
1. Introduction

Modern broadband home networks are expected to pro-
vide all new integrated multimedia services with added
value (video on demand, latest news on demand, tele-
shopping, distance learning) along with securing, con-
trolling and automatization of the household. The deve-
lopment of the digital households in the past was hin-
dered by the lack of modern broadband technologies
for access and home networks. 

Nowadays, however, the innovations of broadband
access technologies and the considerable investments
in access networks infrastructure have eliminated the
restrictions. In spite of the fact that advanced wireless
and wireline technologies designed for home networks
show clearly that all major technical problems concern-
ing implementation of the networks have been over-
come, distribution of integrated multimedia services among

large numbers of users is still limited mostly due to sep-
aration of home networks. Residential gateway is an
essential element of a modern home network. It is the
access and concentration point which switches the func-
tions for telecommunication and general data traffic,
distribution of entertainment services for homes and cont-
rolling and management of various electric and electro-
nic devices. 

For the purposes of this article we will assume a home
network configuration consisting of residential gateway
RG and n intelligent peripheral devices PD capable of
autonomous activity. Fig. 1 shows one of the possible
variants of home access network utilizing current tech-
nologies [8,9,19,11].

Fig. 2 shows communications among some periph-
eral devices within the home network. It is apparent that
the busiest and thus crucial node is residential gate-
way.
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Fig. 1.  
New home network



Let peripheral devices P1 to Pn communicate with
residential gateway based on the principle of requests
and responses. Unless the gateway is busy communi-
cating with one of the peripherals or with its own activity,
it is able to receive a demand and respond to it. If one of
the peripherals requests communication with residential
gateway when it is busy, it will transmit the demand and
it will be ordered in queue. If one of the peripherals P1 to
Pn finished its communication with residential gateway,
it will either perform its autonomous activity (being out
of the system) and thus it becomes a potential source of
demands or it repeatedly requests communication with
the residential gateway and enters the system and queu-
es up in case the residential gateway is busy. 

These peripherals will be recognized as out of sys-
tem peripherals. The sequence of peripherals request-
ing communication will result from the sequence they en-
tered the system. There is no priority scheme, the first-in
first-out rule can be used. As soon as the residential gate-
way is free, it will respond to the first peripheral in the
queue. The described model clearly shows the interde-
pendence of residential gateway load and the number
of requested operations, where the number of the re-
quests is equal to the number of peripherals. The num-
ber of the peripherals in and out of the system is n, so
the system is finite and it is a closed unit. In the next
section we will analyze the suggested problem and cal-
culate the quantities and time characteristics of the sys-
tem based on the model of bulk service [1,2,6,7].

2. Quantification and modelling of 
the system

According to the above discussion we will analyse char-
acteristics and calculate parameters of a closed system
[2,4,5]. For this purpose we will introduce the following
assumptions:

• One of the first things we have to deal with is to de-
fine the flow of requests entering the system. We
assume that the returns of the requests into the
system correspond to Poisson elementary flow of
requests with exponential distribution of their arri-
val intervals. General distribution is assumed for a
given service interval of the residential gateway. 

• Let P1 to Pn be the requests demanding commu-
nication from the residential gateway. N requests
hence circulate in the system. Let λ be the para-
meter of a random variable with exponential divi-
sion. 1/λ is hence average interval of residential
gateway response to the request (e.g. the interval
of the response transferred to the peripheral Pi)
until the request (of peripheral Pi) returns back to
the system. 

• Let the service time of the residential gateway t be
a continuous random variable with mean value τ
and general distribution. If the density of service time
probability is g(t), the mean value of the service time
can be calculated by the relation:

(1)

where µ is the mean value of service time.

Communication regime between residential gateway
and peripherals defined in this way will be modelled
through the system of a bulk service and in compliance
with Kendall’s designation we will define it as closed
QS with constant number of requests M/G/1/FIFO. As
already stated, according to the theory of bulk service,
individual peripherals present requests communicating
with the system. 

Operational time Pi of each peripheral in the network
consists of three phases that change [2,3]:

a) time interval of the request outside the system;

INFOCOMMUNICATIONS JOURNAL

42 VOLUME LXIV. • 2009/1

Fig. 2. 
Data communication example 

(a representative model of the problem)



b) waiting time of the request – 
peripheral Pi in the service system requesting 
a response from the residential gateway; 

c) service time of the residential gateway.

In the following we will examine circulation of the
requests in the system. Let N be the average number
of returns of a request into the system in a time inter-
val. Let W be the average waiting time of a request in
the queue. Then the equation

(2)

denotes the mean value of service duration suppos-
ing a request by mean values [1,2,3]. In order to deter-
mine variables N and W in the relation 2) it is necessary
to define times of relieving and occupying the gateway.
Work time of the residential gateway involves two alter-
nating intervals; occupying the residential gateway and
relieving the gateway. As the system contains n requests,
mean value of occupying the gateway is product nNτ.
We will now focus on the average time of relieving the
gateway. Let pk be the conditional probability of the fact
that only one request will enter the system assuming that
the system contains k requests. Average number of in-
tervals when the gateway is unoccupied equals the pro-
duct nNp0, where p0 is the probability of empty system.

If all the requests (peripherals P1 to Pn) are out of the
system at the moment, the probability of the assump-
tion that after a time interval t all the requests will re-
main out of the system is e–λnt and the probability of the
assumption that a request will enter the system in a time
interval (t+∆t ) je λn∆t + o(∆t ) where (∆t ) is a function con-
verging to zero faster than linear [1-3]. 

The probability that the interval of not occupying the
residential gateway will finish between o(∆t ) is e–λnt λn∆t
+o(∆t ) and average interval time of unoccupied gateway
will be: 

(3)

The sum of all intervals of unoccupied gateway is
given by the relation

(4)

Considering the relation (4) and the given average
time of occupying the residential gateway (nNτ) we get  

(5)

Applying the relations (1) and (5) for average wait-
ing time of a request in the queue W we obtain

(6)

In the following section we will examine a condition
of the system where service time of the gateway will be

interrupted by other request(s) entering the system. Let
us consider two time instants t1 and t2. t1 is the time
when the request left the system. We assume that at
the time t1 the system still contains r requests and t2
represents departure time of another request from the
system and hence the system contains r-1 requests. 

Time interval t2 – t1 is the service time of a request if
r > 0. If r = 0, the system is empty after the first request
left the system. Then the time interval t2 – t1 equals the
sum of two time intervals, namely the time interval start-
ing in t1 until another request arrives and the time inter-
val equal to service time of the second request. Other
requests may enter the system only during service time
of the second request due to the fact that the system
remained empty between t1 and the arrival of another
request.

Let the service time of a request be t. If we consid-
er Poisson flow of request occurrence in the system,
the probability of the occurrence of j requests in the sys-
tem during the service time t of the particular request:

(7)

Then we assume that service time distribution is de-
termined by its probability density g(t). The probability
that j requests will enter the system during the service
time of a particular request will be:

(8)

Equation (8) quantifies the probability of j requests
entering the system while an other request is being pro-
cessed/serviced but does not reflect the change of the
probability if the number of requests is finite where re-
quests number limits outside the system are j ∈ 〈 1;n –1〉.

We will now analyze processes that may occur in the
system during the interval t2 – t1. Let pk be the proba-
bility of the transition of the system from condition k to
condition k +1. The probability also holds true in the re-
versed order. 

This assumption results from the fact that the num-
ber of transitions from condition k to k +1 must equal the
number of transitions from condition k +1 to k. In order
to determine the probability, we must define the prob-
ability βk, j which represents the number of requests j
occurring in the system during the service time when it
contained k requests. 

Following equations will provide the desired data:
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(9),(10),(11)



Analogically, equation for k requests remaining in the
system after time interval t2 can be constructed. Then

for  k = 1, 2, 3, ...., n – 2.

In compliance with the above stated equations we
will suggest normalizing condition for the sum of proba-
bility

(13)

For permanent regime for time-dependent probabili-
ties the following limit can be accepted according to [2,3]:

(14)

The equations (9) to (13) will then be arranged as
follows

(15)

For k =1, 2, ..., n-2 we will determine the probability
pk that the system contains k requests in the relation

(16)

where  k =1, 2, ..., n-2.

If the service time is t and at the beginning of the
service the system contains k requests, the probability
that out of total number of requests (n-k) out of system
j requests will be returned into the system and (n-k-j) will
not be returned is

(17)

As density of service time probability is g(t), for βk, j
we will obtain

(18)

Relation (18) is applicable for the situation when ser-
vice time is a random variable but continuous and has
density g(t). This enables us to count the probability
βk, j. Applying the equation (16) and standardizing con-
dition (13) we will obtain an equation system which will
enable us to determine p0, i.e. when the system is emp-
ty. Employing relation (6) and the probability p0 help us
determine average waiting time of a request in a queue
W. Average cycle Cy of each peripheral given by mean
values consists of the following time intervals

(19)

Average number of returns of the peripheral into the
system can be calculated by

(20)

3. Conclusion 

Modelling of a home access network by means of bulk
service in a closed circuit which circulates constant num-
ber of requests constitutes a framework enabling us to
determine performance and time characteristics of peri-
pherals communicating with residential gateway regard-
less of technical and program equipment. 

The presented results illustrate mutual dependence
of the number of network peripherals and time charac-
teristics determining operation of the network. Any chan-
ges in hardware or software structure of peripherals or
residential gateway will result in changes of response
time characteristics of the model.
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