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Elennis Bricker, U. of lowa, 1997

The arrival of items for processing at a
manufacturing center 1S a Poisson process
with rate A= l/day.

The processing time of an item has exponential
distribution, with mean 1/|L- 0.5 day.

When no items await processing, the mfg. center
is shut down. Cost to restart the center is $125.
Holding cost for items awaiting processing is
$1/day.
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There is a capacity of 10 items at the mfg.
center—- if at item arrives while at capacity,
the arrival process is interrupted and a
penalty of $1000/day is incurred.

Let @ denote the number of waiting items
which will trigger the start-up of the center.

What is the optimal value of Q¢

Siall O —= Freaquent SEErE-u CosiEs

lage W — Mgher Aolding Costs & sk
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" . o . -"ll| I
Continuous-Time Example; =3
Markov Chain

-
0,1 —>» center 15 1dle, and
1 units awailt processing

1,1 —» center 15 busy, and
1 units awailt processing

ol g pirti—
Fealh process!
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steadv-5tate Distribution

Rtates 1, ... @

represent the queus lengths i=0, 1, ... &@-1
when the server i1s idle.

server Idle

1 PIC1]

0| 0.166857 E
1 | 0.166857 E
2 | 0.166857 ¢
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Steady-State Distribution |

otates Q+l, QA+2,... G+
represent the queus lengths i=1,2,... N
when the server 1s busy.
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oteady-State Distribution
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e Averadge # 1in system 1s 1. 98859 éééiééié
.. = Holding cost/day = $1. 98859
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To compute average start-up cost per dav,
we must find the average cycle time (time
between start-ups)

State 0 is visited exactly once per cycle, and
the average time spent in this state is the
inter-arrival time of the items.

Therefore,

average interval during which queue 15 empty
average cycle time

Ko =
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average interval during which queue 1s empty
average cycle Lime

Tn =

Average interval during which gqueue 1S empty 1S
expected time between arrivals= l/l = | day
— Average cvcle time = 1
A o
Average * cycles per day = A ng
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Frequency of start—-up is A ng=0,166857/day

Start—up cost/day is 5125 K 0. 166857
= $20.857125

Holding cost/day = 5 1.98859
Penalty/day for overflow 1is $ 1.14062

Start—up cost/sday $2Z0.857125
Total cost/day § 23986335
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Steady-State Distribution f

Frequency of start-ups 1s 0.125229/unit tine
Average numnker in the swvstem 1s 2.483257

server Idle

nepryver Busy
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Q-4

Holding cost/day: 248207

Overflow penalty/day . 1.63441

Start-up cost/day: 10.603625
Total cost/day: $19.970600
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Steady-State Distribution f

Fregquency of start-ups 1s 0.100304/unit time
Average nunber in the system 1s 2.97267

nepryver Busy

server Idle

i PICi]
i PICi1 | 1 | 0.0501518
g 2 | 0.0752277
0| 0.100304 | 3| 0.0877657
1| 0.100204 | 4 | 0.0940347
2 | 0.100204 | 5 | 0.0971602
3| 0.100204 | 6 | 0.0485546
4| 0.100304 | 7| 0.0242923
-- g | 0.0121461
9 | 0.00607307 |
10| 0.00303654 |
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Q-5

Holding cost/day: 27207

Owverflow penalty/day 5.036504

Start-up cost/day: 12,230
Total cost/day: $10.04721
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Q-6

oteady-State Distribution §

Fregquency of start-ups 1s 0.0837628/unit tine

Average number in the system 1s 3.4562

server Idle
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Q-6

Holding cost/day: 3.4062

Owverflow penalty/day 2.10337

Start-up cost/day: 10.47035
Total cost/day. 3 19.0/7997
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Q-7

Fregquency of start-ups 1s 0.072067/unit Ltime

oteady-State Distribution §

Average numbker 1n the swystem 1s 3.928h

server Idle
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Q-7

Holding cost/day 3.9265

Owverflow penalty/day 0.930

Start-up cost/day: 9.0085/70
Total cost/day. 3 21.6/74675
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30

20
= holding cost
+ overflow penalty
= startup cost

"7 -~ Total cost

: ; Optimal value of
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