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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’s state at timet can be described by the process

X(t) = (α1(t), ..., αc(t); N(t)),

where

N(t) = the number of sources of repeated calls,

αi(t) =

 1 if there is a customer under service at the server,
0 if it is operational and idle,
−1 if the server is failed.
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Let us define the stationary probabilities by:

P (i1, ..., ic, j) = lim
t→∞

P{α1(t) = i1, ..., αc(t) = ic, N(t) = j},

i1, ...ic = −1, 0, 1, j = 0, ..., K∗,

where K∗ = K −
∑

ik,ik=1

ik.

C(t) = the number of busy servers,

A(t) = the number of available servers,

pkj = limt→∞P{C(t) = k,N(t) = j}.
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Once we have obtained these limiting probabilities themain system’s
performance measurescan be derived in the following way.

• The probability that at least one server is available

AS = P{αk > −1}, k ∈ {1, ..., c} = 1−
K∑

j=0

P (−1, ...,−1, j).

•Mean number of sources of repeated calls

N = E[N(t)] =

c∑
k=0

K∑
j=1

jpkj =
∑

i1,...,ic

K∗∑
j=1

jP (i1, ..., ic, j).
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•Utilization of thek−th server

Uk =
∑

i1,...,ic,ik=1

K∗∑
j=0

P (i1, ..., ic, j), k = 1, ..., c.

•Mean number of busy servers

C = E[C(t)] =

c∑
k=1

Uk.

•Mean number of calls staying in the orbit or in service

M = E[N(t) + C(t)] = N + C.
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•Utilization of the repairman

UR =
∑

i1,...,ic
−1∈{i1,...,ic}

K∗∑
j=0

P (i1, ..., ic, j).

•Utilization of the sources

USO =


E[K−C(t)−N(t);A(t)>0]

K for blocked case,
E[K−C(t)−N(t)]

K for unblocked case.

•Overall utilization of the system

UO = C + KUSO + UR.
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•Mean rate of generation of primary calls

λ =

{
λE[K − C(t)−N(t); A(t) > 0] for blocked case,

λE[K − C(t)−N(t)] for unblocked case.

•Mean waiting time

E[W ] = N/λ.

•Mean response time

E[T ] = M/λ.
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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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Validation of results

Pascal random FFS
Number of servers: 4 4 4
Number of sources: 20 20 20
Request’s generation rate: 0.1 0.1 0.1
Service rate: 1 1 1
Retrial rate: 1.2 1.2 1.2
Server’s failure rate: – 1e-25 1e-25
Server’s repair rate: – 1e+25 1e+25
Mean waiting time: 0.10649547940.10649593170.1064959929
Mean number of busy servers: 1.80074804311.80074851021.8007485548
Mean number of sources of repeated calls:0.19177152620.19177179230.1917718470
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Input parameters

c K λ µ1, ..., µc − µavg ν δ,γ τ
Figure 1,5 4 20 x axis 8,5,4,1 – 4.5 4 0.01 0.2
Figure 2,6 4 20 4 8,5,4,1 – 4.5 x axis 0.01 0.2
Figure 3,4,74 20 1 8,5,4,1 – 4.5 4 x axis 0.2
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E[T ] versus primary request generation
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E[T ] versus retrial rate
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E[T ] versus server’s failure rate
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Server utilization versus server’s failure rate
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Overall utilization versus primary request generation rate
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Overall utilization versus retrial rate
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Overall utilization versus server’s failure rate
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