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Abstract - The differentiated services (DiffServ, [1])
expedited forwarding (EF, [2]) per-hop behavior (PHB)
is targeted on applications which need strict guarantees
of end-to-end delay and should not suffer from packet
losses. It makes EF PHB an appropriate choice for loss-
freetimely delivery of delay and loss intolerant traffic. It
is expected that the substantial part of such sort of traffic
will be generated by video-on-demand (VoD) services. In
order to provide transmission service which is based on
EF PHB to VoD traffic, several traffic conditioning
functions have to be implemented within the DiffServ
ingress nodes. These conditioning functions are based on
traffic profiles. In this paper we show how to compute EF
PHB traffic profiles for VoD traffic, which are based on
simple token bucket mechanism and consider the effect
of traffic profile violations. We evaluate both aggr egated
traffic and per-source quality of service (QoS)
degradations caused by traffic profile violations. In order
to compute the parameters of EF PHB queue within the
DiffServ ingress node we approximate the output
stochastic process from the first queuing system by
arrival curve. We also consider the VoD traffic treatment
within DiffServ interior nodes and show how to compute
parametersof EF queueswithin those nodes.

|. INTRODUCTION

VoD service is expected to be a one of the very
popular applications in broadband multi-service
networks. From the traffic transmission point of view,
VoD service can be classified as one of the most delay
and loss intolerant client-server application. Traffic
generated by such sort of applications needs strict
quality of service (QoS) guarantees in terms of
bandwidth, losses, ddays and jitter.

In order to satisfy the demands of rea-time traffic
nature of VoD service an appropriate network
transmission facility should be provided. Currently,
Internet does not provide any QoS guarantees to its
applications. It provides the best-effort service only,
which does not satisfy the demands of rea-time
applications. As aresult, a work on IP QoS has been
initiated. IETF has proposed two QoS frameworks:
Integrated Services (IntServ, [3]) and Differentiated
Services (DiffServ, [1]). IntServ approach is based on
connection admission control (CAC) procedures and
uses explicit resource reservation technique. IntServ
can provide deterministic QoS guarantees and for this
purpose it requires a signaling protocol in order to
inform the appropriate network elements about the
necessary resource reservation. DiffServ approach is
based on service differentiation principle. It aggregates
flows with the same QoS requirements and assigns to

them the same trestment &t the routers along the pah
of aggregated traffic flow. The service differentiation
is achieved by implementing several simple per-hop
behaviors (PHBs) in the routers. DiffServ provides
probabilistic QoS guarantees to aggregated traffic
flows and uses a sort of static CAC agorithms which
is based on service level agreements (SLAS). DiffServ
approach is more preferable compared to IntServ
because of its smplicity and high scalability. In this
paper we assume that the network implements
Diff Serv QoS framework.

IETF DiffServ working group has standardized two
PHB groups. These are Assured Forwarding PHB (AF
PHB, [4]) and Expedited Forwarding PHB (EF PHB,
[2]). EF PHB is targeted on applications which require
strict guarantees of end-to-end delay and should not
suffer from packet losses.

It is known that in order to satisfy the demands of
real-time traffic nature of VoD service MPEG traffic
should have the necessary amount of reserved
bandwidth and/or some type of priority in service.
Because of strict QoS requirements of MPEG traffic
and the ability of EF PHB to provide both priority in
service and adeguate bandwidth reservation [2], we
propose to use EF PHB group in order to handle such
type of traffic within the DiffServ domans
appropriately.

The modern compression agorithms mostly operate
in variable hit rate (VBR) mode. VBR mode alows
very high compression ratios while the qudity of
decoded picture remains amost the same during the
playback. At the other hand, EF PHB is used to
construct transmission services with constant end-to-
end bandwidth. From the network dimensioning point
of view, it is unwise to transmit VBR compressed
video over CBR link. However, currently, thisis the
amost only way to transmit compressed video over
Internet with relatively strict QoS guarantees.

In order to provide transmission service which is
based on EF PHB to behavior aggregate, severa traffic
conditioning functions must be implemented within
the Diff Serv ingress nodes. These functions are based
on traffic profiles. The estimation of traffic profiles
parametersis a crucial task in context of configuration
of DiffServ ingress nodes.

One of the mgjor advantages of the transmission
services which are based on EF PHB consists in their
ability to bound the end-to-end delay. The latter
requirement can be fulfilled only if the delay of the
packets is bounded within the each network node
along the path of EF behavior aggregete. The anaysis



of EF traffic trestment within the DiffServ ingress
nodes is of paramount importance since these nodes
perform both DiffServ traffic treatment functions -
traffic conditioning and queuing.

The full paper is organized as follows. Section 1l
deds with VoD service peculiarities. VoD service
network configurations and VoD server configuration
are considered there. In Section Il MPEG traffic
modeling issues are considered. We define stochastic
and deterministic models of both single MPEG source
and multiplexed traffic from a number of MPEG
sources. In Section IV the attention is paid to analysis
of VaD traffic treatment within the DiffServ ingress
node. We show there how to estimate DiffServ
network nodes parameters and QOS parameters
experienced by both single MPEG source and
multiplexed traffic from a number of smoothed MPEG
sources. The conclusions are given in thelast section.

Il. VoD CONFIGURATION

A. VoD Service Configuration

Assume that there are N neighboring Internet
domains making up a chain and these domains belong
to different large internet service provides (ISPS).
Every ISP has its own DiffServ implementation in
accordance with IETF specifications [1]. In order to
provide QoS guarantees to their users, let us assume
that these ISPs have installed SLAs between each
other (Fig. 1). We believe that this configuration may
be the case in the Internet and we cdl it the “remote”
VoD configuration. In this configuration the 1SPs may
not have its own VoD server or dedicated connection
to VoD content provider. Moreover, the nearest VoD
server can be located far from the home domain of the
VoD user. Anyway, the desired QoS guarantees must
be provided between the VoD service entities.

VoD

Fig. 1*“Remote’ VoD service configuration.

We also assume that a number of VoD custimersin
ISP N who wish to use VoD service, however, only
ISP 1 has a dedicaed connection to VoD content
provider. In thiscase VoD service (and, therefore, QoS
guarantees) should be provided across al N domains
which belong to different 1SPs.

B. VoD Server Configuration

Let us consider the VoD server outline which
consists of functional blocks and depicted in Fig. 2.
The block “MPEG storage” stores information of
MPEG sequences. These sequences are represented by
files. Note that the structure of the MPEG storage
system has a lot of peculiarities and is outside the

scope of this paper. “Rate information” block keeps
information about the predefined rates of each MPEG
sequence. This information is available from the GoP
smoathing agorithm. It has been shown [8] that such
agorithm smoothes both burstiness and high peak rate
found in MPEG sequences, and does not affect MPEG
time structure significantly. During the transmission of
video seguence the rate information block enforces the
server software to use predefined rates instead of real
frame rates. Then, the smoothed MPEG sequence is
packetized into IP packets. In order to achieve
synchronized transmission we propose to use RTP
over UDP protocols configuration. After that the
packetized MPEG streams are multipl exed.

MPEG storage
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Network interface
Fig. 2 VoD server functional blocks.

Rate information

We have introduced severa assumptions about the
VoD server configuration. We assume that the length
of al IP packets which belong to different microflows
within the multiplexed MPEG traffic stream is
constant and its value lies between acceptabl e bounds.
Thus, the VoD IP packets service time within the
Diff Serv network node is a constant value and equal to
the time to transmit one packet on the outgoing link.
This is true & least for DiffServ ingress node. In
addition, we aso assume tha domains do not
implement IP packets segmentation procedures aong
the path between the VoD server and the end-user
equipment. In this case the service time of VoD IP
packets is constant in each DiffServ network node
along the path to destination.

I1l. VoD TRAFFIC MODELS

A.  Sochastic and Deterministic Traffic Modeling

It is known that in order to anayze the network
performance we should introduce the traffic models.
Let us consider two approaches to network traffic
modeling. In accordance with first approach the traffic
source or multiplexed traffic from a certain network
element is modeled by stochastic process. Since such
models should capture most relevant statistical
characteristics of real traffic sources, the avail ability of
representative statistical data as well as efficient
methods of doatisticd anadysis is of paramount
importance. Moreover, in most cases the decision
whether our modd is a good predictor of traffic source
is often taken after the comparison of modeled data
with dtatisticd ones. The described approach is very
popular and often used in traffic modeling. We called
it the " stochastic approach” to traffic modeling.

However, there are some cases when the statistical
data of traffic source is unavailable or these data can



not be modeled by stochastic process or even we do
not know the traffic nature at al. In presence of such
uncertainty we can make the assumption that the
traffic is unknown but satisfies certain regularity
constraints [5]. Note that in most networks such
assumption holds — traffic entering the network is
constrained by some mechanism (e.g. leaky bucket
policer in ATM networks or token bucket in IP
networks). In most cases these constraints are
represented by simple deterministic model. Using
these simple traffic models it is possible to derive the
bounds of performance parameters within the wide
variety of network dements [5]. It also should be
noted that in order to define the deterministic model to
which the traffic is constrained, the stochastic models
are often needed. We called it the “deterministic
approach” to traffic modeling.

In this paper both approaches are used. Note that in
our case we should model both the traffic from as
single MPEG source and the multiplexed traffic from a
number of MPEG sources at the entrance to the
network. Since the traffic source is known and
statistical data are available [6], firstly, in this paper,
we employ the stochastic approach. Our deterministic
model of MPEG traffic is based on stochastic mode! .

B. Sochastic VoD Traffic Models

The packet stream at the network interface between
the VoD system and the DiffServ ingress node consists
of multiplexed traffic from a number of smoothed
MPEG traffic sources. We call it the “VoD traffic
behavior aggregate’. In order to characterize the VoD
traffic stochastically we should introduce two
stochastic modds: the model of single MPEG traffic
source and the model of multiplexed traffic from a
number of smoothed MPEG traffic sources. In this
paper we propose to model both types of traffic by the
discrete-time batch Markovian arrival process (D-
BMAP).

It was shown [7] that the D-BMAP process matches
well the histogram of reative frequencies of single
MPEG traffic source and its autocovariance function
(ACF). In accompanying paper [8] we show how to
derive D-BMAP model of MPEG traffic. Our model
has only four states of modulating Markov chain and,
therefore, retains the analytical tractability. In that
model in order to define the probability distribution
function (PDF) of D-BMAP process we can use the
histogram of relative frequencies. Since the ACF of
the D-BMAP process obeys the geometrica sum
distribution it produces fair approximation of the ACF
of empirical data [7]. These considerations give us an
assurance that these statistical characteristics of the D-
BMAP model match their empirical counterparts well.

We also found that the ACF of multiplexed traffic
from a number of MPEG sources obeys a near
geometrica sum distribution. Thus, the D-BMAP
process can a'so be used to model such type of traffic.

The construction of Markov modulated processes
from the empiricdl data involves the inverse

eigenvalue problem. The genera solution of inverse
eigenvalue problem does not exist. However, up to
date severd papers have addressed the solution of this
problem when some limitation on the form of
eigenvalues are set [7,9].

C. Deterministic VoD Traffic Models

In order to construct the deterministic traffic model
we assume that the stochastic behavior of single
MPEG source is unknown but constrained to
burstiness regulator (r,b) proposed by Cruz [5], where
b is the length of the regulator's queue and r is the
constant output rate. The behavior of the (r,b)
regulator is similar to the token bucket mechanism.
One can use the stochastic model of single smoothed
MPEG traffic source to compute these parameters [5].

Since we defined the stochastic models of both
single smoothed MPEG traffic source and multiplexed
traffic from a number of smoothed MPEG traffic
sources we can define their deterministic (r,b) models.

IV. DIFFSERV INGRESS NODE ANALYSIS

A.  Functional Description

To satisfy the demands of real-time traffic nature of
VoD service, such type of traffic should have a
necessary amount of reserved bandwidth and/or some
type of priority in service. EF PHB has a predefined
minimum amount of forwarding resources such as
well-defined minimum departure rate (bandwidth) and
a predefined amount of buffer space a each node
aong the path of EF behavior aggregate. Moreover,
the process of EF traffic trestment is independent from
other traffic treatment within the network nodes [2].

In accordance with DiffServ specification [1],
interior network nodes do not implement any traffic
conditioning functions. All these functions must be
performed by ingress network nodes. Let us consider
the DiffServ ingress node which implements EF PHB
in addition to the best-effort service. In accordance
with EF PHB gpecification [2], such node must
perform two maor functions: conditioning the EF
behavior aggregate via policing and/or shaping and
configuring node so that the EF behavior aggregate has
awell-defined minimum departure rate. The functiona
blocks of DiffServ ingress node which serves the EF
behavior aggregate is shown in Fig. 3, where“1” isa
traffic conditioning block and “2" is an EF queue at
the output port of DiffServ ingress node.

DifffiServ ingress node
Traffic

Conditioning —~—->

Functions

1 2

Network interface

Fig. 3 Functional blocks of DiffServ ingress node
which serves EF behavior aggregate.



B. Token Bucket Parameters Estimation

The traffic conditioning functions are based on
traffic profiles. Traffic profiles specify the temporal
properties of traffic stream selected by aclassifier [1].

One of the most popular traffic profiles used in
current Internet is based on a token bucket palicing
mechanism. In accordance with this profile each DSCP
is assigned to a particular token bucket and during the
packets transmission al packets marked with this
DSCP should be measured against this token bucket
meter.

In general, token bucket can be used for two
purposes. Firstly, it shapes incoming traffic up to the
some horizon. Shaping bounds of the simple token
bucket are given by two parameters: bucket depth (b)
and token rate (r). Token bucket also can serve as
traffic marker - DSCP of packets which do not
conform to the token bucket specification (r,b) can be
changed. Note that the bucket depth and token rate are
often given in bytes rather than in packets. This is
because the packet lengths can be variable. In our case
since dl packets within the VoD traffic behavior
agoregate have the same length, we measure the
bucket depth and token rate in packets.

Assume that the VoD traffic behavior aggregate
after entering the Diff Serv ingress node is policed and
shaped via simple token bucket mechanism. The token
bucket can be represented by equivaent queuing
system with single server (Fig. 4). The service rate in
such queuing system equalsto thetokenrater and b is
the capacity of the system. The probability of loss in
this queuing system corresponds to the probability of
remarking. The remarked packets will not enter the EF
queue. We should note that remarking is highly
undesirable for MPEG traffic transmission over EF
PHB. Consider the token bucket with parameters (r,b)
which allows packets remarking at the DiffServ
ingress node. In this case a certain part of ariving
packets is remarked to other DSCP. A number of
packets which should be remarked depends on (r,b)
parameters of the token bucket and on the arriva
process as well. The DSCP to which these packets are
remarkered may represent Assured Forwarding PHB
classes or best-effort service. In both cases,
microflows can experience unpredictable delays,
reordering of packets and even | asses which are caused
by traffic conditioning functions. Therefore, the token
bucket mechanism must not alow the packet losses
(remarking).

Server
- T~
-
VoD traffic (b-1) waiting Served VoD traffic
behavoir aggregate positions behavoir aggregate

Fig. 4 The token bucket equivalent queuing system.

To provide loss-free transmission of VoD traffic
through the DiffServ domain we should provide such
(r,b) that the probability of packets remaking is equa

to zero. This probability can be derived from the
andysis of smple queuing syssem D-BMAP/D/1/b,
where D-BMAP models the arrival process of VoD
traffic behavior aggregate, b is the capacity of the
system, measured in packets. The service time in such
system is dlotted and the slot length is given by
A =R/r where R isthe length of the IP packet and r
isthe token rate.

Let fwA(n), n=12.} be the D-BMAP ariva
process which models VoD traffic behavior aggregate.
In accordance with D-BMAP the number of arriving
packets in each discrete-time interval is modulated by
aperiodic irreducible discrete-time Markov chain with
M saes {S*(),n=12}, S*(D{2..M}.
Assume that the stationary probabilities of modulating
Markov chain ae known and given by
772(771, T0,,.., 7Ty, ) . We define D-BMAP process as a
sequence of matrices D(=0), D(=1),D(=2),.. each of
which contains probabilities of transition from state to
statewith 0,1,2,.. arrivalsrespectively.

The probability of v packets loss in the dot in D-
BMAP/D/1/b system is given by the following
expression [10]:

b MM
P{L =\ = £ T3 (4 DEb+v-Ky), (1)
k=0i=1j=1
where b is the capacity of the system in packets, M is
the number of states of modulating Markov chain of

the D-BMAP process, x;, k0O{01..8,
i0{12,.,M} ae the eements of gtationary
distribution of Markov chain

{84 ). s9(m),n=12.}, stnyofox..4 .

Since our queuing system must not allow the loss of
packets we should consider the probability of at least
one packet loss in the D-BMAP/D/1/b system. This
probability can be derived from (1) and is given by
next expression [10]:

Pr{L(n) 23 :iii(xm (DEb+1-k),), @

k=0 i=1 j=1
where D(= k), kO{0.1,..,K} arethe matrices each of

which contains elements which denote the transition of
modulating Markov chain from state to state with more
than k arrivals. Analyzing the expression (2) we should
note that the packet losses depend on the arriva
process and the capacity of the system (bucket depth,
b). Note that the D-BMAP arrival process depends on
the servicetime duration A which, in turn, depends on
the outgoing link rate (token rate). Based on these

considerations, we can write next functiona
dependencies:
Pr{L =} = f(b,A,D - BMAP), -

Pr{L >V} = f(b,A,D - BMAP)

Thus, using the given arriva process and varying b
and A parameters we can choose the appropriate
regions of token bucket parameters (r,b). Recal that



these regions do not alow the loss of the packets of
VoD traffic behavior aggregate.

The services which are based on EF PHB, in
addition to low losses, must guarantee a bounded
delay. However, there must be areas within the chosen
token bucket parameters which alow avery high delay
of certain packets. Such behavior corresponds to high
values of b which, in turn, correspond to low token
rates r and depend on their values. Therefore, in order
to bound the delay of packets within the token bucket
mechanism and obtain the appropriate (r,b) values we
should take into account the delay experienced by
packets within the D-BMAP/D/1/b queuing system.

The probability that the packet will wait in D-
BMAP/D/1/b system during the w time dots is given
by [10]:

w1lw((MM
Py =v} = 3 zﬂz > (g DE1); )} Dl], @

k=0r=4 \i=1j=1 C
where cisthe sze of arriving batch.

Using the (r,b) parameters which do not allow
packet losses computed a the previous step it is
possible to choose the appropriate (r,b) pairs. These
pairs should not alow the delay of any packet on more
than w time slots within the token bucket mechanism
and the dday bound within the token bucket is
bounded by V.2 = (WD) .

All of these computations can be performed before
the beginning of SLA establishing procedure.
Moreover, in the case when the ISP uses some sort of
dynamic resource alocation through bandwidth
brokers or some other devices, traffic profiles can be
computed by VoD server software dynamically.

C. Token Bucket Parameters Violation

Consider the misbehavior of VoD server. Assume
that there will be a time instant when the VoD server
will not follow the estimated traffic profile without any
permissions from the network. In this case it is
important to predict the QoS degradation which can be
experienced by the VoD traffic behavior aggregate
within the token bucket mechanism. In addition, it is
crucia to analyze the per-source QoS degradation
which is caused by token bucket parameters violation.
We consider these tasks consecutively.

Consider the loss of packets of VoD traffic behavior
aggregate caused by token bucket profile violation.
Assume that the VoD traffic behavior aggregate feeds
traffic conditioner at the DiffServ ingress node. Let
(roia,boig) be the token bucket profile to which the VoD
server should follow. Therefore, the network uses
token bucket parameters (roq,004) Which do not alow
the remarking of packets in accordance with
established SLA. At some time instant the VoD server
no longer follow this traffic profile and the packets
remarking is occurred within the token bucket
mechanism. Since the packets remarking corresponds
to packet losses within the equivalent D-BMAP/D/1/b
gueuing system, we should consider the inversetask to
that one, considered in Subsection 4.2. We solve it as

follows: given the token bucket parameters (rqg,001),
estimate the PDF and mean of losses using the
expression (2). Note that using (3) we can derive the
probability that there will be an event of at least one
packet remarking.

In order to evd uate the per-source QoS degradation
consider the tagged VoD traffic source which is
multiplexed with (L-1) background MPEG traffic
sources. These L sources compose the VoD traffic
behavior aggregate. We model both the tagged MPEG
source and multiplexed traffic from (L-1) sources by
D-BMAP processes, and therefore, it is possible to
define the multiplexed traffic from L sources as a
superposition of two D-BMAP processes. In this case
we have D-BMAP™C+D-BMAP®N/D/1/b queuing
system which equivaent to the D-BMAPS'"/D/1/b
queuing system where the arival process is the
superposition of tagged and background arriva
processes. We use superscripts [¢ [BACKI gng [SUF] tq
distinguish between those parameters which belong to
tagged, background and superposed arrival processes.
From the practical point of view, the number of states
of superposed process should not exceed severa tens.

The probability of v packets loss in the dot by the
tagged D-BMAP process within the D-BMAP™C+D-
BMAP®/D/1/b queuing system is given by next
expression [10]:

Pr{L™(n) =v} =

0

TAG] ,, [BACK |
Z W K TAGT 1yl (V) x

b
= Z i+l
i=1 [TAG] _ |[BACK |4
xQ ,
where K™ is the number of arriving packet from the
tagged process, K®*“X! js the number of arriving packet
WBACK] and

(©)

WTAG] | [BACK] i

from the background process, Q"
WD )y \were derived in [10].

i+l
The maximum delay experienced by packets of
VoD traffic behavior aggregate is equa to the token

depth multiplied by time interval to transmit one
packet a the token rate V2 =(b[d). Using
expression (5) we also can get the PDF of waiting time
of packets within the queuing system. Moreover, the
probability that the arbitrary packet of tagged source
will suffer the w dots delay in the queuing system is
given by next expression [10]:

PH{Q™ =} =

0

= TAG] , [ BACK
qJ:ki[ il 1 %

(6)
i=0 L[ TAG] -1 \[BACK] 1
xQ(k[TAG]]k[BACK] K _i),
where QK™ KP4 K —i) and Wi ()

were derived in [10]

Practicaly, it is difficult to obtain the vaues which
are given by expressions (5) and (6). However, it may
be preferable to carry out such type of preliminary
evd uation.



Finaly, consider the case when the VoD server
violates the traffic profile (roq,boq) but the queuing
system does not suffer from packet losses. Note that it
may take place when the initid token buckets
parameters are higher than necessary. In this case the
VoD traffic behavior aggregate may till not suffer
from packet losses while the bounded delay may
increase substantially. The new upper delay bound of
VoD traffic behavior aggregate can be derived using
(4).

D. EF Queue Parameters Estimation

After the policing and shaping procedures the VoD
traffic behavior aggregate enters the EF queue at the
output port of DiffServ ingress node. Since EF traffic
behavior aggregate must have a well-defined minimum
departure rate that is independent of the dynamic state
of the node, we can consider EF queue within the
DiffServ ingress node in isolation from the other
gueues within that node. The functional blocks of
DiffServ ingress node are shown in Fig. 5 where the
blocks correspond to those depicted in Fig. 3.

DiffServ ingress node
b :
: EF PHB queue

— XID/1/K
VoD r B
i s SIEA

th(r,b) 4?

1 2

Network interface

Fig. 5 Functional blocks of DiffServ ingress node
serving VoD traffic behavior aggregate.

The services which are based on EF PHB should not
alow packet | osses and the end-to-end delay should be
bounded. Both requirements can be fulfilled only if the
delay of the packets is bounded and the packet |osses
are controlled within the each network node along the
path of EF traffic. In Section IV.B it has been shown
that the gppropriate choice of token bucket parameters
bounds the delay within the token bucket mechanism.
Thus, in order to bound the delay within the DiffServ
ingress node to certain value V., , in addition to
bounding the delay within the token bucket

mechanism V™ | we aso should bound the delay

max !

V7, within the EF PHB queue.

Asfar as the lengths of all packets are equal and EF
PHB has minimum amount of guaranteed departure
rate, the EF PHB queuing system can be represented
by discrete-time system X/D/UK, where K is the
capacity of the system and X is the arrival process
from the token bucket.

To define the arrival process to the EF queue at the
DiffServ ingress node we should consider the general
features of the output process from the D-
BMAP/D/1/b queuing system. It is known that the
output process from the D-BMAP/D/1/b queuing

system is a D-MAP process. Therefore, the buffer at
the output port of the DiffServ ingress node can be
modeled by D-MAP/D/1J/K queuing system. It also
should be noted that the derivation of the D-MAP
process at the output of the D-BMAP/D/1/b queuing
sysem is a very complicated procedure which
involves alot of mathematical calculations.

In order to define the parameters of EF PHB queue
(Bo,Ko) we employ arrival/service curves approach [5].
The VoD traffic behavior aggregate's arrival function
R, (), t=0 after leaving the token bucket systemis
constrained to deterministic mode! (r,b) (arrival curve)
as follows: R, (t) < A, (t) =(rt +b) for al t, wherer
isthe token rate and b is the bucket depth.

XID/IUK Server
IIII_IIII ‘ -
N P R
VoD traffic L Served VoD traffic
] (K-1) waiting ]
behavoir aggregate positions behavoir aggregate

Fig. 6 EF PHB queue.

Let S(t) be the service curve of the EF PHB queue.
By definition the service curve of the EF PHB queueis
given by Bgt, where By is the minimum departure rate
of the EF PHB at the DiffServ ingress node. Let
A, (t) be the arrival curve at the egress of the EF
PHB queue (Fig. 6). Therefore, from the above
definition it follows that A, (t) = min(B, d, A, (1)) .
The upper bound of the number of packets within the
EF PHB buffer is given by [5]:

Kmax = T%(An (t) - BOt) ' (7)

It is important to note that the maximum delay is
equal to the time needed to serve the maximum burst
of packets stored in the EF PHB queue. Note that the
maximum delay V.l that a packet can experience
waiting in EF PHB queueis bounded by [5]:

Vlgax = Kmax/BO . (8)

Using the expression (7) it is possible to calculate
the region of minimum departure rate which should be
assigned to the EF PHB within the DiffServ ingress
node and guarantees no losses. Note that that the
certain values in this region dlow a very high
maximum queuing delay of packets. Therefore, we
should choose such B, which guarantee the delay of

packet on no more that V%, in accordance with (8).

V. VoD TRAFFIC TREATMENT WITHIN INTERIOR
NODES

Consider the transmission path of VoD traffic
behavior aggregate through the DiffServ domain. After
leaving VoD server the VoD traffic behavior aggregate
enters the DiffServ ingress node and then passes
through a number (say N) of DiffServ interior nodes
after that it leaves the DiffServ domain. We excluded



the DiffServ egress node from the path because its
functions can be identical to those, performed by
interior nodes.

Considering VoD traffic  behavior aggregate
transmission path over DiffServ domain we should
note that the packet delays and packet 1osses can occur
within the each network node. In order to compute that
part of traffic conditioning agreement (TCA) which
consists of QoS parameters expectations and should be
provided to the user as a valuable part of SLA the
configuration parameters of &l network nodes should
be estimated.

Each DiffServ node which serves VoD traffic
behavior aggregate is characterized by two parameters
(K,,B)), i0{12,..,N} while the DiffServ ingress
node is described by two pairs (ry,b,) and (Kg,By) .
These configuration parameters define the QoS
parameters which are experienced by VoD traffic
behavior aggregate. Note that in the case when delay
and loss of packets can occur in every network node it
is amost impossible to predict the performance
parameters of the VoD service. We propose two
solutions of this problem.

In accordance with the first solution we propose to
assign the minimum departure rate within the DiffServ
interior nodes as high as required by traffic which
leaves DiffServ ingress node. It is possible to compute
these rates because after leaving the AF queue VoD
traffic behavior aggregate is smoothed and constrained
to certain queue parameters (K,,B,) and satisfies our
deterministic model of VoD traffic behavior aggregate.
Thus, within the DiffServ interior nodes we can simply
assign B, =B, 0i0{12,..,N}. By doing so we bound
to zero the delay and keep zero losses within the every
DiffServ interior node. Therefore, QoS degradation
can occur within the Diff Serv ingress node only. These
QoS degradations depend on DiffServ ingress node
parameters (K,,B,) and implicitly determine the
quality of decoded video.

In context of second approach we firstly should note
that there is an opportunity to decrease the
requirements on minimum departure rates within the
DiffServ interior nodes. Indeed, the VoD traffic
behavior aggregate become constrained after the
leaving of AF PHB class queue we can use the results
obtained in [5] to compute the necessary departure
rates and corresponding buffer spaces within DiffServ
interior nodes given the end-to-end delay bound we
need to provide. Obviously, the transmission service
will become more sophisticated since we should fulfill
the reguirements on dday bounds within each
DiffServ interior node. Such case can be seen as the
considerabl e option.

CONCLUSIONS

In this work it has been shown how to derive the
simple token bucket parameters of VoD traffic
behavior aggregate. Then, under some assumptions,
the delay within the DiffServ ingress node which
serves the VoD traffic behavior aggregate was
evaluated. The effect of token bucket parameters
violations and corresponding aggregate and per-source
QoS degradations were a so derived.

The results obtained in this work are partialy based
on our previous work [10] and can be used & the
network planning phase and at the service planning
phase a well. Particularly, the token bucket
parameters of MPEG traffic behavior aggregate and
the required capacity of DiffServ network nodes can
be calcul ated.

Although the EF PHB is targeted on applications
which need strict guarantees the efficiency of such
transport for VoD traffic is questionable. However,
currently this is the almost only way to transmit
compressed video over Internet with some type of
guarantees. Therefore, from the network dimensioning
point of view, it is crucial to compare the efficiency of
EF PHB it terms of network utilization. Particularly,
further in our work the efficiency of VoD traffic over
EF PHB and AF PHB will be analyzed.
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