station.
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2. Consider the model for parallel batching that we discussed in class, but
suppose that the considered facility has two identical furnaces, instead of
one. Hence, arriving parts are organized in batches of some size k, each
completed batch enters a queue waiting for its processing, and when it gets
at the head of the queue it is processed at one of the two furnaces. The rest
of the assumptions and the notation is the same as in the model presented
in class; i.e., B is the buffering capacity of each furnace in terms of number
of parts; r, is the part arrival rate in parts per hour; ¢, is the CV for the
part inter-arrival times; ¢ is the mean processing time for the batches at any
of the two furnaces; and ¢, is the CV for the batch processing times.

Provide (i) the stability condition for this facility, and (ii) the formula for
the expected cycle time C'T for the parts that go through this facility, when
the operation of the facility is stable.

Also, explain briefly the rationale behind the provided formulae.

m eY’{"chL)\ \“M%ZAJ I\J” H\._, wrd,sl—y."\m Can Lg

B, e
o\c_a,\ote.d mdum ’_:E;—
28

em—

soo % LQ Ce
Rl o X . &
& Frembed Y Bl quus

(La"/ >/Y'a,) l"/i‘l\b’ CRL Eu;nﬁuf) ;)
e LA2VL

T/(«U S\A"\‘\J’\"‘, [ Simi QA‘L i “Tha LQW(M"(»D e

H:./L we anJAJ}LJ " onv*’)/ Lw* new W ui e i odenhid
()'toLW)M \'"7\'(6-4 rl me, j\tnu:

Slbilbly Gk u- apts < 4 =) RLYPPX

Nobe Ko I 7, we muwok Wi U
Cruafmabn,, TH[Tesdim »{f\ G/C/Z QUM .



3. Consider a sub-stream of departures from a certain workstation WS
that is directed to another workstation W.Ss. Departures from the overall
stream are directed to the considered sub-stream with probability p. Also,
let ¢2 denote the SCV for the inter-departure times of the original departure
stream, and ¢ denote the SCV of the inter-departure times for the depar-
tures in the direction of the considered sub-stream. Then, it will always

hold that cg > cg.
(a) TRUE FALSE

Please, explain your answer.
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4. In class we showed that Moore’s algorithm is an appropriate method for
minimizing the number of tardy jobs in the context of static, single-machine,
due-date-based scheduling. Briefly explain how this algorithm works, and
the basic logic behind the computation of this algorithm.
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5. In class we defined the notion of “lateness” for any given job in the context
of static, single-machine, due-date-based scheduling as the completion time
of this job minus its due date. For this definition of lateness, the problem
of minimizing the average lateness across all jobs in the context of static,
single-machine, due-date-based scheduling

i. is solved optimally by the EDD dispatching rule.

is solved' optimally by the SPT dispatching rule.
iii. is solved optimally by the LS dispatching rule.

iv. cannot be solved optimally by any simple dispatching rule.
Please, provide a brief explanation for your answer.
ek 4 = G =0
wg\m g,' = Q.lJ’(")C") /S \')OL \: / C; e m)‘)’
Coma i fime ol 0= K'\J.l, dua dite.

mn/ ‘ N B
Av‘c'caé/k Qdf»)v;s g = - ?*__:"A .
= L C, - DI ) = b 3 G = o 5 O
d %4( E'I ) N =y
S '\;) E\Dl {/J Ju:l» o le—ml— V.LM/ (hﬁcrnf"‘”\lf

fem Wan cdhed dadolle, i adew Lo rmimimige £ we
nut YA mige '-}7— ;C' Iy elosn . vt Aoved
\’QJ' ‘H/v;§ O\\M\v\% ]’D b mb‘l":; m'nj—&J l») J{Qg' e Yu.QL, |

(cj Ha diguumio) ®n mininiging  Gueran jf’”j:'""’)



Problem 1 (20 points): Consider a facility consisting of two single-server
workstations, W51 and WSy, with 1nﬁn1te buffers, and respective processing
rates p; = 10 hr~1 and pp = 6 hr~1. Jobs arrive at this facility according
to a Poisson process with rate A = 12 hr=1, and they are directed to WS
with probability p, and to WS, with the remaining probability 1 — p

A i. (5 pts) Determine the range for p so that both workstations are stable.

ii. (5 pts) Determine the value for p that balances the workload of the two
workstations (i.e., both workstations are utilized at the same level).

iii. (10 pts) Assuming that p is equal to the value that you computed in
item (ii) above, and that the CV of the processing times is equal to
0.5 for both workstations, determine the expected cycle time, CT, for
a job that is processed through this facility.
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Problem 2 (20 points): Consider a manufacturing cell with two single-
server workstations, W.S; and WSy, where jobs arrive according to a Poisson
process with rate 7, = 10 hr~!. The processing of these jobs starts at work-
station W.S; where they execute a first processing stage, and subsequently
they move to workstation WSy for the execution of a second processing
stage. But the execution of this second processing stage by a part at work-
station WSy is successful only with probability 0.8. Successfully processed
parts leave the cell, and this completes the processing of the corresponding
job. In the opposite case, the current part is scrapped, and a new part is
initiated at workstation WSy, to replace the original one.

For this cell, please, do the following;:

i. (5 pts) Represent the workflow taking place in this cell as a queueing
network, and compute the total part arrival rate for each workstation.

ii. (5 pts) Determine the mean processing time for the server of each
workstation so that each server has a utilization level of 90%.

ili. (5 pts) What is the departure rate of completed jobs from this cell un-
der the processing times that you computed in part (ii) above? Please,
explain clearly your answer.

iv. (5 pts) How many parts must be processed, on average, in order to get
a job completed?
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Problem 3 (20 points): A consultant has fallen behind with the due
dates of her five current projects, P, i = 1,...,5. Furthermore, given the
current status of each of these projects, she estimates that the necessary
amount of work for the completion of each of them is, respectively, 5, 2,
3, 7 and 5 workdays. According to the corresponding contracts that have
been signed for these projects, the consultant is charged the rates of $800,
$500, $300, $400 and $600, for every extra workday past the project due
date. Determine a schedule that she should follow in her work on these five
projects in order to minimize the total penalties that she will have to pay
for all these projects.
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