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Abstract

The success of multimedia information systems to adequately meet
the needs of accessing and presenting essential information from a
large multimedia information space, depends heavily on the existence
and proper application of storage techniques suitable for this task.
This bibliography contains surveys of some papers which have recently
appeared on this subject. The main emphasis is given to the modeling,
content retrieval, and management of continuous multimedia objects.
However, distributed algorithms and storage techniques for database
mining and mobile wireless computing, i.e. the emerging applications
which are closely related to the multimedia domain, are also briefly
referenced.

1 Introduction

The existence of massive volumes of multimedia data makes the performance
aspect of multimedia information management systems the critical imple-
mentation issue. Several very important application environments, such as
digital video libraries or medical information systems, have claimed require-
ments for storage of many trillions of bytes of data. Because of the huge



amount of data available, such environments naturally demand the use of a
storage hierarchy, and a carefully optimized environment for data placement
and retrieval of real-time, delay-sensitive, and synchronized multimedia data
1S necessary.

But, it is not only the large volume and the real-time characteristics of
the multimedia data which make the performance problem complex. An-
other serious performance related problem concerns efficiency in which the
information, a user is looking for, is provided to him. This demands not
only the use of powerful, uniform, and extensible models for describing the
concepts stored in the information base, but also index structure extensions
for effective and efficient content-based retrieval of information.

Even though the area of storage techniques for multimedia data is quite
new, the available literature is already extensive. What makes the situation
even more complex is that the boundaries of this topic are not very well
defined, because the current research in such areas as distributed algorithms,
parallel data processing, mobile wireless computing, database mining, and
computer networks, does consider multimedia data as well.

The following annotated bibliography should be considered as a summary
of literature which the authors of this paper have studied in order to enter this
new, interesting, and promising area of research. For this reasons, there are
no claims for completeness or optimal structuring of the bibliography. But,
since we felt that such text might be useful also for other people interested
in this subject, we have decided to share the knowledge we have learned.

2 Multimedia data modeling

Data modeling is essential to the design and maintenance of information sys-
tems, as it provides the conceptual structure for the interpretation and use
of stored data. Recent work has started to address the issue of modeling of
multimedia data, whose continuous nature cannot be handled appropriately
by traditional database modeling tools. This media continuity is made man-
ifest in two senses. First, time flow is central to the meaning of items, which
have a specific duration and whose relationships are heavily time-dependent
—e. g. sound is recorded on a CD at 44100 samples per second, and its re-
production must be coordinated in time with a video signal in case the sound
consists of an explanation of the video images. Second, items are not always



decomposable into discrete, atomic units, from a conceptual point of view
—e. g. a digital video signal may be composed of a sequence of bits, but only
subsequences, images, or image fragments may make sense at the conceptual
level; there are no natural “primitive components.”

A collection of high-level modeling primitives applicable, in principle, to
different time-based data is presented in [22]. The theme of the paper is
that databases should handle multimedia data not as BLOBs (i. e. large
sequences of uninterpreted bits), but as streams, with explicit modeling of
time, derivation, and composition dependencies between items.

An modeling technique for video/audio data based on film theory is pre-
sented in [26]. The paper adapts known concepts from film analysis, em-
phasizing the meaningful composition of elements in terms of a narrative.
It also shows the difficulty of building a unique conceptual structure for a
multimedia item, whose human interpretation is open-ended in comparison
with the highly schematic tuple of string/integer values traditionally used in
databases.

A set of n-ary relation primitives to describe time-dependencies between
multimedia items is presented in [32]. Dependencies modeled include simul-
taneity of sequentiality, for example. A logical interpretation of the primi-
tives is described, and algorithms to create and traverse this representation
are given.

There is relatively little theoretical work on multimedia databases. Some
initial work on databases for geometrical information is presented in [36]. The
paper tries to adapt the basic theoretical concept of “genericity” of relational
databases to the case where data does have some intrinsic semantics attached
to it (geometrical, in this case).
summary:

e modeling of time-based media [22]
e video information contents and film theory [26]
e interval-based models for time-dependent multimedia data [32]

e theory of spatial database queries [36]



3 Content-based retrieval

Access structures which support efficient content-based retrieval of multime-
dia objects, form one of the most important parts of multimedia information
management systems. One important stream of research effort in developing
indexing structures for spatial and temporal data is reviewed in [41]. In the
following, we briefly survey some recent techniques suitable for image and
text data indexing.

3.1 Image and space retrieval

The problem of multi-dimensional range searching in both main memory
and secondary memory has been the subject of much research. Many ele-
gant data structures (such as the priority tree, segment tree, and interval
tree) have been proposed for use in main memory for special cases of 2-
dimensional range searching. The path caching technique, proposed in [37],
is able to convert many of these in-core data structures into secondary stor-
age structures. These new data structures have optimal query response time
at the expense of small storage overhead.

When points are stored in a spatial access method, such as an R-tree,
an important problem for a query optimizer is the estimation of the search
effort for executing range queries. Traditional assumptions for such methods
are the uniformity and independence, which make the analysis tractable, but
which do not reflect the reality where the data are indeed skewed. A formula
that estimates the number of disk accesses for range queries for R-trees, given
only the fractal dimension of the point set and its count, is developed in [17].
Experiment on real data sets show that the formula is very accurate: the
relative error is usually below 5%, and it rarely exceeds 10%.

The content-based image indexing problem is formulated in [15] as a
multi-dimensional nearest-neighbor search problem. An optimistic vantage-
point tree algorithm is developed that can dynamically adapt the indexed
search process to the characteristics of given queries. The performance study
indicates that the system typically needs to touch less than 20% of the index
entries for a query.
summary:

o skewed space data distribution [17]



e path caching (external 2-dimensional searching) [37]
e content-based image indexing [15]

e indexing spatial and temporal data [41]

3.2 Text retrieval

The application of database technology is seen essential to the operation of
a conventional business enterprise. However, there is a universe of business
information, namely text, which is currently stored, accessed, and manipu-
lated in an add hoc fashion with none of the consistency and discipline of
the database approach. A tutorial on theory, practice and experience in text
dominated databases can be found in [23].

Free text retrieval through signature files is an important indexing tech-
nique which can significantly benefit from a parallel architecture. A parallel
bit-sliced signature file method is proposed in [35], which can index very large
files where the size of the signature file exceeds the available (parallel) main
memory. The method uses a partial fetch slice swapping algorithm, thus
accesses only the necessary number of bit slices. Arithmetic examples show
that the method is able to handle a 128GB database with a 2sec response
time on a machine with the characteristics of the Connection Machine.

The fundamental problem in the signature construction is to find the op-
timum signature weight to minimize the false drop probability. Even though
the problem was extensively studied in the past, a new formula for computing
the false drop probability is presented in [44]. The formula is easier to ana-
lyze so that optimal solutions can be more adequately derived. Performance
results show that these solutions are better than the solutions obtained be-
fore.
summary:

o text dominated databases [23]
e parallel bit-sliced signature files [35]

e performance analysis of superimposed signature files [44]



4 Management of multimedia data

Recent years have witnessed a significant increase in electronic management
of information. In particular, many types of information that traditionally
were considered to be analog, such as image and sound, are now processed
and utilized in digital form. According to [9], this advancement comes with
tremendous opportunities and challenges for information systems to better
meet information users’ needs to manipulate multimedia information in a
natural and effective manner.

To embed various media into divers applications, multimedia informa-
tion systems (MMIS), which allow for creation, processing, storage, manage-
ment, retrieval, transfer, and presentation of multimedia information, have
been proposed. These systems resulted from the synergism of many different
fields, including databases, digital signal processing, image processing, opti-
cal communication, mass storage, artificial intelligence, new paradigms for
programming languages, and text processing.

SuiteSound, [40], is a tool for manipulating multimedia flows, such as
digital audio. It supports development of collaborative applications using
multimedia by integrating flexible, easy-to-use digital audio with a flexible,
easy-to-use object-based system. SuiteSound applications readily combine
live or recorded audio with editable representations of user objects.

A low-cost storage architecture for a movie on demand (MOD) server that
relies principally on disks is presented in [34]. The high bandwidths of disks
in conjunction with a clever strategy for striping movies on them is utilized
in order to enable simultaneous access and transmission of different portions
of a movie.
summary:

e multimedia information systems [9]
e a system for distributed collaborative multimedia [40]

e storage server for a movie on demand [34]

4.1 Continuous media management

Though the basic storage support for multimedia data types may indeed be
the same as for conventional database types, such as records, the kinds of



data manipulations and application interfaces needed, especially for contin-
uous media types, are vastly different from those found in conventional data
processing. According to [33], addressing these requires significant changes
in storage system architectures, both for database management systems and
for the underlying operating system and network facilities.

For continuous media, the mode of delivery of data is all important. The
human eye, and more so the human ear, are sensitive to shifts and skips
in the time domain, so rates of presentation are significant. There are also
synchronization demands, because most continuous media presentations com-
bine more than one data stream. The data storage volumes demand tertiary
storage, which introduces seconds of latency on some accesses. Data rates
are high enough, relative to hardware capabilities, that buffering of data in
the storage system or application memory is only suitable for overcoming
very small latencies or time shifts. In fact, getting data too early becomes
as much a problem as getting data too late, so the schedule with which data
is delivered to an application becomes critical.

A study of the ways, in which storage system architectures must change
in order to provide the constrained-latency storage access on continuous me-
dia (taking into account operating system and network support as well as
database management) is presented in [33]. The problems of temporal syn-
chronization of various data streams in multimedia information, exchanged
between users over a high speed network, are addressed in [39].

Acme, [6], is a network server for digital audio and video 1/0. It lets users
specify their synchronization requirements through an abstraction called a
logical time system.

The Continuous Media File System, CMFS [7], supports real-time stor-
age and retrieval of continuous media data (digital audio and video) on a
disk. CMFS clients read or write files in "sessions,” each with a guarantied
minimum data rate. Multiple sessions, perhaps with different rates, and
non-real-time access can proceed concurrently. Issues, such as real-time se-
mantics of sessions, disk layout, an acceptance test for new sessions, and disk
scheduling policy are also addressed in [7].

The problems which appear in integrating storage and transmission of
multimedia data with computing are discussed in [38]. The design of a high-
performance multimedia storage server that addresses the above complex
design issues, is the subject of this paper.

Physical storage organizations for time-dependent multimedia data are



also studied in [11]. A model is derived to relate disk characteristics to
different media recording and playback rates in order to derive their storage
patterns. These storage organizations guarantee that as long as a multimedia
delivery process is running, ”"starvation” never appears.

Optical disks are among the most promising secondary storage devices
for multimedia data. The placement of multimedia data on optical disk is of
primary importance because this data is being extracted from the optical disk
in real-time (e.g. real-time for audio data means that system hiccups greater
than 30 msec cannot be tolerated). Methods for an efficient placement of
audio data on optical disks for real-time applications are developed in [48].
summary

e audio data placement on optical disks for real-time applications [48]
e [/O server and its synchronization mechanism [6]

e synchronization of multimedia data streams [39]

e a file system for continuous media [7]

e storage techniques for continuous multimedia [38]

e organizations for time-dependent multimedia data [11]

e storage system architectures for continuous media data [33]

4.2 Distribution, replication, and storage hierarchies

The special requirements of multimedia data require novel hardware con-
figurations, and algorithms tuned for such configurations. First, the large
storage requirements introduce the need of tertiary storage not as an infre-
quently used archive, but as an essential component of the normal operation
of a system. Second, the strict rate-of-delivery requirements introduce, on
one hand, the need of parallel disk access to increase bandwidth; and, on
the other hand, the need of scheduling algorithms sensitive enough to deliver
multiple streams of data with little variance on a per-stream specified rate-
of-delivery, in order not to overflow the buffers of the reproduction device.
Various research results derived from a terrain-visualization project de-
veloped at the Lawrence Berkely Laboratory are reported in [45, 12, 13]. An



overview of the system architecture, which declusters data over a high-speed,
geographically distributed network is given in [45]. The architecture relies
on ATM technology to merge multiple slow streams arriving from disks into
a single combined stream of the appropriate bandwidth. Only off-the-shelf,
relatively inexpensive hardware is required. Motivated by this project, [12]
deals with the problem of how to optimize the time of retrieval of a set of
partially replicated items —i. e. which replica to read of each item. Also,
[13] deals with the optimization of allocation of object streams on sequen-
tial tertiary storage. Optimal allocation must balance the time required to
mount, say a tape, with the time required to seek the required data within
such tape.

A series of papers by Ghandeharizadeh and his colleagues examines in
depth the alternative architectures and policies to deliver multiple streams
of data retrieved from tertiary storage. [19] opens this series of articles by
presenting the problem, and proposing that objects should be downloaded
and replicated from tertiary storage into multiple disks dynamically, depend-
ing on the order of requests, free resources, and required bandwidth of each
stream. Then, [20, 21] examine, using simulation, several policies for the
replacement of data in the disk buffers, which are different from traditional
buffer replacement policies due to timing constraints. Finally, [10] refines
and improves the earlier work using striping.

A related paper, [14], describes the problems and some solutions intro-
duced by the conceptually simple fast-forward replay, for browsing purposes.
Modifying the rate-of-delivery affects architectures and policies designed un-
der different assumptions. In addition, an appropriate solution has to be
media-dependent: It has to take into account encoding standard (e. g. dif-
ferential coding of frames in MPEQG), and also a “reasonable” appearance to
users.
summary:

distributed parallel data storage systems [45]

e optimal response time for retrieval of replicated data [12]
e optimizing allocation of objects in tertiary storage [13]

e continuous retrieval of streams using parallelism [19]

e replicas in parallel multimedia information systems [20]



e hierarchical storage structures [21]
o staggered striping [10]

e video server fast-forward functionality [14]

5 New perspectives

New applications, such as the multimedia data processing, and new hard-
ware/software technology are major factors to drive database research to
new directions. A survey of the effects of up-to-date storage hardware tech-
nology on data structure and algorithms is presented in [30]. Specifically,
the following memory technologies are discussed in this paper: high-speed
DRAM, flash memory, dielectrical thin film memory, dual-port RAM, and
content addressable memory.

5.1 Distributed algorithms

Data-intensive computer applications are posing ever-increasing demands in
terms of storage and performance capacity. One cost-effective approach to
meeting such requirements is to exploit distributed storage and computing
resources in a client-server architecture. The most salient feature of this
approach is that its communication overhead is largely independent of the
number of servers and clients in the system; it is considered a scalable ap-
proach.

More precisely, the objective of scalability means the following. Starting
with a system where one server manages a file of a specific size that is accessed
by a specific number of clients at a specific rate, a scalable approach can
efficiently manage a file that is n times bigger and accessed by n times more
clients at the same per-client rate, by adding servers and distributing the file
across these servers. Furthermore, the response time of the clients’ requests
should be as good as in the one-server case.

Distributed dynamic hashing, [16], extends the idea of dynamic hashing
by using a novel autonomous location discovery algorithm that learns the
bucket locations instead of using a centralized directory. Unlike many other
works in this field, [46] considers explicitly the cost/performance ratio of the
system by aiming to minimize the number of servers that are acquired to

10



provide the required performance. The advantage of the distributed search
tree method, [31], is that it can perform well also for non-uniform data request
distributions, such as the linear order of keys, nearest neighbour, or range
queries.

summary:

e distributed dynamic hashing [16]
e scalable distributed file organization [46]

e distributed search tree [31]

5.2 Mobile wireless computing

In the mobile wireless computing environment of the future, a large number
of users, equipped with low powered palmtop machines, will query databases
over the wireless communication channels. However, the physical require-
ments of such environment make the problem of organizing wireless broadcast
data different from data organization on the disk.

One specific problem is how to improve battery utilization because small
palmtop units typically run on small AA batteries. Several indexing schemes
are designed in [28, 29]. These papers also demonstrate that the proposed
algorithms lead indeed to significant improvement of battery life while still
retaining a low access time.

Palmtop based units will often be disconnected for prolonged periods of
time due to the battery power saving measures, but palmtops will also fre-
quently relocate between different cells and connect to different data servers
at different times. Caching of frequently accessed data items will be an
important technique that will reduce connection on the narrow bandwidth
wireless channel. However, cache invalidation strategies will be severely af-
fected by the disconnection and mobility of the clients. In fact, the server
may no longer know which clients are currently residing under its cell and
which of them are currently on. A taxonomy of different cache invalidation
strategies is proposed in [8] and the impact of client’s disconnection times on
their performance analyzed.

Other way to reduce the expensive wireless communication is to apply
data replication, which has been proposed and analyzed in [27].
summary:
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e caching strategies [8]
e data replication [27]

e indexing on air [28, 29]

5.3 Database mining

Database mining refers to the efficient construction and verification of mod-
els of patterns embedded in large, typically multimedia, databases, and is
emerging as a major application area for database technology. The problem
is that current database systems do not provide the necessary functional-
ity for all kind of data which have already been collected. There are many
cases reported in which massive amount of data have been stored on tertiary
storage, but are very slowly migrating to database systems. Quest, [3, 1], is
the name of a project aiming at enhancing database technology to address
this problem. Specifically, Quest focuses on three classes of database mining
problems involving classification, association, and sequences.

The importance of sequence query processing is motivated in [42] where
also a framework for the optimization of sequence queries based on several
novel techniques is presented. An indexing method for processing similarity
queries on time sequences is proposed in [2]. Time sequences are mapped to
a frequency domain by considering the first few coefficients of the Discrete
Fourier Transformation. The transformed sequences are organized as R-tree,
and in this way, efficient answer to similarity queries is obtained. The method
is generalized in [18] to answer approximate-match queries for subsequences
of arbitrary length. Combinatorial pattern discovery or combinatorial data
mining method of [47] is able to find structural or topological patterns in data
that can lead to important conclusions or prediction of new phenomena.
summary:

e tutorial [1]
o text database discovery [24]
e combinatorial pattern discovery [47]

e subsequence matching [18, 42]
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e similarity search in sequence databases [2]

e Quest project [3]

5.4 Databases in networks

Various types of large, complex, and expensive real-time computer systems
contain a database engine as a critical component. These systems share
some of common database issues with conventional applications, but they
also exhibit rather unique characteristics that present challenging database
issues. According to [4], major database issues for network management
include choosing the right data model, handling two different kinds of data
terms of integrity and recovery constraints, supporting temporal queries, sat-
isfying real-time performance and high availability requirements, and several
miscellaneous issues. Some of these issues have been investigated in various
areas of database research stage. Advances in these areas that result in ac-
tual integrated implementations for data-intensive, real-time and temporal
applications are eagerly awaited.

Research on distributed databases, multimedia databases, federated databases,
will enable integration of databases to a greater or lesser extent, but does
not contribute towards problems such as application interoperability and
distributed system management [25]. For these functions, the research on
distributed objects shows greatest promise.
summary:

o telecommunication networks [4]

e distributed objects [25]
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