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Abstract

In this paper� we propose an e�cient conflict�resolution approach based on the multi�disk
architecture for the insertion�deletion operations on continuous media that are split up
into blocks and placed in various locations on the disk� without reorganizing the whole
data� When a new subobject is inserted after subobject i� it will be assigned with an
identi�cation number i � �� and be inserted to a disk in which the retrieval of the new
subobject does not con�ict with the retrieval of any other subobject� where a conflict

means a pair of two consecutive subobjects that are stored in the same disk have to be
retrieved simultaneously� However� a new con�ict on the same disk may occur since all
the identi�cation numbers of subobjects after subobject i are increased by one� Only
when such a new con�ict occurs� one movement operation is required� so does the case of
a deletion operation� Moreover� to reduce those additional movement cost� a deferring

approach is proposed at the cost of an additional bu�er� In this approach� n data insertions
are deferred and stored in a bu�er� Then� the system starts to insert those data after
an optimal insertion sequence is determined� Based on this approach� two strategies are
proposed� the conflict�resolved�first�deferring strategy the CRFD strategy� and the
conflict�resolved�last�deferring strategy the CRLD strategy�� From our performance
analysis� we will prove that the CRLD strategy with an insertion sequence according to
the ascending order of identi�cation numbers is an optimal strategy based on the proposed
deferring approach�

Key Words� data placement strategies� digital continuous media� multi�disk drive � random
access� real�time database systems� striping�
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� Introduction

People frequently apply the term �multimedia� to almost any combination of text� graphics�

animation� sound� and video� Some media such as audio and video� are classi�ed as

continuous because they consist of a separate of media quanta such as audio samples or

video frames�� which convey meaning only when presented in time� Several multimedia

types� in particular video� require high bandwidths and large storage space� For example�

a one half hours of video based on the HDTV High De�nition Television� quality images

has approximately 	� Gbits data and requires approximately a ��� Mbps bandwidth� while

a current typical magnetic disk drive has only �� Gbits capacity and serves approximately

�� Mbps bandwidth� In general� conventional �le systems are unable to guarantee that

clients can access continuous media in a way that permits delivery deadlines to be met

under normal bu�ering conditions� Therefore� how to support a continuous retrieval of

multimedia data at its required bandwidth and how to store the multimedia data are

challenging tasks ��� �� �� ��� ����

Previous approaches to support real�time applications of digital continuous media can

be classi�ed into three directions� continuous retrieval� random access and interactive

browsing� To support continuous retrieval� some strategies clustered the data on a single

disk to reduce the cost of disk head movement �
� ��� �
� ��� ��� ���� and some strategies

tended to increase the bandwidth of disk device by using parallelism� which combines

the bandwidths of multiple disks to provide a high data bandwidth requirement ��� �� ����

To support random access� like editing operations� since there is a trade�o� between the

�exible placement and the overhead of disk head movement in a disk drive� a straightforward

idea is to �nd a compromise between them� which constrains a group of consecutive data to

be stored consecutively in each cylinder on the disk� While a group of data can be randomly

stored on any cylinder ����� To support interactive browsing such as fast forward and

fast backward� some strategies used the scalable compression algorithms to generate the

multiresolution data ���� and some strategies supported browsing at any desired display

speed by a predetermined sampling procedure �	��

In all of the previous proposed storage placement strategies for continuous retrieval

��� 
� �� ��� ��� �
� ��� ��� ���� the storage ordering is assumed to be the same as the retrieval

ordering� therefore� there is a requirement of a large amount of �le copying or merging

operations when users insert�delete some data into�from the media data� The observation is

also important for video applications� since features� like video editing� require the support

of random access on individual video frames� Although in ����� Liu et al� have proposed a
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strategy based on a single disk to support random access� they only consider the case when

the the required bandwidth is lower than the bandwidth of a disk drive�

In this paper� we propose an e�cient conflict�resolution approach to the inser�

tion�deletion operations on continuous media� Since future demands for even high band�

width are expected� we design the new strategy based on a multi�disk architecture which

can increase the data transfer rate and the storage capacity in proportion to the number of

disks� Basically� in our proposed strategy� the continuous media are split up into blocks and

placed in various locations on the disks called simple striping ����� Under this situation�

the striped subobjects are stored among the multi�disk drive in a predetermined sequence

and have to be read in this predetermined sequence to guarantee the continuous retrieval�

An insertion or a deletion of subobjects may disturb the property of continuous retrieval

because there may be a pair of two consecutive subobjects that are stored in the same

disk and have to be retrieved simultaneously� Therefore� an e�cient conflict�resolution

approach is proposed for the insertion�deletion operations on continuous media that are

striped into a multi�disk drive without reorganization of the whole data� In the proposed

approach� when a new subobject is inserted after subobject i� it will be assigned with an

identi�cation number i � �� and be inserted to a disk that has minimum number of used

blocks for load balancing concerns� and in which the retrieval of the new subobject does

not con�ict with the retrieval of any other subobject� where a conflict means a pair of two

consecutive subobjects that are stored in the same disk have to be retrieved simultaneously�

However� a new con�ict on the same disk may occur since all the identi�cation numbers of

subobjects after subobject i are increased by one� Only when such a new con�ict occurs�

one movement operation is required� so does the case of a deletion operation� From our

performance analysis and simulation results� we show that the average number of additional

movements for any subobject insertion is no more than 
� when there is an object that is

divided into ��� subobjects and is striped on a multi�disk drive with �� disks�

Moreover� to reduce those additional movement cost� a deferring approach is pro�

posed at the cost of an additional bu�er� This approach defers every n insertion operations

and puts them in a bu�er� where n � �� Next� the system �nds an optimal insertion

sequence that needs minimum additional movement cost� and inserts those data accord�

ing to such an insertion sequence� Based on this approach� two strategies are proposed�

the conflict�resolved�first�deferring strategy the CRFD strategy� and the conflict�

resolved�last�deferring strategy the CRLD strategy�� In the the CRFD strategy� those

n new subobjects are inserted one after one according to the optimal insertion sequence

and a con�ict is resolved immediately if it occurs� In the CRLD strategy� it resolves all the
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con�icts after those n new subobjects are inserted� From the simulation study� we show

that the CRLD strategy has a lower insertion cost than the CRFD strategy� Moreover�

from our performance analysis� we will prove that the optimal insertion sequence in the

CRLD strategy will always be the one with an ascending order of identi�cation numbers�

That is� the CRLD strategy with an insertion sequence according to the ascending order of

identi�cation numbers is an optimal strategy based on the proposed deferring approach�

The rest of the paper is organized as follows� Section � surveys the related works

on the data retrieval of digital continuous media� Section 	 brie�y describes the simple

striping strategy that is applied in our approach� Section � presents the algorithms for

insertion and deletion operations on digital continuous media� Section 
 presents the perfor�

mance analysis and simulation results of the algorithms� Section � presents the deferring

approach to reduce the additional movement cost� Section � contains a conclusion�

� Related Works

In this section� we will survey several research directions in a video server� which are

classi�ed into three areas� including continuous retrieval� random access and interactive

browsing�

��� Continuous Retrieval

Since magnetic disks have large seek and rotational latencies that cause the display of a

continuous media to starve� how to arrange and place the media data on disks in order

to support real�time retrieval and �exible placement is an important task� Gemmell and

Christodoulakis �
� were the �rst to develop a general theoretical framework for studying

the performance of any display system with a dedicated storage device and discuss several

strategies for placing audio data on a storage device in order to display multiple�channel

audio synchronously� Yu et al� ���� proposed a storage placement strategy by using gaps

between consecutive blocks to provide the necessary delays to match the consumption

rate without requiring excessive bu�ering� Moreover� since blocks of a new data may

be stored in the gaps of already existing data on the disk� there were several merging

algorithms ���� �
� ��� ��� ��� proposed to utilize the disk space e�ciently� However� these

approaches are e�ective only when the maximum bandwidth of disk is higher than the

required bandwidth�

Moreover� current studies in a multi�disk drive were proposed to increase the data

transfer rate and the storage capacity in proportion to the number of disks� Declustering

	



and striping are two popular techniques employed by both general purpose multi�disks

I�O subsystems e�g�� disk arrays� and parallel database management systems e�g�� share�

nothing architecture�� In ���� they extended the concept of declustering to a parallel

multimedia system based on the the shared�nothing architecture and proposed two al�

ternative approaches to enable the system to support simultaneous display of multiple

multimedia data� The �rst approach� termed disk multitasking� con�gures the system to

support a �xed number of users Umax� or simultaneous display� The major disadvantage of

multitasking is the limit on the number of requests and the waste of bandwidth when the

total number of requests is less than Umax� The second approach replicates the fragments

of a media data across several processors so that the system can use a fragment of a media

data that resides on an idle processor to service a request� However� the replications have

a high overhead of copying� In ��� ���� they used the concept of striping to support contin�

uous retrieval of digital continuous media� Moreover� Berson et al� ��� further generalized

the simple striping called staggered striping� to support a database that consists of a

mix of multimedia objects� each with a di�erent bandwidth requirement�

��� Random Access

In previous described storage placement strategies� they require a large amount of �le

copying and merging operations in the editing on the continuous media� The observation

is important for video applications since features� like video editing� require the support

of random access on individual video frames� Liu et al� ���� were the �rst to investigate

a solution based on a video�frame level� which o�ers more �exible storage placement and

e�cient bu�ering schemes� They proposed two bu�ering schemes which are the two�buffer

scheme and the k�buffer compensation scheme� The two�buffer scheme requires only a

small group of sequential video frames stored consecutively i�e�� clustered� in each cylinder

on the disk placement� The k�buffer compensation scheme uses more than two bu�ers

and requires some blocks to be placed randomly in the same cylinder on disk placement�

The idea of compensation is motivated by the fact that the disk data transfer rate varies�

it is faster when video frames are placed close together and slower when more seek and

latency time are required�

��� Interactive Browsing

One of most important challenges in a Video�On�Demand system is to support interactive

browsing functions such as fast forward with scan and fast backward with scan� There
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are several possible approaches to implementing these functions� �� The data is retrieved

and transmitted at the desired rate which times the normal display rate� Obviously� this

solution requires additional resources at the storage system� the memory bu�ers� and the

network� �� The storage system retrieves and transmits every desired number of block to

the end station� This solution also requires signi�cant additional system resources since the

multimedia �le must be indexed to retrieve individual blocks� 	� The system switches over

to a separately coded �scan forward� data to scan� This solution eliminates any additional

read bandwidth or network bandwidth� However� it is extremely expensive in terms of

storage space and in�exible in which it supports a �xed scan rate�

Chen et al� �	� proposed two new schemes for supporting interactive browsing for

video display� The �rst methods� called segment�sampling scheme� supports browsing at

any desired speed while balancing the load on the disk array as well as minimizing the

variation on the number of video segments skipped between samplings� Since segment�

sampling scheme makes the segments retrieved not perfectly uniformly distributed� the

second scheme� called segment�placement scheme� uniformly retrieves the segments in a

predetermined fast�forward speed�

� Simple Striping

In our approach� we apply the simple striping strategy to arrange the continuous media

on a multi�disk drive� Suppose the bandwidth of both the network and the network device

driver exceeds the bandwidth requirement of an object� where an object means an object

of digital continuous media� Assume that there are N disks which operate independently�

called a multi�disk drive and each disk has a �xed bandwidth d� a worst seek time WS�

and a worst latency timeWL� The simple striping strategy uses the aggregate bandwidth

of several disk drives by striping an object across multiple disks ���� For example� an object

X with bandwidth requirement C at least requires the aggregate bandwidth of M � dC
d
e

disk drives to support the continuous display of X� Note that the maximum aggregate

bandwidth of a multi�disk drive with N disks is N � d� which must not be smaller than

C�� Moreover� object X is organized as a sequence of equi�sized subobjects X�� X�� X��

����� where the size of a subobject is s Mbits� Each subobject Xi represents a contiguous

portion of X and is stored randomly in the disks� For the load balance for each disk� the

subobjects of X are assigned to the N disks in a round�robin manner and the N disks are

divided into R � b N

M
c� disk clusters� where each cluster is assigned to an object for the

retrieval of the M consecutive subobjects to guarantee the real�time transfer� It is known
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Fig� �� An example of object X striped on a multi�disk drive�

that concurrent pipelining of retrieval and displaying of an object requires prefetching and

at least two bu�ers ����� One bu�er is for retrieval of the next M consecutive subobjects

while the other one is to store the previous retrieved M consecutive subobjects which is

displayed� The real�time retrieval can be achieved by satisfying following equations�

M � d C

d
e�

M � N �

R � b N

M
c�

WS � WL � s

d
� s

C
M

� for each disk drive�

where s denotes the block size�

Hence� the display of X employs only a single cluster at a time in a round�robin

manner� In each cluster� consecutive subobjects of object X are stored on thoseM disks in

a liner order� Figure � shows an example of simple striping for an object X with bandwidth

requirement �� Mbps� where N � ��� d � �� Mbps� WS � 	� ms ms � ���� seconds��

WL � �� ms and the value i denotes subobject Xi inside a disk� Suppose M � 
 � ��
����

then s �
�WS�WL��d�

Ci
M

d�
Ci
M

� � 	�� Mbits Mbits � ��	 bits� and R � �� Note that the display

of X �rst employs cluster � to read the subobjects X�� X�� X�� X� and X
 from disks �� ��

�� 	 and �� respectively� into a bu�er� Second� subobjects X�� X	� X�� X� and X are read

into the other bu�er from cluster �� At the same time� subobjects X�� X�� X�� X� and X


are displayed� Then� alternatively� the subsequent subobjects of X are read from cluster �

or cluster � into the two bu�ers and are then displayed�
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� The Con�ict�Resolution Approach

Editing operations such as insertion� deletion and modi�cation are necessary for a general

purpose �le storage system� If an object is read only� then the object striped on a multi�disk

drive is satis�ed for the continuous display as described in Section 	� However� an insertion

or a deletion of subobjects may disturb the property of continuous retrieval because there

may be a pair of two consecutive subobjects that are stored in the same disk and have

to be retrieved simultaneously� Therefore� in the following subsections� we will present

a conflict�resolution approach to support insertion and deletion operations to guarantee

continuous display� respectively� Note that a modi�cation operation can be replaced with a

deletion operation followed by an insertion operation�� In this approach� when a con�ict is

detected after an insertion or a deletion operation� a con�ict�resolution operation is applied

by moving one of the con�icting subobjects to some other disks such that the con�ict can be

resolved� Since each subobject is organized as a block on the disks in terms of a sequence of

continuously digital media� which sequence is immutable� we regards blocks as immutable

objects� Therefore� we assume that a block i�e�� a subobject� is regarded as a unit for all

editing operations�

��� Insertion

Assume that a new subobject is inserted into an object striped on a multi�disk drive� A

straightforward approach to support an insertion operation will require substantial move�

ments of subobjects after the inserted subobject to their corresponding disks depending

on the simple striping placement strategy� Obviously� these movements will consume sig�

ni�cant amount of time and space� Therefore� we propose an algorithm based on the

con�ict�resolution approach as shown in Figure � for inserting a new subobject x after the

subobject with identi�cation number � i i�e�� subobject i� without reorganizing the whole

data� which usually performs an insertion of subobject without requiring any additional

movement cost of other subobjects�

First� when a new subobject is inserted after subobject i� all the identi�cation numbers

of subobjects after subobject i are increased by one� A conflict occurs when a pair of

two consecutive subobjects that are stored in the same disk have to read into the bu�er

simultaneously to guarantee the continuous display� Therefore� the new subobject with

identi�cation number � i � �� should be inserted into a disk j in which the retrieval of

the new subobject does not con�ict with the retrieval of any other subobject� Moreover�

for load balancing concerns� disk j should be the one that has minimum number of used
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blocks� However� since all the identi�cation numbers of subobjects after subobject i are

increased by one� this may cause a new con�ict to occur between a pair of subobjects with

identi�cation numbers � k and v in the same disk� where v � k � i � ��� Therefore�

one more movement operation to resolve such a con�ict is needed if such a new con�ict

occurs� Note that since an aggregation bandwidth of M disks is achieved by retrieving

M subobjects from the M disks into a bu�er at each round� simultaneously� a con�ict can

be detected by comparing the value of b k

M
c with the one of b v

M
c� When these values

are the same� a con�ict occurs because that subobject k and subobject v will be retrieved

from the same disk at the same time�� For load balancing concerns about the disks� this

proposed algorithm requires the following two arrays� �� an array of counters to record

the number of used blocks for every disk� �� an array of flags to record whether a con�ict

occurs when a subobject is moved into a disk�

For example� Figure 	�a� shows the state of the multi�disk drive after the insertion

of a new subobject X�a after subobject X� of object X with bandwidth requirement �

�� Mbps� where N � 
� d � �� Mbps� WS � 	� ms� WL � �� ms� M � 
� R � ��

s � 	�� Mbits and the number in ��� denotes the original identi�cation number before

any insertion operation occurs� First� all the identi�cation numbers of subobjects after

subobject � are increased by one� Then� the identi�cation number of the new inserted

object is assigned to �� Figure 	�b� shows the state of the multi�disk drive after X�b� X�c

and X�d are inserted� Moreover� Figure 	�c� shows the state of the multi�disk drive after

X�e is inserted� Note that at this moment� �ve subobjects are inserted in sequence after

subobject �� therefore� all the identi�cation numbers after subobject � have been increased

by 
�� At this moment� a new con�ict occurs between subobject 
 i�e�� subobject �a� and

subobject �� Therefore� subobject 
 is moved to disk � in which there is no subobject with

an identi�cation number � g such that b g

M
c � b �

M
c�

Consequently� whenever a con�ict between two subobjects k and v occurs on disk j�

one of these two con�icting subobjects� say subobject k� has to move to another disk f in

which there will be no con�ict after subobject k is moved� To prove that such a disk f

exists at any time� that is� the repeat�until loop in algorithm insertion will always stop�

the following theorem is used�

Theorem � Given an object X striped on a multi�disk drive with N disks and a con�ict

between two subobjects with identi�cation numbers k and v on disk l �� � l � N � �	� where

b k

M
c 
 b v

M
c� there is a disk f �� � f � N � �	 in which there is no subobject with an

identi�cation number 
 g such that b k

M
c 
 b g

M
c�
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procedure insertion
i� x�
var

Q�N � � an array of counters
CF �N � � an array of �ags
M � integer �� the number of disks in a cluster ��
c� i� j� k� f � v� g� h � integer
x � BLOB �� Binary Large OBject ��

begin
increase all the identi�cation numbers of subobjects after subobject i by one
CF ��� � � �� set all the values of CF to � ��
c � �
repeat

j � cmin
Q� c�
�� function cmin returns a disk identi�cation number j that has the cth

minimum used space 
as recored in Q� among all the values in Q ��
for each subobject with an identi�cation number g on disk j do

if b i��
M

c � b g

M
c then CF �j� � �

end for
c � c ��

until CF �j� � �
insert the new subobject x into disk j with an identi�cation number � 
i � ��
Q�j� � Q�j� � size of x

�� detect all the con�icts and resolve them ��
for 
j��j�N j��� do

while 
there is a pair of subobjects in disk j with identi�cation numbers k and v�
where b k

M
c � b v

M
c� and 
i � �� � k � v� do

�� a con�ict is detected ��
CF ��� � �
c � �
repeat

f � cmin
Q� c�
for each subobject with an identi�cation number g on disk f do

if b k
M

c � b g

M
c then CF �f � � �

end for
c � c ��

until CF �f � � �
move the subobject with an identi�cation number k to disk f 
Q�j� � Q�j� � size of subobject k
Q�f � � Q�f � � size of subobject k

end while
end for

end

Fig� �� Algorithm insertion�
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Fig� 	� An example of a series of insertion operations� a� after X�a is inserted� b� after
X�b� X�c and X�d are inserted� c� after X�e is inserted�

Proof� Assume that no such a disk f exists� that is� for every disk� there is a

subobject with an identi�cation number � z such that b k

M
c � b z

M
c � w� Note that

there are exact M � �� di�erent values of z excluding k� which satisfy the equation� By

using the pigeonhole principle� there is at least one empty pigeonhole if there are M � ��

pigeons that are put into N �M� pigeonholes� That is� there is at least one disk� say disk

f � where there is no subobject with an identi�cation number � g on disk f such that b k

M

c � b g

M
c � w� Therefore� the previous assumption is wrong� Consequently� such a disk

f exists at any time� �

��� Deletion

Similar to the case of an insertion� a deletion of subobject may disturb the property of

continuous retrieval� The proposed algorithm for deleting a subobject with an identi�ca�

tion number i is similar to the insertion algorithm with the potential requirement of an

additional movement cost� but all the identi�cation numbers of subobjects after subobject

i are decreased by one� Since the deletion of a subobject may result in a new con�ict

between two subobjects stored in the same disk� we have to check the possible con�icts
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which may occur between the subobjects with the identi�cation numbers k k � i� in each

disk�

� Performance Analysis and Simulation Results

In this section� we present the performance analysis and the simulation results of inser�

tion�deletion operations for a striped object on a multi�disk drive by applying our pro�

posed insertion�deletion algorithms� Since a deletion operation may cause the movement

of the other subobjects as an insertion operation does� the performance analysis and the

simulation results for a deletion operation is similar to those for an insertion operation�

Therefore� we only discuss the performance of the insertion operations� In this analysis

model� we assume that each disk in a multi�disk drive operates independently� When an

I�O request arrives� it may be decomposed into subrequests� each of which will be serviced

independently on a di�erent disk� Objects are striped on the multi�disk drive by applying

the simple striping strategy and all the subobjects of an object have the same size� Each

disk has approximately the same number of subobjects� that is� load balancing� The per�

formance measure is the number of read�write operations including the write operation

for the data insertion� in the multi�disk drive to guarantee the real�time retrieval after an

insertion operation�

Suppose N is the number of disks in a multi�disk drive� in which each disk has a �xed

bandwidth d� a worst seek time WS� and a worst latency time WL� An object X with a

required bandwidth C is striped on the multi�disk drive� The values of R� M and s can be

obtained by applying the equations as described in Section 	� where R denotes the number

of clusters� M denotes the number of subobjects in a cluster� and s denotes the subobject

size� Assume that the the size of object X is VX and there are Num subobjects of object

X with Num � dVX
s
e� Logically� we can view the current state of the object striped on the

multi�disk drive as L � dNum

M
e� groups numbered from � to L � ��� where the subobjects

in each group have to be retrieved� simultaneously� Each group has M subobjects except

group L � ��� There are FS � Num � M � L � ��� subobjects in group L � ��� Figure

��a� shows a simple example of a logical view of an object X striped on a multi�disk drive

with N � �� where Num � ���M � 	� L � � and FS � �� Note that� for those subobjects

in the same logical group� we store them in di�erent physical disks to guarantee the real�

time retrieval�� In other words� the values of b id

M
c for these M consecutive subobjects are

the same� i�e� they con�ict with each other� where id denotes the identi�cation number� In

the above example� subobjects �� � and � have the same value b �
M

c � b �
M

c � b �
M

c

��
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Fig� �� An example of a logical view of an object X striped on a multi�disk drive� a�
before any insertion occurs� b� after a new subobject is inserted after subobject �� c�

after a new subobject is inserted after subobject ���

� �� therefore� they have to be stored in di�erent disks to avoid con�ict� so do the other

subobjects with the same value of b id
M

c�

Whenever a new subobject is inserted after subobject i� this new subobject with

identi�cation number i � �� is inserted into disk f � where no con�ict occurs as described

before� While the insertion may cause new con�icts between other subobjects behind the

new inserted subobject to occur� The reason is that all the identi�cation numbers greater

than i have to be increased by one� Logically� all the subobjects in those groups which

are behind group t � b i

M
c� that subobject i belongs to� have to be re�clustered according

to the order for displaying� Logically� the moved�out subobject in a group t will be the

moved�in subobject in group t � ��� There are M � �� subobjects that have not to be

moved in each group� Note that there is no con�ict between any two subobjects of those

M � �� subobjects because� in the physical storage� these M � �� subobjects are stored

in di�erent disks�� Therefore� a con�ict can occur only between the moved�in subobject

and one of those M � �� subobjects in the same disk� Consequently� after an insertion

operation occurs� the probability of a con�ict that occurs between a moved�in subobject

and one of those M � �� subobjects in the same disk is M��
N

�

For example� Figure ��b� shows the state resulted from Figure ��a� after a new

��



subobject �a is inserted after subobject �� where the number in ��� denotes the original

identi�cation number before any insertion operation occurs� In this example� all the iden�

ti�cation numbers of subobjects after subobject � have to be increased by one and the

new subobject �a is inserted into group � with an identi�cation number 
� Since subobject

�
� belongs to group � � b 	
M
c�� instead of group �� subobject �
� has to be moved from

group � to group �� Therefore� a con�ict can occur in group � only between subobject

�
� and subobjects ���� ��� since subobject ��� has to be moved from group � to group

	 at the same time� Consequently� the probability of such a con�ict is �
	
� For the same

reason� the probability of a con�ict in group 	 between subobject ��� and subobject ����

is �
	
� Moreover� Figure ��c� shows the state resulted from Figure ��b� after one more new

subobject ��a is inserted after subobject ����� Since there are only � subobjects ����

and ����a� in group 	 after this new insertion operation is performed and no subobject

has to be moved out of group 	� the probability of a con�ict is ��

There are only two cases of inserting a new subobject in the last group i�e�� group

L � ���� One case is that when the number of subobjects in group L � �� � M i�e�� � �

FS � M�� the total number of subobjects in group L � �� is not greater than M after the

new subobject is inserted� therefore� no subobject has to be moved out from group L �

��� In this case� the probability of a con�ict of such a new subobject insertion is � because

no subobject has to be moved out� The other case is that when the number of subobjects

in group L � �� � M i�e�� FS � ��� the total number of subobjects in group L � �� is

M � �� after the new subobject is inserted� therefore� a subobject has to be moved out

from group L � �� to a new group� say group L� In this case� the probability of a con�ict

of such a new subobject insertion is � because the moved�out subobject from group L �

�� to group L does not con�ict with the others since no subobject is stored in group L

before this new subobject insertion� Therefore� the probability of a con�ict of inserting a

new subobject in the last group is always ��

Since a con�ict of each group occurs independently� the number of con�icts for an

insertion after subobject i is obtained as

NCi� � bNum

M
c � b i

M
c � �� � M��

N
� FS

N
� when bNum

M
c � b i

M
c or

NCi� � �� when bNum

M
c � b i

M
c�

and the total cost for an insertion after subobject i is given by

INSi� � NCi� � � � ��

Then� the average cost for an insertion can be obtained as

�	



AV INSNum� �
PNum��

i�� INSi�
Num

�

Since NCu� � NCv� when b u

M
c � b v

M
c� the cost for the insertion after subobject

u is equal to the cost for the insertion after subobject v� that is� INSu� � INSv�� In

other words� the cost for any insertion in a group has the same insertion cost� Therefore�

the average cost for an insertion can also be given by

AV INSNum� �
PdNum

M
e��

i�� INSi�M�
dNum

M
e

�
��bNum

M
c����M��

N
�FS
N

�����

dNum
M

e
�

��bNum
M

c����M��
N

�FS
N

�����

dNum
M

e
� ���

�
���M��

N
�FS
N

�����

dNum
M

e
� �

dNum
M

e

�
�bNum

M
c����bNum

M
c�M��

N
�FS
N

�bNum
M

c��

dNum
M

e
� ��

when FS � �� i�e�� bNum

M
c � dNum

M
e� or

AV INSNum� � b Num

M
c � �� � M��

N
� �� when FS � ��

For a series of k insertion operations after subobjects i�� i�� ���� ik� respectively� the

total cost of these k insertion operations is obtained as the sum of the cost of an insertion

after subobject ij� � � j � k� That is�

TOTINSk� �
Pk

j�� INSij��

Note that the number Num of subobjects is increased by one after an insertion has

been performed� The average cost for any series of k k � �� insertion operations can be

obtained as

AV TOTINSk� �

PNum�k��
j�Num AV INSj�

k
�

Table � shows the results in terms of the number of read�write operations derived

from the above formulas� where N � ��� Num � ���� s � � Mbits� M � �� 	� �� � and

��� respectively� and the number in ��� denotes the number of the additional movement

operations� From this table� we observe that the additional movement cost is much smaller

than the cost for reorganizing the whole object� Note that the cost for the reorganization

is � � Num � i � ��� when a new subobject is inserted after subobject i�� Moreover� the

��



Table �� Analysis results�

   12       2      120          10.8(4.9)         5.8(2.4)            1(0)               5.9(2.5)                     8.3(3.7)   

   12       3      120          14.0(6.5)         7.3(3.2)            1(0)               7.5(3.3)                    10.7(4.9)   

   12       4      120          15.5(7.3)         8.0(3.5)            1(0)               8.2(3.6)                    11.8(5.4)   

   12       6      120          16.8(7.9)         8.5(3.8)            1(0)               8.9(4.0)                    12.8(5.9)   

   12      12     120          17.5(8.3)         8.3(3.7)            1(0)               9.2(4.1)                    13.3(6.2)   

N       M    Num           INS(1)           INS(60)          INS(118)    AV_INS(Num)    AV_TOTINS(120)/120    

Table �� Performance� a� simulation results� b� analysis results�

    4       2       12           2.0(0.5)         1.46(0.23)            1(0)               1.5(0.25)                    1.76(0.38)   

    4       4       12           3.96(1.48)      2.52(0.76)           1(0)              2.49(0.745)                    3.2(1.1) 

N      M    Num            INS(1)            INS(7)           INS(10)         AV_INS(Num)    AV_TOTINS(12)/12    

a�

    4       4       12            4.0(1.5)          2.5(0.75)           1(0)               2.5(0.75)                    3.25(1.125) 

    4       2       12            2.0(0.5)          1.5(0.25)           1(0)               1.5(0.25)                    1.75(0.375)   

N      M    Num            INS(1)           INS(7)            INS(10)        AV_INS(Num)    AV_TOTINS(12)/12    

b�

cost for inserting a new subobject after subobject i is increased as i is decreased� because

the probability of a con�ict is increased� Since there are N��d
Num
N

e kinds of initial states of

the multi�disk drive� it requires a lot of time to simulate all the cases if N or Num are too

large� Therefore� in the simulation study� we consider a case with N � �� Num � ��� s � �

Mbits�M � � and �� respectively� Table � shows the simulation results and analysis results

under the same condition� where the number in ��� denotes the number of the additional

movement operations� Note that in this case� we have to simulate all of the ���� � �	����

initial states of the multi�disk drive and calculate the average results�� Compared with the

analysis results shown in Table ��b�� the simulation results shown in Table ��a� are very

close to those shown in Table ��b�� Note that the �� new added subobjects are generated

randomly�

�




� The Deferring Approach

In this section� we extend the conflict�resolution approach with a deferring approach to

a sequence of subobject insertions to reduce the additional movement cost� Based on this

approach� two strategies are proposed� the conflict�resolved�first�deferring strategy the

CRFD strategy� and the conflict�resolved�last�deferring strategy the CRLD strategy��

Moreover� from the study of performance analysis� we will show an optimal strategy based

on the deferring approach�

��� An Interesting Observation

Consider an example for inserting two new subobjects after subobject � and subobject

�� respectively� as shown in Figures 
� where object X with bandwidth requirement � ��

Mbps� N � 
� d � �� Mbps�WS � 	� ms�WL � �� ms�M � 
� R � �� s� 	�� Mbits� Num

� �
 and the number in ��� denotes the original identi�cation number before any insertion

operation� Figure 
�a� shows the state of the multi�disk drive before any insertion occurs�

Figure 
�b� shows the case of the multi�disk drive after the insertion of the new subobject

after subobject � and then the insertion of the other new subobject after subobject ���

are executed� The total insertion cost for these two new added subobjects is �� On the

other hand� Figure 
�c� shows the case of the multi�disk drive after the insertion of the

new subobject after subobject � and then the insertion of the other new subobject after

subobject ��� are executed� The total insertion cost for these two new added subobjects

is �� Therefore� we observe an interesting result� an insertion sequence will a�ect the total

insertion cost when a series of new subobjects are inserted one after one based on our

proposed insertion algorithm� For the example shown in Figure 
� a minimum insertion

cost is obtained if those two new subobjects are inserted one after one according to the

ascending order of logical positions�

Consider another example for inserting two new subobjects after subobject � and

subobject �� respectively� as shown in Figures �� where object X with bandwidth require�

ment � �� Mbps� N � 
� d � �� Mbps� WS � 	� ms� WL � �� ms� M � 
� R � �� s �

	�� Mbits� Num � �
 and the number in ��� denotes the original identi�cation number

before any insertion operation occurs� Figure ��a� shows the state of the multi�disk drive

before any insertion occurs� The total insertion cost for these two new added subobjects

according to an insertion sequence � �� 
��� is � as shown in Figure ��b�� On the other

hand� the total insertion cost for these two new added subobjects according to the other

insertion sequence � �� ���� is � as shown in Figure ��c�� For the example shown in

��
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Fig� 
� An example of inserting two new subobjects� a� initial state of object X� b� the
state after following the insertion sequence� �� ���� c� the state after following the

insertion sequence� �� ����
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Fig� �� An example of inserting two new subobjects� a� initial state of object X� b� the
state after following the insertion sequence� �� �
�� c� the state after following the

insertion sequence� �� ����

Figure �� a minimum insertion cost is obtained if those two new subobjects are inserted

one after one according to the descending order of logical positions� From the above two

examples� we observe that an insertion sequence can a�ect the total cost and a series of

insertion operations according to a certain insertion sequence will require the minimum

cost� To �nd an optimal insertion sequence for a series of k new subobjects� we have to test

all the possible insertion sequences� The computation complexity is Ok��� However� if k

is not too large and a bu�er is used� we can make use of the idea of the optimal insertion

sequence to reduce the movement overhead of the insertion algorithm described in the

previous section� This is the motivation of the deferring approach� in which we defer k

incoming insertion operations and store those k new subobjects in a bu�er� and then insert

those k subobjects by following an optimal insertion sequence�

��
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Table 	� The insertion costs of �� di�erent insertion sequences�

1  4  24  37         14                4  1  24  37         12                24  1  4  37        18                37  1  4  24         22

1  24  4  37         16                4  24  1  37         14                24  4  1  37        16                37  4  1  24         20

1  24  37  4         18                4  24  37  1         16                24  4  37  1        18                37  4  24  1         22

1  37  4  24         18                4  37  1  24         16                24  37  1  4        22                37  24  1  4         26

1  37  24  4         20                4  37  24  1         18                24  37  4  1        20                37  24  4  1         24

1  4  37  24         16                4  1  37  24         14                24  1  37  4        20                37  1  24  4         24

insertion         insertion
    sequnce            cost

insertion         insertion
    sequnce            cost

insertion         insertion
    sequnce            cost

insertion         insertion
    sequnce            cost

For example� given an initial state of the multi�disk drive shown in Figure � and four

new subobjects which will be inserted after subobjects �� �� �� and 	�� respectively� Table

	 shows the insertion costs of �� di�erent insertion sequences� where N � 
� and an object

X with M � 
� R � �� Num � �
 and s � � Mbits� Among these �� ���� insertion

sequences� we observe that the series of insertion operations according to the insertion

sequence ���� ���� ������ ��	��� will require the minimum cost ��� To �nd such an

insertion sequence which requires the minimum insertion cost� we only have to prepare a

bu�er with a size of � subobjects in the deferring approach�

��� The CRFD Strategy

The �rst strategy to implement the deferring approach is called the conflict�resolved�

first�deferring strategy or the CRFD strategy�� in which it chooses an optimal insertion

sequence for every n new incoming subobjects with a computation complexity On�� and

then� inserts these new subobjects one after one according to the optimal sequence for

those n new subobjects by applying the insertion algorithm described before� respectively�

Therefore� given a series of k data insertion operations� the total time complexity to choose

all of the optimal insertion sequences for every n incoming insertion operations is d k
n
e �

On���� which is much smaller than Ok��� Figures � is such an example� Note that in this

��
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Fig� �� An example of the insertion of the two new subobjects� a� a con�ict between
subobjects ���� and ���	�� b� the con�ict disappears�

strategy� a con�ict is resolved immediately after a new subobject is inserted if it occurs�

��� The CRLD Strategy

In the CRFD strategy� a moved�out subobject due to a con�ict� during the execution of

the insertion algorithmmay not have to be moved out after some other subobject is inserted

since the insertion of this new inserted subobject changes some of the identi�cation numbers

again� which may make the previous con�ict disappear� In other words� we may save a

movement operation if we do not resolve a con�ict immediately� Such an example is shown

in Figure �� which has the same initial state as in Figure ��a�� We do not resolve a con�ict

between subobjects ���� and ���	�� immediately� after subobject 
 is inserted� After one

more new subobject i�e�� subobject �� is inserted after subobject ���� the previous con�ict

between subobjects ���� and �
�	� disappears� Note that the identi�cation numbers of

subobject ���� and ���	� are increased by one after the new subobject i�e�� subobject ��

is inserted after subobject ����� Compared with the total cost � �� shown in Figure ��c�

in which it shows the results of the same data insertions according to the CRFD strategy�

the total cost of the insertion for these two subobjects shown in Figure � according to the

second strategy is reduced to �� Therefore� the second strategy to implement the deferring

approach is proposed� which is called the conflict�resolved�last�deferring strategy the

CRLD strategy�� The CRLD strategy inserts all these new subobjects stored in the bu�er

and increases the identi�cation numbers of related subobjects� but does not resolve the

con�icts until all the new subobjects have been inserted�

Table � shows the insertion costs of the di�erent insertion sequences by using the

CRLD strategy� where N � 
 and an object X with M � 
� R � �� Num � �
� s �

��



Table �� The insertion costs of �� di�erent insertion sequences in the CRLD strategy�

1  4  24  37         10                4  1  24  37         10                24  1  4  37        12                37  1  4  24         12

1  4  37  24         12                4  1  37  24         12                24  1  37  4        14                37  1  24  4         14

1  24  4  37         12                4  24  1  37         12                24  4  1  37        12                37  4  1  24         12

1  24  37  4         14                4  24  37  1         14                24  4  37  1        14                37  4  24  1         14

1  37  4  24         12                4  37  1  24         12                24  37  1  4        14                37  24  1  4         14

1  37  24  4         14                4  37  24  1         14                24  37  4  1        14                37  24  4  1         14

insertion         insertion
    sequnce            cost

insertion         insertion
    sequnce            cost

insertion         insertion
    sequnce            cost

insertion         insertion
    sequnce            cost

� Mbits and n � �� The initial state of the multi�disk drive is shown in Figure �� Four

new subobjects are to be inserted after subobjects �� �� �� and 	�� respectively� We input

these four new subobjects into disks according to all the possible insertion sequences� From

Tables 	 and �� we observe that the CRLD strategy has a lower insertion cost than the

CRFD strategy in all of the insertion sequences� Moreover� from Table �� we �nd an

interesting observation that the series of insertion operations according to an ascending

order of identi�cation numbers ���� 
��� ������ ��	��� requires the minimum insertion

cost ��� among these �� ���� insertion sequences�

Recall that the CRLD strategy still requires the time to decide the local optimal

insertion sequence for every n incoming new subobjects with the time complexity On���

From the study of performance analysis in the following subsection� we will prove that the

cost for inserting all the new subobjects stored inside the bu�er according to an ascending

order of identi�cation numbers in the CRLD strategy is always lower than the one according

to the other insertion sequences� Therefore� the time complexity On�� to �nd an optimal

insertion sequence in the deferring approach is no longer required in the CRLD strategy�

��� Performance Analysis and Simulation Study of the CRLD

Strategy

Assume that there are Num subobjects that are striped among N disks and require an

aggregation bandwidth with M disks M � N�� and each of those Num subobjects has a

size � s Mbits� We prepare a bu�er with size of n � s� Mbits� where n is the number of

deferred subobjects and n � �� Recall that logically� we can view the current state of the

object striped on the multi�disk drive as L � dNum
M

e� groups numbered from � to L � ���

where the subobjects in each group have to be retrieved� simultaneously� In this section�

we show that the optimal insertion sequence in the CRLD strategy is the one according to

��



the ascending order of identi�cation numbers� First� we consider a simple case with n � ��

Next� we consider a general case�

����� A Simple Case

Let�s consider a simple example with n � � in the CRLD strategy� There are two new

subobjects stored inside the bu�er when the bu�er is full� Suppose these two new subobjects

will be inserted after subobjects i�� i�� respectively� and i� � i�� Consequently� there are

�� � �� insertion sequences that are i�� i�� and i�� i��� Let us consider the case with

an insertion sequence i�� i��� i�e�� a sequence according to the descending insertion order

of identi�cation numbers� First� a new subobject is inserted after subobject i�� Then� the

other new subobject is inserted after subobject i� i��� where the number in ��� denotes

the original identi�cation number before any insertion operation occurs� Before group v �

b i���
M

c� including group v�� the probability of a con�ict that occurs between a moved�in

subobject and one of subobjects in the same group is M��
N

as described before� While after

group v excluding the last group L � ���� there are two moved�out subobjects that are

moved into each group� The probability of a con�ict that occurs between one of these two

moved�in subobjects and one of the other M � �� subobjects in the same group is M��
N

� Let

there be FS subobjects stored in the last group L � ��� the probability of a con�ict that

occurs between one of these two moved�in subobjects and one of the other FS subobjects

is FS

N
�

Figure � shows a logical view of a simple example for inserting two new subobjects �a

and 	a after subobjects � and 	� respectively� with an insertion sequence according to the

descending order of identi�cation numbers �� 	�� Suppose object X is striped on a multi�

disk drive with N � �� where Num � ��� M � 	� L � � and FS � � and the number in

��� denotes the original identi�cation number before any insertion operation occurs� Note

that� �rst� the new subobject �a is inserted into group 	 with an identi�cation number

� ��� which then will be increased by one i�e�� ��� after the other new subobject 	a is

inserted into group � with an identi�cation number � �� From this �gure� we observe that

in group � and group 	� the probability P� of a con�ict which occurs between a moved�in

subobject such as subobject �
� in group � or subobject ��� in group 	� and one of the

other two subobjects that are stored in the same group is �
	 �

M��
N

�� Note that subobject

���a� has been stored in group 	 before subobject �	a� is inserted�� While in group ��

there are two moved�in subobjects ������ �	��� moved from group 	 and two moved�out

subobjects �
�	�� ����� moved to group 
� Therefore� the probability of a con�ict which

��
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Fig� �� An example of a logical view of an object X striped on a multi�disk drive after
two new subobjects 	a and �a are inserted with the insertion sequence �� 	��

occurs between one of these two moved�in subobjects and subobject ����� in group � is �
	

�M��
N

�� In the last group� i�e�� group 
� there is only one subobject� i�e�� subobject ���
��

before any insertion operation occurs� The probability of a con�ict which occurs between

one of these two moved�in subobjects and subobject ���
� is �
	
� FS

N
��

Note that the con�icts between any one of those moved�in subobjects and any one

of the subobjects that are stored in the same group are independently� Therefore� the

probability P� of a con�ict is � � �
	� �

��M���
N

� and the probability P� of a con�ict is �

� �
	
� � �FS

N
�� In general� the number of con�icts for inserting two new subobjects after

subobjects i� and i�� respectively� in the CRLD strategy with the insertion sequence i��

i��� where i� � i�� is obtained as

D NCi�� i�� � b i���
M

c � b i���
M

c� � M��
N

� bNum

M
c � b i���

M
c � �� � ��M���

N
� � � FS

N
�

That is� the probability P� of a con�ict in each of those groups i�e�� group b i���
M

c �

��� ���� group b i���
M

c� is equal to M��
N

� the probability P� of a con�ict in each of those groups

i�e�� group b i���
M

c � ��� ���� group bNum

M
c� is equal to ��M���

N
and the probability P� of a

con�ict in the last group is equal to ��FS
N

�

Let us consider the previous example in the CRLD strategy with the other insertion

sequence i�� i��� where i� � i�� i�e�� a sequence according to the ascending order of identi��

cation numbers� Like the previous case� the probability P� of a con�ict between a moved�in

subobject and one of the others M � �� subobjects in the same group is M��
N

before group

v � b i���
M

c� excluding group v�� the probability P� of a con�ict in a group after group v

is � � M��
N

� and the probability P� of a con�ict in the last group is � � FS

N
� Note that before

the second new subobject is inserted after subobject i�� there are one moved�in subobject

k and one moved�out subobject h in group v after the �rst new subobject is inserted after

subobject i�� During the process of inserting the second new subobject� we will select a

�	
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Fig� ��� An example of a logical view of an object X striped on a multi�disk drive after
two new subobjects 	a and �a are inserted with the insertion sequence 	� ���

disk to store this new subobject such that no con�ict occurs between this new subobject i

� �� and the moved�in subobject k or one of the subobjects that are stored in group v��

Moreover� this insertion causes that one more subobject g has to be moved�out� Therefore�

in this case� the moved�in subobject k may con�ict only with one of the M � �� subobjects

that are stored in group v� The probability of such a con�ict in group v is M��
N

that is

smaller than M��
N

by using the insertion sequence i�� i�� as described before�

Figure �� shows a logical view of the same example in Figure � while those two new

subobjects are inserted with an insertion sequence according to the ascending order of

identi�cation numbers� i�e�� 	� ��� From this �gure� we observe that the probabilities P��

P� and P� are same as those of the case in Figure �� Note that in group 	� the moved�in

subobject ��� may con�ict only with subobject ���� because that a con�ict between the

new subobject ���a� and subobject ��� or� subobject ����� can be avoided by choosing a

disk in which subobjects ��� and ���� are not stored to store subobject ���a�� Therefore�

the probability of a con�ict Pv in group 	 is �
	 � M��

N
� that is smaller than �

	 �
M��
N

� in

Figure ��

Therefore� the number of con�icts for inserting the two new subobjects in the CRLD

strategy with the insertion sequence i�� i�� is obtained as

D NCi�� i�� � b i���
M

c � b i���
M

c � �� � M��
N

� M��
N

� bNum

M
c � b i���

M
c � �� � ��M���

N
� � � FS

N
�

when b i���
M

c � b i���
M

c� or

D NCi�� i�� � bNum

M
c � b i���

M
c � �� � ��M���

N
� � � FS

N
�

when b i���
M

c � b i���
M

c�

From the above discussion for the simple case of n � �� we observe that the number

��



of con�icts for the insertion in the CRLD strategy with an insertion sequence according to

the ascending order of identi�cation numbers is smaller than the one with the descending

insertion order�

����� A General Case

In general� we have the following theorem to prove that the number of con�icts for the

insertion in the CRLD strategy with an insertion sequence according to the ascending

order of identi�cation numbers is always smaller than those according to all the other

insertion orders when n � ��

Theorem � Suppose there are n new inserted subobjects that are stored in a bu�er� which

will be inserted after subobjects i�� i�� ���� in� respectively� where ij � ij�� and � � j � n�

The number of con�icts for inserting these n new subobjects in the CRLD strategy with an

insertion sequence according to the ascending order of identi�cation numbers� i�e� �i�� i��

���� in	� is smaller than those according to all the other insertion sequences�

Proof� We prove this theorem by induction� First� when n � �� we have shown that

the number of con�icts for the insertion in the CRLD strategy with an insertion sequence

according to the ascending order of identi�cation numbers is smaller than the one with the

descending insertion order as described before� Next� we assume that the optimal insertion

order is i�� i�� ���� ig� when n � g� Then� let us consider the case with n � g � ��

and there are g � �� new subobjects that will be inserted after subobjects i�� i�� ���� ig�

ig��� respectively� Suppose the new subobject� say subobject w� that will be inserted after

subobject ig�� is the pth performed insertion operation� where � � p � g � ��� Since

there are already p � �� subobjects that have been inserted before the new subobject w is

inserted and all the identi�cation numbers of those p � �� subobjects are smaller than the

one of subobject w� there are p � �� moved�in subobjects in the group where subobject w

will be inserted� Therefore� a con�ict between any one of the p � �� moved�in subobjects

and subobject w can be avoided� From the view point of subobject w� the probability

of such a con�ict is decreased as p is increased� When p � g � ��� the probability is

�� In this case� all the other g new subobjects have to be inserted before subobject w is

inserted� Therefore� the probability of a con�ict between the subobject w and one of these

g moved�in subobjects is �� Since the optimal insertion sequence of those g new subobjects

is i�� i�� ���� ig�� the optimal insertion sequence for those g new subobjects and subobject

w should be i�� i�� ���� ig� ig���� Therefore� this theorem is correct� �

�




����� Performance Analysis

Consider the case with n � � and n � M � In the CRLD strategy with an insertion

sequence according to the ascending order of identi�cation numbers� the number of con�icts

for inserting the n new subobjects that are inserted after subobjects i�� i�� ���� and in�

respectively� can be obtained as

DA NCNumn� � b i���
M

c � b i���
M

c ��� � M��
N

� M��
N

� b i���
M

c � b i���
M

c� � ��M���
N

� ��M���
N

� ���

� b ij���j��
M

c � b ij�j
M

c� � j�M�j�
N

� j�M�j���
N

� ��� � bNum

M
c � b in�n

M
c � �� � n�M�n�

N
� n � LS

N
�

where b ij�j
M

c � b ij���j��
M

c� ij � ij��� � � j � n�

That is� the probabilities of a con�ict in those groups after group b ij�j
M

c and before

b ij���j��
M

c� are j�M�j�
N

� while the probability of a con�ict in group b ij���j��
M

c is j�M�j���
N

�

Note that LS denotes the number of subobjects that are still stored in the last group� say

group L � ��� after the n new subobjects have been inserted� When n � FS� � M � the

n moved�in subobjects may con�ict with those LS � FS� stored subobjects� Therefore�

the probability of such a con�ict is n � FS

N
�� On the other hand� since the number of

subobjects in the last group L � �� is large than M when n � FS� � M � there are n �

FS �M� subobjects have to be moved into the new last group� say group L� In such a case�

there are LS � FS � n � FS �M�� � M � n� subobjects that are still stored in group L

� �� and n � FS �M� subobjects that have to be moved from group L � �� to the new last

group L� Therefore� the probability of a con�ict between one of the n moved�in subobjects

and any one of those M � n� subobjects in group L � �� is M�n
N

and the probability of a

con�ict in group L � �� is n � M�n
N

�� Note that in group L� the probability of a con�ict

is �� The reason is that one of those n � FS � M� moved�in subobjects does not con�ict

with any one of the subobjects that are stored in group L because there is no subobject in

group L� originally�

Moreover� let us consider a case where n � M � Since in a group� the probability of a

con�ict between one of the moved�in subobjects and any one of the subobjects still stored

in this group is � when the number of the moved�in subobjects is equal to M � The reason

is that the M moved�in subobjects will cause M subobjects to be moved out� In this case�

��



there is no subobject that is still stored in this group because all those M originally stored

subobjects have become theM moved�out subobjects� In other words� for everyM inserted

subobjects� such a group v will appear and the probabilities of a con�ict in those groups

after group v and including group v� are �� Therefore� for every M inserted subobjects�

we only consider the probability of a con�ict in those groups between group f and group l

f � l�� where the �rst new subobject is inserted in group f and the Mth new subobject

is inserted in group l� Such an independent characteristic per M new data insertions has

simpli�ed the way to calculate the total number of con�icts for inserting n � M� new

subobjects in the CRLD strategy with an insertion sequence according to the ascending

order of identi�cation numbers� A general formula to compute the number of con�icts for

inserting n new subobjects in the CRLD strategy with an insertion sequence according to

the ascending order of identi�cation numbers can be obtained as follows� where n � kM

� r� k � � and � � r � k�

GDA NCNumn� � 
Pk��

g�� DA NCNum�gM M�� � DA NCNum�kM r��

����� Simulation Results

Figure �� shows the relationship between the insertion cost for 
� new subobjects and

the size of bu�er n � s� Mbits by using the CRLD strategy with an insertion sequence

according to the ascending order of identi�cation numbers� where N � 
� an object X with

M � 
� R � �� Num � 
� and s � � Mbits� From this �gure� in general� as n is increased�

the insertion cost is decreased� The reason is that as n is increased� the number of con�icts

is decreased� However� from the �gure� we also observe that the curve has an oscillation

between n � 
 and n � ��� This anomalous phenomenon is due to the fact that the global

insertion sequence for the k k � n� new incoming subobjects is aggregated by the d k
n
e

local insertion sequences� where each local sequence is the ascending order of identi�cation

numbers of every n new incoming subobjects� For example� suppose there are k � � new

incoming subobjects will be inserted after subobjects �� �� �� 	� 
 and �� respectively� In

the case with a bu�er with n � 	� these � local insertion orders are �� �� �� and 	� 
� ���

Therefore� the global insertion sequence with n � 	 for these k new subobjects is �� �� ��

	� 
� ��� While in the case with a bu�er with n � �� these 	 local insertion orders are ��

��� 	� �� and 
� �� and the global insertion sequence is �� �� 	� �� 
� ��� In the above

two cases� we observe that the insertion cost is decreased as n is increased� Speci�cally�

the insertion cost with a large bu�er n � LB will be always lower than the one with a

��
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Fig� ��� The relationship between the insertion cost and the size of the bu�er n��

small bu�er n � SB when LB � �r � SB and r � �� The reason is that every �r local

insertion sequences with a bu�er size � SB will be covered by a local insertion sequence

with a bu�er size LB� where LB � �r � SB and r � ��

Figure �� shows the relationship between the insertion cost for 
� new subobjects of

objectX and the size of bu�er n � s� Mbits by using the CRLD strategy with an insertion

sequence according to the ascending order of identi�cation numbers� where N � ��� and an

object X with Num � ���� s � � Mbits and M � ��� M � � orM � �� respectively� In all

of the cases of three di�erent values of M � as n is increased� the insertion cost is decreased�

Moreover� given a �xed n� the insertion cost is increased as M is increased� The reason is

that as M is increased� the probability of a con�ict in all logical groups is increased� which

is M�k
N

and � � k � n� resulting in an increase of the insertion cost�

For the case of a sequence of data deletion� the CRLD strategy will also have better

performance than the CRLD strategy� Moreover� di�erent sequences of data deletion will

require the same deletion cost� The reason is that the probability of a con�ict for the latter

deleted subobject will not be a�ected by the previously deleted subobjects although the

corresponding identi�cation numbers of subobjects have to been decreased� In other words�

the �nal state of the multi�disk drive after a series of deletion operations according to any

deletion sequence is always the same�

	 Conclusion

In this paper� we have proposed an e�cient conflict�resolution approach to the inser�

tion�deletion operations on continuous media that are striped into a multi�disk drive with�

��



1 2 3 4 5
0

50

100

150

200

250

300

Insertion
  Cost

M=12

M=6

M=2

n

Fig� ��� The relationship between the insertion cost and the size of the bu�er n� with
di�erent values of M �

out reorganization of the whole data� Only when a con�ict occurs� one movement operation

is required� From our performance analysis and simulation results� we have shown that the

average number of additional movements for any subobject insertion is no more than 
�

when there is an object that is divided into ��� subobjects and is striped on a multi�disk

drive with �� disks� Moreover� a deferring approach has been proposed to reduce those

additional movement cost at the cost of an additional bu�er� Based on this approach�

two strategies are proposed� One is called the conflict�resolved�first�deferring strategy

the CRFD strategy�� and the other one is called the conflict�resolved�last�deferring

strategy the CRLD strategy�� From the performance analysis and simulation results� we

have shown that the CRLD strategy has a lower insertion cost than the CRFD strategy�

We also have proved that the the CRLD strategy with an insertion sequence according to

the ascending order of identi�cation numbers is an optimal strategy based on the proposed

deferring approach� Moreover� in the CRLD strategy� in general� as n is increased� where

n is the number of deferred subobjects� the insertion cost is decreased� Furthermore� given

a �xed n� the insertion cost is decreased as M is decreased� whereM is the number of disks

which have to operate synchronously to support the required bandwidth of an object� One

of the most important challenges in a video server is to support interactive browsing func�

tions such as fast forward and fast backward� How to support the continuous display

of multiple objects at di�erent display speed rates� simultaneously� without any additional

resource� will be an important research direction�

��
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