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QUALITY CONTROL OF MULTIMEDIA SERVICES
IN MINING ENTERPRISES’ CORPORATE NETWORKS

Purpose. Improvement of the multimedia service quality control method for mining enterprises’ corporate net-
works with Multiprotocol Label Switching (MPLS) technology.

Methodology. Improvement of the multimedia service quality control method in MPLS is carried out by applying
algorithmic modeling methods and elements of the operational research methods.

Findings. Quality of Services (QoS) control method in MPLS was improved. It is able to configure quality indica-
tors by changing the policy for handling packets of a given type. The method can also change service class by rewriting
the Differentiated Services Code Point (DSCP) in the packet header within the acceptable service classes. Multime-
dia service quality control procedure in MPLS has been developed using an improved method.

Originality. The improved method of multimedia service quality control in MPLS, unlike known ones, allows
configuring values of quality indicators within the acceptable service classes depending on QoS requirements for
packets of a certain type. It also allows the service providers to predict the necessity of network development.

Practical value. According to the calculation results, application of the improved method of multimedia service
quality control in MPLS provides the QoS increase by more than 3 % even in case of changing only two quality indi-

cators out of 22.
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Introduction. Because of the rapid development of
infocommunication technologies the requirements to
the quality of services are increasing. This task is espe-
cially important in the industries, where it is necessary
to carry out constant monitoring and control of techno-
logical processes in real time. Particularly, at mining en-
terprises it is necessary to ensure the transmission with a
given quality level of the test data, telemetric informa-
tion from autonomous mobile robots, information on
the state of equipment, including three-dimensional
images, provide the network interaction and environ-
mental control for immediate decision-making [1].
Therefore, during geological exploration and mining,
there is an urgent need for the multimedia information
transmission, that is, for the provision of multimedia
services, which quality meets special requirements.

Analysis of the recent research and publications. At
present, there is an active development of infocommu-
nication systems used at mining enterprises. In particu-
lar, due to Cisco technologies, Canadian company
Dundee Precious Metals (DPM) quadrupled the pro-
ductivity of the mine in Bulgaria [2]. Thanks to the
50-kilometer-long underground wireless Cisco network,
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miners and DPM managers can maintain constant
communication through instant messages and voice
calls. This, in turn, allows for taking the necessary mea-
sures immediately. If any problem arises, the use of mul-
timedia services enables to solve it quickly, which is es-
pecially important given the remoteness of production
facilities, the remoteness of experts-geologists, metal-
lurgists, equipment specialists.

It is thanks to the high quality of multimedia servic-
es, as noted by DPM specialists, that the annual pro-
duction of the mine in Bulgaria increased fourfold, from
500 thousand to 2 million tons. At the same time, over-
all savings due to increased productivity and telecom-
munication service improvement amounted to $2.5 mil-
lion, which indicates the importance of the telecommu-
nication service quality improvement.

Another option for communication provision is sat-
ellite communication. For example, the combination
of broadband access services and satellite voice com-
munications offered by Inmarsat provides a connection
for voice and data transmission, immediately providing
the opportunity to quickly organize a construction site,
real-time transfer of test data for continuous equip-
ment operation control, solutions for providing protec-
tion through hidden video surveillance, environment
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monitoring and the possibility of a network staff inter-
action [3].

Unsolved aspects of the problem. Despite extensive
research into the issues of providing communication
with remote geological exploration sites, the issue of
providing multimedia services with the highest quality
level in the mining enterprises’ corporate networks re-
mains beyond the research scope.

Objectives of the article. The aim of the work is to
improve the multimedia service quality control method
for mining enterprises’ corporate networks, with the
ability to determine whether the given segment of the
network meets the level required to provide a certain
quality of the multimedia service and the ability to gen-
erate recommendations on the need of the appropriate
changes to ensure the required service quality.

Presentation of the main research. MPLS Virtual
Private Network (VPN) technology is widely used in
corporate networks, because the application of this
technology allows the operator to unite client networks
and form a single network isolated from the other cus-
tomers’ networks. For service providers MPLS-VPN
technology is the ability to economically support scal-
able VPN services in IP network. Traffic engineering,
service quality, and MPLS connectionless features allow
the service providers to grow their VPN infrastructure
without sacrificing performance. In MPLS technology
the core network devices transmit packets only by labels
and do not analyze the headers of IP packets. Fig. 1
shows the structure of MPLS header. It contains one or
more labels. This is called a label stack. Each entry in
the label stack contains four fields:

- a 20-bit label value. A label with the value of 1 rep-
resents the router alert label;

- a 3-bit Traffic Class field for QoS (quality of ser-
vice) priority and ECN (Explicit Congestion Notifica-
tion). Prior to 2009 this field was called EXP;

- a 1-bit bottom of stack flag (.5). If this is set, it signi-
fies that the current label is the last in the stack;

- an 8-bit TTL (life time) field [4, 5].

In order to improve the method of multimedia ser-
vice quality control in MPLS, it is proposed to use the
four market model, recommended by the International
Telecommunication Union for assessing the quality of
complex multimedia services from the point of view of
control of multimedia services, since this model takes
into account separation between the transport layer and
the service level.

There is a complex chain of actions for multimedia
services, from content creation, service provision, ser-
vice transport and customer equipment. Different par-

MPLS Header: 32 Bits (4 Bytes)
The Label Value Exp |S TTL

", 20 bits 3bits  1bit 8bits .
\\ ,’t
\\\ I”
\\ ,I
Layer 2 Header MPLS Header IP Packet

Fig. 1. MPLS header
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ties may be in charge of transport, provision and content
and the supply of terminal equipment. Thus, the overall
quality of a service (as perceived by the user) is a combi-
nation of different elements that are working indepen-
dently of each other.

Four-market model consists of four components
that are used to describe the different elements of the
services that contribute to the QoS:

1. Customer’s equipment. All kinds of equipment that
is needed by the user to gain access to the network and,
thus, to the service. This equipment consists of personal
computers, television sets, set-top boxes, video record-
ers, modems, multimedia kiosks, etc. Not only the
hardware but also the software needed for correct opera-
tion of the equipment has to be taken into account.

2. Service transport. All kinds of telecommunication
networks that are used for the distribution of telecom-
munication services like terrestrial (fixed and wireless)
and satellite broadcast networks.

3. Service provision: All activities and functions re-
lated to the packaging, presentation and management of
telecommunication services.

4. Content creation: All activities related to the gen-
eration, distribution and packaging of content that is of-
fered via a telecommunication service.

The model enables to identify and categorize more
easily the QoS criteria that are pertinent to this type of
services [6].

The improved multimedia service quality control
method is to perform the following actions:

- correction of quality indicator values within the
quality class of this service, if there is such an opportu-
nity;

- change in the quality class for this service.

It is possible to change the header of the packet:

1. At the second level of the OSI model (Open Sys-
tems Interconnection — the model of interaction of
open systems): the policy of servicing packets in the
MPLS network changes — the parameters for servicing
packets of a certain class within the MPLS network
change. It is checked whether it is possible to increase
the value of the indicator within the current service
quality class.

2. At the third level of the OSI model: the DSCP
class changes.

Previously it is necessary to implement the network
settings, which includes several steps.

Criteria for selecting packages by class:

class-map match-all CLASS

match access-group

match input-interface

match protocol

match ip dscp

match ip rtp

match mpls experimental.

Class definition:

class CLASS /—class name;

bandwidth BANDWIDTH !--

bandwidth percent BANDWIDTH PERCENT

queue-limit QUEUE-LIMIT

random-detect.
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Notation:

BANDWIDTH — minimum bandwith in kbitps, the
value regardless of bandwidth on the interface;

BANDWIDTH PERCENT — the percentage of
bandwidth on the interface;

QUEUE-LIMIT — the maximum number of packets
in a queue;

random-detect — use of WRED.

Tuning algorithm.

1. Distribution of packages by classes — class-map:

access-list 101 permit ip any any precedence critical

class-map match-all Classl

match access-group 101.

2. Description of the rules for each class — policy-
map:

policy-map Policyl

class Class1

bandwidth 100

queue-limit 20

class class-default

bandwidth 50

random-detect.

3. Running the specified policy on the interface —
service-policy:

interface FastEthernet(0/0

bandwidth 256

service-policy output Policy 1.

4. View results:

# sh class Class1

# sh policy Policyl

# sh policy interface FastEthernet0/0.

Fig. 2 shows the procedure for implementing the im-
proved quality control method for MPLS.

Let us consider each of the steps in more detail.

Step 1. At the first step of the procedure, the current
QoS level is checked. Based on the QoS estimation
method, the value of Z — a complex QoS assessment,
formed on the basis of the four-market model — is cal-
culated [7]. Further, the obtained QoS value Z is com-
pared with the reference value Z,,. If the condition of
step 1 is fulfilled — go to the end of the procedure, oth-
erwise — go to step 2.

Step 2. If Z < Z,,,the quality indicators that require
correction should be determined. Then system checks
whether it is possible to change the quality indicator val-
ues within the current service class. In this case, the in-
dicator values limits within the service classes are deter-
mined based on the service type (Tables 1, 2 ) [8].

If it is possible to change the indicator values within
the current class — go to step 3, otherwise — go to step 4.

Step 3. In the third step, changing the indicator val-
ues within a certain service class is realized by changing
the network configuration parameters (policy-map).

The total network bandwidth is divided into classes.
The bandwidth allocated to each class can be defined as
the absolute value (bandwidth in kilobit per second) or
in percentage (bandwidth percent) relative to the set
value on the interface. As a result of changing the policy-
map, the policy of servicing packets of this type will
change (you can increase the bandwidth, increase the
packets priority in the queue, etc.).
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The decision is made in accordance with the list of
classes shown in Table 3 [8].

Go to step 1.

Step 4. If the limit of the quality indicator value with-
in the current class is reached, in the fourth step it is
checked whether it is possible to change the service class
(changing the DSCP code) for packets of the current
type. The decision is made in accordance with the list of
classes defined by the Internet Engineering Task Force
(IETF). If a service class change is possible, go to step 5,
otherwise go to step 6.

Step 5. At this step the current type packets servicing
class changes. During this the recommendations of in-
ternational telecommunication standardization organi-
zations are taken into account. When you change the
DSCEP class, the field in the packet header changes. The
DSO0-DSS5 bits define the class selector. On the basis of
DSCP IETF a policy of “per Hop Behavior” (PHB) has
been developed [8]. This policy defines DSCP codes
within classes.

To change the DSCP code network administrator
should run on the router the following commands:

Policy-map Policy Map ! — Creates a policy map.

Class Class | — Indicates the created policy to sys-
temize traffic using class control.

Set ip dscp DSCP ! — Sets the DSCP value in a bina-
ry, decimal or alphabetic system (PHB is determined
depending on the DSCP value). Go to step 1.

Step 6. Go to this step in case it is not possible to in-
crease the indicator values within the current service
class, as well as to change the service class. Thus, in step
6, a message that it is not possible to increase QoS in the
existing network is generated. Therefore, there is a need
for network development. Go to the end of the proce-
dure.

Let us consider an example of the quality indicator
correction in an MPLS network built using Cisco rout-
ers. Table 4 shows the initial data.

Here the current and reference absolute values of the
indicators are put in line with the ones in scores (in the
5-point system). Absolute values of quality indicators
are determined based on ITU-T recommendations on
the quality of services provided.

In this example for the considered “video streaming
and download service” service the following require-
ments are defined:

- bandwidth: 5 kbps — 1 Mbps;

- network delay: 1-3s.

Based on these data, we represent the absolute values
of the corresponding scores (Table 5).

Packet classification implies the use of a traffic de-
scriptor to categorize any packets within a certain group
and create a packet that is available for processing in the
network by the QoS service. Using packet classification,
you can divide network traffic into several priority levels
or service classes [9].

In the considered example the following service class
was defined for the “video streaming and download ser-
vice”:

Policy-map pack-multimedia-video! — Creates a poli-
cy scheme called “pack-multimedia-video™”.
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Zi, Zrer, DSCP,

class map, class policy

Is it possible to increase
the indicators within the
current service class?

©
Changing the policy-map
parameters for the packets of
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service class
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Fig. 2. The procedure of implementing the improved quality control method for MPLS

Table 1
QoS classes and related performance objectives for packet-based networks (ITU-T Rec. Y.1545)
QoS Class
Network performance parameter
0 1 2 3 4 5
IP transfer delay (IPTD) <100ms | <400 ms | <100 ms | <400 ms <lc U
IP delay variation, sometimes referred as jitter (IPDV) <50 ms <50 ms U U U
IP packet loss ratio (IPLR) 11073 U
IP packet error ratio (IPER) 1107 U

NOTE — U means “unspecified” or “unbounded”
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Table 2

The requirements of different applications to the indicators of data loss, bandwidth and delay

Application Data loss Bandwidth Delay Sensitive
File transfer no loss elastic no
E-mail no loss elastic no
Web no loss elastic yes, few secs

Real-time audio/video
(VoIP/video telephony)

loss-tolerant

audio: Skbps-1 Mbps
video:10kbps-5Mbps

yes, < 150 msec

Stored audio/video

loss-tolerant

same as above

yes, few secs

Online games

loss-tolerant

few kbps up

yes, <100 msec

Instant messaging

no loss

elastic

yes, few secs

Table 3
Relation between DSCP and 1P Precedence
DS Field Value
DSCP Name IP Precedence
Binary Decimal

CS0 000 000 0 0
CSl1 001 000 8 1
AF11 001 010 10 1
AF12 001 100 12 1
AF13 001 110 14 1
CS2 010 000 16 2
AF21 010 010 18 2
AF22 010 100 20 2
AF23 010 110 22 2
CS3 011 000 24 3
AF31 011 010 26 3
AF32 011 100 28 3
AF33 011 110 30 3
Cs4 100 000 32 4
AF41 100 010 34 4
AF42 100 100 36 4
AF43 100 110 38 4
CS5 101 000 40 5

EF 101 110 46 5
CS6 110 000 48 6
CS7 111 000 56 7

Class control ! — Specifies the policy to be organized
for traffic ordering using class control.

Bandwidth 796! — sets the bandwidth = 796 kbps.

Set ip dscp 34! — Sets the DSCP value for packets
equal to 34.

This changes the DSCP field value in the packet
header. Instead of the CS4 service class

ltfofofo|o]o]| EcN

| ECN |

a value relevant to the AF41 service quality class is set
(Fig. 3)

1 fofofo]1]o] BN | ECN |

Fig. 4 shows how the packet header changes.
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Table 4

Quality indicators of the “Service transport” compo-
nent, requiring correction

) Current value Reference value
Quality
indicators | Points Absolute Points Absolute
value value
bandwidth 3.0 597 kbps 4.0 796 kbps
network 3.0 1800 msecs 3.9 1260 msecs
delay
Table 5
Correspondence of scores and absolute values
of Indicators
Indicator values, Bandwidth, Network delay,
points kbps msecs

1 5 3000.00

2 398 2400.00

3 597 1800.00

4 796 1200.00

5 1000 1000.00

QoS value changes are calculated using a hierarchi-
cal neuro-fuzzy system (Fig. 5), where during the learn-
ing process the weight characteristics of quality indica-
tors and components are determined [7].

We introduce the following notations: x; stands for
indicators affecting the quality component Y;; wy is sig-
nificance, “weight” of indicator x;; w; is significance,
“weight” of the component Y;; k is the number of qual-
ity components; ¢(i) is the number of indicators that af-
fect the quality component Y;. The complex QoS assess-
ment is as follows

Z=F(Y); (1)
Y=s{Yw} i=1k; &)
Y=ol wy), Jj=1Lq(i) 3)

In hierarchical systems the output of one knowledge
base is fed to the input of another knowledge base. The
first level of the hierarchy determines the value that each
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DSCP DS Field Value IP
Name Binary Decimal  Precedence
CS4 100 000 32 4
> <
DSCP DS Field Value IP
Name Binary Decimal  Frecedence
AF41 100010 34 4

Fig. 3. DSCP changing

IP PACKET

HEADER

TOS
1 BYTE

DATA

EOsCEiaininei]

1 0 /0 0 0 0| ECN | ECN 1,0 0 0 1 0 ECN ECN

Fig. 4. DSCP changes in the packet header

of the service quality components (Y;, Y,..., ¥;) has
reached, depending on the quality indicators (x;;, x5, ...,
X;,)- At the second hierarchy level, the final indicator Z
is determined. Results are given in Table 6.

Thus, the application of the improved multimedia
service quality control method allowed increasing QoS
from Z=3.93t0 Z=4.06, or by 3.2 %.

Conclusions. The improved multimedia service qual-
ity control method for mining enterprises' corporate net-
works with MPLS technology corrects the values of qual-
ity indicators depending on the requirements for a certain

type of transmitted information, and it is possible to cor-
rect both the packet service policy within the MPLS net-
work, and the DSCP code in the packet header.

Thus, the proposed method provides the transmis-
sion of various information types (voice, video, images,
data) through the corporate network of the mining en-
terprise with a high QoS level, which in turn enhances
the quality of information exchange within the corpo-
rate networks of mining enterprises. The development
of the proposed method is possible by extending the
range of the services in question.

References.
1. Kozlenko, M. 1., 2015. The interference immunity of
the telemetric information data exchange with autono-
mous mobile robots. Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu, 1, pp. 107—113.
2. Cisco, 2014. Tomorrow begins here: the mining in-
dustry and Internet of Everything [online]. Available at:
<http://www.cisco.com/c/ru_ru/about/press/press-
releases/2014/07-072514c.htmlI> [Accessed 15 October
2016].
3. AltegroSky. Satellite communications for the mining
industry [online]. Available at: <http://www.mteleport.
ru/otrasli/gornodobyvayushhaya-otrasl> [Accessed 19
October 2016].
4. Tim Szigeti, Robert Barton, Christina Hattingh and
Kenneth Briley, Jr., 2014. Tim Szigeti End-to-End QoS
Network Design. Cisco Press.
5. Cisco, 2014. MPLS VPN QoS Design [online] Enter-
prise QoS Solution Reference Network Design Guide.
Auvailable at: <http://www.cisco.com/c/en/us/td/docs/
solutions/Enterprise/WAN _and MAN/QoS _SRND/
QoS-SRND-Book/VPNQoS.pdf> [Accessed 21 No-
vember 2016].

Fig. 5. A hierarchical structure of the neuro fuzzy QoS evaluation system

Table 6
The results of the ¥, — “Service Transport” — quality component correction
Quality Quality Quality Quality | Complex QoS | ey Qos
. . - - component component assessment
Iteration | Quality indicator value | indicator value assessment
LS . value before value after before
number | indicators | before correc- | after correction, . . . after correc-
. . . correction, correction, correction, . .
tion, points points . . . tion, points
points points points
1 bandwith 3.0 4.0 3.49 3.67 3.93 3.98
(597 kbps) (796 kbps)
2 network 3.0 39 3.67 3.97 3.98 4.06
delay (1800 msecs) (1260 msecs)
112 ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 2




INFORMATION TECHNOLOGIES, SYSTEMS ANALYSIS AND ADMINISTRATION

6. ITU-T Recommendation E.802, 2007. Amendment
1(03/17) — Framework and methodologies for the de-
termination and application of QoS parameters. — Ap-
proved in 2017.

7. Kalchenko, A.S., 2015. Improving the quality of mul-
timedia services in next-generation networks using fuzzy
logic methods. Refrigeration engineering and technology,
51(1), ONAFT, pp. 76—83.

8. Satran, J., Meth, K., Sapuntzakis, C., Chadalapa-
ka, M. and Zeidner, E., 2004. RFC 3270 Multi-Proto-
col Label Switching (MPLS) Support of Differentiated
Services [online]. Available at: <http://www.ietf.org/rfc
/rfc3270> [Accessed 15 August 2016].

9. Cisco, 2008. Implementing of QoS policies with
DSCP codes [online]. Available at: <http://www.cisco.
com/cisco/web/support/RU/9/92/92093_dscpvalues.
html#packetclassification> [Accessed 25 December
2016].
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MeTta. Y1ocKOHaJIeHHSI METOIY YIIPaBJIiHHS SIKiCTIO
MYJIbTUMEIIMHUX CEPBICiB IJIsT KOPITOPATUBHUX MEPEXK
3 TEXHOJIOTIEI0 MYJIbTUIIPOTOKOJIBHOI KOMyTallii 3a
miTkamu (multiprotocol label switching, MPLS) mmia-
MPUEMCTB TipHUYOI TPOMUCIOBOCTI.

Metomuka. YIOCKOHAJIEHHSI METONY YIpaBIiHHS
SIKICTIO MyJIbTUMeiHHUX cepBiciB y MPLS 3nilicHeHO
IIJISIXOM 3aCTOCYBAaHHST METOIIB aJITOPUTMIYHOTO MOIE-
JIFOBaHHSI Ta €JIEMEHTIB METO/IiB IOCJIiIXKEHHSI OTlepalliii.

Pe3yabratu. YnockoHalleHO MeETOJ YIpaBIiHHS
SIKIiCTIO MynbTUMeAiitHNUX cepBiciB (Quality of service,
QoS) y MPLS, mo 3matHuii poOMTH HACTPOIOBAHHS
3HAYE€Hb MOKA3HUKIB SIKOCTI LIJISIXOM 3MiHU MOJITUKU
00pOOKM MaKeTiB 3aJaHOTO TUITY. TaKoX METOJ MOXe
3MiHIOBAaTU KJ1ac OOCIYyrOBYBaHHSI CepBicCy, Mepernucy-
oun Kon audepeHuirioBaHux mociayr (Differentiated
Services Code Point, DSCP) y 3aronoBky makeTa B
Mexax AOMYyCTUMUX KJaciB o0cayroByBaHHs. Po3po-
OsieHa mpoueaypa YNpaBaiHHS SIKICTIO MYJbTUMENil-
Hux cepsiciB y MPLS 3 BUKOpUCTaHHSIM ya1OCKOHae-
HOTO METOIY.

HaykoBa HoBM3HA. YIOCKOHAJICHUI METOI yIIpaB-
JIIHHS IKIiCTIO MYJIbTUMeENiiHUX cepBiciB y MPLS, Ha
BiZIMiHY Bil BiTOMMX, JO3BOJISIE HAJIAIITOBYBAaTU 3HA-
YEHHSI MOKA3HMKIB SIKOCTI B MEXKax TIOMYCTUMUX KJ1aCiB
00CIYyroBYBaHHS B 3aJIe3KHOCTI Bim BUMor 10 QoS s
MakKeTiB MEBHOrO TUITY, a TAKOX MPOrHO3YBaTU HEO0-
XiIHU#I PO3BUTOK MEPEXKi.

IIpakTuuHa 3HaYMMicTh. Pe3ynbTaTé po3paxyHKiB
roKas3aju, 110 3aCTOCYBaHHS BIOCKOHAJIEHOTO METOIY
YIpaBJiHHS SKICTIO MyJIbTUMENiHHUX cepBiciBy MPLS
HaBiTb MPU BIUIMBI TUIBKW Ha JBa MOKa3HMUKA SKOCTi 3

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 2

22 3a6e31euye MigBUIEeHHS 3HaYeHHsT QoS OiIbII HiXX
Ha 3 %.

Kimouosi cnoBa: xopnopamueni mepeici, nionpuem-
cmea 2ipHu4oi NPOMUCA080CIi, AKICMb MYAbIMUMEIHHUX
cepgicie, 6aeamonpomoxkoAbHa KOMymayis 3a Mimkamu

Ynpasienue KaueCcTBOM MYJIbTHMEIUAHBIX
CepPBHCOB B KOPIHOPATHBHBIX CETAX
NpeAnpUATHIA TOPHOI NMPOMBIILIEHHOCTH

H. A. Kuszesa, A. C. Kaavuenko

TlocynapctBeHHOE BbIciiee yyeOHOe 3aBeneHue ,,Omecckast
HallMOHaJIbHAS aKafgeMMs MUIIEeBBIX TexHoyornii“, r. Onecca,
YkpanHa, e-mail:knyazeva@ukr.net; kalchenko.anastasiia@
gmail.com

Iens. YcoBeplueHCTBOBaHME METOJA YIpaBIeHUS
Ka4eCTBOM MYJbTUMEIUNHBIX CEPBUCOB IJIsI KOpIopa-
TUBHBIX CETEH C TEXHOJIOTMEU MYJIBTHIIPOTOKOIHHOM
KOMMYyTaluu o Metkam (multiprotocol label switching,
MPLS) npeanpusgTuii TOpHON MPOMBIIIIJIEHHOCTH.

MeToauka. YCOBEpIICHCTBOBAaHNE METOHA YIIpaB-
JICHUsI Ka4eCTBOM MYJIBTUMEINIHBIX CEPBUCOB B
MPLS ocymiecTBieHO ITyTeM IIPUMEHEHUS METOIOB
AJITOPUTMHUIECKOTO MOJICTMPOBAHUS U 3JIEMECHTOB Me-
TOIOB MCCJICIOBAHMSI OTIepAITUIA.

Pe3ynbTaThl. YcoBepIlieHCTBOBAaH METOJ YIIpaBiie-
HUST KQUeCTBOM MYJbTUMEAUIHBIX cepBucoB (Quality
of service, QoS) B MPLS, koTopslii criocodeH nmpous-
BOIUTh HACTPOWKY 3HAUEHUI MoKa3aTeseil KayecTBa
IyTeM M3MEHEHUs TMMOJUTUKU 00pabOTKH ITaKeTOB 3a-
TAHHOTO TUMa. TakKe METOI MOXKET M3MEHSITh KJIacc
00CIIy>XMBaHUsI CepBUca, MepenuchbiBas Kon audde-
pentmpoBanHbix yeiyr (Differentiated Services Code
Point, DSCP) B 3aroioBke makeTa B IIpenesiax JOITy-
CTUMBIX KJ1acCOB 00cy>kuBaHusi. PazpadboraHa npoiie-
Iypa yIpaBJeHHUS Ka4eCTBOM MYJIbTUMEIUIHBIX cep-
BucoB B MPLS ¢ ucnonb3oBaHueM ycOBEPIIEHCTBO-
BaHHOTO MeToJa.

Hayunas HoBH3HA. YCOBEpIICHCTBOBAaHHBIN MeTOM
yIpaBlIeHUs] KaueCTBOM MYJIbTUMEAUNHBIX CEPBUCOB B
MPLS, B oTiMuMe OT U3BECTHBIX, MO3BOJISIET HACTpau-
BaTh 3HAYECHUS TIOKa3aTeseil KauecTBa B TIpeaesiax no-
IyCTUMBIX KJIACCOB OOCTYKMBaHUS B 3aBUCMOCTH OT
TpeboBaHui K QOS [1J151 MakeToB ONpeAeIeHHOIO TUIIa,
a TaKoKe IIPOTHO3MPOBATh HEOOXOIMMOE Pa3BUTHE CETH.

IIpakTHYecKass 3HAYMMOCTh. Pe3yabTaThl pacyeToB
ITOKAa3aJIi, 4TO IMPUMEHEHNE YCOBEPIICHCTBOBAHHOIO
MeTOoma YIpPaBICHUS KadeCTBOM MYIbTUMEIUITHBIX
cepBrcoB B MPLS paxe npu Bo3aeiiCTBUM TOJBKO Ha
JIBa MoKa3aTessl KauecTBa U3 22 obecrieunBaeT IOBbI-
meHue 3HayeHus1 QoS Gosiee yem Ha 3 %.

KiioueBble ciioBa: kopnopamusHuie cemu, npeonpus-
musi 20pHOU NPOMbBIULAEHHOCMU, KA4ecmeo Myabmume-
OULIHBIX Cep8UCco8, MHO2ONPOMOKOAbHAS KOMMYMAYUs No
MemKkam

Pexomendosarno 0o nybaikauyii dokm. mexH. HayK

B. B. Kopuuncokum. Jlama HaoxolxcenHss  pyKonucy
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