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Letter from the Editor—in—Chief

It is my sad duty to inform you that Sushil Jajodia will be ending his term as Chairman of

the Technical Committee on Data Engineering. Sushil has been very active, innovative,

and effective as the TO Chair, and I have come to appreciate him as one of the best

colleagues I have ever worked with.

During 1987, there have been a few changes to the editorial staff of Data Engineering.
Yannis Vassiliou, C. Mohan and Haran Boral have resigned as Associate Editors. On

behalf of the Technical Committee, I thank them for their services.

I am happy to announce that Z. Meral Ozsoyoglu, Dma Bitton and Roger King have agreed
to join the staff as new Associate Editors. I am sure that these outstanding professionals
will help make Data Engineering remain a great publication for database professionals. I

look forward to working with them.

Roger King is organizing a special issue for June on semantics database systems; and

Meral Ozsoyoglu will edit the September issue on non—first normal form relational theory.
Richard Snodgress will guest editor the December issue on temporal databases.

Won Kim

Austin, Texas

February, 1988
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LETTER FROM THE EDITOR

This issue is devoted to high performance I/O systems. It examines current trends in mass-

storage technology and new design ideas for high bandwidth, reliable I/O systems. At the 1987

Sigmod Conference, a panel on Technology Trends in Mass-Storage Systems projected magnetic
versus optical disk trends and investigated their effect on database systems Bitton 19871. The

five papers presented in this issue reflect address the probelems identified in last year’s panel, and

provide an interesting cross-section of the solutions that the database research community is

currently investigating.

Unlike processor speed, the I/O rate of mass-storage devices has not changed substantially in

recent years. Magnetic disks remain the prevalent media for on-line secondary storage. Improve
ments in magnetic recording increase bit density and disk capacity, but mechanical delays have

kept their random access time around 30 milliseconds. Optical disks provide very low cost per bit

and high capacities, but have even higher access times, around 100 milliseconds. The main prob
lem with using optical disks for secondary storage is that they are not rewritable, which

disqualifies them for on-line transaction processing systems. While increasingly used for archival

purposes and storage of multimedia documents, optical disks cannot currently be used for on-line

database storage.

What will be the paradigm for mass-storage systems of the future? Advocates of optical

storage predict the advent of rewritable disks and substantial improvement in access performance.
For magnetic recording, the projection is by the end of the decade, density is likely to reach the

range now identified with optical storage. Thus there is no consensus of whether optical and mag

netic storage will become complementary or competitive. On the other hand, a clear trend that

was aknowledged by last year’s panel was the rapid and revolutionary change in the small disk in

dustry. The personal computer market is a strong driving force in the development of high-

density, low-cost magnetic disks and cartridges. It has made small, inexpensive disks widely
available, and at the same time trigerred innovations in disk controller technology and standardiza

tion of interfaces. This trend may make arrays of interleaved small disks a desirable alternative to

single large disks Kim 1986, Patterson 1987].

Two approaches in designing a high performance I/O system are illustrated by the papers in

this issue. One is based on replacing or augmenting magnetic storage by optical storage, the other

on coupling large numbers of off-the-shelf magnetic disks. The first two papers exemplify the

first approach, although they consider two very different types of optical memory: an associative

optical memory for caching index data (Berra and Marcinkowski), and an optical archival system

(Christodoulakis et al). The next two papers exemplify the second approach. They both investi

gate techniques for coupling magnetic disks, as a way to obtain higher I/O bandwidths and

enhance reliability.

Berra’s and Marcinkowski’s paper investigates Optical Content Addressable Memory

(OCAM), based on an intriguing holographic technique. The authors contend that, because of

their cost and performance characteristics, these memories can be used for storing and managing

large indices in a Data/Knowledge Base. Index pages stored in OCAM can be read in aprallel, at

the speed of light, thus providing almost instantaneously all the matches to a query.

The paper by Christodoulakis, Elliot, Ford, Hadzilomonias, Ledoux, Leitch, and Ng describes

work that is on-going at the University of Waterloo on the MINOS project, a multimedia database

management system with an optical disk server. Because of the very large storage requirements
of text, graphics, and the archival nature of the applications involved, Write Once Read Many
times (WORM) disks are used. The authors have developed a performance model for WORM’s,

which accounts for optical disk characteristics, notably the ability to read a span of neighboring
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tracks without moving the access mechanism.

Garcia-Molina’s and Salem’s paper takes a new look at disk striping. It summarizes a perfor
mance study of striped file systems and addresses the issue of reliability. Pure striping schemes,
where data is interleaved across a group of disks without any redundancy, are less reliable than

their single disk conterpart in terms of their mean time between failure (MTBF). However, the

authors contend that a more appropriate metric is the mean computation before failure (MCBF),
which is lower for striped disks.

Katz, Ousterhout, Patterson, and Stonebraker describe a new project at Berkeley on high per
formance I/O systems. They contrast recent improvements in the speed of workstation CPU’s,
with the nearly constant speed of I/O devices and advocat.~ the need for new I/O architectures

based on arrays of small magnetic disks. These arrays should combine data redundancy and inter

leaving, in order to provide both high I/O rates and reliability. Furthermore, the arrays should be

reconfigurable in order to match the requirements of different I/O domains: transaction process

ing, network file service, and supercomputer I/O.

In the last paper, Carolyn Turbyfill presents an interesting analysis of disk access patterns in a

transaction processing system. The analysis contrasts sequential and random access requirements,
which must be efficiently and concurrently supported in a balanced database workload. A close

look at current disk limitations clearly demonstrates that a solution to this problem requires multi

plexing disks and I/O paths.

Editing a special issue on this timely topic was a challenge. Of the many current projects on

high performance I/O systems, only a few could be described here. I hope that the set of papers

included in this issue will stimulate your interest in this important area.

~incerel~
\~/‘\

Dma B itton
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Optical Content Addressable Memories

for

Managing an Index to a Very Large Data/Knowledge Base

P. Bruce Berra and Slawornir J. Marcinkowski

Dep’t of Electrical and Computer Engineering
Syracuse University

Syracuse, NY 13244-1240

U.S.A.

ABSTRACT

In this paper we present an optical approach for managing an index to a very

large data/knowledge base. Specifically, our research is focused on optical content

addressable memories (OCAM) based on holographic principles. OCAMs offer

advantages over conventional CAMs in managing a large index, because OCAMs

offer a considerably larger storage~ capacity (1O8~1Ob0 bytes) and parallel output.
With the large capacity of the OCAM, the potential exists for storing full index

data to a very large data/knowledge base, which would otherwise be prohibitively
costly in conventional electronic CAMs.

INTRODUCTION

One of the major problems in the management of very large data and knowledge
bases (1012 - 10” Bytes) is the time needed to access the desired data/knowledge.
There exist memory hierarchies along with various indexing and search schemes

which are designed to minimize the time it takes to access the desired

data/knowledge. These include: hashing, B-trees, inverted lists, pointer systems,
etc. All of these techniques have their strengths and weaknesses; so no one method

is optimal for all situations. However, due to the fact that there is an increase in

performance when using an index over a full sequential search of the entire

data/knowledge base all data/knowledge base management systems have the facil

ity to construct an index. While retrieval performance can be improved through
the use of indexing it is not without its costs. The main costs are associated with

the update of the index data when changes, additions, and deletions are required
and in the management of the index data due to its large physical size. In fact, in

some applications where considerable index data are required, the size of the

indexes will be as large as or even larger than the data/knowledge being managed.
Research over the years has focused on how to improve the access time without

incurring too much overhead in terms of update and storage space required for

indexing data. Content-addressable memories (CAM), a hardware technique, have

attracted a lot of attention. The CAM is attractive to database applications,
because data can be accessed based on content, and not by addressing. Accessing
data by content offers considerable speed up, because the search is conducted in
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parallel. Also, various operations can be performed in searching the data depend
ing on the application. For instance, in certain computations such as text

retrieval it is only necessary to locate entries which exactly match a given search

argument. In other database applications, the equality search is not the only type
of search performed. Frequently, there occurs a need to do a masked search

involving only a subset of the search argument, or to locate entries which satisfy
specified magnitude relations, for instance, having one or several of their attri

butes above, below, or between specified limits, or absolutely greatest or smallest.

The CAM is well suited to the performance of these types of operations. In fact,
CAMs can be used to perform match (equality), mismatch (not equal to), less

than, less than or equal to, greater than, greater than or equal to, maximum,
minimum, between limits, outside of limits, next higher, next lower, and various

forms of add/subtract.
However, CAMs are not without their disadvantages. The chief constraint on

CAMs is that they are quite expensive, and therefore only a small CAM can be

included in any system. The problem of a small CAM is that for data/knowledge
base applications the CAM is input output bound. The performance of the CAM

is governed by the time it takes to load the data into the CAM, rather than the

time to process CAM resident data. In fact, this disparity may be several orders of

magnitude. It is for this reason that CAMs have not found widespread use in

data/knowledge base systems.

The above comments apply to CAMs that are constructed from electronic com

ponents. However, CAMs can be constructed from optical devices, particularly
holograms, and these are called optical content addressable memories (OCAM).
They have the desirable search processing properties of electronic CAMs yet offer a

considerably larger storage capacity (108 - 1010 bytes) and parallel output. Their

main disadvantage is that they are read only. However, if the database under con

sideration is static and requires fast access then OCAMs offer a potentially cost

effective solution.

In our research, we are considering OCAMs for the processing of index data to a

very large data/knowledge base. WIth the large capacity of the OCAM, the poten
tial exists for storing full index data to a very large data/knowledge base. We are

taking a page oriented approach which serves to insulate us somewhat from

changes.
In this paper we provide an overview of holography and some of its characteris

tics. We then discuss a particular OCAIvI developed by Sakaguchi 1970. We show
how it might be used to implement an indexing scheme and discuss some of the
issues that one must consider in managing the index to a very large
data/knowledge base with OCAMs.

HOLOGRAPHY

Introduction

The term holography is derived from the Greek “holos” meaning “the whole or

entirety” Gabor 691. A hologram records the whole of the wave information about
the light wave at each point on a 2-dimensional surface. The wavefront can easily
be reconstructed so that the 3-dimensional information about the wave can be

retrieved at will.

In order to establish why holography is useful in storing information we draw an

analogy between holography and photography. A photograph captures a light
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image, and when it is developed we can see that image. Photography basically
provides a method of recording the 2-dimensional irradiance distribution of an

image. Generally speaking each “scene” consists of a large number of reflecting or

radiating points of light. The waves from each of these elementary points all con
tribute to a complex wave, which is called the ‘~bject wave”. This complex wave

is transformed by the optical lens in such a way that it collapses into an image of

the radiating object. It is this image that is recorded on the photographic emul

sion (film).
Holography is quite different. With holography, one records the object wave itself

and not the optically formed image of the object. This wave is recorded in such a

way that a subsequent illumination of this record serves to reconstruct the origi
nal object wave. A visual observation of this reconstructed wavefront then yields
a view of the object or scene which is practically indiscernible from the original. It

is thus the recording of the object wave itself, rather than an image of the object,
which constitutes the basic difference between conventional photography and

holography sometimes referred to as “lensless photography” Smith 9],Caulfield
701.

Basics of Recording a Hologram
The basic technique of forming a hologram is shown in Figure 1. The coherent

light beam coming from a laser is divided into two beams. One of the beams is

used to illuminate the object and the other acts as a reference, and therefore are

referred to as the object beam and reference beam, respectively.

Fig. 1 Formation of a Hologram

The reference beam is directed so that it will intersect and overlap the object
beam at a point where a photosensitive medium has been placed. The reference
beam and the object beam, will form an interference pattern on the photosensitive
medium. After the beams are removed the medium is processed and the interfer

ence pattern formed by the overlapping of the object and reference beams is called

a hologram Collier 79].

Basics of Reading a Hologram
A hologram is read by illuminating it with a beam having the same physical pro

perties as the reference beam with which it was recorded. As the beam passes

through the hologram it is diffracted into a recreation of the original object wave

coming from the object.
An observer viewing a wave identical to the original object wave, perceives it to

diverge from a virtual image of the object located precisely at the original object’s

-~- -

Object beam

‘A,

Photo

sensitive

medium

Object

Mirror

Reference beam

Laser Beam
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location. On the other hand if the hologram’s backside is illuminated by a conju
gate reference beam (a beam in which all the rays are exactly opposite to the ori
ginal reference beam), then a real image is formed at the original object’s position,
as shown in Figure 2. Since the light converges to a real image, the image can be
detected without the use of a lens by photodetectors. Hence, a hologram is a

diffracting record of the interference of an object and reference beam.

I 1JIJI~±~~-
Photo- Real

. . ‘~Hologram
detector image Reference beam

array

Fig. 2 Reading a Hologram

Page Holograms: 2-Dimensional Recording
A page hologram can be defined as a hologram made up of many nonoverlapping
subholograms or pages Rajchman 701. A page is recorded through the use of a

page composer, which is a device that stores data and converts it from electronic
form to optical form, as indicated in Figure 3.

Fig. 3 Page Hologram with Page Composer

To record a page, data is first loaded from the computer to the page composer,
then a small area of the emulsion is exposed by an aperture, and the information
stored in the page composer is flashed onto the exposed area. To record another
page the aperture is moved, new data is loaded into the page composer and the
process is repeated. Depending on the medium used, information can be erased
from a page, and the page can be rewritten with new data.

Page composer Hologram
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Volume Holograms: 3-Dimensional Recording
If the recording medium is thick, a hologram may be classified as a volume holo

gram in which many wave patterns can be superimposed. Volume holograms have

some very useful and interesting features which are distinct from those of plane
holograms. Volume holograms lend themselves very nicely to the storage of infor

mation since many holograms are superimposed in the same recording volume.

Each hologram is discernible from the others due to the fact that each hologram is

recorded with a unique reference beam angle.

To reconstruct (read) a particular hologram the reference beam must be deflected

to within a narrow angular corridor about the Bragg angle at which that particu
lar hologram was recorded. Beam deflection for this purpose is accomplished by an

acousto-optical modulator, or otherwise known as a Bragg Cell, which is discussed

in the next section.

As the number of holograms recorded in a volume increases, the angular corridor

decreases Gaylord ~~1• As early as 1968 it was shown that it was possible to

superimpose 1000 holograms in the same photographic emulsion LaMacchia 681.
The recording of more and more holograms in a particular volume, introduces the

problem that a hologram being written will affect the holograms already present
in the volume. So this is one of the factors, that limits the number of holograms
that can be stored in a volume.

This particular problem was largely solved by applying an external electrical field

to the material in which the recording is taking place, Lithium Niobate. The

application of the electrical field,. greatly increased the material’s writing sensi

tivity, while its erasure sensitivity did not change. Thus, as a new hologram is

written into the volume, only a slight erasure of the other holograms occurs.

Acousto-Optic Deflector (Bragg Cell)
A Bragg Cell is an acousto-optical deflector which allows the redirection of a light
beam passing through it, as shown in Figure 4.

incident
Bragg

beam ~ -.....~~ diffracted

~ beam

~r.niiIIr
_______________________________

wave

c~ducer

Fig. 4 Acousto-Optical Deflector

At the bottom of the deflector cell there is an acoustic transducer. This transducer

introduces an acoustic wave into the elasto-optic medium of the cell. In this way a

periodic strain is established in the medium. The cell is now interpreted to be a

stack of reflecting layers spaced by the acoustic wave’s wavelength. By turning on

and off and varying the acoustic wave’s wavelength, the Bragg Cell can con

veniently and quickly deflect the light beam passing through it.
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