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Abstract. Interactive Video on Demand with Instantaneous Access (IVoD-i) can offer users with VCR like functions by sending requests to
video servers. Earlier work has shown that the Available Bit Rate Service of ATM networks can be effectively used for interactive video on
demand. However, non optimal values of the connection setup parameters can affect the Quality of Service (QoS) at the user. This is because
the ABR service only provides minimum bandwidth guarantee for a connectionobjéetive of this paper igo provide QoSto IVoD-i over

the ABR service of ATM. To achieve this objective, we have developed an analytical framework to determine the ABR connection parameters

to guarantee QoS to IVoD-i users. Our proposed framework has been tested with real life MPEG video traces. Results show that our framework
can provide QoS to IVoD-i users. Moreover, our framework outperforms previous schemes in terms of startup delay, user buffer requirement,
and jitter.

1. Introduction

Large bandwidth and low transmission error of ATM networks allow transmission of multimedia in real time [1].

It is widely believed that Video on Demand (VoD) will be one of the most widely used application in next gener-
ation networks. VoD offers users the capability to access video library on demand. From the access point of view,
VoD can be classified into Interactive VoD (IVoD) where users can perform VCR like interactive functions (such as
play, pause, fast forward, and fast backward), and Passive VoD (PVoD) where users can only receive and playback
video sent from sources passively. From the point of view of service time, VoD can be classified into instantaneous
service (MoD-i) where the server responds instantly (in the time of network latency), and delayed service (VoD-d)
in which all user requests are serviced with a time delay (in the order of minutes) set by the system configuration.
Therefore, IVoD consists of IMVoD-i and IVoD-d, of which IVoD-i is the most appropriate for applications such as
remote education, entertainment, etc. [2], where VCR like interactive function is desired.

Video is characterized by large bandwidth needed for transmission. Therefore, to reduce bandwidth requirement,
video is compressed before it is transmitted over networks. Compressed video stream is bursty in nature; its data
rate varies from frame to frame, which results in the required bandwidth varying from time to time. Therefore, to
efficiently utilize network bandwidth, dynamic bandwidth negotiation/allocation mechanism is needed. Dynamic
bandwidth negotiation has two purposes. First, it matches the allocated bandwidth with the video rate during normal
transmission. Second, it allocates high bandwidth to video sources to compensate for high data consumption rate
of interactive users.

The ABR service of ATM offers dynamic bandwidth allocation during the entire connection by using Resource
Management (RM) cells. RM cells are sent by sources at regular intervals. Backward RM cells carry feedback
information about network congestion and allowable data rate, which are used to adjust the sending rate of sources.
The sources have dedicated rates during each interval. Although ABR has the advantage of dynamic bandwidth
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negotiation during the entire connection, the allocation of the Allowable Cell Rate (ACR) depends on the level
of network congestion. Different from CBR and VBR, which have high statistical guarantee of bandwidth for the
entire connection period, ABR only offers minimum guarantee of bandwidth with Minimum Cell Rate (MCR).
Because video transmission normally lasts for a long period (i.e., typically a movie has 120 minutes), during
connection setup, it is impossible to predict how network congestion will change with time. Therefore, to use ABR
for interactive video transmission with acceptable QoS, the following three problems must be solved. The first
problem is setting up a feasible ABR connection to provide acceptable QoS to an interactive user. The second
is the choice of values of the ABR parameters and the requirement for interactive users. The third problem is to
determine the QoS that can be obtained by a user.

1.1. Related work

The first model concerning connection setup parameters for VoD over ATM CBR service was proposed in [3].
However, their model only supports passive VoD (PVoD) with two shortcomings: long start delay (37 second)
and large user buffer (23 MBytes). Authors in [4] proposed an algorithm to exploit the temporal structure of
MPEG video to reduce required bandwidth for CBR transmission. However, the open loop characteristic of CBR
lacks the capability of responding to user’s interactive operation by dynamic bandwidth allocation within channel.
To solve the bandwidth renegotiation problem, renegotiated CBR (RCBR) which is an open loop renegotiation
mechanism [5—7] was proposed. Unlike ABR where the in band RM cells can return network congestion status and
available bandwidth to sources, there is no mechanism in RCBR to inform the sources of the available bandwidth
since there is no closed loop feedback. Therefore, the most difficulty of RCBR is to predict the next available
bandwidth [8,9].

Although CBR service is simple for connection setup, its disadvantage is low bandwidth utilization. To improve
the bandwidth utilization, video transmission over ATM VBR service is widely studied. The issues include traffic
shaping and rate control [10,11], bandwidth allocation/management[12,13], congestion control [14], source model
and behavior [15-18]. In [19], improving quality of transmitted video by using Usage Parameter Control (UPC)
was studied. However, VBR does not provide feedback mechanism for bandwidth renegotiations after connection
setup. In [20-22], authors proposed renegotiations VBR (RVBR). However, since renegotiations are source initi-
ated, there is no way for the network to acknowledge sources of congestion status or of newly available bandwidth.
Therefore, the source can not utilize the newly available bandwidth efficiently [8].

The closed loop feedback mechanism of ABR makes it suitable for interactive video transmission. In [23],
authors studied cell loss performance for rate based flow control for ABR video transmission. Authors in [24]
discussed a scheme with closed-loop feedback for congestion control in video transmission using ABR. A non-
zero MCR was set to obtain the guaranteed service. Although authors in [25] studied the interactive performance
between the user and source, they mainly investigated the user request probability. The quality of service at the user
was not studied. In [26], authors studied delay performance for video transmission over the ATM ABR service.
In [8], authors discussed transporting compressed video over the ABR service. The feedback from the network is
used to control the encoder rate to adapt to available network bandwidth. Two criteria are used for adaptation of
the encoder rate. One is demand prediction by using video source model to predict future possible video stream
rate; the other is to adjust the encoder rate to match the allocated rate from backward RM cells. Real time video
conference was discussed. Interactive performance described in the paper was between the network and the sender.
Users did not have VCR like function. Although the authors mentioned the necessity to derive requirements for
ABR connection parameters, they did not provide any explicit answer.

Authors in [9] proposed dynamic bandwidth allocation for compressed MPEG video transmission over ATM.
They developed a model to determine the required bandwidth and user buffer size; trace driven simulation was
carried out. However, their model did not take user interactive performance and network latency into consideration.
Moreover, their studies did not concern transmission delay and jitter which are important QoS criterion for video
transmission.
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1.2. Objective of this paper

As described above, although considerable work has been done in video transmission over ATM, previous work
did not answer the question of setting up an ATM ABR connection to support interactive user with acceptable QoS.
Before interactive VoD over ATM with acceptable QoS can be run, the following problems must be solved. First,
for a given video, what are the ABR connection parameters that are needed to provide acceptable QoS? Second,
are these connection parameters feasible? And third, what kind of QoS will be achieved under these connection
parameters? We attempt to answer these questions in this papehj@tteve of this paper igo provide acceptable
QoSto IVoD-i transmission over the ATM ABR service. Thegoalsof this paper are three folds. The firstagdevel op
an analytical technique to determine if a feasible ABR connection can be setup for a given interactive user and
a given video. The second iso select ABR connection parameters, such as MCR, PCR, ICR and user buffer size,
to guarantee acceptable QoS to IVoD-i users. The third isto determine the QoS that will be obtained by users
for a given set of connection parameters. Our contributions are two fold. The first is thadur analysis technique
takes the network latency and user interactivity into consideration. The second is thate developed an analytical
method to cal culate the ABR connection parameters which will provide acceptable QoSto the user. Our technique
has theadvantages of short start delay, small user buffer requirement and bounded end to end delay.

The rest of the paper is organized as follows. In Section 2, the system model and assumptions for IVoD-i over
ATM ABR are presented. In Section 3, we present a theory to determine if a feasible ABR connection can be
setup, and to qunatify the ABR connection parameters and user buffer requirements. In Section 4, we present our
simulation configuration, simulation results, and discussion. Section 5 concludes the findings of this paper.

2. System model for interactive VoD with instantaneous access
2.1. Model for interactivity

Our IVoD-i system is modeled in Fig. 1. Video source is connected to ATM network through a source side
switch; an interactive user is attached to ATM network through a user side switch.

Video is compressed and stored in MPEG video. MPEG frames are grouped into a frame structure called Group
of Pictures (GoP). A GoP starts with an | frame followed by B and P frames. According to the work in [27],
the GoP size can be described by a Markov chain. Therefore, video sources can predict their rate. In MPEG
video, | frame is the most important frame for restoring a picture. In our model, when the video source is in the
interactive mode (fast forward or fast backward), only | frames are sent. An interactive user is modelled by two
operation modes: playback mode and interactive mode. The user stays in the playback and interactive modes with
exponential distribution [28] times with parameterand 3 respectively, as shown in Fig. 2. This model was also
used in [29] where the authors were mainly concerned with the number of users supported by a given system.

When a user switches to interactive mode, it issues a request to the video source. At the same time, it starts
consuming buffered video at a rate with a speed factak'dfmes the playback rate. Since the most important
features for an interactive user are the interactive operations such as fast forward and fast backward, to simplify
the analysis, we only consider the playback and interactive modes for users.

@ 3

Video
Source SwitchO Switch1 User

Fig. 1. IVoD-i system model.
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Playback
Mode

Fig. 2. Interactive user.
2.2. Notations

To facilitate further discussion, we define the following notations:

— F: Frame rate of video in frames/second.

— B: User buffer size in ATM cells.

— N: Total frame number for a movie.

— x;: Number of cells for theth frame. In this paper, MPEG compressed video, which is one of the most
popular compressed formats, is used as video source. As shown in cited reference, it is well knawisthat
predictable.

— nr: Number of frames transmitted before the first RM cell comes back.

— nr: Number of frames the network will transmit at current rate before responding to user's new request, this
reflects the network latency.

— Icg: Initial Cell Rate (ICR) in cells/second.

— Acgr(7): Allowable Cell Rate (ACR) foiith frame in cells/second.

— M¢g: Minimum Cell Rate (MCR) in cells/second.

— Por: Peak Cell Rate (PCR) in cells/second.

— K: Speed factor for interactive fast forward or fast backward operation at user.

— «: Time parameter for user at playback mode.

— (: Time parameter for user at interactive mode.

2.3. Assumptions

In the following analysis, we assume:

— When the network is under heavy congestion, the available bandwidth for the video source is MCR;
— When network is without any congestion, the video source will get PCR if it requires it;
— In optimal case, available cell rate will match the video rate.

3. Determination of ABR connection parameters for a feasible connection

ABR differs from other service types in two aspects. First, it provides a closed loop feedback mechanism, which
makes it possible that sources can respond to network congestion dynamically by negotiating its future required
bandwidth with the network. Second, Transit Buffer Exposure (TBE) of ABR makes it possible that sources can
build up user buffers quickly (i.e., in round trip time). However, since an ABR connection only guarantees the
MCR rate, in determining the bandwidth allocation during the entire connection, it is very important to negotiate
proper connection parameters when connection is setup. If MCR is too low, it can not match the consumption rate
at the user. User buffer will have risk of underflow resulting in users waiting for video, and degraded QoS. On
the other hand, if PCR is too high, after users finish interactive access and return to playback, because of network
latency, video will continue arriving at the PCR rate for some time. This may result in overflow at the user buffer
and degraded QoS. Therefore, to guarantee QoS for the entire connection period, it is important to properly set
MCR, PCR and ICR.



B. Zheng and M. Atiquzzaman / Interactive video on demand over high speed networks 179

3.1. Determination of Minimum Cell Rate Mg

Lemma 1. For bandwidth constrained ABR connections, for all ny € [1, N], the minimum cell rate Mcg to
guarantee no underflow for an interactive user is:

Mcr = max( d <6 +ak Z ICRnT)>, 1)

n—nr\ a+p3

wheren € [nr + 1, N].

Proof. Corresponding to theth frame, playback time is/F'. Received video dat§;,, by the user is:

~ Acgr(i) | Icrnr
i=nr—+1

The first term in Eq. (2) is the number of cells sent at ACR after the first RM cell comes back. The second term
represents the number of cells sent before the first RM cell comes backsgingthe time in terms of the number

of frames transmitted before the first RM cell comes back, &nis the frame rate in frames/second. Therefore,
according to the ABR service rules, the frames transmittetljg (¢) rate is fromnr + 1 ton. The number of cells
transmitted inl- i rate is therefordo gy /F. Note that, ifAc(7) is equal to the constamtc z, we will have
Acr(n — ny)/F cells transmitted ind ¢ rate, which has the same unit as the tdgnr/F. For interactive

users, it will run at playback mode with probabilii/ (o 4+ ). During the period [LF, n/F], it will consume
(B/(a+B)) >_i, z; cells from its buffer. It also will have the probability of/ (o4 3) in running at the interactive
mode; the effective cells consumeddsi( /(o + 38)) >_-_; ;. Therefore, the number of consumed cells at the user

iS Sput:

K
Sout - ﬁa++aﬂ Z (3)

The difference5(a, 3, n) between received and consumed cells can be obtained by subtracting Eq. (3) from Eqg. (2):

S(a, B,m) = Z Aclf(i) + ICI;;nT ﬂ(j_f? Z 4)
i=nr+1

In an ABR connection, ICR is normally set to be high. Therefore, dusirg[1, nr], S(«, 5,n) > 0 always holds.

Only n € [n7 + 1, N] need to be considered. For ABR connections, if the network is in heavy congestion, ACR
will shift toward MCR. In the worst case, it will run at MCR. To guarantee no underflow at user buffer in the worst
case, it must have:

Mcegr(n — nr) Iopny 0+ aK
— ;> 0.
T + i Py E x; >0 (5)

Therefore, the Minimum Cell Rat&/¢  is given by:

F K I
Mcg = max(n — < a++aﬁ Z CRnT)), (6)

foralln € [nyr+1,N]. O
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3.2. Determination of Peak Cell Rate Pogr

If the network is notin congestion, sources can be allocated their requested high bandwidth. When a user finishes
interactive operation, data will keep coming at the rBtge; for some time due to network latency. At timg F',
overflow will happen ifS(«, 3,n)> B, whereB is the user buffer size.

Lemma 2. For a given user buffer size B and ICR, the Peak Cell Rate Por must satisfy the following conditions
for no overflow at the user during the entire connection period:

n

PCR:min(nFnT(ﬁZammaaKXZwi_mh%_ﬁ 3 x)) @)

=1 i=nr+1

wheren € [np + 1, N].

Proof. In this case, a source will work in an interactive mode with probahiljti + ), during which it will send
video at the ratd’c . It will be in playback mode with probabilitg/(« + 5), during which it will send video at
the rateA¢ g (7) which matches the video rate. So, user received 8atés:

_ Icgrnr = B Acr(i) a  Por(n —nr)
Sin = F +¢:nz:+1a+ﬂ F a+p F ' (®)
The first term is the received data senfaj; rate, the second term is the received data sent at thelrai€:)
during normal playback, the third term is received data sent afateduring fastforward/fastbackward. The user
consumed data is still in the form as described in Eq. (3).
The difference functiot$(«, 8, n) is:

S, Bon) = i B ACR(i)+ a_ PCR(H*HT)JFICRTLT B+ aK sz ©)

) a+p8 F a+pf F F a+pf
i=nr+1

For no overflow for a given user buffét, it requires:
S(a, 8,m) — B <O0. (10)

By substituting Eqg. (9) into Eqg. (10), we have:

a  Por(n—nr) <B ﬁ +aK Z ICRNT i ACR(Z) (11)

a+pf F = a+pf 7a+ﬁznT+l F

Since the ACR matches the rate of video, we can repfae, . ,(Acr(i)/F)by> ", . ;zi. The above equa-
tion proves Lemma 2. From the above two Lemmas, we can chbfsge and Por when setting up an ABR
connection to guarantee QoS at user. However, béth; and Pz depend on the Initial Cell Ratg . O

3.3. Determination of Initial Cell Rate Icr
Lemma 3. For a connection with latency n ., to guarantee QoSfor aninteractive user, Io g must satisfy:

nr+nr
Icr > (KZL (K-1) > :17) (12)

i=nr+1
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Proof. We consider the situation that the user issues interactive operation right after connection is setup. The
network will require timen, /F' to respond to the user’s request. The number of received cells can be expressed
as:

_Iopnr | " Acg(i)
Sm—TfZ o (13)
i=nr+1

The number of cells consumed by a user is given by:
nr+nrg,

Sout = K Z ;. (14)

In the optimal case, during the latency perield; z(¢) will match the video rate, and video will arrive at the user
at the rate ofPc after a delay of.;, / F'. To avoid underflow, the following condition must be satisfied:

Iopny  "ERE ACR(Z) e
—+ > - K Z z; > 0. (15)
1=nr+1

To obtain the minimum required value ffy z, replacingZ?:Tanjl(ACR(i)/F) with ZfTJTnjl x; in optimal case,
we get:

nr+ng
Icr > <K2xz+(K DY :c) (16)

i=nr+1
O

From the ABR service rule, MCR, PCR and ICR are negotiated when connection is setup. MCR must not be
greater than PCR. Lemmas 1, 2, and 3 answer the questions regarding the choice of connection setup parameters.
We immediately have:

Theorem 1. For given user buffer size B and Initial Cell Rate I¢ g, there exists a feasible ABR connection to
guarantee QoS at the user for a given interactive level if and only if :

F B+ ak — Icrnr . F O+« B+ ok —
max - — < min B i
<nnT<a+ﬁ Zx F )) (nnT< « + « Zx

i=1 i=1

el 25 L)) w

i=nr+1

for all n € [nr, N].

Theorem 2. For given network latency n;, and video fastforward/fastbackward speed factor K during the inter-
active mode, Initial Cell Rate I~z can be determined by:

nr+nr
Ier> <KZ$1+(K MDY z) (18)

i=nr+1
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Theorem 3. The user will not suffer fromlong start up delay. Sart up delay is of the same order as the round trip
time.

From Lemma 2, user buffds can be expressed as:

a Per(n—nr)  Icrnr B - B+ aK
> P — i 19
a+ 0 F * F +a+ﬂi:§+lx a Zx (19)

Therefore, for given level of user interactivity and Initial Cell Rate, there exists a user buffés sagesponding
to a Peak Cell Rate.

4. Simulation configuration and results

The simulations were carried out using OPNET 5.1. Interactive VoD sources that can respond to requests issued
by interactive VoD clients were implemented in OPNET 5.1. In our simulation, we used real MPEG video trace to
drive the VoD sourcestarwar and Soccer [30] trace files were used. For a typical interactive multimedia system,
previous results show that the level of interactivity(c. + () is less than 20% for education applications where
the fastforward/fastbackward is frequently used [31]. For interactive users watching movies delivered by video
server, the observed interactive lewgl(a + 53) is less than 2% and the speed fackoiis equal to three [29]. In
our simulation, we considered an interactivity level which is between the above values.

From theLemmas and Theoremsin Section 3, for a given user buffer siz2= 2 Mbits (or 4717 ATM cells) and
user interactivity levelv/(a + 5) = 5%, the ABR connection parameters for the above MPEG video are shown in
Table 1, wherd{ = 3 as in [29].

4.1. Network configuration for simulation

The simulation configuration is shown in Fig. 3. System configuration parameters for ABR connection are shown
in Tables 1 and 2, whetgixed Delay is the propagation delay from a source to its corresponding client.

Four sources are connected to the source side of swititithO. All connections are OC-3. Four users are
connected to the user side of switshitchl via OC-3. The OC-1 connection betwessitchO andswitchl acts
as the bottleneck linksourcel and source2 act as dynamic load to the bottleneck link and two switches with
CBR and VBR traffic respectively. The load of CBR and VBR services on the OC-1 bottleneck link is 50% of its
total capacity. ERICA scheme is used fwitchO andswitchl. The simulation time was 1000 seconds (about 17
minutes). Frame rate was set to 25 frames/second. In our simulation, two video sources started transmission at the
same time. Since different video has different frame sizes (I, P, B) and/or GoP (Group of Picture), therefore, even
in the case that two video sources started sending at the same time, the synchronization between the | frames will
soon be lost.

4.2. Smulation results

In Figs 4 to 11 and Figs 14 to 15;axis represents the simulation time in minutes. In Figs 12 tarl&xis
represents the delay suffered by the video.

Table 1
Calculated ABR connection parameters
Parameter Starwar  Soccer
ICR (Mbps) 1.4 8
MCR (Mbps) 0.3 08

PCR (Mbps) 10.1 10
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4.2.1. Playback trace and user buffer requirement

Figures 4 and 5 show the playback MPEG video frame sequences at the user. It is s8amwlaathas a very
small frame size (about 25 kbits for | frame, 1.4 kbits for B frame, and 3 kbits for P frame) at the beginning.
Therefore Sarwar needs a small ICR. On the contra8pccer has a very large frame size (about 145 kbits for |
frame, 18 kbits for B frame, and 44 kbits for P frame) at the beginning. There&oeesr needs a very large ICR.

This is also shown in Table 1.

Figs 6 and 7 show the arrival and consumption rates of video at the client. It can be seen that the consumption
curve at the user always follows the arrival curve. Figures 8 and 9 show the dynamic occupancy of user buffer
during the transmission period. Buffer occupancy varies with the video traffic. Referring to Figs 4 and 5, the higher
the video traffic burst, the larger the changes of user buffer occupancy. It is seen that for a given video, a connection

Fig. 3. System configuration for simulation.

Starwar Frame Size (bits)

150000

100,000

S0.000

o T T T
Orm 5rm 10m 15m 20m

Fig. 4. Playback MPEG videBtarwar frame trace at user versus simulation time.

Table 2
System configuration for ABR connections

Source Dest Service  Traffic  Fixed Delay
source0O user0 ABR MPEG 50 ms
source3 user3 ABR MPEG 52 ms
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with the ABR parameters calculated with our framework will guarantee no underflow or overflow of the user buffer.
Moreover, the user buffer occupancy will not exceed the user buffer size. From Fig SBarfear, the largest user
buffer occupancy is around2Mbits. Even forSoccer, which has the largest burst frame, the largest value for user
buffer occupancy does not excee8& Mbits, which is less than the given user buffer of size 2 Mbits as shown in
Fig. 9. Therefore, our model is suitable for different types of video.

4.2.2. Endto end delay

Figures 10 and 11 show end to end delay at the user. It is seen that start up d&@yviar and Soccer are
about 63 ms and 115 ms respectively. Recall that our network configuration has a round trip time (RTT) of about
100 ms. Therefore, we conclude that the start up delay is of the same order as the RTT value. The difference in
start up delay betweeBtarwar andSoccer comes from the traffic characteristic of these video. From Figs 4 and 5,
sinceSoccer has much larger frame size (145 kbits for | frame, 18 kbits for B frame, and 44 kbits for P frame)

Sooccer: Frame Size (bits)

000

150,000

100,000

50,000

0% T T T

am 5m 10m 15m 20m

Fig. 5. Playback MPEG videSoccer frame trace at user versus simulation time.
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Fig. 6. VideoSarwar arrival and consumption at user versus simulation time.



B. Zheng and M. Atiquzzaman / Interactive video on demand over high speed networks 185

thanSarwar (25 kbits for | frame, 1.4 kbits for B frame, and 3 kbits for P frame), it needs more time to transmit
its frame to the user. Thereforggccer has larger start up delay. Although start up delay varies between videos, it
is seen that the start up delay is of the same order as RTT. Therefore, users will not suffer from long start up delay,
as pointed out in Theorem 3 in Section 3.

Figures 12 and 13 show the relative distribution of delay®arwar andSoccer. For Starwar, the minimum end
to end delay is around 60 ms with the maximum value of 105 ms for the entire video. The distribution of end to end
delay is close to the lower end value. Similar results can be se&odagr; its minimum end to end delay is around
70 ms with a maximum value of 125 ms. Although the end to end delay varies between videos, we can conclude
two important results. First, the minimum end to end delay is only a little higher than the fixed propagation delay.
Second, the largest end to end delay is about two times of the minimum delay. The delay distribution satisfies the
requirement described in ATM Forum Traffic Management 4.0.

=

cer: Data Fe
cer: Data, T

iz (hits)
urmed (bits)

=ooooo.oon

TR0 OO0 oo0

looooo.ooo

B0 00000

o

T T T
0m Sm 10 1%m 20m

Fig. 7. VideoSoccer arrival and consumption at user versus simulation time.

Starwar: Dy namical User Buffer Occupancy (hits)
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Fig. 8. Dynamic user buffer occupancy for vid8@rwar versus simulation time.
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4.2.3. Jitter

For real time MPEG video transmission, delay variance or jitter between the adjacent transmitted frames is
another important QoS criterion. Since MPEG frame decode is based on the GoP, i.e., the decode of B frame
depends on the P frame which will arrive at user after the B frame. Too large delay variance between adjacent
frame will not only affect the picture quality, but also waste the network bandwidth resource due to out of date.
Therefore, one of the goal for quality acceptable MPEG video transmission is to limit the delay variance in a small
range as possible. Figures 14 and 15 show delay variation at users. Itis seen that delay variation is very small. The
largest value is about.3 ms for videoSoccer, and 13 ms for videoStarwar. It is also seen that delay variance
varies with the bursts of video traffic. The higher the burst, the larger the delay variance.

From the results given in Section 4.2.1, 4.2.2 and 4.2.3, we compare the achieved QoS and buffer requirement
at user of our technique with the results from [3,9] in Table 3. Note that jitter performance was not presented in [3]
and [9].

Soceer Dyramical Ulser Buffier Oooupancy (hits)

1.500.000

1.000.000

so0.000

]

O 5m 10m 15m Z0m
Fig. 9. Dynamic user buffer occupancy for vid8accer versus simulation time.
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Fig. 10. End to end delay at user for vid8@arwar versus simulation time.
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5. Conclusion

In this paper, we developed an analytical framework for interactive video on demand with instantaneous access
capacity (IVoD-i) over ATM network with ABR service. The video source is pre-stored MPEG video, which can
respond to requests issued by users. Users can perform VCR like interactive functiaechfingues for deter-
mining ABR parametersfor a feasible connection are devel oped. For a given video and level of user interactivities,
we can determine the parameters ICR and MCR for an ABR connection. We have also developed a relationship
between user buffer size and PCR. A connection which has been setup with these parameters will guarantee an
acceptable QoS at user.

The QoS at users is evaluated with real life MPEG video traces. Results obtained have shown that an ABR
connection with parameters calculated by our model offers acceptable QoS to interactive users. Users will not
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Fig. 11. End to end delay at user for vidSaccer versus simulation time.

Starwar End to End Delass Distribution 1 ms intersal)
o = W
[=3n] - -
B0
A0 . - - -
30 et

.04 o.o& a2

Fig. 12. Distribution of end to end delay for vid&arwar at user.
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Fig. 14. Delay variation for vide8tarwar at user versus simulation time.

Table 3
Comparison of achieved QoS and buffer requirement at user
User buffer Start Delay Jitter  Interactive
CRTT [3] 23 Mbytes 37 second N/A No
DBA [9] 0.7 Mbytes 0.48second N/A  No

Our Model 0.25 Mbytes  around RTT 4ms Yes
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Fig. 15. Delay variation for vide8occer at user versus simulation time.

suffer from long start up delay. The start up delay is of the same order as the round trip time. The end to end delay
is bound within an acceptable range. Also, the amount of video consumed by the user is well matched with the rate
at which video is received by the user. This result in small user buffer requirement at the client.

Although this work is based on ATM ABR service, its basic principle and analysis techniques will be valu-
able for scenarios where the network can provide closed loop feedback and support bandwidth negotiation. The
main focus of this work is to provide interactive VoD. Therefore, reducing the start up delay and avoiding client
buffer over/under flow was of strong interest. Future work will concentrate on cell loss under various connection
parameters.
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