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Queueing Intro - Part 2
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is less than the
at which the servers

can work, then the system will have a sfeadvsiale

If the arrival rate A
distribution, given by:

combined rate cp
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where
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(cp) e, . (cp)t o, .
Ly =m0 e 2 Jp =m0 e pXjpit
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Example: Pooled vs. Separate Servers
Compare two queueing systems:

A=4/hr O—> OO ) — p=5/hr
L=4/hr O— QOOOI)]— p=5/hr

SepIFraGie qieie per server

pooled servers
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Average Length of Queue

p[(:;]c““(ﬁ_p)z

Lq=

Once Lgq is computed, then we can compute (using
Little's formula)

L
Wq=,%, W:Wq+1ﬁ,& L=AW
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[two M/M/1 queues |
A=4/hr O—> QO IO|— p=5/hr
L=4/hr O— OQOOOK]— p=5/hr

separate queve per server

Average waiting time: W S —
RS

- 4/hr

(5/hr)(5-4)/hr Qe

(48 minutes)
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single M/M/2 queueE

i Pi CDF
Steady-5State Distribution E
0 0.200000 0.200000
1 0.160000 0.360000
0.2+473 2 0.128000 0.488000
& 3 0.102400 0.590400
4 0.081920 0.672320
5 0.065536 0.737856
6 0.052429 0.790285
7 0.041943 0.832228
8 0.033554 0.865782
9 0.026844 0.892626
10 0.021475 0.914101
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single M/M/2 queueg

— pn="5/hr
A=8/h — _a
r O 000000 Zp=y_ W= 5/hr
_ 1 _ 1 1
To= 7 1 7 = =
(2% 0.8) +(2>< 0.8) .\ (2% 0.8) 1+16+6.4 9
0! 1! 21(1-0.8)
mp=0.111111
1 1
) 2x08) 1 _ 4 1797977
1! 19

P{both servers busy} = 1- ng-n;=0.7111111

A=8/hr O— OOQO00C =

pooled servers

Rather than maintaining a separate queue for each
server, customers enter a common gueue,

0= A _ _ gihr
B 2x 5ihr

=0.8 <

wiich plies that
& stesdle state exisis!
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Steady-State Distribution §

i Pi CDF
= 0 | 0.111111 0.111111
8 1 0.177778 0.288889
= 2 0.142222 0.431111
3 0.113778 0.544889
4 0.091022 0.635911
5 0.072818 0.708729
6 0.058254 0.766983
7 0.046603 0.813586
8 0.037283 0.850869
9 0.029826 0.880695
10 0.023861 0.904556
ﬂﬁﬂﬂﬂmm
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|sing|e M/M/2 queueg
A=8/hr O— O0O0000 =2

Lg= ﬁ P{both servers busy}
=08 (071111111) =2.844444444
0.2
Lq
Wq= /?C =0.35156 hr. = 21.1 minutes
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— p=5/hr
— pn=>5/hr
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Wgq=0.8hr.
= 48 min.

Wq =0.352hr.
= 21.1 min,
pooled servers

Bl pooling the servers, the average waiting Lime
per customer is redquced B aopraximalell 565

Ka
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