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Abstract—There has been proposed the method for evaluating
the routing cost which is based on the account of fractal properties
of the network traffic and pre-set limits for the latency time and
the number of lost packets. This method calculates the fractality of
the traffic and the value of bursts. Depending on these
parameters, the routing costs are recalculated and the optimal one
is chosen for transferring. If the traffic is the usual Poisson flow,
then the routing is not changed. If the traffic has strong long-term
dependence and high bursts, then the routing cost increases in
proportion to the value of Hurst exponent and the extend of
bursts. The proposed method for evaluating the routing cost with
regard to fractal properties of the traffic has been tested on an
open platform of graphical simulation of HUAWEI networks in
the existing network of ""Market-port" company. During the
experiment the network parameters have been defined
(bandwidth, load capacity of the channels, the number of lost
data, transmission delays, fractality) in the real ""Market-port"
network. Then the network similar to a real one has been
modelled and configured in such a way that transmission time, the
number of lost packets, the average latency time of the packets in
the network coincides with the data having been defined in a real
network of "Market-port" company. The source of the
implementations of traffic in the experiments was the realization
of the real network traffic captured in the network of
"Market-port™ company and the model implementation
generated by these parameters. The studied simulation of the
proposed method for evaluating the routing cost in MPLS
network has shown that the use of the developed method
significantly improves the quality of the service, reduces the
transmission losses and permits to load network channels more
evenly.

Index Terms— MPLS network, traffic management control,
routing cost, delays, the quality of the service, fractal traffic.

l. INTRODUCTION

With the growth of computer networks the intensity of
traffic is growing exponentially and then the technologies of
switching and routing packets in geographically distributed
networks are becoming increasingly important. Also the
needs of users are ramping up requiring the access to
integrated services in the network and organization of virtual
private networks (VPN) and many other essential services.

The increased demand for additional services realizable
above the simple IP-access brings substantial profits for ISPs,
forcing the developers to search for new ways of combining
IP-based and ATM networks.
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To meet emerging challenges the MPLS (Multiprotocol
Label Switching) technology was developed which
significantly expands the available prospects of scaling,
increases the processing speed of the traffic and allows
tremendous opportunities for providing additional services.
The widespread occurrence and development of MPLS gives
rise to researches, developments and introductions of new
methods, which provide the estimation of the characteristics
of network interactions. The studies carried out in [1-3] have
shown that traffic in MPLS network is multifractal. Basing on
the model of the MPLS network and methods of the traffic
management control [4-6], the method for evaluating the
routing cost based on self-similar traffic structure has been
developed, permitting to prevent the network overload when
burst of traffic. Also the simulated of the MPLS network has
been carried out for evaluating the efficiency of the method of
routing costs evaluating.

Il. METHOD FOR EVALUATING THE ROUTING COST WITH
REGARD TO FRACTAL PROPERTIES OF THE TRAFFIC

In the MPLS architecture there can be an available choice
of routes based on individual streams when different threads
connecting the same pair of end points can follow various
routes. Furthermore, if an overload occurs, the MPLS
architecture routes can be changed. Basing on data of the state
of channel the routing protocol calculates the shortest paths
(the lowest cost of routings) among the input boundary router

and the rest of them. The routing cost value Cr is assigned to

the communication line M and may depend on several
parameters, namely the speed, length, and reliability.
In one communication line M there may be a plurality of

yeY

channels of QoS traffic. A set of communication

Vie{l..L,}
channels for the path LyeY y
determined for every traffic channel.

is

For the path Ly the admissible set of paths is set as
LY
Py :{p]{/,...,py }

q
Through hey (1) it will be denoted that at the moment !
the edge router receives the traffic with the intensity A

related to the Y -th class of service to be delivered to the
output router through any paths of

the variety Py but  without
exceeding the  predetermined
maximum of allowable values of
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delay and the maximunm per::entage of losses. | ( H =0’5) or possesses the antipersistent properties
e Tttty e (H <05, en 05 < H <09 g g o
C:’ :Zmep'y Cr Cf X!/ (t) represents the bandwidth data(SnOIrm S]')then the value :’increases in proportion
sent to a valid path p:/ of the channel 7 of the traffic (O the value of the Hurst exponent ( H < 0’5)' When the
7»% (t) then: value of the Hurst exponent 0’5 <H< 0’9 and a wide
: scatter of data (:I'< Snorm < 3) then value 3" increases in

2. M =d, wyey Viefl.L)

teT;l=1
The objective function that minimizes the cost of the route

Pyz{pi,..., p,’

on a variety of paths } is as follows:

Ly
Il ;
D) Cyx, (t) > min
In works [1, 2, 7, 8] it is indicated that when the values of

H>0,9
S

the Hurst exponent or when persistent traffic with

normalized scatter —norm >3 then the data loss is greater
than 5-10%.

When passing through the network traffic with strong
fractal properties the timely increase of the communication
lines bandwidths is required. To reflect the change in the

I
properties of the self-similar flows, the paths costs Y are

updated in regular intervals and are calculated by the formula

C,, H<05
C!+(H-05C,, 05<H<09S <l
CneWI — y 0 norm
/ C, +(H—0,5)(S,m —1)C,,0,5<H <0,9,1<S , <3;
C, +C,, H>09uwm H>05,8,,, >3,
I _
Cy - Z Cn
|
where mePy is determined in accordance with the

objective function (1), the value 0 is selected by a network

administrator in accordance with the network topology. The

routing algorithm is unchanged (the path cost

_Cnew! =C! - _
is y Y) if the traffic is usual Poisson process
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proportion to both characteristics. The cost with the

+
maximum value Y 0 is obtained when the value

H=>0,9

or when persistent traffic with a standard

>
deviation is SﬂOfm - 3.

The estimation of the Hurst parameter is carried out by
using discrete wavelet decomposition which allows working
in real time [8, 9]. After recalculating the costs of all the paths
the announcement of the state of paths is sent among routers.

I1l. RESEARCH FINDINGS

In order to evaluate the effectiveness of method for
evaluating the routing cost in MPLS network, let us present
and analyse the simulation results in the HUAWEI medium on
the basis of the existing network of "Market-port™ company.
The constructed network consists of two local networks
WIN1 and WIN2, which are combined with a multi computer
network and connected to the border routers SW1 and SW2
respectively. The multiservice network consists of internal
routers R1, R2, R3, R4, RN1- RN14 (Mikrotik RB / 750 (GL)
equipment) and edge routers SW1 and SW2 (Juniper
SRX1008 equipment) (Figure 1). The routers RN1- RN14 are
adjusted in such a way that the traffic transmission time
between routers SW1 and SW2, the number of lost packets
and the average response time of packets in the network
coincides with the data received in a real network of the
"Market-port” company. The measurement of characteristics
of the network and the traffic was made at entering and
leaving ports of the routers SW1 and SW2. The source of the
traffic in the experiments was the realizations of real network
traffic captured in the real network of "Market-port" company
and the model implementation generated by a multifractal
model developed in the work [10].
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Figure 1. Diagram of the simulated computer network

Figure 2 shows the dynamic changes of communication  methods of QoS advancing. Figure 3 shows how the network
channel capacity WIN_1-SW1 and MPLS network for bandwidth changes when using the method of routing cost
incoming multifractal traffic without using additional evaluation.
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Figure 2. The network capacity without the use of additional methods of QoS advancing
1.45, 1.58 and 2.25 hour. Thus it is seen that the longer the
As it is clear from the Figure, the average load of the experiment lasts, the more bursts occur. After that, as it is
communication channel is 7Gb/s, with fair amount of bursts. ~ shown by the studies, the system returns to its original state
For example, at such time points as 0.35 and 0.55 minutes,  with smaller fluctuations about average bandwidth.
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Figure 3. Network bandwidth when using the method of routing cost evaluation

Figure 4 shows the dependence (corresponding to Figure 2)
of the amount of lost data in the router SW1, which takes
place without the use of additional methods of QoS
advancing. Figure 5 shows how
the number of losses is reduced
when using the method of routing

Figure 3 shows that by using the method for evaluating the
routing cost the average bandwidth remains at 6.4 Gb/s,
however, the burst is observed only at the time point of 2.1
hours and the traffic in the channel is much smoother.
Consequently, the loading of the routers when such incoming
traffic is more uniform and predictable.
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cost evaluation.
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Figure 4. Number of lost data without the use of additional methods of QoS advancing
bandwidth (see. Fig.2). It should be noted that the amount of

data loss of 46% is unacceptable for all types of traffic.

Eventually the number of lost data, the dynamics of which
is shown in Fig. 4, increases as the amount of bursts and
spread of values also increases with regard to the average
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Figure 5. Number of lost data when using the method of routing cost evaluation

without the use of additional methods of QoS advancing.
Figure 7 shows how the scatter is reduced when using the
method of routing cost evaluation.

As it is seen in Figure 5, when using the method of the
routing cost evaluation the number of the lost data is
considerably reduced and is equal to 17% and 19%.

Figure 6 shows the scatter of maximum and minimum time
of a packet transfer (jitter) between nodes WIN_1 and WIN2
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Figure 6. Jitter without the use of additional methods of QoS advancing

Without the use of additional methods of QoS advancing  dispersion increases more than

the average scatter of the maximum and minimum time of a  two times and becomes 130 ms.

packet transfer is 63 ms for 1 h 40 min (Fig. 6). After that the =~ These values are not valid for most
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types of traffic, much less the voice and video traffic
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Figure 7. Jitter when using the method of routing cost estimation

Figure 7 shows that when using the method of routing cost
evaluation the maximum and minimum time of packets
transfer scatter is 40 ms. The peak values greater than 100 ms
do not occur.

Table 1 shows the generalized estimations of dynamic
dependencies above mentioned that evidence the advantages
of the method of routing cost estimation.

Table 1. Average ratings of quality parameters of the

network operation
Average
coefficient of Average Average
value of lost | value of
the channel .
- data, % jitter, ms
loading
Without
methods of
QoS 0,7 3,6 97
advancing
Method of
routing cost 0,61 1,8 40
estimation

IVV. CONCLUSIONS

The paper introduces the method for evaluating routing
cost with regard to fractal properties of the traffic. The results
of the simulation study showed that with the same volume of
information transmitted by SW1 and SW2 nodes the
transmission losses of the traffic possessing fractal properties
are significantly lower when using the method n of routing
cost estimation. Thus, it can be concluded that the use of the
worked out method of routing cost estimation significantly
improves the quality of the service in the network. However,
the application of this method is quite resource intensive and
expensive. The following work is planned to consider another
method of improving the quality of the service to be less
expensive and resource intensive, and compare it to the
presented in this paper the method of routing cost estimation.
Thus, it is possible to choose a method that can be most
appropriate for a particular network.
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