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The arrival of items for processing at a

Eenniz Bricker, U. of lowa, 1997

1/day.

manufacturing center is a Poisson process

with rate

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

A

$1/day.
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There is a capacity of 10 items at the mig.
center-- if at item arrives while at capacity,
the arrival process is interrupted and a
penalty of $1000/day is incurred.

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

What 1s the optimal value of Q?

SmEl G ——= Freguent siari—un cosis

fEe O —— fIGRer nolding cosis & sk
ol alertiow,

A

Eenniz Bricker, U. of lowa, 1997

: - e ' -"ll| — -
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0,1 —> center 15 1dle, and
» 1 UNIts awalt processing
1,1 —» center 15 busy, and
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Solving n A =0 & 2@ -
1
vields the steady—-state dist’n

Transition

Q@
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otates 1, ... &

represent the quens lengths i=0, 1, ... G-1
when the server is idle.

cerver Idle

1 PIC11]

0] 0.166857
1| 0.166857
2 | 0.166857

A
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ptates Q+l, Q+2,. .. G+H
represent the queus lengths 1=1,2,... H
when the server 1s busy.

PIC1]

0554254
125143
.146
729995
0364999
01525
0912498
00456249
LOD2258124
0114062
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e Averadge # 1n system is 1.98859 EEERREEE
... = Holding cost/day = $1. 98859

Eenniz Bricker, U. of lowa, 1997

To compute average start-up cost per day,
we must find the average cvcle time (time
between start-ups)

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

Therefore,

average interval during which queue 1s empty
average cycle time

A

o =
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average interval during which queue 15 empty

Lo = .
average cycle Lime

Average interval during which gqueue 1s empty 18
expected time between arrivals- 1/1 = 1 day
—> Average cvcle time = 1
A Lo
Average ¥ cvcles per day = A &,

A

Eenniz Bricker, U. of lowa, 1997

Frequency of start—up is Ang=0.166857/day

Start—up cost/day is $125 X 0.166857
= $20.857125

Holding cost/day = 3 1.98859
Fenalty/day for overflow 1is $ 1.14062

Start—up cost/sday $20.857125
Total cost/day $23986335

A
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Fregquency of start-ups 1s 0.125229/1nit timne
Average number iIn the system 1 2.48267

oerver BUsy

E Srver I |j_ 1 o e s
1 PIC1]

1 PIC1] 1 | 0.0626147
4 | D.09539232

0| 0.125229 4 | 0109676

1| 0.125229 4 [ 0.117404

2 | DL125229 H | 0.0BEYOL1E

a | 0L125229 b [ 0.0293606
7| 0.0146753
B | 0.00733765
9 | 0.003RGB83
10 0,00183441

Eenniz Bricker, U. of lowa, 1997

Q-4

Holding cost/day 2. 46257

Overflow penalty/day . 1.63441

Start-up cost/day; 106030620
Total cost/day. $19.9706000

A
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Freguency of start-ups 1s 0.100304/unit time
Average numbker in the swystem 1s 2.97267

oerver BUsy

E aprvar I Ij_ 1 o e e e e
i PIC1]
i PIri1 | 1 | 0.0501518
ﬁ 2 | 0.0752277
0| 0.100304 3| 0.0877657
1| 0.100304 4 | 0.0940347
2 | 0.100304 5 | 0.0971602
3| 0.100304 6 | 0.0485546
4 | 0.100304 7 | 0.0242923
e A E |:| . [:| 1 2 1 4 E, 1
9 | 0.00607307
10| 0.00303654

Eenniz Bricker, U. of lowa, 1997

Q-5

Holding cost/day: 2937267

Overflow penalty/day; 3.03604

Start-up cost/day; 12,030
Total cost/day. $18.04721

A
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Fregquency of start-ups 1s 0.0837628/unit time
Average numbker in the system 1s 3.4562

oerver BUsy

E E‘ P ";.F E‘ r" I Ij_ 1 E' DT T T T L T T re)
i PICi]
i i 1 | 0.0418814
- PIC1] : 2 | 0.0R28221
0| 0.0837R28 3| 0.0732024
1| 0.0837R28 4 | 0.0785276
2| 0.0837628 | 5 | 0.0811452
3| 0.0837628 | B | 0.082454
4| 0.0837TR28 & 7| 0.041227
Bl 0.0837628 | 8| 0.0206135
£ o | 00103067
10| 000515337

Eenniz Bricker, U. of lowa, 1997

Q-6

Holding cost/day: 5. 4002

Overflow penalty/day; 0. 10337

Start-up cost/day; 10.4/7055
Total cost/day: § 1907992

A
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Eﬁfeady—state Distributlion g

Fregquency of start-ups 1s 0.072067/Uunit tLime
Average numbker in the system 1z 3.228h

oerver BUsy

E E'I'“‘.F E'P I d 1 E' e
i PICil
i PTriil 1 0.03a0335
2 0L, 0540502
O 0072067 3 0.0R305EA
1| 0.072067 4 | D.0RTRAZE
2 0,.072067 B 0.0R9E140
3 0.072067 A 0.070941
4 | 0,072067 7| 0.071504
Bl Q.072067 a8 0.03R75R2
B Q.072067 a 0.017E7A
10 0.003038

Eenniz Bricker, U. of lowa, 1997

Q-7

Holding cost/day 3.92060

Overflow penalty/day; 0.930

Start-up cost/day: 9008570
Total cost/day: § 21.6/74570

A
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~+ overflow penalty
= startup cost
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] T T T T T T T T T 1 v G ]5 5
2 Z 4 3 =] 7 g



