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M/EK/1/N/N Queue

©Dennis Bricker, U. of lowa, 1997

~ . [ ™~
o 5.. o EN o
- @ - -
= z e 0 g g - o
= 2 S N 2 2 | cooococoooo0ome
[«5] < wl|lw ® 0 ip] < ° ~
n @ B o A ) =] B .
' = = s T T|T - = N o £ . R S| coocooocococowmo
3 5 2 ¢ ¢ S S|5: E ™~ vo g E: i . _
24 o 2 = . 2 2 .
o~ g =] m m o QIO O 1] ¥ Lo - & & I| cococoococoowoo
N ) - g © o|lol o NS o 5 u g _
- S m 3 w|w e o © m o ‘e .m
et “ o w w 13 5] [se] c ] e} £ £ - -+ =
2] z _— c = = £ Lo
= o S » n s 2 R/q.J@ % ,‘Um_. % S5 2 3 =] s a| ccccoocomsooo
o —
= — S o 0o R e B o = w0 o9
a S M A R AN y @ 0w 5 COCOOCOTMOOOO
< - Q N [ e T T < - — 0 = < o _
o @w & 8 & o = = - =5 NS o v s, « ~
I m =] S o % = n .ﬂ £ © & ®| coocococoroooow
. n - ]
w < O - - — = !
OE oS © oWl o 28T > - @ W
» M ) m = o £ c = m = 3 COO0OMPOO0000
SE 498 38 5 2 5 S§35 S 3 | I
< o 9 o — o © R o - L = L o COCOTMOOOOOOO
o .2 c S = T - S O S+ o 3 o 3 :
O — oS B =] 5} — S v c [=) I o = .
M m MQ =} g o @ o £ > > 0 © I [ - C00OT0000Wo00
o — [ v Q o a =
«5 =938 g ¢ & e o ©°=x = m 4 IR o
o= ey - o ® 0] T 5 0 LS c ~. & COMOOOOO00000
S = b4 4 - S e o — e | =S o L] 1
= g s = 5 It c = NI = Gy <
o g o . < © - w®° 2 c = | o ;
— O = © T = > o LG OFMOOOOCOO000
= o = .2 - & w . @ cS c T 2 =0 !
= g a a5 € o o o o 8 e © - 2 TS | =9
<M o ® Do o 0] c - &5 by e > A OTOCO00WOO0000
C ow O = < n 5 == 2w 2 © M h
< —_ - S —— - c — © c v @
= - D — N O I e 0= 0 — oy - =
=5 = = o> e =3 CO0WO00000000
Iy =1 o S S o« S c S 2h !
< = W =1 W p > - n T - £ o M W HNM T Otoo S TN
C e
™~ ~
e e e e e e e e e e e e e e 13 &
e e e e L b
e e e e e e e e e e e e e % 2 2
B e e e e e e ) M 3 ® et z 3
e e e e e e e e e e e - 5] o = = 5 s
e e e e e I = < Pl o 5 c 5
Cooooogoooooodododosoodogogoe| & g M = [ = . m o
= - ] 2
e i) o S B [«}] w m w m - > M
e e e e e e e R ® o @ =2 = C — © = o
PEEEEEEEEEEEEEEEEEEEEEEsEEEE = 0 2 O < o B =] » o ey | S @
MNMMNMMNMQQ;«A;saasaasaasaasa < 5 S e = 3 o = 2 = o 2
Socosoosaad § —adQ¢© : S 2 4 g < aQ o g
Socoooaaod B o8 2 = — O < - = D A o 3 -
Sococooooag CEEEEE (==} ot o @ @ @ Pl odnmaNmanmanm @
Cogogoosoaad oSBT 20 o o oo =% — =™ =
Sozmeeeeec §5852¢ €8 °_.§ 28§ S 3« 28
Cocoooooaed cm e S M 2 [=f =] g © © = - © N =
sl 7 2 z2® $2 cSsE7E £ 35c8 of ommmmnooree | 3
Soocossasad ~ o 29000 o ~ P S - o I o o+ . 2
sococccceedl  Z S 2Eg2gd Sa 2LcTE ¢ 0w 2 . N -
Cocoosooaod ~ 'm £E8353¢ e, - O o m - = o L £ T e Tweboo 2 T @
geeccccoeel = 8 - g® Tez e = E£%E 7%
SosssTssaTg ~ = |k iZa g — % © =R [=} =
E = =SS 2:8¢g s §5°5 .83
CoCCEEEEEag bl = e e e e — T == a< £ & £ [
SocoossIoad ~ e e e = e ) O o — O B = [T
Soocossasad - O ooooooasasaae S 3 Qo @O A, —_ g ¥ S L0
CoCCEEEEEag g - e ] o - QO = - = [ RIS
Soooooossag a CooooooosaoaTe o c o = X O < h— W a B =24
Soocossasad ooooooasasaae - O 8 o g .. 2305
CoCCEEEEEag e ] = - @ o 20
Socoooosaad Cocoooooogaoae = oo oa = %] P N [TIRT]
Soocossasad ooooooasasaae =R = g c o~ z o Fuliy= Y
CoCCEEEEEag e e = - o Rt —— - o — = = @ D W
e e e e e e e e e e e e = e o St <0 - & » ] + @
SogooooTaa CocoooooooaTaac o0, = ] = B o = .m ~— o— a O = 0w # P
e e e e e e e e e e ] m s =2 & — 2w n O 0 ~ © wonow
e e e e e e e e e e e e e e e g oS hBa A “ 5 MO —- e
e e e e e e e e e e ] » E o e © © o > ) — 5 0
e e e e e e e e e e e e e e e = RIS —_— > 5 b= o x ¢
e e e e e e e e = e e e ] “ wn © - O C x o L5 W @
B e e e e e e e e ) N Mm b < O rmv. ot oo o m s .m
B e e e e e e e e e e e e e Llee Al S c S o
B e e e e e e e e e e e e e Slee =i
e e e e e T e e e e e e e e | EA] (&)
e e e e e e e e e e

®©Dennis Bricker, U. of lowa, 1997



M/EK/1/N/N Queue

Steady-State Distribution

PI
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Distribution of # jobs in the System E
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Mean number of jobs in system = 0.6788461127

That is, an average of 0.6788 machines are idle
at any time, a utilization of 83.03%
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Suppose that we use the M-HM1-N-W
‘approximation o this problem.

The variance of the service time of
the M1 AW sSystem 1s larger.
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M/M/1/N/N
with 4 =1/ per minute

[ steady-State Distribution [

Pi

.509385
.305631
.137534
.041260
.006189

L= % per minute
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The mean number of customers in the systen
¢(including the one being served) is: 0.7292361766

The average arrival rate of customers is 0.6541527647

Using Little's formula, the average time
spent in the system, per customer, is W = 1.114779629

Expected utilization = 4-0.729236 _ 81.77%
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Steady-state Distribution
of the C-T Markov Chain

123 456 7 8 910 111213
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Steady-state Distribution
of # of Idle Machines

0.3465
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Suppose that expected processing time is 3 minutes,
rather than
S minutes,

e, o o 1/3
using the original model,

i.e., not the birth-death
model

[ pistribution of # jobs in the System [

WMWNRO |G,
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Mean number of jobs 1n system = 1.16434698

Expected utilization = ‘% = 70.89%
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M/Ek/1/N/N Queue

M/M/T/N/N I Steady-State Distribution f

with A =15 per minute

Pi

.310680
.310680
.233010
.116505
.029126

1 :% per minute
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The mean number of customers in the system
(including the one bheing served) 1s: 1.242718447

The average arrival rate of customers is 0.9190938511

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

Expected utilization = 4-1.242718 _ ¢35 933
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M/M/1/N/N
with & = 1/o per minute

[ steady-State Distribution [

Pi

.725487
.217646
.048970
.007346
.000551

m :% per minute
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The mean number of customers in the system
(including the one being served) 1s: 0.3398271981

The average arrival rate of customers is 0.3660172802

Using Little's formula, the average time
spent in the system, per customer, is W = 0.9284457769

Expected utilization = 4&2‘9827 =915%
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Suppose that expected processing time is 1 minute,

ie., |
A= /10

[ pistribution of # jobs in the System [

P

0.724170
0.233303
0.038766
0.003612
0.000149
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Hean number of Jjobs in system = 0.3222666048

4-0.32227 _ g1 93 3

Expected utilization = 2
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Summary. Expected Utilization, using the 2 models

2 M/M/A/N/N | MZEs/ 1/N/N
1/ 68.93% 70.89%
1s 81.77% 83.03%
Yo 91.5% 91.93 %

ASSUming exponeniial disth for service time,
re., alarger varignoe, leads Lo an underesiimale
o the utitization! Ka
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