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A machine operator has responsibility for
four semi-automatic machines.

While processing jobs, the machines require
no attention from the operator.
When a job is complete, the operator must

Average Time Req'd
1) Unload the old job 1/ul=15 seconds
2) Load the new job 1/u2=2[] seconds

3) Restart the machine 1fu3=1[] seconds
Total 45 seconds

EDenniz Bricker, U. of lowa, 1997
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Assuming that the time for each of the three
tasks has exponential distribution, we wish
to compute

» Steadvystate distribution of number
of machines in operation
* Average utilization of machines

for jobs with exponentially-distributed
processing time, where the mean is 5 minutes

EDenniz Bricker, U. of lowa, 1997
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3
Mean service time is 2 Vpi = 45 seconds
i=1
3

Variance of service time is 2, Wpf = /25

1=1

i.e., standard deviation is 26.925824 seconds,
substantially less than 45, the standard
dewviation of exponential dist'n with mean 45 sec.

If By =p;=p;=p , then the service time

has Erlang-3 probability distribution.

EDenniz Bricker, U. of lowa, 1997
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Continuous—-Time

Markov Chain

Define states:

(0) all machines in operation
(1,]) 1 machines out of operation

with operator currently
performing task j

EDenniz Bricker, U. of lowa, 1997
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Continuous-Time |
Markov Chain

8/22/00
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EDenniz Bricker, U. of lowa, 1997
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The 13 States
of the C-T
Markow Chain

where 1 = state number,
J = # customners 1in
t =

8/22/00
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EDenniz Bricker, U. of lowa, 1997
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EDenniz Bricker, U. of lowa, 1997
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Steady-5tate Distribution
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Steady-state Distribution
of the C-T Markov Chain

EDenniz Bricker, U. of lowa, 1997
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Distribution of # Jjobs in the Lvste

Mean number of Jjobs in swystemn = 0.6788461127

That 15, an average of 0.6/788 machines are idle
at any time, a utilization of 83.03%

EDenniz Bricker, U. of lowa, 1997
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Steady-state Distribution
of # of ldle Machines

EDenniz Bricker, U. of lowa, 1997
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Suppose that we use the WA Ae
ApproxXiamalion o LAIs problem

FThAe varsance of e service time of
the MR T system 18 larger

EDenniz Bricker, U. of lowa, 1997
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irth-Death Model

4 ), 3 A 2 A
R
0 M M 1

EDenniz Bricker, U. of lowa, 1997
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MAMA TN Steady-State Distribution

with 4 =1/ per minute

L= 4 per minute

The mean numnker of customers 1n the swysten
fincluding the one belng served: 1s: 0,.7292361766

The awerage arrival rate of customers 1s 0.6541527647

Using Little's formula, the averags Line
spent 1n the system, per customer, is W = 1.114779620

4—0.?39256 _81777

EDenniz Bricker, U. of lowa, 1997

Expected utilization =
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Suppose that expected processing time 15 3 minutes,

rather than |
5 minutes,

e, o 1/3

using the original model,

1.e., not the birth—-death
model

Mean number of jobs In system = 1.16434698

Expected utilization = 9= -11543 - 70.89%

EDenniz Bricker, U. of lowa, 1997
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MAT TN

oteady-State Distribution

with & =1/ per minute

p== perminute

The mean number of customers i1n the systen
tincluding the one belng served) is: 1.242718447

The average arrival rate of customers 1s 0.9190938511

Osing Little's formula, the average time
spent in the system, per customer, i1s W = 1.352112676

Expected utilization = 4- -2127’15 - 68.03%

EDenniz Bricker, U. of lowa, 1997
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Suppose that expected processing time 15 1 minute,
1.e.,

L = LﬁD Distribution of # jobs in the System |

p

724170
»233303
038766
L0361
000149

Rl o N i T [
PR

Mean number of jobs In swystem = 0.3222Z666048

4-0.52227 _ g9z 7

Expected utilization = ]

EDenniz Bricker, U. of lowa, 1997
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oteady-State Distribution

M/M/ 1 /N/N
with A = L/ per minute

i Pi
_ 4 : 0| 0.725487
B =3 per minute 1| 6.217646
5 | &l048970
3| &l007346
4| 6. 000551

The mean numnbker of customers 1n the systen
fincluding the one belng served) 1s: 0.3393271931

The awverage arrival rate of customers 1s 0.3660172802

Osing Little's formula, the averages tine
spent 1n the system, per customer, 1s W = 0.92284457769

4-0.539827 _ g1 gm
4

EDenniz Bricker, U. of lowa, 1997

Expected utilization =
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Summar).. Expected Utilization, using the 2 models

2 M/MAT/NAN | MZEs/ T/N/N
1/, 653.93% 70.89%
s 81.77% 83.03%
Lo 91.5% 91.93 %
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EDenniz Bricker, U. of lowa, 1997



