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This Hypercard stack was prepared by:
dennis-bricker@uiowa.edu

Dennis L. Bricker,
Dept. of Industrial Engineering,

University of lowa,
lowa City, lowa 52242
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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 1s complete, the operator must

Average Time Req'd
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1,=10 seconds

Total

3) Restart the machine

45 seconds

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

» Steadystate distribution of number
of machines in operation
» Average utilization of machines

for jobs with exponentially-distributed
processing time, where the mean 1S 5 minutes

@ 0ennis Bricker , U. of lowa, 1997

3
Mean service time is 2 1/|-"i = 45 seconds
i=1
3

Variance of service time is 2. Wpi]g = 725

1i=1

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

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

has Erlang-3 probability distribution.

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

Define stales:

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

with operator currently
performing task ]

@ 0ennis Bricker , U. of lowa, 1997

Continuous-Time ||
Markov Chain

ol F firti—
FeFlh process !
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13 States

The

of the C-T
Markowv Chain

state number,

where 1

and

task currently helng pertformned

# customers 1n syvsten

]
t

@ 0ennis Bricker , U. of lowa, 1997

11 12 13

10

|

.U.U.U.U.U.U.U.U.U.U.Ua.mﬁ.
[

.U.U.U.U.U.U.U.U.U.U.ﬂ._ﬂu._.ﬂ_
[

.U.U.U.U.U.U.U.U.U.U._ﬂ;.ﬂu.ﬂ_

- -]

.U.U.U.U.U.U.U.UE_wD.U.U.U

= 1
.U.U.U.U.U.U.Ud.._m.ﬁ_.ﬂ:ﬂ:ﬂ:ﬂ_

o ]
.U.U.U.U.U.U.U._ﬂ;.U.U.U.Ur.U

w0 =

.U.U.U.U.UE#D.U.U.U.U.U.U

W =
b bl e B oy e L R e
1

WO =
i R D D D
1

flu]
.U.UE.w.H...U.U.U.U.U.U.U.U.U
pLu]
.U.ﬂ......u....U.U.U.U.UDDD.U.U
.UU,,..H__
.U.d.._.U.U.U.Ur.U.U.U.U.U.U.U
.UU_

T T
1

PR o My
123456?891111

EDenniz Bricker, . of lowa, 1997



M/Ek/1/N/N Queue 10/31/97 page 5

Steady-5State Distribution
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Steady-state Distribution
of the C-T Markowv Chain

EDenniz Bricker, . of lowa, 1997
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Distributicn of # jobs in the System |
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Hean number of jobs in system = 0.67884601127

That 15, an average of 0.06/88 machines are idle
at any time, a utilization of 83.03%

@ 0ennis Bricker , U. of lowa, 1997

Steady-state Distribution
0.5018 of # of |dle Machines

EDenniz Bricker, . of lowa, 1997
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Suppose that we use the WA 175K
aApproximation o this probfem.

FThe varsance of (e service tame of
the MWl I N system 15 farger

@ 0ennis Bricker , U. of lowa, 1997

Birth-Death Model
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MM TANN Steady-State Distribution |
with A = f% per minute
i Pi
_ 4 : 0| 0.509385
=3 per minute 1| 01305631
2 | 0.137534
3| 0.041280
4 | 0.00/R189

The mean number of customers 1n the system
cincluding the one belng served) 1s: 0.7292361766

The average arrival rate of customers 1s 0.6541527647

Tsing Little's formula, the averages time
spent 1n the systemn, per customer, is W = 1.1147726:29

4—@.?39236 _g81 77%

Expected utilization =

@ 0ennis Bricker , U. of lowa, 1997

Suppose that expected processing time 15 3 minutes,
rather than
o minutes,

e, 4 1/3

using the original model,

i.e., not the birth-death
model

Distribution of # Jjobs in the &vst

Hean number of jobs In systemn = 1.16434698

Fxpected utilization = 9= -;5"43 - 70.89%

EDenniz Bricker, . of lowa, 1997
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M TANAN Steady-State Distribution
with zjf; per minute
i Pi
_4 ' 0| 0.310680
h=7 PEF minute 1 | 07310680
2 | 00232010
3 | 0.116505
4| 0.029126

The mean numnker of customers 1n the systen
fincluding the one belng served: 1s: 1.242718447

The awerage arrival rate of customers 1s 0.91902385H11

Using Little's formula, the averags tine
spent 1n the systemn, per customer, 1s W = 1.362112676

Expected utilization = 4- 1 -212718 - 65.03%

@ 0ennis Bricker , U. of lowa, 1997

Suppose that expected processing time 15 1 minute,
1.8,

A = Lﬁﬂ Distribution of # jobs in the System |

P

724170
233303
LD038766
LO03612
L0001 49

e LI |
(L R

Hean number of jobs In systemn = 0.3222666048

4-0.52227 _ g1 93 3

Expected utilization = 4

EDenniz Bricker, . of lowa, 1997
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F1KFWH'IHPJHPJ Steady-State Distribution §

with A = %ﬂ per minute

Pi

=

725487
217646
048970
007346
LO0055E1

L= 4 per minute
3

W D B
T

The mean nunker of customers 1n the swysten
cincluding the one belhg served) 1s: 0,3398271981

The awerage arrival rate of customers 1s 0.3660172802

Using Little's formula, the average tins
spent 1n the system, per customer, is W o= 0.92844577609

4-0.339627 _ g1 59
4

Expected utilization =

@ 0ennis Bricker , U. of lowa, 1997

Summar).” Expected Utilization, using the 2 models

2 M/MAT/NAN | MZE3/ 1/N/N
VA £58.93% 70.89%
/s 81.77% 83.03%
1o 91.5% 91.93 %
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