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Abstract— Trends in telecommunications show that
customers require still more and more bandwidth. If the
telecommunication operators want to be successful,
they must invest a lot of money to their infrastructure
and they must ensure required quality of service. The
telecommunication  operators would devote to
development in this area. The article deals with quality
of service in IP networks. Problems of quality of service
can be solved through admission control methods based
on measurements. These admission control methods
take care of control of incoming traffic load. New flow
can be accepted only if needed quality of service is
ensured for it and without quality of service breach
causing of already accepted flows. In the article were
made description of simulations and results of
simu lations for \Voice over IP, constant bit rate and
video sources. Simulations were realized in Network
simulator 2 environment. These simulations were
evaluated on the base of some parameters such as:
estimated bandwidth, utilization and loss rate.

Index Terms— Admission Control Method, MBAC
Method, Quality of Service

I. Introduction

The telecommunication operators must invest a lot of
money to build their infrastructure. They try to obtain
many customers. The telecommunication companies
want provide to customers a lot of services, but they
must ensure required quality of service. Customers are
interested in telephony (fixed network, mobile network
and VoIP) and multimedia services such as video on
demand ora lot of TV channels as well.

Now we can see at the market many smart phones
and other devices, which can with one click login to
different accounts, where customers can download
some applications. Customers use data connection for
watching video clips, films and playing online games.
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All these services need large bandwidth. If the
operators want to increase their profit and acquire a lot
of customers, then they have to invest more money to
their infrastructure. Or they cooperate with research
centers in order to try to develop efficient bandwidth
utilization and quality of service (QoS) 71,

A lot of methods exist, which deals with use of
effective bandwidth — mathematical models and time-
consuming simulations. This article deals with
admission control (AC) methods in IP networks.

These methods take care of control of incoming
traffic load. AC methods consist of aset of
measurements needed for acceptance or rejection of
incoming flows. New flow can be accepted only if
required QoS is ensured for it and without QoS breach
causing of already accepted flows.

The paper deals with simulation of measurement
based admission control (MBAC) algorithms with
MBAC mechanisms. Effective bandwidth is minimal
bandwidth that ensures required QoS.

The remainder of this paper is organized as follows:
in section 2, 3, 4 the theory about MBAC methods,
MBAC algorithms and measurement mechanisms is
addressed. In section 5 is description of simulations and
results of simulations for VolP, CBR and video source.
Summary of all simulations is in section 6.

Il. Measurement Based Admission Control

Methods

MBAC method can be performed on end-to-end
connection B2,

MBAC methods can be divided into two categories:
e passive MBAC — based on data packet,
e active MBAC — based on test packet.
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2 Measurement Based Admission Control Methods in IP Networks

These two methods solve the problem of scalability
that occurs in parameter based admission control
(PBAC) method.

Bandwidth estimation is defined by:

_ [ 2
C= mmeasured + Pnew ta Gmeasured (1)

where M. ..q IS average measured transfer rate of

current traffic load, P,,, is maximal transfer rate of

flow requesting admission, & is upper limit of

overflow probability (probability that bandwidth of link
will be exceeded) and coefficient « is defined by:

(Z:\/—2|n(8)—|n(2ﬂ') )

I1l. Measurement Based Admission Control

Algorithms

MBAC algorithms decide if new flow will be
accepted, or not. There exists a lot of support algorithms
and each of them is suitable for different types of traffic
load and has some advantages and some disadvantages

Between MBAC algorithms belongs 1 12211231;
e Simple Sum,
e Measured Sum,
¢ Hoeffding Bound,
e Acceptance Region:
- Tangent at Peak,
- Tangentat Origin,
- Tangentat Arbitrary Point.

3.1 Simple Sum

Algorithm of simple sum ensures that the number of
required sources will not exceed the capacity of link.

Let V is bandwidth of current traffic load, 4 is link
bandwidth, « is index of flow requesting of admission

and r“ is transfer rate of flow o . New flow can be
accepted if the following condition is fulfilled:

VHIe <. ©)]

This condition is ensured by the input routers and
switches.
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3.2 Measured Sum

This algorithm detects bandwidth of current traffic
load. If the following condition is accomplished, then
new flow can be accepted:

VHIre < uv e

V is bandwidth of current traffic load, r“ is transfer
rate requested by flow o, y is bandwidth of link and

V is utilization of network defined by user (O <V < 1).

3.3 Hoeffding Bound

The basic principle of Hoeffding Bound (HB)
algorithm is based on calculation of bandwidth of the
current traffic load. If the sum of the peak rate of new

flow p and bandwidth of current traffic load éH is

less than the bandwidth of the link, then new flow will
be accepted. If the following condition is not
accomplished, then flow will be rejected:

C,+p<u. (5)

For the bandwidth calculation of current traffic load
the following equation is used:

C.| V. p; H<i<n,e

©)

AN

where N is the number of accepted flows, V is the
bandwidth of current traffic load estimated by measure

mechanism of exponential averaging, p; is the peak
rate of accepted flow and ¢ is loss rate.

3.4 Acceptance Region

Let « is the average transfer rate and p is peak

transfer rate of on/off source, then the bandwidth of
source C can be defined by following equation:

C(s):%Iog{H%(eSp —1)} U]
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where S is space parameter of acceptance region and
it is from interval < 0,1>.

To the MBAC algorithms of acceptance region
belong algorithms based on tangentat point.

1) Tangent at Peak

np(l— e’ )+ e Py < U 8)

where N is the number of accepted flows, p is peak

transfer rate of the new accepted flow, S is space
parameter of acceptance region and it is from interval

< 01>, Vv is the bandwidth of current traffic load and
M is the bandwidth of link.

2) Tangentat Arbitrary Point
pe®

[ p+ a(es" —1)}

A

where a is average measured traffic rate of source.

. {n ale™ —1)+ p\A/} <u

3) Tangent at Peak

AN

efv< . (10)

IV. Measurement Mechanisms

There exist several measurement mechanis ms, which
are used with combination of MBAC algorithms. Their
task is to correctly estimate the bandwidth of current
traffic load. To these mechanisms belong:

e Time Window,
e Point Samples,

e BExponential Averaging.

1) Time Window

Mechanism of time window is used with measured
sum algorithm. It calculates an average bandwidth
every sampling period S. At the end of the measurement
window T, the highest average value is denoted, which
is used for estimation of bandwidth for the next window
T. If the new flow is accepted, the estimation of window
is increased by transfer rate of new flow. If a newly
calculated average is above the estimation, the
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estimation is immediately raised to the new calculated
average value (112,

2) Point Samples

This measurement mechanism is wused with
Acceptance Region - Tangent at Origin (ACTO)
algorithm and Acceptance Region -Tangent at Peak
(ACTP) algorithm. Algorithm takes an average load
sample every period S 112,

3) Bxponential Averaging

The exponential averaging mechanism of current
traffic load is used with algorithm Hoeffding Bound.

Current traffic load V° is measured every sampling
period S. This measurement mechanism is calculated
with using an infinity impulse response function with
weight @ .

v=01-wy+wy (10)

A
where V is bandwidth of current traffic load, Vv is an
average load in previous period, W is a weight of flow

and Vv° is actual traffic load 121,

V. MBAC Algorithms for Different Traffic
Sources

This chapter deals with simulations of four MBAC
algorithms and evaluation of achieved results.
Simu lations are realized in simulation program Network
Simulator 2.

MBAC algorithms have been simulated for three
different traffic sources: Voice over IP (Mo IP), constant
bit rate (CBR) and video. These simulations were
evaluated on the base of some important parameters:
estimated bandwidth, utilization and loss rate.

The following algorithms have been simulated:
Measured Sum (MS),
Hoeffding Bound (HB),

Acceptance Region — Tangentat Origin (ACTO)

Acceptance Region — Tangent at Peak (ACTP).

Following three measurement mechanisms have been
used with thesealgorithms:

e Time Window (with algorithm MS),
e Point Samples (with algorithms ACTO and ACTP),
e BExponential Averaging (with algorithm HB).
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4 Measurement Based Admission Control Methods in IP Networks

The following parameters were used for these
algorithms:

e v — network utilization,

e T—time window parameter,

S —sampling period,

w — weight of flow,

& —probability of loss rate,

s — space parameter of acceptance region.

Table 1: Simulation parameters

MS HB ACTO ACTP
v=0.95 w=0.125
T=3ms g =07 s=2e-6 s=2e-6

S=5000ms | S=5000ms | S=5000ms | S=5000ms

5.1 Simulation of MBAC Algorithms for VolP
Traffic

In this simulation VoIP exponential on/off source
with maximum traffic rate of 64 kbit/s (typical voice
traffic) is used. The size of sending packet is 125 bits.
Bandwidth of link is 10 Mbit/s. Topology of simulated
topology is shown in the figure 1.

MBAC algorithms

VoIP sources

10 Mbit/s

Fig. 1: topology of simulated network (VolP)

MBAC algorithms MS, HB, ACTP and ACTO are
compared. These simulations are evaluated on the base

of some parameters such as: estimated bandwidth,
utilization and loss rate.
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Fig. 2: bandwidth estimation through MSalgorithm
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MBAC MS algorithm (figure 2) tries to adapt
bandwidth estimation to bandwidth of actual traffic load.
It always tries to estimate bandwidth that is sufficient
for actual traffic load in the network. Disadvantage of
MS algorithm is that estimated bandwidth was often
bigger than required bandwidth of actual traffic load.

HB Algorithm (figure 3) not reacts on increase of
actual traffic load. Disadvantage of HB algorithm is that
actual traffic load was often bigger than link bandwidth
(10 Mbit/s). All these packets were included between
lost packets. This result shows that HB algorithm is not
suitable for situations, when traffic load fluctuation in
network occurs. This fluctuation is caused hy
measurement mechanis m of exponential averaging that
is not able to adapt quickly and dynamically to actual
traffic load changes.
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Fig. 3: bandwidth estimation through HB algorithm

Link utilization was the best for the HB algorithm,
but loss rate was the worst from all the simulated
algorithms. These results show that HB algorithm is not
suitable for VolIP traffic.
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Fig. 4: bandwidth estimation through ACTP algorithm

The process of simulations shows that MBAC
algorithms ACTP (figure 4) and ACTO (figure 5) are
estimating bandwidth flexible, but always with time
delay. They try to adapt to the network traffic load what
is very suitable for real time application.
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Fig. 5: bandwidth estimation through ACT O algorithm

All results have shown that the most suitable
algorithms for implementation to the VolIP network are
ACTP and ACTO (if we consider bandwidth prediction
and loss rate). Of course, very important is to consider
the situation in the network (because with other
conditions could be other algorithm suitable for VolIP
traffic).

Table 2: Algorithm comparison for VoIP traffic

loss link number of | number
rate utilization sent of lost
(%) (%) packets packets
MS 4.59e-06 88.96 26128058 120
HB 7.54e-05 92.00 26995932 2038
ACTP | 1.57e-06 88.44 25992207 41
ACTO | 1.20e-06 87.81 25743808 31

5.2 Simulation of MBAC Algorithms for CBR
Traffic

In the next simulation the source with constant bit
rate (CBR) 800 kbit/s is used, size of packet is 125 bits
and interval between sent packets is 0.01ms.

MBAC algorithms

CBR sources

10 Mbit/s

Fig. 6: topology of simulated network (CBR)

In the next simulations MBAC algorithms are
compared: MS, HB, ACTP and ACTO. These
simulations are evaluated on the base of some
parameters such as: estimated bandwidth, utilization
and loss rate.

From the figure 7 we can see, that MS algorithm
predicts the required bandwidth very exactly. This
preciseness of MS algorithm let minimum packets from
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CBR source to the network (from all simulated
algorithms).
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Fig. 7: bandwidth estimation through MSalgorithm

MS algorithm tries to predict the bandwidth that not
exceeds the link capacity 10 Mbit/s. Very important
parameter for this method is loss rate. By use of MS
algorithm the number of lost packets was minimal
(from all the simulated algorithms).
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Fig. 8: bandwidth estimation through HB algorithm

From the figure 8 we can see that HB algorithm
reacts very slowly on changes of traffic load. Mainly, it
is caused by cooperation of HB algorithm with
measurement mechanism - point samples. Link
utilization is almost 100%, but loss rate was the highest
from all the simulated algorithms. This is caused
because this algorithm let packets access to the network,
although there was no more sufficient bandwidth.
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Fig. 9: bandwidth estimation through ACTP algorithm
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Fig. 10: bandwidth estimation through ACT O algorithm

ACTP (figure 9) and ACTO (figure 10) algorithms
try to adapt the estimated bandwidth to the actual traffic
load, even though the bandwith of the link was often
exceeded (10 Mbit/s). These algorithms reacted in the

same way on loss rate, link utilization and the number
of lost packets.

All results have shown that the most suitable
algorithm for implementation to the network for
constant bit rate sources is MS algorithm.

Table 3: Algorithm comparison for CBR traffic
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Fig. 12: bandwidth estimation through MSalgorithm

As shown in the figure 12, MS algorithm estimated
sufficient bandwidth, but in some cases, this estimated
bandwidth was higher than link bandwidth (it means
lost packets). This algorithm has the smallest loss rate,
because MS algorithm allows the source to send less
number of packets than by HB and ACTP algorithms
(in these cases was higher lost rate).
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loss link number of | number
rate utilization sent of lost
(%) (%) packets packets
MS 1.96e-05 95.41 28499594 559
HB 0.0164 99.68 30243225 | 496006
ACTP | 0.008205 99.89 30058393 | 246635
ACTO [ 0.008205 99.89 30058393 | 246635
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Fig. 13: bandwidth estimation through HB algorithm

5.3 Simulation of MBAC Algorithms for Video
Traffic

In the next simulation exponential source with
maximal bit rate 600 kbit/s and constant size of
generated packets 125 bits is used.

MBAC algorithms

video sources

10 Mbit/s

Fig. 11: topology of simulated network (video)

Once again, there are compared four MBAC
algorithms: MS, HB, ACTP and ACTO. These
simulations are evaluated on the base of some
parameters such as: estimated bandwidth, utilization
and loss rate.
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HB algorithm (figure 13) predicts bandwidth under
defined value of link bandwidth 10 Mbit/s, but actual
traffic load was often higher than link bandwidth
(because the flows with higher transfer rate asked to
access to the network). Link utilization was more than
92%, but loss rate was one of the worst. If the
maximum value of link 10 Mbit/s was exceeded, the
flows were dropped.
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Fig. 14: Bandwidth estimation through ACTP algorithm

In the figure 14 we can see that ACTP algorithm

adapts the estimation of bandwidth to the actual traffic
load. This algorithm does not take into account the fact
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that there is no free sufficient bandwidth for accepting
new flows. The flow was accepted even though the
defined link bandwidth 10 Mbit/s was exceeded.
Therefore, loss rate and link utilization were the highest
from all the simulated algorithms. This method is not
suitable for video traffic.

In ACTO algorithm (figure 15) simulation the
number of lost packets is very important. Loss rate was
the smallest from all simulated algorithms. ACTO
algorithm estimated bandwidth of actual traffic load so
that the bandwidth 10 Mbit/s is notexceeded.

This goal was not always successful, but ACTO
algorithm was the best in bandwidth estimation fromall
the simulated algorithms (on the base of number of lost
packets).

actual traffic
A | ACTO

bandwidth [Mbit/s]

2050 2085 2060 2065 2070 2075 2080 2085 2090 2095 2100

time [ms]

Fig. 15: Bandwidth estimation through ACT O algorithm

All results have shown that the most suitable
algorithm for implementation to the network with video
traffic sources is ACTO algorithm. Of course, the
situation could change, if there was for example video
source and ftp source in the network. In this case ACTO
algorithm would be not the best choice.

Table 4: Algorithm comparison for video traffic

loss link number of | number
rate utilization sent of lost
(%) (%) packets packets

MS 0.01233 88.23
HB 0.02439 92.29
ACTP | 0.03989 94.73
ACTO ([ 0.01153 87.80

26603367 | 328230
28057719 | 684526
29271307 | 1167840
26464869 | 305262

VI. Conclusion

This article deals with simulations of measurement
based admission control (MBAC) algorithms for
different traffic source (Moice over IP, constant bit rate
and video). Algorithms Measured Sum (MS), Hoeffding
Bound (HB), Acceptance Region - Tangent at Peak
(ACTP) and Acceptance Region - Tangent at Origin
(ACTO) were compared. These simulations were
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evaluated on the base of some parameters such as:
estimated bandwidth, link utilization and loss rate.

On the base of realized simulations, we can say
following:

ACTP and ACTO algorithms are the best MBAC
algorithms for networks with VolIP traffic. Obtained
results for both algorithms are comparable. In both
cases the link utilization was about 88%.

The most suitable MBAC algorithm for bandwidth
estimation in network with CBR traffic is MS. MS
algorithm was the best from all simulated algorithms in
all monitored parameters. Link utilization was about
95%.

The most suitable MBAC algorithm for bandwidth
estimation in network with video traffic is ACTO. Link
utilization was about 88%. Good results were reached
also for MS algorithm.
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