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Abstract. In this work we investigate a promising scheduling algorithm
referred to as the Deadline Credit (DC) algorithm, which exploits the available
bandwidth and buffer space in communication networks to serve a diverse class
of prerecorded video applications. We provide simulation results when the DC
algorithm is applied to a hierarchical architecture distributed VoD network,
which fits the existing tree topology used in today’s cable TV systems. The
issues investigated via the simulations are: the system utilization, the influence
of the buffer space on the delivered QoS, and the fairness of the scheduling
mechanism. We examine cases with homogenous and diverse video streams.
We also contribute a modification to the DC algorithm so that in cases when the
video applications have different displaying periods, the video streams obtain a
fair share of the network’s resources. Finally, we validate our results by
simulating actual videos encoded in MPEG-4 and H.263 formats.

1. Introduction

Telecommunication networks have lately extended to support a variety of services to
the users such as tele-education, remote working, high-definition TV, web video
streaming, etc. The demand of all these applications led to the concept of broadband
integrated digital networks (B-ISDN), which are systems of high capabilities. The
role of the scheduling process in B-ISDNs is to select each time the application that
should be served next, so that the efficiency of the network is increased and the
Quality of Services (QoS) is kept at a satisfactory level.

Video-on-Demand (VoD) applications, which is the focus of this paper, can be
classified somewhere between real and non-real time applications and they are usually
referred as soft real-time applications. When video is displayed, certain time
constraints need to be met, i.e. the consecutive scenes in the video should reach the
receiving end during finite time intervals. This brings video closer to real time
applications. However, it is not necessary that the video scenes are generated in real
time; they can be recorded a priori, but this entails the need for adequate buffer space.
In this work we use VBR-encoded video, instead of CBR video, because for the same
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image quality VBR-encoded video can have a significantly lower average bit rate as
well as exhibit considerable multiplexing gain.

We use the Asynchronous Transfer Mode (ATM) technique of switching and
multiplexing multimedia streams, which encapsulates data into cells that travel along
the network’s links [4], [19]. A video application provides the network with a number
of video frames at a rate that is referred as frame rate. This is the rate at which an
image is digitized, compressed and cut to fit into ATM cells. It is also the rate at
which frames should be available at the receiving end for the decoding and
reconstruction processes. This periodicity as well as the video’s frame size variability,
should be taken into consideration in order to guarantee the arrival of frames within
time constraints and the simultaneous avoidance of overflow at the receiving points.

We evaluate through simulation the performance of an innovative scheduling
scheme referred to as the Deadline Credit Algorithm, originally proposed in [1] and
[3]. We use the term application data unit (ADU), which refers to the ATM cells that
belong to the same video frame. Each ADU has a sequence number (SN) indicating
the scene that it belongs to. As a metric for performance evaluation the authors in [1]
use the application data unit loss rate instead of the cell loss rate, since it is assumed
that an image is degraded even if one of its cells is lost. We examine the DC
algorithm and the role that buffers can play in increasing its efficiency. We consider
only cases with small buffer availability because we intend to show that DC works
quite well even when storage is a restricted parameter. Finally, we investigate the
node utilization of the system, and we concentrate on evaluating the fairness of the
scheduling process.

In section 1.1, we provide a brief overview of the DC algorithm. In section 2, we
describe the distributed VoD system to be used in our study. Section 3 contains the
simulation results for this system when the DC algorithm is applied for homogenous
as well as diverse video streams. In section 4, we present simulation results when
actual prerecorded MPEG-4 and H.263 video programs are used, and finally, in
section 5, we present the conclusions of our work.

1.1 DC Algorithm Overview

The time within which an ADU has to reach its destination node can be spent in a
variety of ways on the traversing nodes. The DC algorithm distributes this time over
the nodes that an ADU traverses and poses restrictions on the time of departure from
these nodes. Particularly, it poses an upper bound on the time when an ADU from
stream j should have left the corresponding node in order to arrive at the next node
within time constraints. Consequently, if the ADU cannot arrive in time at the next
node, it is dropped, whereas, if an ADU is served, it is always guaranteed that it will
arrive at the next node in time. The deadline is defined cumulatively from one node to
the next, and if an ADU leaves a node before its deadline, the remaining time slots of
its deadline can be spent at the next nodes.

Each time a stream should be selected for transmission, the DC algorithm selects
the stream with the maximum number of ADU losses. Among streams with the same
number of ADU losses the DC algorithm selects the stream with the minimum
allowable delay, i.e. it serves the ADU that can be delayed the minimum time at the
corresponding node. This is expressed in the priority index counter (P_CR), which is
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used to select between the contending streams the stream that should be served next.
Let the superscript j denote the stream and the subscript n denote the node. Each
stream at each node has a P_CR defined as follows:

P_CR j
n  = 

j

j
n

jj
n

T

CRLTCRD _*_ − (1)

where, the losses counter (L _CRn

j) keeps information on the number of ADU losses
that stream j has suffered from previous nodes up to node n and the deadline credit
counter (D_CRn

j, measured in slots) expresses the time that the ADU at the head of
the queue of the stream j can be delayed at node n. The term Tj refers to the period of
the stream. The smaller the value of the priority index counter of a stream, the higher
the priority of the stream with respect to that of the other streams.

However, the buffer space at the traversing nodes is limited so before an ADU is
transmitted the algorithm has to guarantee that there will not be buffer overflow at
down stream nodes. In this work, we avoid buffer overflow using the buffer counter
(Buffern

j)1. Buffern

j is initialised one unit at node n for every ADU of maximum length
from stream j it can hold. Whenever an ADU of stream j arrives at node n or
whenever the transmission of an ADU from stream j, already stored in the
corresponding buffer at node n, starts, the buffer counter is decreased or increased by
one, respectively. Although, feedback for the exact free space of each node could be
sent, we chose for simplicity to treat all ADUs as if they were of the maximum length.
We assume that node n informs node n-1 about its buffer condition, in order that node
n-1 does not transmit an ADU that will cause buffer overflow at node n. In contrast to
[1], where the feedback is available periodically, in this work it is assumed that
feedback is sent when an ADU is transmitted and the buffer occupancy changes.

2. Video-on-Demand System

Distributed information systems are able to support several kinds of applications.
They are widely used for data, voice and video transmission. Particularly, for video
applications, the case we are interested in, several network architectures have been
developed that enable users to have access to a wide range of video programs on
demand. In the following paragraphs we examine a hierarchical architecture for a
VoD distributed network, which fits the existing tree topology used in today’s cable
TV systems [2], [18], [20], [21].

The distribution network topology is considered to be a binary tree associating a
number of video servers and switching nodes connected via communication links2. At
each node Ni,j there is a storage device where some prerecorded video streams Xi,j,k are
stored, and a video server VSi,j, which supplies children nodes with the video streams
that are prerecorded at node Ni,j, as well as with those that arrive at Ni,j from its father
                                                          
1 The original DC algorithm uses an upper bound on the D_CR counter to avoid buffer

overflow. However, we found that this part of the algorithm does not function properly,
therefore, the introduction of the buffer counter.

2 We assume that the tree network is of binary form, although, in practice, the location of the
distributed servers may differ.
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stream node. A node selects a stream for transmission, according to a scheduling
process (DC algorithm in our experiments), and starts transmitting it to the
corresponding children node.

All the nodes of the tree network except those that belong to the last level run the
DC algorithm for the streams they serve. The nodes of the last level, consume the
arriving ADUs as well as the ADUs that are prerecorded at these nodes. At each
system node there is also some buffer space for the arriving streams, where they are
stored until they can be transmitted by the node. This buffer space is supposed to be
limited and its size is a parameter of the system. Each arriving stream is supposed to
have its own available buffer space; for the DC algorithm, this is denoted by the
parameter Buffern

j for the stream j at node n.

All the users are connected to the leaf nodes, also called headends. When users
require a video program, they connect to the appropriate headend and a request is sent
cumulatively upwards through the traversing nodes until it reaches the source node.
As soon as the source is informed, the connection is established and the video stream
starts to travel along the appropriate path to reach the destination node.

Although there are many options relatively to the number of video programs stored
at each node, in this work, we have chosen that all the network nodes have an equal
number of prerecorded video programs  (i.e. Xi,j= X, ∀ i, j). X is another parameter of
the system in the experiments we carry out. Furthermore, in our experiments all the
prerecorded streams are considered “active”. This means that the level a node belongs
determines the number of streams it serves, i.e. down stream nodes have more streams
to serve than up stream nodes.

Finally, we assume that the users’ requests are uniformly distributed among video
programs and that each video stream has been generated by a single headend request.
Specifically, we assume that the prerecorded video streams of a node as well as the
streams that arrive from its father node are distributed equally to its children nodes
with the intention that the nodes of the same level are similarly loaded. The number of
the served streams increases as we move down the tree, thus the nearer a network
node to the destination nodes, the more loaded the node will be.

In the following experiments we assume a distributed video-on-demand system of
depth three. The results shown below have been computed as average values from at
least 10 replicated experiments (Monte Carlo Simulation). In each case, the
simulations were of sufficient duration for the system to attain a steady state.

3. Performance Evaluation Experiments

3.1 Scheduling Homogenous Streams

The aim of the first experiment is to investigate how the DC algorithm works for a
distributed system when homogenous streams are served (i.e. streams with the same
periods).  The main conclusion that we drew (results are omitted due to lack of space)
is that the DC algorithm is fair. All streams suffer the same number of losses
independently of their source-node location and the number of hops that they have to
traverse to reach destination node. The DC algorithm guarantees that the quality of
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video delivered to the users, depends only on the system’s capacity and not on the fact
that some streams may monopolize the existing resources against the remaining
streams.

3.2 Scheduling Streams with Different Frame Rates

In modern video-on-demand networks a diverse class of video traffic streams with
different requirements is integrated. There is a wide variation in the volume of
information generated when encoding different signals. Consider for instance two
extremes types of video signals: Teleconference video images, on one hand, are
nearly always images of people talking while directly facing the camera, usually
viewed only from the waist up, and scene changes occur only rarely. These
applications have uniform-activity-level; the change in the information content of
consecutive frames is not significant. With broadcast media, on the other hand, there
are no limitations on the content, and scene changes can be frequent. There are videos
with sudden scene alteration and distinct changes in the subsequent scenes3. Uniform-
activity-level applications can accomplish an acceptable quality even through a low
frame rate, thus they are typically served with a frame rate equal to 10 or 15
frames/second. Broadcast television, on the contrary, requires higher bit rate
transmissions for the same quality, on average, equal to 25 or 30 frames/second. As
frame rate determines the period of an application, the incorporation of applications
with various periods is frequent. In this section we examine the case when the
multiplexed streams have different requirements relatively to their frame rate.

3.2.1 Experiment

All the traffic streams are assumed to have uniform length distribution in the interval
[1,5]. There are X prerecorded streams stored at each node. We assume that a portion
of 1/3 of them has period T=50 slots, another 1/3 has period T=100 slots and the
remaining 1/3 has period T=200 slots. We simulated the system for X=12, 24, 36, 48
and buffer=1, 2 and 5 ADUs for each stream at each node. Each time the same
number of streams with different periods reaches destination nodes. That selection
was made so that all nodes are evenly loaded. The simulation ends when 300,000
ADUs from the stream with the highest period (T=200 slots) are required at
destination nodes

The distribution of losses across video streams as observed from the second level
of the tree network is shown in Fig. 1. The y-axis denotes the ratio of ADU losses and
the x-axis the stream index. When stream index mod 3 is equal to 0 the stream has a
period T=50 slots, if it is equal to 1 we have a stream with T=100 slots, and, finally, if
it is equal to 2 it corresponds to a stream with T=200 slots.

The results are rather disappointing as far as fairness is concerned. Simulation
demonstrated that the DC algorithm tries to distribute the number of losses uniformly
across streams. However, as the periods  of  the  streams  differ,  the  streams  suffer a

                                                          
3 Action movies, Formula 1 racing events and football matches are some examples of non-

uniform activity-level videos.
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Fig. 1. Loss Distribution across streams with different periods

different ratio of losses. Particularly for large X, the streams with long periods
undergo much more losses than the other streams.

The philosophy of the DC algorithm, as stated in [1], is to schedule from streams
the one that has the smaller delay tolerance for the ADU at the head of the queue to
expire. This favors streams with small period. For these streams the L_CR counters
are updated faster when the network is overutilized; therefore they are selected more
frequently. The streams with higher periods are neglected, especially in cases when a
large number of streams are multiplexed and many ADU losses occur. A lost ADU is
taken into account in the update of the P_CR counter independently of the stream’s
period; however, an elapsed slot acts in favor of streams with small period compared
to streams with higher period.  At times of network’s over-utilization, this acts against
the streams with higher periods, which are seldom selected and their loss counters are
infrequently updated.

3.2.2 A Proposed Modification of the DC Algorithm

The video quality that the end user perceives depends on the application’s period.
Even if we achieve to distribute the number of ADU losses uniformly among streams,
we would have to attain an equal ratio of losses among streams in order to accomplish
the same video quality. For a stream with long period, losing an ADU corresponds to
a greater timing interval that the video is degraded compared to losing an ADU from a
stream with a smaller period. As a result, if the goal is that all the streams
independently of their periods achieve the same video quality, the DC algorithm
should be modified. The goal should be that all streams experience an equal portion of
ADU transmissions as well as an equal portion of ADU losses. Let the datan

j

correspond to the number of ADUs that were transmitted by node n from stream j.
Then, if instead of the relation (1), as in [1], we use the relation

P_CR j
n  = D_CR j

n  + data j
n  * T j  – L_CR j

n  * T j (2)

then among streams with the same data and L_CR values the one with the smallest
deadline allowance would be selected. Since D_CRn

j counters are increased Tj units
for every transmission or loss [1], the streams with small periods will be served first
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because for the same number of transmissions (data) and losses (L_CR), they have
smaller D_CR value. After these streams are served, their data and L_CR counters
will be updated, thus in the next examination slot a stream with long period will be
selected. Among streams with different data values but equal D_CR and L_CR
values, the stream with the least transmissions will be chosen. Likewise, among
streams with the same data and D_CR values, the one with the most losses will be
chosen to transmit next.

Equation (2) attempts to balance the number of losses and transmissions among
streams. It works in accordance to (1), when streams have the same period, since for
the same losses and transmissions, D_CR plays the primary role. Additionally,
equation (2) eliminates the problem illustrated in the previous section as each time a
transmission occurs datan

j is increased by 1. The selection of a stream now depends
not only on the losses it has suffered but also on the total number of transmitted
ADUs. An elapsed slot plays the same role independently of the stream’s period,
while a lost or transmitted ADU influences the priority counter in proportion to the
streams period.

Generally, equation (2) expresses the total time that a stream is ahead or behind.
Expanding the relation (2), the term datan

j * Tj expresses the time that the end user
receives faultless video, while the term L_CRn

j * Tj expresses the time that the end
user experiences video quality degradation. The D_CRn

j term is used so that among
streams with the same transmissions and losses, the one with the shortest time till
expiration is selected. Generally, the relation (2) attempts to provide all the streams
with the same video quality in a time-oriented manner. The main idea is that fairness
will be achieved if all the users receive the same times of faultless and degraded
video, respectively.

3.2.3 Simulation Results

The results we obtained from the simulation of the modified DC algorithm are shown
in Fig. 2. We simulated exactly the same experiment with the one in 3.2.1 and
obtained precisely the same total number of ADU losses. This is expected, since the
total number of ADU losses depends exclusively on the load of the system. The
difference arises on the dispersal of losses among the contending streams. Notice the
absolute uniform distribution of the ratio of ADU losses. All streams independently of
their period undergo the same ratio of ADU losses, thus all viewers observe the same
video quality.

4. Performance Evaluation of DC Algorithm for MPEG-4, H.263
Video Traces

In real videos, there are some dependencies between the consecutive frames as well as
a non-uniform frame length distribution. The scope of the following experiments is to
extend the conclusions drawn from the results of the previous section to the case of
actual video traces.
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Fig. 2. Loss distribution across streams with different periods for the modified DC algorithm

4.1 MPEG-4 Videos

In the following experiments we use MPEG-4 video trace files originating from
existing video programs. The video programs we have chosen to use in our
experiments cover a wide range of video applications such as action movies, cartoons,
tele-conference, ski, formula 1 racing events, music video clips, talk shows, etc. Each
video is encoded at three different quality levels: high, medium and low quality4.

The Group of Pictures (GoP) pattern was set to I B B P B B P B B P B B. Due to
the dependencies between frames not all the frames have the same significance
relatively to the image that the end viewer actually perceives. I frames are vital for all
the subsequent frames of the group to be displayed, so if an I-type frame is lost, then
the whole group is considered to be lost and none of the remaining frames is
transmitted. Additionally, if a P-type frame is lost, the rest of the group is considered
to be lost and the subsequent frames are not transmitted. Finally, a B-type lost frame
accounts for a single loss, since no frame depends on B frames.

4.2 Experiment with MPEG-4 Videos

We simulate approximately one hour of operation for the binary tree network for
X=4, 8, 12, 16, 20, 24 and 28 programs, and buffer=1, 2 and 5 ADUs of the maximum
length. We present the simulation results for a bandwidth of 12.72 Mbps for high
quality video5.

Our simulations have shown that in each of the three cases examined, the DC
algorithm distributes fairly the losses across the multiplexed video streams and gives
almost the same ratios of I-, P- and B-frame losses to the multiplexing streams. Notice
in Fig. 3 the agreement in the ratios of I-, P- and B-frame losses among the
multiplexed video streams (i.e. streams of the first and second level of the tree). This
is another indication of the fairness of the DC algorithm.

                                                          
4 For an extended description of the videos we used, the read is referred to [15].
5 Simulation results are also available for medium and low quality video, but are omitted due

to  space constraints.
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Fig. 3. Ratio of I-, P-, B-frame losses for Buffer=1 ADU, X=12, Bandwidth=12.72 Mbps

Another interesting conclusion that can be drawn is that the placement of the video
programs can be chosen independently of the video programs’ popularity.  What
usually happens is that the video program’s popularity determines its placement in
order that the most popular programs are stored closer to the users, whereas the least
popular ones are stored at the upper levels of the network tree topology [2],[18]. This
choice is made so that the most popular videos are located closer to the users, and
suffer the least start up delay and the least number of frame losses. However, our
experiments have shown that all streams independently of the level at which they are
stored suffer the same number of losses. Based on this observation, we can claim that
DC algorithm also gives flexibility to the system configuration regarding the
placement of the video programs.

In our experiments we have assumed that each program is required only by one
children stream node. In a real system, some videos may be required by both of a
node’s children stream nodes, while others may not be active. As revealed by our
experiment, the way the DC algorithm distributes the losses across the multiplexed
streams depends exclusively on the number of multiplexed streams and the available
bandwidth. Since the DC algorithm distributes the losses fairly across the multiplexed
video streams independently of the videos’ contents, we can assume that the DC
algorithm is also fair when some videos are required by more than one headends.
However, notice that the location of content still has a potential impact on network
utilization and user startup latency.

4.3 H.263 Videos

In the following experiment we have used H.263 video compression with variable bit
rate, too. We enable PB-frames, also called “stuffed” frames. A PB-frame consists of
two consecutive frames that are encoded as one unit [15].

H.263 encoding produces I (usually only the first frame is an I-fame), P and PB
frames. I and P frames have a period equal to 40msecs, whereas PB frames have a
period equal to 80msecs. Consequently, H.263 may produce variable frame periods.
Videos with plenty of information generate, except of PB-frames, many I- and P-
frames, thus they have often period-alterations between 40 and 80 msecs arising from
the frames generated. On the contrary, videos with low scene alteration and uniform
level activity (such as Lecture Room Camera, Office Camera etc) generate almost
exclusively PB-frames, leading to an unchanged period equal to 80 msecs.
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4.4 Experiment with MPEG-4 and H.263 Videos

The purpose of this experiment is to test and further support the modification we
proposed in section 3.2.2 relatively to the fairness of the DC algorithm when video
applications with different frame rates are supported in the same network At each
node they are stored X prerecorded video streams that supply the children nodes with
traffic. X/2 streams are high, medium and low quality MPEG-4 encoded and the
remaining X/2 are H.263 encoded. For the purpose of our experiment, we have
chosen only programs with a few scenes alterations (e.g. video conference programs)
that contain information, which can be presented exclusively with PB frames.
Consequently, from the MPEG-4 encoding video programs the transmission of one
frame per 40 msecs will be required, while from the H.263 encoding video programs
the transmission of one “stuffed” frame per 80 msecs will be required. The available
bandwidth is assumed equal to 9.54 Mbps.

Fig. 4 shows the simulation results when the P_CR is defined as in [1].  Streams
with odd index numbers refer to MPEG-4 video programs, while streams with even
index numbers refer to H.263 video programs. Notice that the ratio of ADU losses
depends on the period of the stream. In contrast, for exactly the same experiment, as
shown in Fig. 5 the modified DC algorithm gives a uniform distribution of the losses
across multiplexed streams.
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Fig. 4. Loss Distribution across MPEG4 and H.263 video programs according to [1]

5. Conclusions

The DC algorithm uses dynamic allocation of bandwidth and distributes the available
bandwidth fairly between all the competing video streams. When the system is under-
utilized, the DC algorithm forwards an equal number of ADUs from each traffic flow
at down stream nodes and keeps the streams at the same level of delay. On the other
hand, when the network is over-utilized and frames need to be dropped, DC
distributes the losses fairly across streams. The efficiency of the DC algorithm with
regard to the ADU losses increases as the available buffer space at the traversing
nodes increases, because the DC algorithm exploits the available buffer space to send
ADUs in advance.
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Fig. 5. Loss Distribution across MPEG4 and H.263 video programs for the modified DC
algorithm

We evaluated the performance of the DC algorithm for a distributed Video-on-
Demand network, which fits the existing tree topology used in today’s cable TV
systems, and validate our results by simulating actual videos encoded in MPEG-4 and
H.263 format. The main conclusion we drew is that the DC algorithm is fair and
distributes losses evenly across multiplexed streams. This means that all streams
suffer the same number of losses independently of their source-node location. This
can contribute to a flexible placement of the video programs, since the placement can
be chosen independently of the video programs’ popularity.

Finally, we provided simulation results that support the modification we proposed.
The conclusion is that the modified DC algorithm treats fairly videos with different
frame rates, with different quality encodings and with different encoding methods, i.e.
a diverse class of video applications can be integrated into the same network and all
these applications are treated fairly.
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