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Queueing Intro - Part 2
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M/M/c Birth/Death Model |

all servers
husy

Elenniz Bricker, . of lowa, 1997
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| H;H;CI If the arrival rate A 15 less than the
combined rate cp  at which the servers
can work, then the system will have a sfegdyvsiaie

distribution, given by

coll
1 " = [jr:;]
Clep)®  [ep]® 4 (cp)]

ro , j=1,2,...c

L= | j_CED , j=c,c+1,....
cle ;;5
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Frobabiitl V0 LSl G Servers e Sus)e

This, then, 15 the probability that an arriving
customer will be required to wait for service!

Elenniz Bricker, . of lowa, 1997

| HIHEEI Average Length of Queue

(0d FRCIUTING (A0S BEinG Serlieds

_ j
L= 2 {j-c)r; where =xj= [cp]_ ny , j=e,e+1, ...
jzo clegl™*®

(cp)* (cp)
cl ci cl

Ly = 2 Jmaj = 2 Jmo
=0 j=0

A
P=27,
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cp)t =, cp) = . .
Lq=ﬂm( P} Je =ﬂo{ P) p2jel
cl 5 cl -0
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Elenniz Bricker, . of lowa, 1997

Average Length of Queue

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

L
Wg=——, W=Wi+:,& L=AW
)
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Example: Pooled vs Separate Servers

Compare two gqueueing systems:

A=4/hr O— OO, — p=95/hr
L=4/hr O—s OOOO L )]— p=5/hr

separale quere por server

.................. — pn=5/hr
L=8/h -
poofed servers

Elenniz Bricker, . of lowa, 1997

two M/M/1 queues |

A=4/hr O—> OO— n=5/hr
L=4/ht O— OO0

sepasralie quete poer server

Average walting time: Wy = A
oip-A)
W, = 4/hr . 08hr

(S/hr)5-4)/hr |
(48 minutes)

@0ennis Bricker, U. of lowa, 1997
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i Pi CDF
ateady-State Distribution

0] 0, 200000 0, 200000
1 0L 1A0000 0. 3R0000
0. 2 0.128000 0.488000
3 0.102400 D.590400
4 D.081920 D.AETZ3Z20
al 0.065536 0.737806
f 0.052429 0.790286
7 0.041943 D.832228
a 0.033554 D.866782
Q D.026844 D.892026
10 0.021475 D.914101

Eﬁﬁﬁﬁﬂﬂﬂmwm
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single M/M/2 queue |

L=g/hr O— OO0O0C0O00 =

— u=3/hr
— W= 5S/hr

pooled servers

Rather than maintaining a separate queue for each

server, customers enter a common quUelle,

o= Aol 8IMr _ g8 < s immiies thet

B 2x Sthr & steadl stele exisis!
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single M/M/2 queue |

A=5/hr O— OO0OC0O00 =

- 1 1 1

(2 n.s]”+i2>{ 0.8)' . 2 082 1+16+6.4 9

0! 1 21 (1 - 0.8)
no=0.111111
|
ep}  [2x08) 4

ny = np= ==0.1777777
11! 1! 9

P{both serversbusy} =1- ng-n; =0.7111111

Steady-State Distribution |

page 8

P1 CDF

'—II

111111
A77TTE
1422232
L113778
LOP10232
072818
055254
L04hB03
037283
LD29826
LD23861

00 -] O L e L D T
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=

1130998595

111111 |
288880 |
431111 |
544880 |
635911 |
708720 |
VTREDED |
813586 |
850869 |
BB0R95 |
904556 |
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single M/M/2 queue |

A=5/hr O— OO0OC0O00 =

— U= S/hr
— pu=S/hr

Lq= ﬁ F{both servers busy}

=08 071111111) = 2.844444444

0.

L
W= ,f% =0.35156 hr. = 21.1 minutes

k2

Elenniz Bricker, . of lowa, 1997

Wq = 0.8 hr.
= 48 min.

AL=8/hr
O—00 0000 =2

pocfed servers
L1 200G LR SErVers, 18 SVerage Walling Lime
SEET CUSLOTIIE 15 OFUCed B G00raximalel )l S

Ka

W, = 0.352hr.
= 21.1 min,
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