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The queueing model
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Applications

•magnetic disk memory systems

• local area networks with CSMA/CD protocols

• collision avoidance local area network modeling
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Mathematical model

The system state at timet can be described with the process

X(t) = (Y (t); C(t); N(t))

whereY (t) = 0 if the server is up,Y (t) = 1 if the server is failed,

C(t) = 0 if the server is idle,C(t) = 1 if the server is busy,

N(t) is the number of sources of repeated calls at timet.
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We define the stationary probabilities:

P (q; r; j) = lim
t→∞

P (Y (t) = q, C(t) = r, N(t) = j)

q = 0, 1, r = 0, 1, j = 0, ..., K∗,

whereK∗ =

{
K − 1 for blocked case,
K − r for unblocked case.

Once we have obtained these limiting probabilities themain system
performance measurescan be derived in the following way.
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1. Utilization of the server

US =

K−1∑
j=0

P (0, 1, j)

2. Utilization of the repairman

UR =

1∑
q=0

K∗∑
j=0

P (1, q, j)

3. Availability of the server

AS =

1∑
q=0

K∗∑
j=0

P (0, q, j) = 1− UR
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4. The mean number of calls staying in the orbit or in service

M = E[N(t) + C(t)] =

1∑
q=0

1∑
r=0

K∗∑
j=0

jP (q, r, j) +

1∑
q=0

K−1∑
j=0

P (q, 1, j).

5. Utilization of the sources

USO =

{
E[K−C(t)−N(t);Y (t)=0]

K for blocked case,
K−M

K for unblocked case.

6. Overall utilization

UO = US + KUSO + UR.
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7. The mean rate of generation of primary calls

λ =

{
λE[K − C(t)−N(t); Y (t) = 0] for blocked case,
λE[K − C(t)−N(t)] for unblocked case.

8. The mean response time

E[T ] = M/λ

9. The blocking probability of a primary call

B =


λE[K−C(t)−N(t);Y (t)=0;C(t)=1]

λ
for blocked case,

λE[K−C(t)−N(t);C(t)=1]

λ
for unblocked case.
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Evaluation Tool MOSEL

MOSEL ( Modeling, Specification and Evaluation Language )de-
veloped at the University of Erlangen, Germany, is used to formulate
and solved the problem.

Case studies
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K λ µ ν δ, γ τ
Figure 1 6 0.8 4 0.5 x axis 0.1
Figure 2 6 0.1 0.5 0.5 x axis 0.1
Figure 3 6 0.1 0.5 0.05 x axis 0.1
Figure 4 6 0.8 4 0.5 0.05 x axis
Figure 5 6 0.05 0.3 0.2 0.05 x axis
Figure 6 6 0.1 0.5 0.05 0.05 x axis

Input system parameters
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E[T ] versus server’s failure rate
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UO versus server’s failure rate
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M versus server’s failure rate
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E[T ] versus server’s repair rate
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UO versus server’s repair rate
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M versus server’s repair rate
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