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Abstract

In a video-on-demand server, resource reservation is

required to guarantee continuous delivery. Hence any

given storage device (or a striping group treated as

a single logical device) can serve only up to a fixed

number of chent access streams. Each storage devzce

w also hmtted by the number of video files tt can store.

For the reasons of availability, incremental growth, and

heterogeneity, there may be multiple storage devices in

a video server environment. Hence, one or more copies

of a particular video may be placed on dzflereni storage

deuices. Sznce the access rates to different videos are

not uniform, there may be load zmbaiance among the

devices. In this paper, we propose a dynamzc placement

policy (called the Bandwidth to Space Ratio (BSR)

Policy) that creates and/or deletes replica of a video,

and mtxes hot and cold w.deos so as to make the best

use of bandwidth and space of a storage device. The

proposed policy is evaluated using a s~mulation study.

1 Introduction

Recent progress in digital video technology has led to

large scale multimedia systems that store videos on

disks or other storage devices and provide video-on-

demand services to many clients over a network [9,

14, 8, 13]. Each storage device is limited not only

by the number of concurrent streams it can support

(i.e., bandwidth) but also by the number of video

objects it can store (i.e., space). Hence, different

devices are characterized by the combination of these

two parameters: bandwidth and space. We define a
fast or a slow device as a device with relatively larger

bandwidth or space, respectively. A popular video

object may be viewed by many clients simultaneously,
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and hence, multiple replicas of that video may need to

be created on multiple storage devices to support a very

high bandwidth requirement, In a general environment,

there are both large video objects (e.g., long movies) and

short video clips (e.g., objects in interactive applications

such as shopping, medical, etc.). The viewing frequency

of these objects is independent of their sizes, i.e., some

movies as well as short clips will be viewed more

frequently (and are referred to as hot objects) while

others are viewed less frequently (and are referred to

as cold objects).

The video objects have to be placed carefully on these

devices in order to avoid load imbalance across devices

as well as to achieve maximum utilization of both space

and bandwidth of these devices. If large cold objects

are placed on a fast device, the higher bandwidth of

that device will be unused since only a limited number of

objects can be stored by that device. On the other hand,

if short hot clips are placed on a slow device, the space

on that device will be unused as the lower bandwidth

will not permit accessing all objects stored on that

device. Therefore, large and short, hot and cold objects

have to be mixed properly. These mixes should also

match the (bandwidth and space) characterization of

these devices (See Figure 1). In this paper, we propose a

policy referred to as the bandwidth to space ratio or BSR

polzcy for achieving this objective. Under the proposed

policy, each device is characterized by its bandwidth

to space ratio. Similarly, at the time of placement,
each video object is characterized by the ratio of the

expected bandwidth requirement on that replica (based

on the expected number of concurrent viewers) to the

space required to store that replica. The BSR policy

determines how many replicas of a video should be

created as well as the devices on which the replicas

should be placed. The proposed policy is an online video

placement policy, i.e., as the expected number of viewers

on a video object changes, it dynamically creates and/or

deletes existing replicas to better match the BSR,S of the

devices and their stored objects. The policy also takes

into account many other practical considerations and

the details are described in Section 3.
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Figure 1: Illustration of the BSR policy

Multiple smaller devices can be grouped together to

create a larger logical device where video objects are

striped across the physical devices of a striping group.

Note that the BSR of this new logical device is the

same as the BSR of its component physical devices,

since the total bandwidth and space of the logical

device is approximately the sum of those of the physical

devices.1 However, a larger striping group can provide

a large aggregate bandwidth, and hence, creation of

multiple replicas of a hot video object can be avoided.

In addition, a single striping group implies all the

video objects are placed on a single logical device, and

placement becomes trivial. Unfortunately, in a general

video server environment all devices cannot be grouped

into a single striping group due to various factors [7].

The issues are discussed briefly in Section 2.

The remainder of this paper is organized as follows.

Section 2 describes the relationship of this work to

other complementary earlier works in the area of design

of video-on-demand servers, such as dynamic load

balancing. Section 3 discusses the issues in the design

of the BSR policy as well as provides an overview. The

implementation details are provided in Section 4. In

Section 5 using a detailed simulation, the performance

of the BSR policy under various workloads is studied.

Finally, Section 6 summarizes the results.

2 Related Work

In order to reduce the storage costs of a multimedia

system, videos may be stored on tape and staged into

disk as necessary [11, 10]. Such systems require a

replacement policy that specifies which video on disk

to replace if there is no free space. For example, a

heat-based policy that replaces segments of relatively

unpopular videos with segments of currently referenced

1Achievable realtime bandwidth of a striping group is some-
what smaller than the sum of the bandwidths of the individual
devices, since instantaneous load across the devices are not always

balanced.

videos as needed is studied in [10]. This policy

exploits the fact that different videos may have different

expected demands [16]. However, staging videos in

from tape incurs various overheads and may not be

economical for all videos [11]. First, while tape storage

reduces the cost of storing videos, it increases the cost

of playback since the video has to be read in from

tape to disk and then played [1I]. For playing large

objects expensive tape device need to be occupied for a

long time. Even for short video objects, the overhead

of mounting the tape and advancing the tape to the

correct position may be very high compared to the time

required to actually retrieve the object. In addition, the

queueing delay for accessing the tape may be significant

if enough tape storage are not available or if load

imbalance occurs across tape devices. Therefore, if the

system cost is dominated by the cost of the resources
needed to play back streams, it may be cost-effective to

pre-stage popular videos to disks.

The need for multiple striping groups are discussed

in detail in [7]. There may be various types of devices,

i.e., devices wit h different BSR, in the same system. It

is difficult to use space and bandwidth of all devices

effectively by grouping into a single striping group. For

example, under a simple striping policy such as round-

robin policy, the successive blocks of a video are stored

in different disks in order. Here; the blocks of the video

files are evenly distributed over the disks. Hence it

would not be possible to store more blocks than the

capacity of the smallest disk on any disk, leading to

wastage of storage space on the larger disks. Alternative

striping schemes may be more efficient in their use

of storage but lead to imbalances in the load among

different disks in the striped set since the blocks are

no longer evenly distributed over the disks. Hence,

such heterogeneous environments require complex block

allocation algorithms that can utilize bandwidth and

space effectively as well as respond to the changes in

workload. However, for a striping group with a large

number of devices, the overhead of implementing such

an algorithm at the file system block allocation level

may be significant. Thus it is natural to group different

types of disks into separate striping groups. Multiple

striping groups are desired from other considerations as

well, such as the complexity of system reconfiguration

(e.g. adding new disks), high replication overhead in

order to achieve availability and a complex recovery

procedure [2, 3], etc..

Static replication of all or read-mostly files for

high availability and also for load balancing has been

proposed in the context of file-server [12, 15], However,
this may not be desirable in multimedia systems due to

the large size of video objects. Note that placement

of video objects is based on expected load, which

in general will not be known with certainty. Thus
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simple heuristics are preferred over complex precise

optimizations. Additionally, there will be statistical

fluctuations of instantaneous load. A dynamic load

balancing policy can shift load from a replica on a

heavily loaded device to a replica on a lightly loaded

device. However, this is possible only if enough number

of video objects of a heavily loaded device is replicated

elsewhere.

A dynamic approach that uses partial replication of

video files (referred to as the Dynamic Segment Repli-

cation (DSR) policy) for load-balancing in multimedia

systems is proposed in [7], It is based on the observation

that if there were a number of consecutive requests for

the same video and the blocks read in by the first re-

quest are copied to another device, it would be possible

to switch the following requests to the partial replica

just created. Such an approach should be viewed ‘as a

complementary runtime policy. The DSR policy creates

a replica of a hot video only if enough space is available

on a device with available bandwidth. In other words,

a good initial placement based on BSR matching is re-

quired for the DSR policy to handle dynamic load fluc-

tuations. In a real system, some space and bandwidth

may be set aside for the purpose of load balancing and

dealing with uncertainty in expected load.

The detailed design of the storage subsystem has

been considered in [1, 13]. Policies for increasing the

capacity of the disk subsystem by the use of buffering

and multicasting are considered in [5, 4, 6].

3 Overview of the Proposed Policy

We first discuss some of the underlying design issues for

the BSR policy and will then provide an overview of the

policy.

3.1 Issues in Algorithm Design

In a multimedia system, the size of a video object may

be very large. Hence, migration and deletion of video

objects in general takes a very long time. Careful

placement of video objects in advance based on the

anticipated load is thus very important. The expected

load on a video object can be projected by external

agents on the basis of historical data together with

human input (e.g. the knowledge that demand for a

newly released video will be high). The actual load on

an object however, may be affected by factors that are
hard to quantify. Examples of such factors are favorable

reviews or discounted pricing when viewing of a movie

is offered at a discounted rate. Such unpredictability

can be better handled by the use of an external agent

that monitors the demand for the video objects in the

system and initiates on-line changes in placement of

video objects when needed. Since the system should

adjust quickly to the newly available data on expected

load, an important input to the placement policy is the

quickness with which changes in placement have to be

made.

It is important to note that the ezpected load for a

video object is different from the cun-ent load on that

object. The expected load on a replica is maintained

by the system only for the purpose of placement. The

current load, in fact, interferes with the operation of the

placement policy since it prevents creation of replicas

on a device that is currently heavily loaded but its

expected future load will subside. Since the placement

policy needs to maintain the expected load for all video

objects in the system (i.e., residing on disks), it is

necessary that all placement of video files be carried

out under the BSR policy. For example, deletion of a

video object is carried out by invoking the BSR policy

with a lower expected load on that video object, and the

BSR policy may decide to delete some or all the replicas

of that video object. The BSR policy also attempts

to re-allocate expected load (not actual load) among

the remaining replicas so as to match the BSRS of the

devices. Similarly a new replica of a video object is

created if the expected load on the existing replicas

of that video can not be increased. The details are

provided later in the section.

Two important decisions have to be made when

placing a video object: estimating the number of

replicas that are needed, and deciding where to place the

replicas. At the time when enough space and expected

(not actual) bandwidth is available in the system,

deciding the number of replicas to be created may be

somewhat arbitrary. Creating a large number of replicas

incurs a lot overhead, and may always not be possible

if the system is currently busy. However, increasing

the number of replicas of a video at this time increases

the ability of the system to balance both the expected

load as well as the actual load among the devices in the

future. This is because for a later placement of another

video object the expected load may be shifted amongst

replicas of this video without any cost. Due to a large

uncertainty in the future demands for video objects,
the increased flexibility in reconfiguration provided by

multiple replicas is important. Additionally, since

clients can view any replica of a video object, multiple

replicas increase the dynamic load-balancing ability of

the system. The presence of multiple replicas also

increases the availability since viewers of a failed replica
can be redirected to view another replica.

The expected load on video objects change with

time and can be reflected periodically. It is important

to note that system operation cannot be interrupted

for placement and thus the change in video object
placement has to be performed on-line. A change
in expected load on more than one video object can

happen at the same time. Changes to the expected
load for multiple video objects can be accomplished by

378



repeatedly executing the same algorithm for different

videos in a certain order. First, the BSR policy is

invoked for changing the expected load for video objects

whose demand has decreased. This results in releasing

bandwidth and possibly space on the devices in the

system. After this, the change in expected load for other

video objects, i.e., for those whose expected load has

increased are performed in decreasing order of expected

load. In Section 5, it is shown that the above ordering

can indeed produce better placement. Initial placement

of the video objects on the system is a special case of

the above and can be done by placing the video objects

on the system in decreasing order of expected load.

The actual load on a video will vary with time

according to some statistical distribution. Hence, the

expected load may be specified in terms of either the

peak or average anticipated load. Since multiple videos

will share the same device the combined anticipated

load will show less variation. Therefore, when the

expected load is expressed in terms of peak load

on individual videos, the device bandwidths may be

ovemommitted, Le., the sum of expected load may be
greater than the actual device bandwidths. Even in

this case the overcommitment across devices needs to

be balanced.

3.2 Overview of the Algorithm

The BSR policy takes three inputs: the identifier of the

video object to be placed, the new expected load for the

video object, and the required bandwidth for creating

the replica. The bandwidth required for creation will

depend on how quickly the video has to be placed.

The algorithm consists of four phases, In the first

phase, the policy determines if additional replicas are

needed. If more replicas are required, in the second

phase the BSR policy selects additional devices on which

new replicas are to be created. Selection of additional

devices has to be made keeping in mind the available

current bandwidth on these devices in order to satisfy

the quickness criteria. In the third phase, the expected

load is then allocated to all the selected devices so as

to match the BSRS of the devices. A parameter to the

BSR policy, called the availability parameter, specifies

the maximum number of viewers that may be allocated

to any replica of any video. This parameter specifies an

upper bound on the number of viewers that are lost on

a failure of a storage device since it may be possible

to move some of the viewers to another replica. A

replica consolidation phase is entered only if the policy

is unable to place all of the expected load. In the

consolidation phase, some of the existing replicas of the

other videos are deleted in order to place the new load.
The execution of the above phases result in the creation

of one or more replicas oft he video. The above steps are

followed for increase in expected load on a video object,

i.e., for creating additional replicas. For a decrease in

the expected load, only the third step (i.e., reallocation

step) is executed. The unused replicas are deleted only

when the space is required.

4 Implementation Details

In the following section, we first describe the data

structures necessary for the policy, followed by a

detailed description of the BSR policy.

4.1 Data Structures

Figure 2 shows the video table data structure that

maintains an entry for each video object. The entry for

each video object, vi,, contains the bandwidth necessary

to play the video object, by, thesize of the video object,

s:, and a pointer to a list of replica entries for the video

object. The ji}’ replica entry consists of the replica

identifier, Ti~, (which is a unique name, e.g. file name,

for the replica), the device identifier of the device on

which the replica resides, dij, and the expected load for

this replica, eij.2

Video table

Video Id. B/W Size

F

epl. list

1 I 1
I

.,. ... ... ...

vi b; s;

... I ... I ... I ... I

Repl. Eatry

l!2H!-LL------

wExpected

Viewers eti

Next
● .*

Figure 2: Video data structure

Figure 3 shows the device table data structure that

maintains an entry for each logical device. As mentioned

earlier, each logical device may consist of a number

of physical devices striped together. The kih’ device

entry consists of the device identifier, Dk, the maximum

‘In a system which supports dynamic retrieval of video objects

from tape, there may be a replica entry indicating that the video

object is on tape.
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space, Sk, and free space, St, the maximum bandwidth,

Bk, and the expected free bandwidth, b;, oft he device,

and a pointer to a list of the device replica entries

residing on this device. The device replica entry

contains the video id of the video object, VA1, and the

replica id, r-kl. The expected free bandwidth of the

device, bj, is given by b! = Bfi –Lk, where Lk is the total

allocated expected load on the replicas placed on this

device. The expected load on each replica on this device,

e~l, can be found from the video table using the video

id, Vkl, and replica id, r~l. Lk can thus be computed

as the sum of expected load over all the replicas on

this device. Initially, when the devices are added to

the system, they contain no video objects. Therefore,

the free space and bandwidth are set to the maximum

space and bandwidth, respectively, of the device. These

values are updated whenever video objects are loaded

onto the device.

Device kzble

Space Bandwidth Dev. Repl.

‘ev” ld” Max. Free Max. Free List

... ,.. ... ... ,.. ...

Dk Sk s; Bk b;

,,. ... ... ... ... ...

Device repl. entry

Video Id Vkl
-

Replica Id ~1

I“ex’-t-”””
I I

Figure 3: Device data structure

As described in Section 3, the BSR policy is a four-
phase policy. These four phases are described in detail

below.

4.2 Details of Implementation

The first phase of the BSR policy determines if addi-

tional replicas oft he video object being placed are nec-

essary, for an increase in expected load. The policy first

determines the maximum additional load that can be

placed on the existing replicas of this video. This is es-

timated by taking into account the free bandwidth of

the devices on which the replicas reside, and the limit

imposed by the availability parameter. The limit may

also be imposed by the BSR deviation threshold. New

replicas are needed if the total additional expected load

that can be placed on the existing replicas is smaller

than the increase.

The second phase is executed if additional replicas are

needed. The BSR policy selects the devices on which to

place new replicas as follows. The BSR of the video

objects on a device is defined as the ratio of the total

allocated bandwidth to the total allocated space of that

device. As illustrated in Figure 1, this is different from

the BSR of the device. The BSR deviation of a device is

defined as the deviation of the BSR of the video objects

on the device from the BSR of that device. The devices

without a replica of this video are then considered in

decreasing order of BSR deviation. A device is classified

as hot if the BSR of the video objects on that device

is greater than the BSR of the device and as cold

otherwise. Depending on the additional expected load

to be placed and the size of the video, hot or cold devices

are selected to reduce the BSR deviations. A hot device

is selected if placing the video object on that device will

make the device less hot and hence, will reduce the its

BSR deviation. Otherwise the video object is placed

on a cold device. Of course, a device is selected only

if enough free space is available on that device to store

the video, and enough current bandwidth to create the

replica satisfying the quickness criteria. The maximum

additional expected load that can be placed on the

new replica is computed as in phase one. Selection of

devices stops when either i) sufficient devices have been

chosen to satisfy the additional expected load or ii) no

more devices can be selected. In the latter event, an

emergency scan is initiated to select additional devices

where the availability limit and the classification of the

devices into hot and cold are ignored.

In the third phase, the BSR policy attempts to

allocate expected load so as to match the BSR of the

devices. Note that the first two phases are skipped for

a decrease in expected load since the existing replicas

are sufficient to satisfy the demand. The total expected

load on the video is allocated over all replicas (including

newly created replicas) so as to minimize the BSR

deviation across devices. The BSR policy then executes

a rebalancing operation as follows. It first orders all
devices in decreasing order of BSR deviation. For the

device with the highest BSR deviation, the policy shifts

expected load to/from devices with lower BSR deviation

until no more load can be shifted.

The fourth phase of the BSR policy is executed only

if the policy is unable to place any additional expected

load in the first three phases. This implies that all the

devices have exhausted either their bandwidth capacity

or their space capacity. However, devices that have
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exhausted their bandwidth may have space available

and vice versa. The policy now consolidates multiple

replicas into one through shift in expected load in order

to free up space on a device with available expected

bandwidth. For each such replica, the policy determines

if the replica can be deleted by shifting all the expected

load to other replicas. If all the expected load cannot

be shifted, it may still delete this replica for creating a

new replica of the new video if this results in increased

expected bandwidth utilization of the system.

5 Results

In this Section, the performance of the on-line place-

ment policy is studied using simulation. There are vari-

ous ways to measure the performance of the policy. For

example, after every invocation of the policy the devi-

ation of the BSRS could be measured. However, the

effectiveness of the policy is really demonstrated under

the stress cases. A good measure of placement is the

expected amount of unutilized bandwidth that can not

be used when new video replicas cannot be placed due

to the lack of available space, This bandwidth is re-

ferred to as the unutilized bandwidth in this paper. Re-

call from Section 3 that the expected load is not the ac-

tual load, and a dynamic load balancing policy attempts

to balance the actual load across all devices. Hence, all

of the bandwidth may actually be used if the dynamic

load balancing policy can balance this load. However,

unutilized bandwidth is a reflection of the difficulty in

achieving this. Another related measure is the number

of replicas deleted due to bad earlier placements.

Unless otherwise specified, two configurations of

striping sets are used. The first one is referred to as

the base configuration consisting of four striping sets of

8, 16, 32 and 64 equal size disks, respectively. Each

individual disk is assumed to provide 2 GB of space

and support 6.25 unit of load. Hence, the bandwidth

and space of the four striping sets are (50, 16GB), (100,

32GB), (200, 64GB) and (400, 128GB), respectively.

Note that even though the bandwidth and space of

different striping sets are different, the BSR is the

same for all sets. The second configuration consists of

four equal size striping sets with (188, 60GB) amount

bandwidth and space, respectively, and is referred to

as the symmetric configuration. Note that the two

configurations have the same amount of total space

and bandwidth. Each video is assumed to be 3.6GB

in size. Therefore, approximately 64 replicas can be

placed in the entire system. To create stress case, it

is further assumed that the total expected load on all

videos are the same as the total system bandwidth and

the number of videos to be placed as 64. Therefore,

there is just enough space to store a single replica of

all the videos. Note that if the load on a particular

video is very high multiple replicas may need to be

created, and hence, the system will not be able place

all videos. In other words, there will be some unutilized

bandwidth as defined above, Only in the ideal situation,

all videos can be placed and the unutilized bandwidth

will be zero. The expected load on the videos are given

by the Zipf distribution with the parameter 0.271 [5]

(also see Figure 4). The quickness criteria is always

satisfied as the simulated system has no actual load.

The availability parameter is assumed to be 30, i.e., no

more than 30 unit of load per replica is affected by a

failure of the replica.
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Figure 4: Illustration of Zipf, Folded Zipf and K-Shifted
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5.1 Initial Placement Sequence

The performance of the on-line policy is first studied

assuming no prior placement of videos. Figures 5 and

6 show the capacities and allocated bandwidth and

space of the four sets after attempting to place all

64 videos. Two different allocation schemes are used

corresponding to the availability parameters 30 and 50,

respectively. As can be seen from the figures that

excellent matching of BSRS are achieved. This is further

reflected in the small amount (4.8%, 4.8Y0, respectively)

of expected unutilized bandwidth. As mentioned

earlier, under this stress case, some bandwidth will be

expected to be unutilized as multiple replicas for the

popular videos leaves no space for unpopular videos.

Even all the space can not be fully utilized since the

sizes of the video replicas do not always add up to

exactly the sizes of the devices. The algorithm also

deletes a small number of replicas (14,6, respectively)

during the entire placement sequence. Most real

systems will be configured either with more available

space than the space required for placing a single

replica of all videos, or the device bandwidths will be
overcommitted. Hence, very little bandwidth will be

unutilized. Figures 7 shows the bandwidth allocation

after initial placement sequence for the symmetric

configuration for two different availability parameters
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(30 and 50). There is also an excellent match for this
case.

400

2q

oW300
~
n.
a
9200
<
c
G<
~loo
o
<
m

o
GROUP 1 GROUP 2 GROUP 3 GROUP 4

Figure 5: Expected load across striping groups (base

configuration)

o

Figure 6: Allocated space
configuration)

❑ B/W CAPACllY
--- E! ALLOCATION1Zw

0
Ulso
t-
0

k’
E
:100
4

0

across striping groups (base

GROUP 1 GROUP 2 GROUP 3 GROUP 4
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Different placement sequences of the videos with

different expected loads are next studied. Figure 8

shows the unutilized bandwidth for three different

placement sequences for the two configurations. The

curves are very similar for both the configurations.

Under a decreasing load sequence, the video with the

highest expected load is placed first. The reverse

is the case for the increasing load sequence. For

the case of random placement sequence, the average

over five different placement sequences is estimated.

The experiments are repeated for different load skew

parameters (i.e., Zipf parameter) that determine load

skews across different videos. As expected, even under

such a stress case, the placement under an decreasing

load sequence wastes only a small amount of bandwidth.

The increasing sequence on the other hand, places the

videos with the lowest load first, and runs out of space

for placing videos with higher loads. Unless a policy

decision is made that a replica with a higher load to

be placed later can replace another video with a lower

expected load, the later placement attempt is aborted.

Deletion of a replica may not always be possible if there

are ongoing streams on that replica. In the experiments,

no such replacement is assumed. For a lower load skew

across videos, the placement sequence has very little

effect on the unutilized bandwidth. The unutilized

bandwidth for the random case is between the two

extremes. Figure 9 shows the corresponding number

of deleted replicas. In the algorithm, the availability

constraint is violated whenever the replica consolidation

is considered. Hence, for the decreasing placement

sequence, some additional replicas of the hot videos are

created when the space is available, but subsequently

are deleted when the system is under stress. Increasing

sequence on the other hand does not face this situation.

h
\\ --E)-- CONFIG. 1:DECREASING LOAO SEQUENCE

‘.
i% ~ CONFIG. 1:INCREASING LOAO SEQUENCE

‘.
+ CONFIG. 1:RANDOM LOAD SEQUENCE

$ ‘,
‘$. ----- CONFIG. 2 CASES

LOAD SKEW PARAM’FI’ER

Figure 8: Effect of placement sequence on unutilized
bandwidth

Since the available space is a key factor in determining

the expected unutilized bandwidth, the number of

videos to be placed in the system is varied next (see

Figure 10). The total load across all videos are
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Figure 9: Effect of placement sequence on the number of
deleted replicas

made equal to the total system bandwidth capacity

in all cases. As expected, with a smaller number

of videos the unutilized bandwidth becomes smaller.

Note however that with a smaller number of videos

a larger load is expected on the hot videos, and

hence, a larger number of such videos require multiple

replicas. Figure 11 shows the corresponding number

of deleted replicas. With a larger number of videos

space becomes an extremely valuable commodity, and

replica consolidation is enforced. Hence, the number

of deleted replicas increases with a larger number of

videos. For the base case with unequal striping set sizes,

a better matching of BSRS is achieved by deleting a

larger number of replicas.
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Figure 10: Effect of available space on unutilized bandwidth

5.2 Performance under Various

Configurate ions

To demonstrate the robustness of the policy, the
performance of the video placement policy in various

other configurations is studied, In all experiments, the

total number of disks and hence, the total space and

bandwidth of the system are kept constant. In the first

16

r

W CONflG. 1
❑ CONFIG. 2

56 60

M

Figure 11: Effect of available space on the number of deleted
replica5

set of experiments, 2, 4, 6 and 10 equal size striping sets

are considered. With a larger number of striping groups

a larger amount of bandwidth and space are unutilized

due to fragmentation (see Figure 12), Overall, for

the 10 group case, the unutilized bandwidth is much

larger. It is important to note that the dynamic segment

replication policy [7] can make use of the unused space

to better balance the actual load across the striping

groups. The number of deleted replicas also increases

with a larger number of striping groups (see Figure 13)

indicating a larger number of initial replica creation and

a larger instances of shifting of expected load across

replicas.
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Figure 12: Effect of number of groups on unutilized
bandwidth

In the second set of experiments, the number of strip-

ing groups is kept fixed at four, but the BSR of various

groups are made different by varying the bandwidth

and/or space across various groups, In real systems,
this represents striping groups made of different types

of disks. The four cases are considered. The first case is

the same as the symmetric configuration. In the second

case, the space of all four groups are kept the same, but
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Figure 13: Effect of number of groups on the number of
deleted replicas

the bandwidth of different groups are changed. The first

and second groups have respectively 20?10 and 10% more

bandwidth than the average, while the third and fourth

groups have respectively 10’% and 20% less bandwidth.

The third case is similar to the second case except that

the bandwidth increase or decrease is doubled compared

to the second case. In the fourth case, groups with very

different BSRS are created by applying 10% space dif-

ference on top of 20% bandwidth difference. The space

reduction is highest for the group that has the highest

bandwidth. Figure 14 shows the unutilized bandwidth

for all these configurations as a function of load skew

parameter. For the first two cases, the unutilized band-

width is smaller than 7!Z0. With a lower load skew (i. e., a

higher load skew parameter) the third and fourth cases

where the BSR of the devices are very different, it is

inherently hard to find a good match of the BSRS.
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Figure 14: Effect of BSR difference on unutilized bandwidth

5.3 Change in Expected Load

The on-line policy performs equally well even when the

system already has a lot of existing videos. This is

probably the normal mode of operation for most systems

since the system is assumed to be operational at all

times with a lot of ongoing access streams. The load

change across all videos is gradual rather than abrupt,

i.e., the previously hot ter videos become slightly colder

while the previously colder videos become somewhat

hotter. The change in expected load is modeled as K-

shifted Folded Zipf distribution (illustrated in Figure 4).

First the load across all videos are generated using an

Zipf distribution. Assume the videos are indexed such

that the video with the highest load is in the middle.

The next highest load is in its immediate left, the next

highest is in its immediate right, and so on. This creates

a load curve where the load on each side of the video

wit h the highest load is approximately the same. Next,

the indices are shifted (rotated) by the amount of K,

For a shift of 1, the video on the immediate right of

the previously hottest video becomes the now hottest

video. A larger shift of indices represent a quick change

in load.

Figure 15 shows the capacity and allocated band-

widths after an initial placement sequence, and after

a subsequent shift of 1 and 10, respectively. In all cases,

the BSR match is excellent. Note that, only a small

number of replicas of the previously hot videos (less than

9) are deleted and the space is used to create the new

replicas for the now hottest videos.
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Figure 15: Expected load across striping groups after a

change in expected load

6 Summary and Conclusions

In a multimedia server, each storage device is character-
ized both by its bandwidth (i. e., the number of streams

that can be supported) and space (i.e., the number of

videos that can be stored). Both long video objects

such as movies and short video objects such as video

clips may be present in the system. The viewing fre-

quency, in general, will be skewed and independent of

the size of the objects. Because of the limited band-

width of each storage device, it may be necessary to

create multiple replicas of popular video objects on dif-
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ferent devices. Without careful placement of video ob-

jects on the storage devices, load imbalance and wastage

of device bandwidth and space may occur. For exam-

ple, placing many infrequently viewed large videos on a

device with a large bandwidth but small space wastes

the bandwidth of that device. It is therefore necessary

to mix objects of different sizes (large and small) and

different viewing frequencies (popular and infrequent)

on each device. For avoiding wastage of device capac-

ity, these mixes should match the bandwidth and space

capacities of these devices.

In this paper, a policy called the bandwidth to space

ratio or BSR policy is proposed for achieving this

objective. The proposed policy characterizes both

storage devices and video objects by their bandwidth

to space ratio. The BSR of a video object is the ratio

of its expected bandwidth (which is computed from

the expected load on the object) to its size. The BSR

policy computes the number of replicas needed as well

as the devices on which to place the replicas. Under

changing demands, the policy also dynamically changes

the number and placement of replicas to better match

the BSRS of the storage devices and video objects.

Hence it is an on-line policy that can be used while

the server is fully operational.

The performance of the BSR policy is studied using

simulation. The experiments are selected to study per-

formance under stress where the total storage require-

ment for a single replica of all video objects is equal to

the total storage capacity of the devices and the total

expected load is equal to the total bandwidth capacity.

The effectiveness of the policy was studied by measur-

ing the expected amount of bandwidth that could not

be utilized and the number of replicas created initially

and deleted later due to bad initial placement. Since

the expected load is different from the actual load, the

expected unutilized bandwidth may not actually be un-

used. Only a small fraction of the bandwidth is ex-

pected to be unutilized in all experiments and the BSR

policy deleted only a small number of replicas that were

created earlier. Decreasing the availability parameter

(that limits the expected number of viewers on a single

replica) increases the availability but forces additional

replication, and thereby, increasing the amount of unuti-

lized expected bandwidth. With fewer video objects to

be placed, the BSR policy performs better as there is

extra space for greater replication. The performance of

the BSR policy after a change in expected load of the

already placed videos is found to be equally good.
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