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The queueing model
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Applications

e magnetic disk memory systems
e local area networks with CSMA/CD protocols
e collision avoidance local area network modeling
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Mathematical model

X(t) = ((Y(t);ac(t);ﬁl, ...,ﬁN(t)),t > 0)

where

Y (t) = 0 if the server is up,

Y (t) = 1if the server is down,
C(t) = 0 if the server is idle,
C'(t) = 1if the server is busy,

N(t) is the number of sources of repeated calls at time
B, 7 =1,...,N(t) is the indices of request staying in the orbit.
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We define the stationary probabilities:

P(g;0;0) = lim P(Y(t) = ¢;C(t) = 0; N(t) = 0),
P(g:7;0) = lim P(Y(t) = g;a1 = ji N(¢) = 0),

P(q; 0501, ...y ip) = Jm PY(t)=q:C(t) =0;081 =11, ..., B = ip),

P(q; 7511, i) = . PY(t) =q a1 =J;061 =1, .., B, = if).

Once we have obtained these limiting probabilities rian system
performance measurescan be derived in the following way.
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1. The server utilization with respect to source

K—1
Ui=>» Y PO, ....i).
k=0 i1,....0.5]
Hence theserver utilization

2. Utilization of source

Ul =p ( source generates a new primary call ).
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3. Utilization of the repairman

K K-1

Up=FE|Y YY Z P(1; 701, 0y 12).

J=0 k=0 iy,...,i}.#]
4. Availability of the server

Ag=1—-Upg.
5. Mean response time of source

K K-1

O_Z Y Y Z P(q;7;01, 1)

q=0 j=0,57#i k=1 ie(iy,...,i}.)
1 K-—1

:S‘x Z P(q;i:iq, ..., 1)

q=0 k=0 i#iy,...,iz.)
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Hence, the probability?(i) that request is at the service facility can
be obtained by

Pl = pill 4 U
Thethroughputof request is
o 1
"7 BT + E[S]
It IS easy to see that

:)\iU(i) :,uiUz', 1 = 1,...,K.

ESi] = EDi]+1/XA = 1/A;,
where F[D;] denotes the mean delay time due to the failure of th
server.
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Similarly,
(i) L/ wli o ) _
U EmaEs T N ST ek
q__ B _ () _
P E[TZ]—FE[SrJ WZE[TZ] >\ZU E[Tz]v ? 17 7K7
and hence,
(7) (7)
BT = USSR i=1,.,K
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6. Mean waiting time of source

E[Wi] = E[T}) = 1/p; = =1 K

/. Mean number of calls staying at the service facility

S o) L ol S (i) S i
M = ECt)+N@)] =Y P =" (Py'+P))=> P+> P
1=1 1=1 1=1 1=1

8. Mean rate of generation of primary calls
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Evaluation Tool MOSEL

MOSEL ( Modeling, Specification and Evaluation Language Xde-
veloped at the University of Erlangen, Germany, is used to formula

and solved the problem.

Case studies
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Validation of results
non-rel. retrial(cont.) non-rel. retrial(orbit) non-rel. FIFO
Number of sources: 3 3 3
Request’s generationrate:  0.2,0.3,0.5 0.2,0.3,0.5 0.2,0.3,0.5
Service rate; 1,1.2,1.1 1,1.2,1.1 1,1.2,1.1
Retrial rate: 1le+20 1le+20 -
Server’s failure rate: 0.002 0.002 0.002
Server’s repair rate: 0.04 0.04 0.04

Utilization of the server;

0.578593008176

0.578593460071

0.578595143583

Mean response time
Sourcel] 1.61016598407 1.61027143737 1.6109393482
Source 2] 1.41365083148 1.41357129589 | 1.41287007613

Source 3;

1.35362123345

1.35362137877

1.35372999206
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—w Intermediate Graphic Language-Interpreter - figl (File: retrialnr-het-cpu-1-prgen-resptime.igl)

Ale Picture Xscale Yscale Curves Legend Max Window

Mean response time depending on request generation rate

Mean response time

36
33
3.0
27
284 o X I homogeneous (non-continuous)
terminal 1 (non-continuous)
21 terminal 2 (non-continuous)
18 terminal 3 (non-continuous)
terminal 4 (non-continuous)
15 —}. terminal 5 (hon-continuous)
homogeneous (continuous)
1.2 terminal 1 (continuous)
0.9 terminal 2 (continuous)
R terminal 3 (continuous)
06 —{# terminal 4 (continuous)
0.3 terminal 5 (continuous)
Request
0 generation
rate

0 0.6 1.2 18 24 3 36 42 48 54

E[T] versus primary request generation rate




B. Almasi, J. Roszik, J. Sztrik Heterogeneous finite-source retrial queyds./.24 ]

—w Intermediate Graphic Language-Interpreter - figd (File: retrialnr-het-cpu-4-prgen-resptime.igl)

Ale Picture Xscale Yscale Curves Legend Max Window

Mean response time depending on request generation rate

Mean response time
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—w Intermediate Graphic Language-Interpreter - fig2 (File: retrialnr-het-cpu-2-prretr-resptime.igl)

Ale Picture Xscale Yscale Curves Legend Max Window

Mean response time depending on retrial rate
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—w Intermediate Graphic Language-Interpreter - figh (File: retrialnr-het-cpu-5-prretr-resptime.igl)

Ale PFicture Xscale Yscale Curves Legend Max Window

Mean response time depending on retrial rate
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—w Intermediate Graphic Language-Interpreter - fig3 (File: retrialnr-het-cpu-3-prrun-resptime.igl)

Ale Picture Xscale Yscale Curves Legend Max Window
Mean response time depending on service rate
Legend
Mean resbonse fime — o homogeneous (non-continuous)
P — g terminal 1 (non-continuous)
— g terminal 2 (non-continuous)
80 — g terminal 3 (non-continuous)
— g terminal 4 (non-continuous)
72 — o terminal 5§ (non-continuous)
64 —» homogeneous (continuous)
— 4 terminal 1 {continuous)
56 — 4 terminal 2 {continuous)
— & terminal 3 {continuous)
48 a terminal 4 {continuous)
— » terminal 5 {continuous)
40
32
24
16
8
0 | | Service rate
0 0.1 02 0.3 0.4 0.5 06 0.7 038 09 1

E|[T) versus service rate




B. Almasi, J. Roszik, J. Sztrik Heterogeneous finite-source retrial queyd®./.24 ]

—w Intermediate Graphic Language-Interpreter - figs (File: retrialnr-het-cpu-8-prrun-resptime.igl)

Ale Picture Xscale Yscale Curves Legend Max Window
Mean response time depending on service rate
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—w Intermediate Graphic Language-Interpreter - fig7 (File: retrialnr-het-cpu-7-cpubreak-resptime-cont.igl)

Ale PFicture Xscale Yscale Curves Legend Max Window

Mean response time depending on CPU failure rate in busy state
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—w Intermediate Graphic Language-Interpreter - fig7 (File: retrialnr-het-cpu-7-cpubreak-resptime-noncont.igl)

Ale PFicture Xscale Yscale Curves Legend Max Window

Mean response time depending on CPU failure rate in busy state
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-w» Intermediate Graphic Language Interpreter - figs (File: retrialnr-het-cpu-8-prretr-mnor.igl)
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-w» Intermediate Graphic Language Interpreter - figd (File: retrialnr-het-cpu-9-prretr-mnor.igl)
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