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Computerized data processinag applications have grown
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A, THE BACKGRNUND
Computerized data processina applications have arown
over the nast thirty vears to a point where they have »nw

5 brecome a pervasive influence in our socliety, Farly data

rrocessina systems used magneti{c tane as the orincieal

- storage medium for larae data files, The processiran was

hatch=sequential on a Jnbebyeioh hasis and the anrlication xd*?
was mainly accmuntina, These systems had only serondary EF?1

impact on the operatioral asnects of the business, Trass

ottt s

p early computers were in sharo contrast to the Adara

processing systems of today,

Tn modern data nrocessina systems many “{tferent Jnos
can run concurrently wtth the very larne capacitv an=lire
storaqge (1,e,, directly accessible withonut niu=an

intervention), datambase=oriented transaction

a v 8"
[E A W

processina, and apnlication on every operational azoect of

trhe business,

Qver the DASt thirty years, since the first

vacuum=column maqgnetic=tape ctranrsport in 19%3 and the first
maovanhle=head disk drive in 19%7, tape and Aisr devices 1In

many conflaurations have been the princinal means ¢for

Sy h

storage of the large volumes of data reauired ny this

-
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phenomenal aaqrandizement of data processing svstens,
Magnetic drums and other device qeometries have also been
important system components, bnt to a lesser axtert,
Imorovements in the cost, canacity, operformance, an4
reliability of on~line storage devices fueled these Arow«inn
systems an® their apntication carabtllity,

As the ranqe of aoplicatiorns has agrown, a c¢ontinuina
concern has been the cost and access time of data storaae,
4 wide ranae of technrologies have heen investigaten fto
aqdress this challenge, As ranid as oroaress in
storaage technoloqy hAsS been, the need for more capacitv
with inproved access has increased even faster, [hre use of
storace technoloaies depends on three npnrincical fartnrs:
cost per nit, access time and unitedevice cost, The redy=en
cost per bit in all technnlonjes dgerives pripmariiv tro-
an increase in the density of the material bkeirac usen for
racording, The lower cost per bit is also Aassociated4 w1t*
an inerease in the physical size of the basic storaue
unit. In low=end systems, the uniteproduct rost is crucial,

Wh{ile the conventional recording, (i,e,, the raygnetirc
recording) 1s entering yet another nhase ¢t exnlostve
arowth In apnlications and technoloay {n order to meet
trhese strinneﬁt requirements, the optical 41sXxs nave
bequn to challenge the maanpetic redia, There are
pressures to break free of the liritations of maanetic

storaqge where large volumes of data are {nvolved, Tnese
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pressures come from the continuina growth of conventional
storaaqe, existing requirements of larqge corporate
and cgovernmental datahases, and the development ot new
aorlications such as storage ot digitized dochments whese
laraqe volumes of data must be stored at los cost,. Sucn
arplications often demand a cnst, canacity and pertormance
that {is difticult to> achieve magnetically, qutical
storane is anhle tn provide ocerfarmance tnat 1s
competirtive with the performance of magnetic recording, I~
tact, emerqino optical technoloaies are alreardy capenle of
renlacing naanetic disks in certain applications, anvover,
there 1s no sinale tecnnology that {3 riant tar ail
acplications,. Thus, data orocessing installations often
have Aavailaple a wide ranae of different séaraua
tachnologies, The 1individual needs of each aovrlication
must oe analvzZed to deterrmine the aporopriate technology tn

utilize,

By THE ORGANIZATION Nk THE THESIS .

The ournose of this trhesis is to examine nfjgrnevolure,
on=1inre storage media of current and ererairy tecrnnloaies
ann softwara tecnniques for supoortina these oreiine, nian
capacity storage media, Tris thests nas t o majar parts,
In tne first part, we analyze such media as verrical
maanetic recording, tnin film media, nptical darta dis~vs,

raqgreton=ontic disks, obubble and Bernoulli-eftect di{scs,
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Then, comparisons and evaluations of products anid nroduct

«

categories are iliustrated, In the second oart, +e TEview

the modern software techniques for on=line aatanase storaue

ard access, Thus, this thesis is organized into tso parts:
Part I: Modern Hardware Technoloules for Sn=Line

Database Storade ana Nperation, and,

T LEEET OV _E AT e e s -

Fart II: “odern Software Techniaues for Oneljine Catanase
Storaage and Access.,
I nn tre haraw~are, tnis thesis consists of sever cnavters,

Chanter I1 1{s on magnetic recording, Chapter T1I is on

byubole=memory recording and Chapter 1V is on vertical

recording, Chapter V is on optical recordinyg, Chanter I

B3 ) LN

is on maanetoeortic recordina, Chapter VII is on twxo Ather
recording technoloaties, randote=access memory ana the
Bernoulli vox, The ¢inal chapter, Chapter VIII, Is on trne

technology conparisons,

Cn tre software, tnis thesis consists of six chaoters,
Chapter X 1s on data abstraction, Crapter X] i{s on data
access and retrieval methods, Chapter XII (s on nata
cnmpaction, Chapter XI1IJ 1is on data mocels for storanze,
The €inal chapter, Chapter xIV, 1s on difterential tiles,

The last charter of the thesis, Chapter XV, s the
conclusion for the nardware portion and the softwsare onortion

ot the theslis,
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The maanetic recording consists of the conventional :ﬁ\-y

' N ]
' recording, bubble memory recording, and vertica)l recorsding,

The last two recording technologies are to be djscussen {n

considerable details in the chapters followed,

l A, THE CORVEMTIOMAL RECORDING

"Conventional recording is enterinqg yet anotner rhase
of explosive arowth roth in applications an1 i~
J technolcay,” [Ref, 4)

For the rast thirty years the conventional mauynetic

recording has, almost exclusively, fulfilley the 1ata

l ) storace requirements of the data processing comrrunity, ﬁjzi
X S
- :\.‘:\':‘\
3 Durino that period of time sianificant advances in all ﬁ}xﬁ
y NS O
X aspects of conventional storage technology rave ¢f¢y
: :
l resunlted {In very signiticant orerational gairs, DO
fj In this section, conventional recordina as a Ssurfaces
N area technology is discussed, First, conventiona?
! recording’s nperation is examined, Secondly, both tixeaaenear
fi and movable=head 1isks of conventional recording are 2
- investiaated, Then, their technological implicatioas are N
! scrutinized, These implications include tneir storaze=sievice y
- capacity, whicnh is a direct tunction of the area) density of §'
)
A )
. recordina, the surface area providea by the storace media,
23
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and the efficiency of their wutilization, I'he nigher
storage densities have required irprovement in cosnventional
recording resolution, which has been achieved tnrouah
reduction in, readedisk spacing ana in medium thjicxness,
Progress in reducing the heade~to=surface spaciny has oeen
the key factor 1in 4increasina the 1linear density ot 1isc
storage, A boundarv laver of air {s used to provi-e an
air pearing which |in turn determines tre scacing, Tre
progress in air bearing technoloav (bearing design ana fne
surface finish and material properties of head and =mediurs)
has reduced spacinas to .25 microns with lahoratory studies
at sopacings as low as ,1 micron (one amicron = 10 to the =.
inches),

The track density (track density #* 1lineal jensity

areal density) of conventional disks is determines ny tre
accuracy and tolerance of the head positioning rechanisrt
and the transverse resolution of the reade=wrijte neai~, as
long as an adequate Siagnale=toenaise ratio 1s availlanle s
the track width is reduced, Over the same tive reriod
the track density nas increased from 27 to alvost ti¢°
tracks per inch, The placina of the servo informatinn sitn
the data and the utilizing of better headedisg assenn]v
packaging will lead to furtrer advances,

To date, advances in disk media nas been made bty roinu
to thinrer and smoother coatings to imorove resolutton anA

to reduce demagnetization, These advances are elahorates

20
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later in the chapter, Thin £ilms are bheing pursved, «itr

these films, it {s easily possible to produce meaqium lavers
of less than 25 nanometers (a nanometer = one pillionth of 23
meter),

In respect to conventional recordina’s efficiency, most
of the imnrovements durinag this decade #ill continue to coare
trom the increased areal density, The track density can r=2
increased by reducinathe track widtns and the linear densitw
can he achleved throuan continuina i{mprovenents in recor<in:
resolution, as a result of the decreased medium thickness,
the reduced head-=gap and head-disx spracing, an4d tae
increased use of soohisticated sianal rcrocessina Aard
error=correction codes,

1. Qaszatlans

The Danish enaineer Valdemar Poulsen exhibtited the
first magnetic recorder at the Paris Zxposition of 1Yné, It
came 23 years after Thomas Edison had built tne phnnacraoh,
In Poulsen’s device a steel plano wire was cofled on tne
sriral groove around the surface of a arum, An electrnrannet
made tre contact #{th the wire and was free to slide alsnr
a rod peing positioned parallel to the axis of the aroa,
The drum’s rotation pulled down tne electromaanet, «#hen tne
current from a micropnone passed throunh tre
electromagnet, a seament of tne wire (where tne contact +as
made) was magnetized in proportion to the current, Althouyn

Poulsen’s invention created a sensation, the recorded
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signal was weak, It was not until the {nvention of the
vacuumetube amplifi{er in the 1920’s that magnetic recordinra
began 1its steady evolution, The pilano wire evolved ({(nto
plastic tape with a certain amount of maagnetic materiai, In
another confiauration a rotatina drum was coated with a
vagnetic medium on which signals could be recnrded .oM
numerous c¢ircular tracks, Fach track had its nsn
electromaqgnet, Such devices beéame memories for the first
modern computers (Ref, 1],
a, The Maanetic Writina

Tre magnetic writina, the recording of “ata in 3
magnetic medium, {s based on the sgame erinciocle today
that applied 1in Poulsen’s device, If a curreat flows
in a coil of wire, it produces a magnetic fielu. 'Thus,
the magnetic writina occurs as follows: The eiectric
current supplied to the head flowsg throuagh a coil around a
core of magnetic material, The <core throws a magnetic
field {into the d4isk, thereby magnetizing the meaium lvinz
on the disk, {,e,, writingthe data {(Ref, 1],

b, The Maagnetic Reading

The head that writes the data can also bpe use-
to read 1it, 0Nne way this is done (s based onn tne
rrinciple of induction, formulated by Michael Faraitav
in 1831, In the principle of {induction, a voltage ({s
induced in an open circuit, such as, a loop of wire, ry the

presence of & chanaing magnetic flelda, In the case of a

DT AN B T S A I I RS S AT ) NG I A AT R RN T AV




E; head positioned above & spinning magnetic disk of which data
nave bheen written, the magnetic fields are originated fron
the magnetized regions on the disk, During the ¢time the
- head is over a sinale magnetized region the fiela {s mnre
or less uniform, Hence no voltage develops across the
coil that s a part of the head, Wwhen a region passes
under the heacd {n wnhich the magnetization ot the megiam
reverses from one state to the other, there is a rapni?
chanqge in the field, Hence a voltage pulse develons, 1In
this way the digital data in storage are read as an anaioaue
signal, which can pe readily converted back intoe 4iaital
g form [Ref, 1],
2, Eixad-Head and dguable-Hdgad Risks

A nmagnetic Jdisk is a Airect access device which

has read=write heads that can hoth read and wrpite Adata nn

CuChiCN

the surface areas cf plattere-shaped magnetic disks., As

st

- 1llustrated 1in Fiaure 1, access arms are used to nlace tre

- reade=write heads over the surface areas of the rotatinn

- disks. “agnetic disks are available {in both fi{xea=head

- ard movahle=nhead form,

X Fixed=nead 3{sks are not removed from a disk rdrive
unit, Fiaqure 2 depicts a side view of a fixed aisk,
which consists of six platters «#itn 10 surfaces ana in

e read/write heads per surface, Fach surface is diviaed into

2 concentric rinas, called tracks, Normally, the
.\

- outermost surtaces of the top and bottom ovlatters are not
b 23
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used for storing data since they can be easily damaged,
Cata 1s recorded on the tracks hy the read/write heads which
are arranged on a read/sWrite head comb assembly that s

Y fixed in place, Since there is one read/vwrite neaoc noper

) track, no seek time (i,e,, the time associated aith tne =
shifting of a read/write head over a tracxkx of uata) {s ;;zf
requirecd to move a read/write head to the proper track on 13 E?i;
surface, fhis leaves only the time for rotational delav, f::;

The rotational delay is the time required to wait tor tne -
desired data to rotate under the read/#rite head once tre §§vi
read/write read s positioned over the desired tracx, ~';;
. This provides faster access time since access time 1s the ggg;
:é sum of the seek time and the rotational delav, , ;ﬁi
- . S
- Fixedenead disks are normally used in systems that . :if‘
E are either oaedicated ton one or a few applications ar waen Eﬁg%
i files are required to be oneline with a 1low access tive, gégg
' A0y

Characteristics of some of the commercially availanle

fixed=head AdAisx units are jfllustrated in ¥Figure 2a,

R A A

Movable=nea:l 4isks are more common than ¢tixedensars

disks hpecause tne disk packs are removaple and; since

there 1s nnly one read/write head oper disk surface, tne
- cost per bit ot storane is less, Figure 3 depicts a side
: view of a movablesheaa disk with 16 surfaces, The
read/write head comb assembly 1s moved in and out in order

to access all cf the tracks nn each surface, sinrce there s

ot gl alagn e,

only one read/write head per disk surface, The
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Manufacturer Burroughs DEC 18M Amcomp
Model B9370-2 A503 2305 8530/256
Surfaces/unit 2 . 1 12 4
Tracks/surface 1on 64 32 128
Sector size 100 hytes 64 bytes variable -
Sectorsstrack 100 (%] viriable —
Track capacity 10.000 bytes 406 by tes 14,116 hytes 150K bits
Total capacity 2M bytes 262K byies S IN byites 76 8M bits
Average Inency 17 ms 8.5 ms 2.5 ms R.3 ms

’ Transfer rate 0K 150K N M buts. second

hytes/second byvites:second bytes:second

Figure 2a. Characteristics of Fixed-Head Disk Units.
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read/write heads usually move togetner as a unit, and
only one head can transfer data at a time, Tnus, since
tne comh assembly =rechanism moves, a larae recordinn
surface area can be covered with only a tew read/write
heads, The characteristics of some nmnovahle=nead Alsks
units are {)lustrated in Filaure 3a,

There is vet another category of mdagnetic -1sks
which 1{is a hvbrid of the above two, The rinchester=tvye
oisks, are called fixedemredia direct-access storaje disrs,
Tnese are fixed disks, meaninag that it emplovs a
nonremovable sealed head=disk assembly, with movaosle=headd
aisk units, In other words, the combt assemblv, althoucH
movable, is an intearal part of the disk platters, Thus, onse
can replace one assembly and its nlatters with anntner
assembly and another set of platters, These tixeAementa
disks were introduced by 1I3M in the earlv 197y’s stiLn tre
InM 3344, followed hy the I84 3350, apd {n 1979, tne 3I31¢,
3370, 3375 and in 1960 the 33R0,

3. ZIcchaolagical Iaclicatians

Technoloaical {implications of econventinnal disx

systers encompass tne tollowing three salient features:
(1) “aterial requirements,
(2) Features and benefits, and

(3) nimitations,
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3 Manulacturer  HP IBM IBM coc
- Modet 2100 3330 3340 3380t AZ
. Surfaces unit 4 19 12 19
- Tracks/surface 200 404 696 818
. Scctar size 256 bytes variable variable —
Scctors:track 24 variable variable —_
2 Track capacity 6144 bytes 13.020 bytes BI6R bytes 13.020 bytes
; Total capacity 4.9M bytes 10OM bytes 69.9M bytes 400M bytes
< Average lutency 12.5 ms Rims 12.5 ms 16.7 ms -
Transfer rate 2K RO6K 8RSK 1.2M bytes/
bytes/second byfesisecond bytes/second second .
. Figure 3a. Characteristics of Movable-Head Disk Unit. : ;
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a, Materisl Requirements '"éfs

The materials for the  magnetic recordina ti3fu

medium are arranaed from the top to the bottom in rFigure 4 }3{5‘

for the oldest to the nesest materials available today, Of 5§?§}
Y

ctourse, the writing and reading of data depend nn fhe “¢*$

magnetic prorerties of the media in which tne aata {s
srtored, The most common of these is the aamma foram ot the
iron oxide, which {s currently in use today, Iren ox{de (g
desirable because {ts properties are hest suitea for
magnetic recoraina and {ts cost s very reasonanhle,

moreover, its surface 1is uniform and horogeneous, wnich

makes the iron oxide {deal ¢for recordinna,

o use this medium in ¢tne manufacturing of a -

disk, the "chemical plated" process s utjilized, The ?

chemjical plated process {s a process by which opaintelike é:gg.
coatings of fron=oxide particles are suspended in a nolymer §§£§
pinder, such as tne aluminum, This aluminum disk is coated ﬁ;ia

#ith a slurry containina tne {ron oxide, The oxide in tne
slurry consists of needlee=like particles approximately A
ricrometer (10 to the «4 centimeter) In lenqgth and a tenth
of a micrometer wide, The iron atoms in each particle nave
their own minute maanetic filelds, hut the elonnated snane
of the particle forces the flelas into an altignrent
along the particle’s lona axis, Each needle is
therefore a magnetic bar, and nas a dipole maghetic tield,

The only possible change ir the field {s a reversal of tne

K}
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north and south poles at the ends of the needle, The overall
magnetization {n anvy aqiver reqion of the disk is the
sum of the filelds of ¢the needlelike particles w~itnin {t,

Plainly, the maanetization of a region of the
disk would be maximal {f 1its needles were alianea and {f
they all had their north (or their south) rpoles tacinc
in the sare direction, The alianment of the neenles
is achieved shen the disk is manufactured, Ny
rotating the Aisk in the presence of a maanetic ftleld bpefnre
the slurry has dried, The needles come to lie in the njiane
of the disk and more or less perpendicular to a raaius of
the disk, In an ooeratina disk, the needles are neore aor
less aligned with the direction of motion of tne 4isx,

The alignment of tne poles 1is acnhieved wnen
the data {s written, Specifically, it 1is achieveg shen tie
head applies a maanetic field to the medium, [he uaynetic
particles are sdfficiently far acart, so that their own
fields do not interact apcreclatly with one another,
However, as the strenqgth of the applied ¢€ield 1{increases,
some of the magnetic particles whose aiooles are
ornosite to the Afrectior of the applied majynetic fieli
reverse their dipole field, Ultimately, thre aprpljed fielid
becomes strona enounn to polarize all of the prartictes, Twvo
complications must be noted, First, the fileld of tne
nead falls of¢ raoidly as the distance from tne nead

increases, Second, the medium i{s moving, and it tnerefore

32
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Fe O (Cniform and Homogeneous)
Cr O (Unsmooth Surface)
Cobalt-Iron Oxides (Temp Dependent)
Barium Ferrité (Temp Dependent)

Metals (Unsmooth Surface)

Figure 4. Magnetic Recording Materials.
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passes out of the region in which the fleld |{s strona
enough to polarize the medium, It is the trailing edge of
the fleld that governs tre final orientation of tne
magnetization, Wnen the field of the head is removed, tne
reqgion of polarize4 medium remains, That is wnv the
data can be storea, The magnetization can oce ariver
rack to zero, by reversing the flow cf ¢the current
throuah the coil {(n the head and thereby applyina tn tre
magnetic medium a reversed magnetic tiel14d, Since
the maqgnetization npersists in the medium, the Traversal
of tne maanetic field does not Iimmed{fately reverse tne
dipoles by which the medium was magnetized in tne ¢irst
place until the field reaches the etficient strenath,

For a maanetic mediumrm it s desiraple tnat the
remanent magnetism (i{i,e,, the magnetism that persists when
the magnetic field {s ansent) bhe larage, Tt also is
desirarle that a moderately larae field strenath be
present to demagnetize the mediun, Both nt trese
requirenents help to ensure the permanence nt the stcre-
data, In addition it is desiraple that the reversal »t tne
magnetization of this medium be accomplished over a small
range of asorlied field strenath, This helps tn ensure
that the states of the medium that are used fnr data
storaae will be well defined, All four of these criteria

are summarized by the requirement that ¢tre nysteresis

G
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looo for the magnetic medium be Jlarge and nearly squAare
(Ref, 1],

In addition to the {ron oxide, tnere are ¢our
materjials on the horizon as candidates for maanetic mediurs,
chromium ox{des, cobaltejron oxides, bartum ferrites, arni
metals, See Fiaure 4, The four medium materials, altrhouan
very riah potential for the near future, are very lir{te~
frr current usage due to their innerent disacdvantanes ann
hiah manufacturing cost, Disadvartaaqes for chromia-
oxides {include Adifficulty {n obtaininag smonthk surface
and aood oriertation, Nisadvantages tor contalte{ren oxi-ses
and barium ferrites {include the temperature depenience ot
the coercivity, Coercivity 1s tne ability of the naterifal
to resist accidental ana self=magnetizaricn, It course,
tre higher the coercivity the pbpetter tne medjum {s for
maanetic recordinn, Although this devendence can na
reduced by varying the composition of 1ts components, The
last mediun, metals, are the most promisinag, due tn treir
excellent coercivity, However, netals are currently the
Tost expensive, Hetals also have other
disadvantages, sucr as a redvction in ragnetism wher exnosel
to elevated terperatures an4 numidity,

Further, the four materials mys*t be manufactured
by utilizing the "spuytterina" orocess, which (s the
process by which atoms or groups of atoms are ejecte from

a metal surface, The iron oxide AdAoes not need this process,
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since {t utilizes the platted process, Although the

sputtering process aenerates a very clean surface ang has 3
to 8 times the cavability of the platted process, it anes
cost approximately 60% more,

Fiqure 5§ depicts the maximum coercivity of
each of the above materjials, along with the three mnst
common anisotrorhic structures of medium materials,
Anisotroohy {s the phenomenon of a material in #nich tnere
exists preferred directions for the maanetization, ¥etajs
are not {ncluded {n the figure because there dones not vet
exist sufficient irnformation for comparison,

b, Features and Renefits of Cbnventional Ofskx

The features of conventional di1sks are

{1lustrated in Figure &/, Fenefits are listed pelow:

(1) 1lowest cost per bit as a read/write on=line
storage medium,

(2) 3 competitive marketplace based on nurerous
suppliers and a large choice of product offerinags,

(3) cavacities ur to jicavytes,

(4) read/write capability and nonvolatility,
(5) broad environmental tolerances,

(6) relatively modest entry cost,

(7) multi=billion dollar industry,

(8) established production processes,

(9) increase demand for capacity occurring faster than
storage density,

(10) density still far from ultimate limits,
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: Crystaline 250 3000 70
Strain 300 300 2000
Shape 5300 4400 1530
: Figure 5. Maximum Coercivity.
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Development of technologies in key areas of magnetic head and its air bearing support. disk substrate and its coating, head.
positioning actuator, and read/write electronics.

Year of first ship 1957 1941 1962 1943 1984 1971 1973 1978 1979 1979 1981
Product . 350 1403 130t 131 Ve 3330 3340 3350 I310 1370 1320

Recordine density JER
Areal density (AMblin.h) 0002 0.009 0026 0.091 0.22 078 169 307 18 78 >12 ——a
Linear but density (bpi) 100 220 $20 lo2s 2200 4040 3636 6425 8330 12134 15200
Track densuty (tp1) 20 40 50 .o 100 192 100 418 450 [33] >800 ev

Key geometnc parameters

{microm.} - ) R
Head-10-disk spacing 300 650 2%0 129 88 0 I8 oe 13 o <1 Lo
Head gp lengih {000 700 $00 2150 108 100 60 50 40 2 b
Medium thickness 1200 900 343 1350 83 50 4l s bl 4 <13

Air bennne & magnettc element
Beanng type hydrostatic hydrodynamic  ** oo oo s oo se i
Surace contour Rat e cylindncal had L taper flat L bad b
Stider materiaf At o stainfess steel  ceramie  *° fernte  °* oo ceramie  *°
Core matenal laminated o .. fermite  ** b se oo Atm b
mu-metal
Sliderscote bond epory °° had b hid glasy integral ** e deposited  **
Disk
Di:ﬂ\t‘!f 'i") 2‘ . e l‘ (1] (1] .0 L 1] .’ v " e
Substrate thickness (in.) 0100 °*° b 0.050 *° 0.073 °° e A bl DM OTS R
Rpm 1200 ~°° 1200 {500 2400 360 1964 3600 1128 2964 J820 b
Fived/removable fixed °*° oo removable pack **  module fixed °*° e °e ENCRA
Duta surfacesspindle 100 had i 0. 20 19 ] 13 1" 12 - 135 :.‘:;\}‘
Actuator . .)n*.i
Access geometry x-y .o linear radial ve b o [4d rofary finear g >
Heads 1 headyactuator 1 head/surface °° **  2headvwurface | s Iy se -"'.-_\.-
Posioning motorclutch hydraulie *° oo vaice coil motor b bl b -* .:J
Final position detem °** oo o e 1ervo surface (+secior)  servo surface RACAT
Actustoryvspindle max. no.} 2 oo 2 1 o .. o bad 1 1 o i
Avg. seek time (ms) 600 oo 163 150 60 Yo 23 ve u 10 16 o araa)
N
Readiwrite electromcs ! I
Data rate tKbyteys) LR ] 17.5 68 69 n 806 183 1198 10Nt 1839 Jooo T
Encoding NRZI °° i s 2 mfm °* e mim .7 b RS
Detectron ampi ¢ ve oo peak deita ** ee . 0 delta clip Ty
Clocking 2o ** cik trk ose  vfo e 0 i i b te < \::-,'
Vel

**Same o3 1 preceding column.

Figure 6. Features and Characteristics of IBM Disks
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(11) a wide choice of materials, and
(12) completely reversible, inherently stable orocesses,

As a recording type of storaage, conventional
disks have the advantaqges of non=volatility, lower cost,
direct access, allocation flexibility, a simrle and relianle
recordinag process, andi allowing update in place, Treir
major disadvantages are two: The movablee=nead disxs {involve
the mechanical notion of access assemply and lonyg access
tinmes, the fixed=head disks incur higher proacuction cost,

c. Limitations of the Conventional Fecordiry

The conventional recordina 1is limited bry its
physical dansity as depicted in Fiqure 7, Figure 7 Shous
that the current density equates to 1,2 gigaoytes tor tae
I 3350, with the ultimate density equating to 22,5
gi{gabytes, Thre Patty 1II disk system, nanufactnured bV
tational Telegraph and Telephone Co,, is & prototyre and {s
to be discussed later,

The key parameters which 1imit tnhe linear
density are (1) the flying heiant of the head above tne
meaia, and (2) the onysical width - of the transitfon
between neighboring, orpositely maanetized fields, Tne
increased linear density requires a balanced reduction {n
these two Dparameters, and 1s ultimately'limited by the
fallure to maintain the minimum bite-errore=rate (BFR)
requirement for the storane device, AS the linear

density {is 1increased the BER grows due to systenmatic
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IBM 3380 ULTIMATE PATTY D
LINEAR DENSITY - 15K bPI 40 K bPI 25.4 K bP]

TRACK DENSITY -~ 800 TPI 3K TPI 1800 TPI

AREAL DENSITY " 12Mb/sqin 120 Mb/in®> 40 Mb/sq in

=
a
>

F

XN

Figure 7. Limitations of Conventional Recording.
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peak shift associated with transition crowdina alono 3%%
the track, and/or reduced playback sianal=toenoise ratin Eig
(SNR), The SNR €alls due either to increased noise aristna ST
from media aranularity and surface roughness, or signal ;E;
loss resulting from demagnetization, combined with tre i&f
reed to resort to tninner layers of material {n order tn {j'

reduce the transition widtnh,
At a qiven linear density, fne t.racw
density achievable in  maanetic aata  storage 1is At

1 fundamentally limited by the inductive nature of tne

%i magnetic read process, ASs the track wiatn 1Is reaucen,
& the read siqnal voltage falls vocroportionatelv ana tnn
f{ limiting track density {is reached when the playbhack Siw
{i falls to the critical value regquired to sustain

A acceptable KFR, In npractice, the achievarle tracx< fﬁ&
y Ta
- aensity {s 1limited by the aquality of the radial o
- positioning servo mechanism, and the dearee of cross=talk N

due to the frinaing flela of the read/write nead counling

v 2
s
¢

s

]

- B
" to adjacent tracks, The highest track densities recquires SQ}
" .:.‘ 1]
- developments in all of these areas, D

The linear density and track density Aare

¢ . !
EPTREC Y
IREARIRNT U

fundamentally linked throuabh the SNR requirerent T
mentioned above, with the highest  track densitv
corresponding tn reduced linear density (compared to {ts
§ 1{mit) and vice=versa, The maximization of the overall

f . areal density requires an optimum trade=pff hetween

a1 t:
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these two parameters, dependinag on the media type and the N

7 s 0
»

magnitude of the magnetization of the storaae layer, as hYA

well as the detajled performance achileved by the radial

1
At
;

tracking servo=mecnanism (Ref, 2],

-
alals
- "'.‘ . .
» y -ty
i
aree

4. Izands and Bzablens in Diffezent Iaxonaaias N
Fiaqures 8 and B8a 1illustrate conventional Aisk NS
trends. Note that in Figure R, the current disk cacacity EEE
- of 12000 bits per inch eauates to 1.3 giocaoytes, and that Ei;
by 1990, 5 agigabytes, This 1s far areater tnan tre RN
established doubliny of storage capacity every 30 vonths, :ii

as been the case for the Jlast forty years.,

1. R ‘.'.‘., f'_.".,'

= In Ffiqure 8a (Ref, 3], note  tnat Lism 1s

:E experirentina witn the 3380 enhanced (E), whicy has a

-

2 storaade capacity onf 2,5 oaicabytes nper spindle, which

doubles the 3380°s capacity, btut is far short ot natifons)

:j Telephone and Telegraoh’s (NTT) Fatty 1II capaclitv, wnich

-- equates to 1,07 qgiganytes per head disk assemoly (Hvr), or

- 6,6 glgabytes per unit, which has 8 HDA’s, #oreover, tne

i; NTT driver operatss at a rate greater than 40 million bits

s per square inch, and has a track density of 1800 tracks

{j per inch (TP1), as well as a linear density ot 25,400

:; pits ver inch, The data rate s 4,5 meagabytes ner secona,

» and tne seek time s 12 nmilliseconds, Lhis level of

S perfornance exceeds that of the IRM 3380 (E) {n storage

§ density by almost a factor of two and {n data rate by 503,

‘E' Innovations include a sealed head disk assempbly (HDR), :

:;':T
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LN _MICRO INCHES
YEAR  DEVICE BIIS/iN IRACKS/iN  BiIsZin?  SPACING  GAP  IHICKNESS

.7;; 1956  1BM 358 199 20 2000 1209 80P 1200
e 1961  18M 1381 509 50 25000 500 509 500
- 1964  1BM 2311 1109 100 110000 125 200 250
" 1965  1BM 2314 2200 198 220000 85 105 85
) 1978 1BM 3339 4aug 192 775680 59 100 41
1973 IBM 3348 5600 390 1.68 x 106 7 60 41
1975  IBM 3350 6425 476 3,06 x 186 17 60 41
1978  STC 8658 6425 952 6.12 x 106 17 69 49
= 1979  1BM 3378 12134 635 7.71 x 196 15 24 35
& 1980  1BM 33808 15000 801 1.20 x 197 " 24 26
1981  NTT PATTY 13978 1892 1.53 x 187 8 32 7
- 1984  NTT PATTY 25408 1800 4,57 x 197 6 20 7
1985  IBM 3388(E) 15000+ ~1409 - 3.0+ x 187
- A
- 0%
4 sk
- Figure 8a. Rigid Disk Trends. .J-,‘i::)
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with a helium atmosphere, a thin fi{lm sputtered ¢errite
disk, a flying hefaght of 0,15 microns, and a uniaue
rotary rmultiactuator assembly, Both the IBM 3380 (F) and
the HTT Patty II are still only prototypes,

Some of the problems that must be overcome {n nrder
to achieve the anticipated conventional recordinn
performrance are tcetter tracking error, positioning and
servoing svstems develorments, They Aare currently verv
poorly develored, a very nignh deoree of accuracy is
reaquired ovetween the position of ¢the reaa/s/vrite neal
and the location of data on the media surtace, Also, tra

track densities appear very unlikely to exceed 2000 TPIL,
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- ITT, ZIHE BUBOLE IEMCRX

.

"Bubble  memory, initially toutea as & universal . _Q;ﬁ

replacement for disk technology {s today regardes as 3

. "-.’_ o,

technological flash in the ran," [Ref, 7]

The magnheticebubnle memaory (*B4) 1is a solide=stare

l magnetic memory which emnlays shift realsters, These
,? shift reqisters move magnetic domains which represent pinarv
E; data, The Trotating magnetic fields of the domajns dre useq
i for the hinary orientation of the data, Unlike conventional

semi=conduyctor memory devices which are proauced tror
silicon materials, M™MBM ytilizes synthetic qarnet or
. amorphous materials,

The {nagenious technological discovery of MNRM dates

]
[N S T T

pack to 1966 “hen Bell Lanoratory scientists

y
Yot

o« a e
s 1)
[ -

discovered that magpetic buhdbles could re used to record,

Store, and read data by applying and manivulatirna

:f external magnetic forces, The ¢tollowina features ot tne

5 bubble phenomena aidea its development as potential memorv

- devices:

= (1) Bubbles were stable over a range of the

- maanetic blas field (i.,e,, sStable

[ 4 storage);

QF' ] !“'n
D - fﬁtﬁ‘;'
o (2) Butbles could be elonaated by lowerina ‘ngg
A the magnetic bias field for further by
3 manipulation, and C e
.8 iR
5 -
- AT
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~ E:’;:’ :
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(3) Bubbles could be annihllaiad by raisina
the bias field,

A, CONCEPTS

Bubbles are microscopric magnetic cylinaers of
reverse polarization to that of the thin magnetic
£ilm substance surrounding the bubbles on a memory cnip,
The bubbles are the individual memory cells, only smaller,
and hence, more densely packed than conventional
semfconductor memorv, The presence of a nubnle 1iniicates
a loglc diugit of "1" and the absence indicates a logic diqitc

ﬂn".

Fioure 9 depicts the technique for creating pubbles, The

+ =

bubbles are created in memory chips made of twe
layers, The first layer 1is a nonmagnetic supstrate of
. . . gadolinium gallium Jarnet aoout 0,015 {ncnes thick, fre
: second laver {s an extremely ¢thin 3 micrometer terro-=
maanetic sinagle crystal of garnet grown on the substrate,
. The sinale crystal completely covers a 3 {nch diameter
wafer vieldinga up to 44, 1/4 square=inch rypole memory
chios, The magnetic f£ilm crystal is nagnetizedq at riji3ht

angles to the surface so that naagnetic equilibrium occurs,

O B A TR L AN

wavy interspersed areas of north and south roles Aare

created {n total equal proportions. ®hen an external

; magnetic field, or "bias" field as it is usually called, 1S
: imposed on the chips, magnetic regions with polaritv
D similar to the bias field expand and those reaqions ot
N

:

l 47
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o .0
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Feyromwagnetic
Single = Crystal
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. /
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Supstrate Maanetic F) < LD

Y Bubble
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Bubble Creation.

Figure 9.
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reverse polarity shrink unti{l they form tiny magnetic SR
cylindrical butbles, These bubbles are like small islands iﬁﬁi

k.
in an ocean of opposite magnetism, In other woras, the ]

rolarity of bubbles can be either north or south doles, but
are always opposite in polarity to the bias fi{eld used |{n

the mapufacturing process,

B, OPERATINNS
Figure 10 {llnstrates the operation of bupble memnnrv
recording, Maintaining and manipulating the buboles
around laterally tnrouaghout the tilm s a delicate
operation, The bubbles are stable within a certafir
intensity range of the bias field created oy two rectanaqular
permanent maanets, one above and one bpelow the cnip to
. develop the perpendicular magnetic €ield which oenerates
and maintains the bubhbles, Above a certain range tne nubcles
collapse and disaopear, and pelow this range the nudoles
| evpand once again to form the wavy, stanle , Aan‘
E oppositely vpolarized magnetic regions, A varyina

electromagnetic filelqd createda by a pair of electromagnetic

; or orthogonal coils wound around the chio at riant anagles

to eacn other provides a rotating electromaonetjic fielAd

that moves the bubbles laterally along a permallny trackg K:L;

i whenever 90 deqrees outeofwphase current is fea to tre

two coils, The permalloy tracks are laid out on the et

Lo
garnet f£ilm using printed=circuit tecnniacues in chevron, 3 ~

t | 4
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>time
>time
user system
controiler bubble gevice

. chevyron

ac field _ elements
dc field
Ni-Fe guide

~

{bble domain

epitaxial magnetic film

amptifier

function

driver diode array

gadolinium-gailium-garnet
* (GGG) nonmagnetic
substrate

permanent inaghet

Figure 10. Components of a MBM Chip and Film.
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T=bar, or semicircle patterns, As the rotatina magnetic
field c¢hanges tne {nstantaneous polarity of the tracg
elenents, the bpubbles move around the tracx, Tne
chanqges in polarity pull the bubbles through the cnevron
areas and down the path, A bubble mnoves one stage (9one
chevron, T=bar, or semicircle) along the track for eacn 3é0
degree revolution of the magnetic field. The oubnle strea:
1s kept 1in motion by passing "write" and "read" heads At
different points with data beina read as the buboles make A
full revolution around the track,

A MBM cnip must also contain structures cacabhle onf
qenerating, annihilating, detecting, and recliicatin~
bubbles, With such mecnanisms, tne basic functions tor a
memory can be emulated by the maanetic burble device, This
device 1s the controller,

Bubbles are aenerated by a nonmagnetic conauctor 109D,
called the "hairnin", which is inserted between the agarnet
£11n and the soecial "pickax=shaved" pervellov
pronacation track element (chevron, Te=nar, or semicircin),
«hen a pulsed current passes through tnhe loop, Aa magnetic
tield opposite to the bias field creates a bybble =nfcn
is then passed onto the track hy tne effect of the rotatir7y
magnetic field, Changing bubble direction involves usiny tne
same "hairpin" and "pickax" arranagement to create field
polarities which momentarily block bubble movement caused hy

the rotating electromagnetic field and divert it
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S into other propagation tracks. Erasina old bubbles 1is
accomplished similarly to the method of charging bpubpble ﬁi;
: direction except that instead ot channélinq a nunhole to - ?ff
:_ another storage loop track, a oubble 1is removeq fronm the ?3%
- Ry
5 track, isolated, and erased by another pulse of prooer | iﬁ&
:1 Polarity strong enouagh to to cause a bubble to c¢d5llapse, N
» Bubble detection i{s eitner destructive nr Eiii
nondestructive, In destructive detection, tne hunovle {s ;;ﬁ
detected and read, but is destroved by the Tread orncess iﬁi

~ and does not remain in memorv storage, In nondestructive
’i detection, the obuybble {s detected and replicateaqy tne
replication 1s diverted to a "read" detector w«here that

bubble {s read an4 then erased, and the oriainal obub~le

remains in storage, In the rondestructive read process, treo
replicator basically splits a stretched obubrle creates? oy
the "hairpin® and separates the two clonres, ASs tne

p rotating field ooerates, the two identical buvrbles follocw

-y
! l'.
[N

AN
1 “

Separate paths, one to remain in remory and the otnher tn

A
L
Car

pAass on to the detectar and eventual erasure, Tne Oubhle

.~ -
.
'Y
€
Yt

P
[}
r,
a e

rassing to the Aetector 1{s stretched hundreds of t{nes in

diameter andg passed under magnetoresistive material,

Tnis conductive material has a resistance which varies

gl

with the strenath of the surrounding naonetic fleld, A
o small milliampere current 1s sent throuah this material .
normally {n the chip, when the bubble rasses this

h material in the detection device, the registance of

A
-
v et S

.7
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the material drons sharply and enouagh current €lows tn
produce a pulse announcing the presence of a pupble [kef,

. 81,

C, THFE ARCHITECTUPF
Tnere are basically two categories of arcnitecture for
MuMme  the serial loop system or the major=minor loor systen,
The major=minor 1loop system has three implenentatior
variations: transfer qate, block replicator ctransfer ans
biock replicator swap,
Fach of these four architectures uses function gates to
- generate, replicate, detect, and erase data and a pair of
. detectors to eliminate the effect ot the rotatina
. magnetic fiela, The serial 1loop scheme will pe mentioned
. onlvy briefly since it is seldom emploved (see Finure 11a),
- The serial loop scheme consists of a single serial loopr
- which forces tne bubble stream to circulate throughout tre

entire loon petore a bubtkle can he read or gestroyea,

- Access times are typically hiagh at around 376 ms, Oetection
f can be destructive or nondestructive,
- The ¢irst scheme of major=mjnor looo bpubble memnry A
architecture 1{s the transfer ocate system (see Figure 11n),
- The transfer Jate system majoreminor 1looo architectures :, o
> SRS
: are constructed with a major loop which directly connects e
Y
to the generation, detection, replicacion, and h? “
L
., Mo
. annihilation devices for reaaina and writing on one side and Eﬁ%ﬁ
. KIS
lt.'t’_“"n"
’ -
. NN
if t"}{. !
< N :ﬁ
: N
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A- Aontinilabr
D= Detecter .
G - Genernter

R- chlka%ar

| - —

Figure 1lla. Serial Loop Memory.
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to a parallel series of minor loop, This svstem has serial

R T

input, parallel storage, and serial output, 4inor 1loops
are connected to alternate oit ©vcositions along the najor

loop which are all enclosed in a transfer gate, Vata |15

written into the major loop 1in alternate bits, shifteqd
around the major loop until the first bit arrives at tne ot
tirst minor 1loopb, the second data bilt at the second mjinor -
loop and so on until each minor gate entrance pholds a bit.
Then the transfer gate is pulsed to enter data into storaage,
01d data must te read out serially from each minor lonp at

- the respective minor 1loop exit bhefore new data bits can

occupy memory previously occupied oy old data,

There {s no "writeeover"” procedure available, Rather,

0old data must bpe destructively read before new data car be .
enteren into the same address, Control circuitry ensures nesr

data is inserted only into the previously vacatea nemorv

slot occupied by tne old data, wWhen data 1is only to be read

L o
v

3 and not replaced, it must be replicated S0 that one corpy

[
34N

PR
o
/

returns via the major loop to the minor loopr storage and tre

ol

other coony is read by the detector and then anninjilateaq,

As it may be surmised, the transfer gAate architecture (s
not fast enough ¢for some applications because of the
alternate spacing between rinor loops,

i The second scheme of major=minor 1loop bubble memory
architecture is the block replicator transfer system (see

Figqure 11ic¢), More organizational separation of function

|
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is utilized, resulting in a scheme wnich is twice as fast as Q;Ef
the transfer cgate version, The major loop is divided {into
two write 1lines at one end of the minor loob bank and two

output read lines at tne other end, The minor loop pank

is divided into even=bit and odd=bit storage panks «itn
each bank having its own generator and major loop write
line, The o0ad bank has an extra bubble position so that P
identical data bits are offset from those in the even bank,
0l1d data is destructively read out the same pasicC way as
the transfer gate system; however, in this arcnitecture,
anxiliary control circuitry times the rotatjion of minor
loops and the transfer and replicate gates So tnat new

data properly replaces old data, That is, new data i3

written only where old data vacant slots are 1lpcated, The s

|

t L ES
-.:‘Arx;.r

advantaae of having the read and write functions senarated

s

is that they have their own dedicated 1lnop connections, As

gy
s

.-

soon as a vacant memory spot is avallable on a minor looo,

new Adata from the write end of tnhe minor 1loobs can ne oy
O
entered into the vacancy, Consequently, there 1S no need tﬁ@
e
;:‘ L
te walt for outgoiny data te clear the major 1loon £ad
tefore the arrival of new data, 7This is {n direct contrast Fqg
Wy
to the corresponding actions in the transfer cate scCheme, ffﬁ
N ¥
To simplify data read=out, the <control circuitrv 3%2
collects & bubble from each minor loop at the read end VRS
of the minor loop banks where the replicator gate £9r each N
Ty
"»? .c"

such loop is located, The block replicator {s then opulsea, e
B
N
gl
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Figure 1llc. Block Replicator Transfer System.
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resulting in the replicated covies being kept |in the

.
-
¥
.
.l

minor loop storaqge, AS with the transfer gate
architecture, the block replicator architectuyre emnloys

nondestructive detection for onhly reading data,

PN

The third and final major=minor 1loop bubble meamnry
architecture scheme s the swap gqgate scheme (see Flyure
11d), wnich replaces the bank of transfer acates at the write
end of the minor loop banks with a bank of swap gates, i"nis
bank allows old data to be transferred to writesswap exits
at the same time new data 1s available at the swan/arite
f entrances to the minor loops, when the swap aate 1s

energized, new and old data merelv swap places, ‘lew
2 data {s stored in the minor loops and old data is w#nhiskea
away by the major write 1lines to be erased vy tne
b arninhilator, 1he obvious advantage of this scheme {s that
a lot of data does not have to be erased betore new~ -data 1s

X writter, This architecture also uses nondestructiva

detection for only reading data,

D, BUBBLE MATEKIALS

[t I 35 0V R R a0

Certain elements and their alloys (Fe, Co, My, 6aA)

. along with other substances exhibit the well=xknown proverty ;
™
L)

g of magnetism, This oproperty opermits a raterjal’s ators

to achieve a high degree of alignment desdite the
atomg’ tendency tovards randomization due to some type

of thermal motion, Materials can be shapved such that their
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direction of magnerization is along a particular
direction, Several {inportant properties of magnetism are
exhibited when a maanetic substance {is subjected to an
external field, #First, a relative increase in the external
fleld will cause a relative increase in the substance’s
magnetic ¢field, Secondly, it a single, thin, crvstai
film of certain magnetic materials is shared rervendicnlar
to the axis of tnhe original magnetism, the results are
wavy strips of matter navina alternating directions of
magnetization which are perpendicular to tne surtace
of the film, Thus, |t is the comninatinn cf these two
properties which surplies an environment for a Maw,

(Of the avallaple bubble materials, the most conmon anAd
currently most wutilized s a cubic structure aarnet, which
include rare earth (Re), and {iron (Fe), Yannetic Sarnet
films can easily be tailored to oroduce specific nrannetjisr
alona a desired direction, as well as to enable tne
coercivity to be better controlled, Also, satisfactorv
overation can be sustained with these aarnets over )
temperature range extending from room temperature ur tc
70=100 degrees centigrade, Moreover, the Curie temnerature,
which 1{s the terperature at xhich demagnetization nccurs,
is fairly constant, This of course provides useful buobles,
The size of bubble created can vary fron subhstances for 'av,

Other films {nclude nexaferrites (such as Rafen),

arorphous materials (such as ReTu alloys), and
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orthoferrites, HKexaferrites are hexagonal, and therebv

have a crystalline anistrophy, whicn s adequate for

s HE— ¢+

cubbles, They represent a class of materials with a
niaher coercivity than garnets and the capability of

creating smaller bubbles (<,5 um), But, the structure

L fE Y. YT

tends to 4arow more rapidly perrendicular to fthe axis,

thnereky making qgood £ilms more difticult, Algnoughn, its
i velocitvy 1is faster than aarnets, its Curie tencerarure is
more varied, Also, at tnis time, since only small burcies
can be created, its uses are uncertain and limited,

Amorprouns f£ilms being amorvhous are rot sin3le=-

'l R

crvstals~like aarnets, They are less exnpensive than

other materials, put are too sensitive to variations i~

(W

temperature, Also, 1its velocity is slower than the other

RN FREUNEERNTRER

materials., The size of buroles {s sliahtly opetter tnan

o’y

hexaferrites (,2 to L,6 um), but still ruch less taan

B

garnets,

; The orthoferrites were the first rnraterjals to oe

E utilized | for 1B%, Its magnetization is much ton low ta r2

t vervy useful and only larace bubbles can be created, {n *tne

N ranae of 50=100 um (Ref, 11],

&

? F, ADVANTAGES

F The followina are some of the advantages of bubphle
memory over conventional semiconductor technologies (Ref,

. 103 ¢
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(1) non=volatility of memory (if there s a power loss
to the bias field generating coils),

(2) high robust reliability and ability to ensure data
integrity,

(3) non=-mechanical aspects,

(4) ease of programmability,
, (5) simpler interfaces than with disks,

, (6) versatile technoloay in terms of architectuyral
' options,

I (7) nighly portable without the need of power of refresh
techniques,

(R) high relative yield in majore=minor loop chio
manufacturing wnicn can tolerate a deqgree of
defect ir manufacturing, and

(9) more resistant to the effects of electromagnetic
pulse effects (simple magnetic snields can oe
used to encase devices containing bubble memorv
chips),

& WEERA

. F., DISADVANTAGES

Some of the disadvantages include:
(1) nigh cost of technology,
I (2) slower access rate (in the range of 4 to 10 ms),

(3) slow data transfer rates (in the ranae of 40=100n
Kbits/sec),

(4) not too resistant to temperature varfations

MRS, LI L N I

(typical operating ranqe 0 to 55 dearees

in C), and
- (S) non=onerating storaqe temperature ranaing only from
" =40 to +100 dearees in C,
’
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G, BUBBLE PRODUCTS

Almost every major electronics company {n the world was
infitially 1involved with magnetic bubpble research, e£ither
the technoloqy was too complex or the bubhle device did not

hold enough buSiness potential, many development prourams -

o BT YT T, . T .,

were abandoned, Thus, it is no wonder that mary companles

drooped M3% altogether, Only Intel remains in tre pucbnie

development field,
Figure 12 compares some of the existinng puonle

products, The first commercially offered product was Texas

; Instrument®s TI 922 Kbit memory module, the 1160203, 5;;?
g in 1978, It emploved a major/minor loop architecture ijié
ZS with 157 loops, 13 of which were redundant, TI followeAd ' gi;;
; this with three higher capacity units <hich employed a . Lk

block replicate architecture, 3oon Rockwell and Fujitsu
also entered the market with bubble devices of their oun,

Early {n 1979 Intel introduced the gfirst 1leMpit device

O SO PRI IR

on the market, This device also included all tne support T
components to turn the magnetic bubble device into A }ﬁqi‘

magnetic bubble System, These support elemerts jincluded s 4}f*

controller, a formatter/sense amnlifier, a coil pre=dAriver, g

a coil driver and a current pulse generator, The j-;?3
controller interfaces witrh the miCroprocessor system ana SRR
converts microprocessor read/write commands into tne
necessary control signals to carry out the the selected N

operation within the MBM systen, The formatter/sense © Ratal
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DESICH SUFPORT POVER-FAIL ERROR
NAWSFACTURER |  DEVICE CAPACITY APFROACH CIRCUITS PROTECTION | CORRECTION
TEXAS 1180203 n” o CONPOMENT 3 NOWE ]
INSTRUMENTS
TI80303 bR 11 COMPOMENT NOME NOWE ]
T192%0 25 kv COMPONENT NOME HOME ]
191000 1 o CONTROLLER NONE NONE ]
omY
ROCKVELL RINZS4 2% o COMFONENT NONE NOME n
INTERNATIONAL
RINALL t mr CONTROLLER TES NOMNE [
oY
NATTOMAL NIN2234 25 Kt SYSTEN fRL ILT-IN e
SENICONDUCTOR
M0tt 1wt SYSTEN L WILT-IN es
INTEL 110 1y SYSTEN AL ILT-IN TES
MONETICS :
481 o mrt SYSTEN L WILT-IN TS
NOTOROLA 2236 26 Xt SYSTEN L WILT-IN 1]
011 1 ot SYSTEM FLL ILT-IN YES
A 1 mrt SYSTEN L WILT-IN Tes
FUJITSY FaN320A TR 1§ JUBBLE NBLE EXTERNAL TES
CASSETTE CASSETTE FOVER
JOARD SET B0ARD SET SEQUENCE X
° FINEI0A 256 xot7 BUBELE pugeLe EXTEENAL res ‘g
CASSETTE CASSETIE POVER IS
BOAFD SET BOARD SET SEQUENCE Sy
TN
TN
-. q\n !
S

Figure 12. Comparison of Magnetic Bubble Memory 1983.
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amplifier has several functions, First, it contains two S
sense amplitiers for the detection of butple sianals ?ﬁ“

produced at the detector output, Second, uypon System - .j55

initialization 1t stores the redundant loop information

in an interrnal loop register and {insures that the sense
amplifiers {dentify the <corsect bits at the <detector
output, Third, this element contains an error
correction mechanism which 1improves reliability of invut i
and output, The currentepulSe aenerator cause the control ‘
signals to enable the correct current sources f£cr tne
desired operation, It also Includes a power=fail circuitry

to preserve the integrity of the data I{f power s suyddenlv

lost, Finally, the coll driver produce the nign=value
currents to create the required maanetic fielas, Lntel was ) o
followed by National Semiconductor with a 25b=Kbit device fﬂ%j
and it too had all the necessary supoort elements, :

Today, the only US company that is still i{involved {n
this field {s Intel, Intel has recently announced an
enhancement of 1its ntanly Soohisticated opupble memory

controller (RMC), Nne c¢an support up to ~ an entire

reqabyte, and the other up tc four meqgabytes (Ref, 9],

Chcata v "D
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He FUTURF TRENDS ol
Y

Altnough NBM panacea has Adisintegrated, its future is |
Co

not as bleak as eoxpected, Today, military apolications ij}
b“ 0.'

KNS

provide the major need for MBM, Intel bhas Trecently AN
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announced a 4=Mbit chip with the capability of storinc 1
negatyte, and a 4e-negabyte capabllity (s In the near
horizon, Figures {3 and 13a depict actual and anticirateqd

trends in the chip capacity vs, the year, and the oprice/pit
vs, the vear, resnectively, In Figure 13, we note that the
projected chip capacity for 1985 falls sShort oy 6 #hits, Tre
new orojection for 10 Mbits is in the 1990 time frame, we
also note that Figure 13a illustrates that tre orice ner bhirt
nas not decreased as expected, For 1985, tne price is
approximately §.,03 oper bit, wnicn s $.,02 nore than
projected; however, the trend is for lower costs,

As the technology bprogresses, the cost decreases, tne
access time (currently, 96 Mbits/sec) reduces, and capacitv
increases, “BM can play a vital role as a supolement fn
otner technologies, Since numerous Japahese comoéntes
have taken up where JS8 companies drorped otfE, toe

future rerains optimistice for this technoloay,

T, SUMMARY .

Buphle memory technoloay, ai.hough it would not be
the panacea that many nave thouqght, {is suited for certainr
tasks, Its portabllity and reliability make it an 1laeal
candidate for those tasks where the tremendous soveea is
not required, but rather the durable service over a long

period of time is required, Such uses include in contrel

machinery, 1in recorded messages, at remote sites, at
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Figure l3a. Bubble Memory - Price/Bit vs. Year.
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places where minimum maintenance costs are desired, 1in

instances where vital information cannot be risked, and 1in

W memory cassettes or devices which must be transferred A
N ."'-.‘.':
[ over distances, e
8 L

Military uses of MBM do exist, Intel s devnting

’
.

3 considerable research and develooment effort in A, for

:
" " E‘.

Rt

military usage, It has experimented with ennancinn ti
| temperature variations ¢from 20 to 85 degrees in centisrade E;é
» for operational uses, Moreover, wnen the cost s recuced '
i and tne access time {s improved, many industrial uses mnay iii;
4:_‘ result, Thus, M3M {s still a viable supclement to other f_;
1 :

storage technologies,
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IV, ZIHE UERIICAL RECJRDING

The development of the magnetic recording has been a
history of pursuing hiogher recording density, The hign
density recording s precisely the agoal of vertical
recording, Sevgral research efforts toward the vertical
recording took olace durinc the late 1956°s, Since tne
des{red pertormance had not been achieved, (i.e,, tne
performance of the vertical recording could not match or
exceed the conventional recordinqg), the vertical researcn
was abandoned,

In the early 1970°s Professor Iwasaki and his

. coworkers at Tohoku University discovered that the hian

density recording s inhibited by the well=known effects

of the recording demagnetization, This lead to the T
renewal of research of a practical method of vertical :

. recording, Systematic research on the vertical recording, E§i$
however, did not start until 1975, and by 1993, E%ﬁ%
annroximately 140 reports on  vertical recoraina have E:fj

been oresented in the related field, This eighteyear nerion

have seen a slow, but steady, elevation of tnis subiect tn Eif%
tne rank of major research on magnetic recordina, Ihis trend ~ 1
1s expected to intensify in the future (Ref, 12], gi;;

H
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A, CONCEPTS, CPERATIONS AND CHARACTERISTICS

The concepts and operations of the vertical recording
are similar to the conventional recording, The only
difference is that, the key to this new method lies {n
magnetizing the disk surface material at riabht angles, i.e.,
at angles vertical to the surface, In contrast, the
conventional recording creates magnetized zones Alonaq
the surface. with the vertical recording, nfaner
recording densities now span the depth ratner than tne
length of these maanetized regions., Consecuentlv, the
raising of tne recording density no longer sorsens tpne
demagnetizing effect, In fact, the opposite s true, This
etfect is explained {n the followina sections. Recause the
recorded magnetic iones are vertical to the disk surface,
higner densities now squeeze their vaistline

dimensions, rather rthan their length (see Fiaure 14),

6, THE ARCHITFCTURE

Figure 15 depicts the vertical head heina utilized today
in the vertical recording., It consists of a main nole made
ot a thin magnetic f£ilm, which {s 1less than 1 ygm thick,
placed vertical to the dAisk surtace, and an auxijifary oole
made of a thick ferrite film and located on the other side
of the recording medium, On the tip of the auxiliary pole {is
a coil, which is used for reading ana writinqg, The aan

between the these two magnetic poles is lesg than 109 um,

---------------
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Reading {8 performed as the current {n the coil

induces a concentrated magnetic flux on the main pole,
This flux is shown by dashed lines in Figure 15, In  the
writing oprocess, meanwhile, the magnetic field of tne
medium magnetizes the main pole and induces a voltage in
the coil,

Thris head s characterized by a strong {nteraction
between the main pole and the magnetic laver of tne mediym,
This operation is carried out by the concentraticn ot the
magnetic flux from the main pole into the magnetic layer
of the redium. Consequently, only the vertical mwnagnetic
field on the ¢tip of the main pole becomes sianificantly
strong, In addition, as the width of the vertjical flelq
is governed only by the thickness of the main pnle, .a
purely vertical madnetic field iIs always aprlied to the
medium recardless of the recording level,

In conjunction with the above vertical head a Adouhje
layer medium 1s wusea, This is done to enhance the readins
and ~riting process tenfold, The mraaretic 1nreract;on
tetween the main pole ana the magnetic laver nf the arediu-

is therefore much enhanced,

C., THE VERTICAL MEDIUM
Althouah the same medium materials as in the
conventional recording can bpe utilized, Cobalt chrome

(Co=Cr) £ilm is best suited for this type of recordina, Coe
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Figure 14. Concepts of the Vertical Recording.
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Cr £1ilm has a wide range of variations, which are not found

A

in the other materials, First, Co~Cr £ilm has the largest

vertical anisotropy, Secondly, both Co and Cr are socluble in . “g

I: ALY
k - a composition where the ferromagnetism may appear, makino kiwﬁ(
i them more controllable with a cohesiveness from 100=2209 Eﬁ:

N Oe. Finally, the Co=Cr film has the distinctive feature ;?2;;
:; that it is conposed of closely packed columnar particles, I
;~ These particles are physically small enouch arA 3;3f
! sufficiently independent of one anpother ragnetically to f;ﬁ;-

permit the ultra=niah density recording, I[his columnar
é structure is not found in other medium materials, Thus,
- Co=Cr double Jlayver film ts currently the leading candiodate

- for the vertical recording medium [Ref, 12),

. D, PROPERTIES DF THE VERTICAL RECORDING
g. In the vertical recordinag, the adjacent magnetized
g: regions are 1in antieparallel states; thus, an attractive
~.
. force exists tretween each pair of residval maanetization
ﬁ regions, maxkinag them stable, Therefore, a sharo
E magnetization transition (that reaion that is subject to
-
p demagnetization) can be obtained even in the nijghedensicy
recording witnout being affected by the demagnetization, ﬁéﬁ
e
There is no limitation due to the demagnetization {urosed SN
l_-' Lk
! on the recording density for the vertical recording (Ref, — 3
: -
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131, This high=densgity recording can be achieved simoly by

using a thinner main pole,

E, ADVANTAGES OF THE VERTICAL RECORDING

with the prospects of the vertical recording becoming a

reality, there is a great deal of discussions on tne future
of the conventional recording, The vertical recoruiny

offers the following advantages as compared to tne

conventional recording:

(1) greater linear density (the vertical recording
has 100,000 flux reversals per incn, as Compared
to 15,000 flux reversals per incn, for the
conventional recordina),

(2) aqareater areal Hdensity (the vertical recordinn
has 10 to the 10th flux reversals per square inch,
as compared to 165 times {0 to the 6th fluyx reversals
per sauare inch for the conventional recordiny)y,

(1) thicker medium (for vertical recordina, the meAdiunm
may be thicker than the ones for tnhe conventional X
recordirg, since bits are recorded verticallv to the AN
medium), e

(4) reduced demagnetization (as the lamhda gets snhorter
for the vertical recording as depicted in Fiaure 11,
tre adjacent regions are in clecse, opposed fields,
making demagnetization difficult, whereas in the
conventional recordina, the adjacent regions are still
far apart ({n orposed fields, makina demaonetization
easy), and

(5) small transition lenath (it {is so small tnat it {is
close to Zero, for vertical recording).

) la

F, DISADVANTAGES 0OF THE VERTICAL RECORDING {-
The future development o0f the vertical recordina

will require extensive {investigations on new heads an4d

media, Only by developina new neads and decreasing the

77
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Cost to manufacture media for the vertical recordina, can

...‘)

we fully exploit the successful application of this

technology,

.
*

G, FUTURE TRFNDS

x e ) s

Vertical recording 1is beina developed mainly by an
alliance of Japanese industry and unjiversities, Tn this
country, the “aagnetics Research Laboratory ar tne
University of rinnesota is seriously rursuing tne
potentials of this new technology, The Vertimaa Systems
Cordoration is the only company 1n the United States
reportedly involved in the vertical recording, The Jananese,
:ﬁ on the other hand, navé a4 magssive effort agolag on in tne
ji vertical recording, In 1942, the tirst International

Symposiurm on tné Vertical Recordinag was sponsored in Janan,
j: C¢ the 23 papers presented on this topic, only tnree were oy
- J,S,A, authors and all three were from Vertiuagz, [iva other
20 were py Japanese authors,

virtually, every well=known Japanese electronics
comnany is working on this technoloay, These companies
include; Hitachi, Toshipa, Fujitsu, Mlopon electric
Company, Sony, Matsushita, and a number of gmaller

e organizations, The announcement of a 3 1/2=1inecn,

verticallyeoriented prototype floopy oisk n 1933,

represents the level of Japanese achjievement anhd dominance

in this ¢field, They anticipate production now,
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once a medium is availanle at a mass~production
price and the technology s well understood, there will
pe a rapid movement into this fieid by companjes {n tnhe
UeSeAee The rate of development and market penetration
is 1likely to be constrained for the near future,
because of the slow and expensive process to fahticatn
the media, the large capital investment £for the spPutter
system, and requirements for a new tyoe head, It s excecre

' that the vertical recording may complement the cornventional

recording for at least the next ten years, Tre

vertical recording, as the Japanese have already realizea,
represents the next level of maanetic recordina technolozv

for the note=too=distant future,
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Ve IHE QRIICAL RECQEBRILG

A, AN INTRODUCTION

Tn today’s soclety, the expansion of our knowledae has
generated data in ever=increasing volumes and given rise to
the need for thelr efficient longeternm storage, Storinna
(writina) ¢these data reauire economical, comnpact, and
high=speed mass memory systems, Retrieval (reading) of these
data require the randome=access capabllity to the selecte-
cata,

Over the vyears, the manufacturers of conventlonal
storage devices have been able to increase storage
capacities to keep pace with the growth in aata storaye and
retrieval recuirements, However, even more dranatic
advances in storage capacity are needed to satisfy tnesge
newly emerqing reaquirements, Although, the conventionel
recording has much room for future qgrosth, 1{.e,, daaublina
its capacity every 30 months, it {s an evolutionary
developments, rather than dramatic leaps Iin {increasina
storage cagacity,

An attractive new techrology to satisfy tnis nhiagne
capacity data storage needs may be the optical recnrdinag,
which makes use of a highly focused laser beam, Research

and development of this hiaghedensity optical data storaqge
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actually began over 20 years aqo, with the invention of the

laser, The term laser is an acronym for light amplitication

! _ by stimulated emission of radiation, or a liant RO
amplifier, The oprocess of stimulated emissjon ecan oe gifj

"‘-.':LN:

described as follows: when atoms, 1ions, or molecules f\\'

T .- -

ansorb energy, they can emit light spontaneously, as in the

case of an incandescent larmp, A light wave may pe usec to

stimulate the emission, Thus, the stimylated enmnission is
the opposite of stimulated absorption, where unexcited
matter 1is stimulated into an excited state oy the liant

wave, 1If a collection of atoms is orepared SO that ownre

Lol g

+ . =
“,1 o
[

»
e
*

are 1initially excited than unexcited, then an incCiient

'v

Fra

g

light beam stimulates more emission than absorption, andg NN

. . there is the net amplification of the incident liant hean,

- -
This is the way that the laser amolifies [Ref, 14), RN,

i
l.ike the conventional recordina, the ontical reecording )
IR L
. encompasses a tamily of configurations that address tne #314
. many recuirements of data storage users, In the optical }ﬁ*?‘
.' "n\--.'.
- storage technolonqy three configurations exist: read only, : }Eji
- [SASEN
- LSRR
; write once, and ertasable recording, Frinciples of ~£;
\ Aoy
5 orerations, the architecture, aprlications, technoloaical Somes
t‘ :."\T“:-'
g ivolications, media tvpes, the capacity, the cost, tuture @%Q-
S, [\ ¥ "
- s“‘}: »
. trends and problems of tne optical recording 4{ll be A
r
. discussed in the following sections, ANy
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B, PRINCIPLES 0OF OPERATIDNS

Figure 16 depicts the write and read operation for
optical recording, First,l the process for the write
ooeration is reviewed, In the write operation, the drive
focuses a highe=power laser heam on the underside ot the disc«
and into the preformed track (pre=empbossed data pjits), The
peam passes through the disk substrate (i.,e,,
polymethylmethacrylate, P#FMA, which {5 an ansorbing 1laver),
and strikes the tnin metal coatina (i.,e,, aluminum
reflective layer), and heats the coating, The coatina
consequently becomes soft, The heat energy 1is then
transferred to the PMYA substrate which generates gases wnen
the substrate has been heated, These aases push up on tne
metal layer to create npubbles, whicn are appProximately .4
um, Thus, data i{s recorded,

The process for reading data is more strajghtforward an-i
simnple, In the read operation, a 1lowepower laser beam
detects the presence o0f bubbles by measurina the chanted

intensity 0of the reflected liant from the disk suarface,

Thus, data can be read,

C. THE ARCHITECTURE

Figure 17 illustrates a simple optical 4isxk memory

architecture, It embloys tre laser 1liaght to write data bv

burning holes In the medium on a spinning aisk, The laser

82
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is used both for reading and writing, Only the {ntensity of
the laser beam is different,

The optical disk architecture works as follows, First,
the laser emits a beam of coherent light that is oroken bv
a diffraction grating into essentially three parallel ceams,
Two oOf the three beams are Jlater used for detecting
trackina errors., The third heam, which is the strongest of
the three, 1s the main rearding beam, These tnree veam™s,
moving alonoside each other, Aare then focCused oy ]
collimating 1lens, The opeams then pass througn a soecial
wollaston prism or polarizing beam sgsplitter (P4S§S), wnien
allows the vertically polarized projection neams to oass
directly through, but, separates the reflected liont, The
projected peam continues throuah a quarter wavelenatn
retardation plate, which brings the light o©ack into
tocus, This channes the polarization characteristics of
the beam which is then directed by a tracking mirror
and finally focused onto the disk by the opjective
lens, thereby allowing writing or readina to occur,

If the process is to read, on the return trip, the
reflected 1liaght retraces the path to tne retardatinn plate,
Tnis modifies the polarization, allowina the nrisem to
bend it at riaght anales to the projected beam ani prevent
any type of feedback into the laser, Tnen, the cylindrical
lens focuses this senarate reflected beam, which talls on a

photo receptor array, which in turn {s composed ot photo
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Figure 16. The Read/Write Operation of the Optical Disk.
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diodes, The function of the bpheto receptors, «hich
control tracking and focus, is to read directly tne
variation in beam {ntensity, which encoﬁes the diaital
i data on the disk,

N The two weaker tracking beams and the primary laser are A
focused by tne objective lens on three different snots on
the disk (see Figure 17a), The {iptensity of the twn
reflected tracking beams is compared by senarate areas of
the receptor array, Differences between them are
interrreted as tracking errors, which are corrected Dby
the tracking mirror, Un the other hand, the tocus is
controlled by detecting chanages in the shane of the nrimary
% beam, ¥hen the disk is in focus, the cylindrical lens will

project the reflected beam as a circle on the array of four

ghoto diodes (see Fiqure 17b), #hen the disk moves closer or

further €rom the objective lens, the proiection hecomnes

«

ellirtical, #ith more light £alling on one Alagonal palr of

receptors, This difterence is detected as focus error and a E::]

A
'y

Iy
‘e
P

servo mechanism adjusts the oojective lens [Ref, 15), o

" ‘..
L7

e
WLV
K
.

o

D, APPLICATIONS 0OF GPTICAL RECORDING
Applications for optical recording are stimnilar to -”»f

those of the conventional recordina, The d{fterence is

that the optical recording has areater capacity and lower
cost, However, tne obtical recordiny has a lonyer access AN

time, Also, there are other advantages and disadvantages, K
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which are discussed later, The followina are some
applications of the optical recordinas

(1) archive applications,

(2) reference~file applications,

(3) backup for conventional disk files,

(4) collections of large sets of raw operational
data,

(5) larqge relatively stable conventional files
previously saved on conventional 4isks,

(6) file versions or snapshots of flles,

(7) very hiahedensity storage,

(R) removable media,

(9) large cavacity oer media unit,

(10) permanent, nonerasable, nonmodifiable storage,

(11) fast seguential data recording carability,

(12) fast secuential data retrieval cavability,

(13) moderately fast cirecteaccess data retrieval
capabllity,

(14) high level of data integrity, and
(15) low cost of ore=l{re storaqge,
Fiaure 1% {1lustrates five snecific applications of the

ontical recordina (Ref, 16},

E, CURRENT OPTICAL-RECORDING STATUS
Figure 19 depicts the three cateaqories of optical
recording as well as their capacity, applications, arid

media and drive costs [(Ref, 17), Figure {9a {llustrates tne
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two types of read=onlv optical data storage disks currently
availaple, along with their characteristics,

The CD=ROM (éompact-disk, readeonly-memory) disk can
now be manufactured 1in quantity, ane thus, can become A
medium for the use ot large textual databases, Tneir nase can
obsolete such references as telephone directories, law
libraries, medical histories, book references, and 1library
catalogs. Archival datavase services can sell their cowplete
historical data on a few CU=ROM disks,

Unfortunately, arplving compact disk technolowy to
computers 1s not as simple as one may tnink, Jne ot the
greatest hurdles 1s standardization, Although the data on
CR=ROMs {s organized 1in a standara way, a standard
hardware {nterface hbetween the plavers ang personal
computers has yet to emerqge, A hardware 1interfaca
standard {s essential, because audio COU players are
designed to transfer data serially, s#hile most personal
compuyters use a parallel scheme for communication sick
disk drives, Settlinn on a standard hardwsare interface will
also allow the creation of the operating system for CD=R{n,

The Small Computer Systems Intertace (SCSI) s one,
thouaqh not the only, provosal for standardjizatinn, [t
is based on the Sshuqggart Associates System TInterface
(SAST1), which is already used for hard aisks 1in
personal computers, Other proposals include the IEEf -

4798 pus and high speed RS=232 serial transfer,

89
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The following applications dre more suited to Application: Storing, retrieving sad
optical storage than to magnetic because: distributing imades
(Maps and Engineering Jrawtags) .
Magnetic Oisk - $/megabyte tao high
- volume of data too ldarge industry: ManutdCturing Lover nment
- Not portable Topographic maps
Orawings
Magnetic Tape -Physical storage space too - Ru3dd maps
A large - Weattier maps
-Capacity per reel too low
-No direct access Benefits: - Protect d4ta; track change
-Media life too short through time
- Distribution
Optical Storage -very high capacity - Cost reduction
-Low $/megabyte
-Direct access APPLICATIUN §
-Portable
-Long media life Application: OFfice sulomation - Document
storage
APPLICATION 1
Industry: A1l dingle electrunic Copy
Application: Extremely large quantities of - Electronic file cabinel
digital data - Electronic mail
Industry: Energy Exploration Benefits: - Reduce cost, replace paper
- Selsmic data - Increase productivity
-~ Well information - Efficient gecision maring
- Satellite data
Benefits: - Protect data, value increases
through time
- Increase productivity of
technical staffs
- Efficient decision making;
A increase profit -
3 APPLICATION 2 ‘

Application: Storing and retrieving images
produced by nuclear and
ddagnostic medical equipment

Industry: Medical - Patient information
- Diagnostic procedures

-y

Benefits: ~ Protect data; X-rays and tests
~ New diagnostic methodologies
3 ~ Accurate decisions; 11fe saving

APPLICATION 3
Application: Storing and distributing large

reference files
(Books, Periodicals, Catalogs,

Abstracts)
Industry: Lidbraries - University
- law
- Retat) catatogs
Senefits: - Protect data; case histories,
abstracts

- Distribution; mai) platters
- Increase efficiency

Figure 18. Five Applications of the Optical Storage.
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-

- Read/Wnite
RAead-Only Write-Once Erasable

- Media Type Factory replicated Various thin tilm Magnelo-opic or

- plastic disk with meltal or organic phase-change thin

2 embossed surface malenals tim mailenais

::' Media Capacily- | 1 hr continuous video

y-d Both Sides 100,000 video {rames 2-8 GB Dala 1-4 GB Dala

) 30 cm Disk 1 br digital audio® 20K-100K A4 doc.

- 2-8 GB Data

—:'_ Applicanhons Consumer entertainment Document stoiage High capacity, low

" Educaton/training Archival database cost store lor small

N Program distinbution (tape replacement) systems

. Database distribution On-line mass starage
Videogame ROM {iuke-box)

- Media Cost (1) $2-10/GB $10-50/G8B $10-50/GB

~

2 Orive Cost (1) $0.5-5K $5-20K $5-20K

*12 cm disk, 1 side
Figure 19. Classification of Optical Data Storage
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i 1. Digital-Audio Disk (DAD, 1983) 5

... 120 mm Diameter Disk - 1 Hr. Play S
... Sony / Philips Format Standardization

... First High Volume Product for Optical
Technology

..BER < 10 o,

2. Digital-Data Disk (CD-ROM, 1984)

... Based on Digital Audio Disk Technology o |

3 550 MB Disk Capacity
.. Sony / Philips Format Standardization _‘___

... Playback Unit Price : $1500.00

.. Access Time < 3s, BER 10 N

*‘;:'. .. Extendable to Low-End Read/Write RO
P ’ A
R Systems i
: i
> A

ot

Figure 1l9a. Two Types of Read-Only Optical Data Storage.
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F{agure 19b illustrates the current write=once optical
data storaae products, alona with their characteristiecs Aanr}
the companies who manufacture them, In Januvary of 149§8p,
Optotech, Ine,, of Colorado, will introouce #UPH (write
once, read mostly memory), for vpersonal combyters, The
anllity to write data on the disk once more w~itnin tre
computer is the difference petween WORM and CoO=gDA, Thus,
once data has been written, the device pecomes 3 reacd=onrlv
device, These devices are currently under develogoment, an-
are to be introduced In the near future inro tne
marketplace,

W“ORM will te used for internal databases such as end=
ot=year financial data, inventories, customer lists,
parts 1lists and other laraqe collections  of 4ata
developed within a personal computer, Tne Lotnteecn
5984 1s the KORM drive designed to interface to tne
personal computers, Its aouble=sided 400=meqapyta aisc<
offers B00 megabytes of on=line storage, The gost of Al
when volume production begins is about the same as A it=
megabyte Vinchester drive, representing a five=fold uecrerass
in the cost per stored bit ot data (aoproximately, 3,19 oper
megapbvte) ([Ret, 19],

This writeeonce data storage disk {s approximately one
and one~half years ahead of the rmultiple=write optical data
storaae disk, Recently, Verbatim Inc, of 3unnyvale,

California, announced the successful completion of the first

93

- <. . . R T )
X .‘.L .‘.:- L:“L-' e -..“ . “-‘_'-‘\ ra .f,--‘

v
o

s

g “v.r "_v“-rr R Lt
., .
AN

(]
L

I o WY

ooy

)
P I

L4

.
.
[

Y

A

[N
]

alele .
RN N BN

’l
.

w .

"

/ 2 ;l: s

»

..

IR oo A AR
- ' PRI

[}
»
272 4"

Ay

XA

Irag ey
mr

~

[

’

’

i~ ls

e



R R T W W o W W

T

of three development phases of a multiple=write
ootical data storage disk, The development of
acceptable media could lead to relatively vaplid
introduction of this type disk, The anticipated

introduction date s early 1987, The major candlidate 1s
maaneto=optic recording, which 1s discussed in tne next

chapter,

£, MATERIAL REQUIREMENTS

The desiagn and fabrication of optical data storaae me:dia
are Seen as the most critical factors {(n determnining the
ultimate wusefulness of high=density ortical 1ata
storaae, For data=processina applications, this tact
reflects the current status of all three melia
classification, although to different aeqrees,

This optical media must deal not only with ¢the generic
issues of high=density media characteristics such as medija
resolution, noise, microdefect and inteaqrity, but must
also meet some hasic requirements of material pronerties
that are uniaue to optical data storage, such as aood
reading and writina capabilities, and an acceptavle idata
rate, Fimally, of major importance, there are nedgia ijitetime
and farrication cost,

Glass was the first substrate that could ke prepared
with a quality of good surface, niah stanility and los HER

(hiteerror=rate), However, this quality was overshadowed oy
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COMPANY

STC

HITACHI

NEC/3M

GRTINMEM

DISK
CAP.*

4 GB

1.3 GB

1.3 GB

-
()
n

. Per Side

se OEM Quantity

Figure 19b.

DISK
PRICE

$140

§300

§250

sigo*

DATA
RATE

3mMB/s

0.44 MIB/s

0.8 MB/s

0.3 MB/s

ACCESS
TIME

85 ms

250 ms

450 ms

150 ms

SYSTEM
PRICE

$130K

$1000/mo.

$13.500

$6000**

Current Write~-Once Optical Data Storage Products.
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its cost, bulk, and fragility, Glass s an excellent

s
"S:\".\ A
R

A T T
Sefal

candidate for archivability,

.." -
k]

. o
0y
L

~ Polymers, on the other hand, low surface guality due

o,
.
s
T
Pl

gl o

" to the molded surface’s design, Therefore, a careful desian
and process control are needed to achleve good surtace
auality., The abllity to directly pattern the surtace witn
- positional reference data as wellto bprovide 1los cost anAd :

high stability, present sianificant motivation to -evelon

. the required fabrication technique and control., The mass

- production is already underway,

s The aluminum disk substrate used in wincnester Jdrives e
represents an intermediate cost alternative to alass ﬁgé
and polymeric substrates, while offering axcetllent ) S%EE
dimensional and chemjcal stabllity, dowever, a spin biég

coated surface layer must be used to achieve apod surtace

- auality, Also, the format and positional reference data
< Tust be "hurnea in" atter the disk fabrirntior, wnicn {s a
<. time consuming and potentially costly procedure, Aluminur

alloys are the bhest candidates for nian opertormance
o (Ret, 20],

NS Currently, the tellurium=based alloy apnrears to offer
the best comb{nation of aforementioned nroperties, nhile
including sensitivity adequate to meet tne necessary

requirements, Chen et al, (Ref, 21] nave reported a 2%

et
.
s %

lnprovenent Iin writing sensitivity ¢for tellurium=paseqd

-

if (Te) materials relative to polyrmers, Te=based alloys are low .

< N
: '.'v
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melting materials, that are easily sublimable, decomposable
or vaporized by the laser heat, Also, the Te alloys has
adequate archivability (over 10 years), ilowever, dne to the
high cost of fabricated Te=alloy ¢€£ilm (spytterina |{is
employed), and the nature of its pronerties, ({,e,, {t must
be handed very carefully, since {t is poisonous), palvmers
are going to be the leadino candidates for optical recordina

nedia,

G, FFATURES AMD REMEFITS OF OPTICAL RECORDING

Figure 20 1{llustrates tfeatures and tenefits for
optical data storage recording [Ref, S), A vepry fmportant
feature not depicted is that the media in ootical recordinc
is encapsulateds that s to say, 1t {8 protected fron
contamination, The main function of encapsulation i{s to
keep particulate matter away from the plane of focus at
the information storage layer {n order to mininize {ts
effect on reading quality, nrarticularly REF, A secon?
function is to shield the storaae laver fronr
potentially corrosive materials, such as water vapor in tre
snrrounding of the Aisk, A thir4 function is to ~nrotect it

from user abuse, whetner the abuse s intentional or not,

He LIMITATIONS
The total data storage densitvy (the areal density) 1is
the product of the lineal data density along the recorde+

track and the track density in the radial afrection,
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(4

EE Optical recording has the tollowina inherent limitattons: Egﬁ
:3 lineal density = 300K bits per inch (BPI), track density = éﬁﬁ
" 24K tracks per inch (TPl), and hence areal density of 8 = ] ij:
3 10 to the 8th track revolutions per square inch (TRP1), g;%
,} the lineal density is l1imited bpy the readout or . égs
;3 playback step of the optical recording, since the finfte %,3
g resolution of the reaa bean results in raoidly 4dirinisning E;ﬁ
é: playback signal amplitude.' In order to accomplish tne izg@
5 arove lineal density, the demands on disk filatness and ;::
o~ focus servo performance can indeed be very challengina, Tne :
;: track density is limited oy the tinite diameter of tre read s
;. beam, shich results {n an 1increased crosstalk siunal ;“
Ef (external noises) from the adjacent tracks as the track i;i}
: separation is reduced (Ref, 22]. . . gﬁi
.
= 1., FUTURE TWRENDS E}Q
:E The trends {n the optical recording are three, The first E;ﬁf
. trend is to {mprove the areal densitv, This can be ol
if achieved by the development of an enhanced setvn

EE control  systerm, This is essential, since a hiah deuree

= nf accuracy is reauired hetween tne position ot tne nead an~
'éz the location of the data on the media surface,
‘33 The second trend is to improve the data transfer rate,

g This can be accomplished by the use of inteqrates’ arravs of

iﬁ lagsers, The multiple, independently modulated output beans :
;E of the array are tocused within the field of view of a

i 98 oy
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Features

- Increased on-line capacity for optical
designed applications

- Removability

-~ Long Media Life

- Random Access

- MWon-Alterable

- volumetric €fficiency (M8 per physical
cu.in.)
- Media
- Drive
- MHardware
- IMB/SEC Dats Transfer Rate
- Outboard indexing

- Track buffer

- One control module per drive

- RAS
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Benefits

- Lower cost per on-line MB

- Justifies keeping must larger amounts of
data on-line

- Have files on-1ine For applications which
have 3 high payback but which are not now
computerized

- Lower cost per off-line M8 of media storage

- Store data that ts presently not machine
readable

- No staging

- Portability of large amount of data from
on-line to off-1ine and vice versa

- Remote distribution of large files

- Reduced handling and exercising costs

- Fewer media errors in stored data

- Because of density and removability, now
able to access randomly files that were
cost prohibitive on magnetic disk

- Improved information retrieval

- Protection of permanent data: no chance of
accidental erasure or change

- Reduced physical storage costs - 93%

- Reduced Number of mounts at least 40:1
-~ Reduced floor space per on-line M8 for drives

- Faster throughput
- Imoroved channe) utilization

- -Improved channel utilization
- No RPS miss

- No control module sharing
-  Faster throughput

- Better data integrity

- frror checking when data written

- Error checking when data read
- Optical heads posittoned a thousand
higher than magnetic heads

- Error logging of soft errors

Figure 20.

- Better data integrity
times - N0 head crashes

<« No head wear

- No media wear

- Xnow when to copy platters for data integrity

Features and Benefits of Optical Storage.
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single objective lens, and the data are recorded anid

retrieved {n parallel from Several adjacent tracks at

;ﬂqkﬁ
1 the sane time, The use of the laser array should permirt -ﬂut;
LI N
g SATSS SRS
{ an extremely hign data rate (> 10 WB/s) to be achieved ﬂ%}ﬁ\
- :f\ ."'.
without placing excessive demands either on disk rotation ;

velocity (and tnerefore servo oerformance) Or on the outnyt
power levels of each individual laser within the arrav,

The third trend is to increase the siqgnal-=toenoise=ratin
(SNR)., This can be accomplished by increasina the reaa peam~
power proportionally to the critical threshold power that

may damaae the track, This increase in the read poaer

results each time tnat the data rate i3 increasea,

, ,
P oA,

Increasing the data rates requires a corresronding increase ¢

s

in the read beam to maintain  SNR, Tnis can oe ) léx‘
accomplished by utilization of more suitable storage mediur o
(Ret, 221,

Figure 21 depicts the future trends for the onotical
recording, and includes hard and soft magnetic disk storaae
technology for comparisons, For each technolouy, trere are
two c¢olumns of data, The left column of fioures represents
the maximum, while the rignt column of ¢figures {5 the

minimum,

Jo THF SUNMARY
The prospects of the optical data storaage have continued

to strengthen and qgrow during the past few years , as .
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significant developments occurred in almost every facet of
this technoloqy, Optical storaace has received a tremendous
impetus from the introduction of the SOnf CD, digtital, audio
disk, This consumer 1item not only has created a broad
acceotance of optical disk devices, but, beinag a hion volume
product, has created masseproduction components acplicanle
to digital storage devices,

The ootical data storage continues ¢to demonstrate the
potential to bhecome an {mportant factor in tne field of
high=capacity on=line storage for databases, fead=onlty an-
write-once technologies, which are largely comoiement;rv to
the existing conventional storage, are alresday emerqinag {nto

the marketplace, Tne erasable disk technoloay systems

continue to demonstrate progress, and may one dav Dne an

alternative to conventional magnetic recording devices,
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Hard Mag Disk  Soft Mag Disk  Optical Disk

Data Transfer 100 24 100 24 100 24
Rate (MBit/Sec)

RPM 19000 4700 9500 2400 9700 2400
TPI 3000 1200 1500 750 38000 38000
Platters 4 4 11 1 1
Access Time (ms) 7 15 20 40 15 30
Capacity (GBits) 5 2 1 5 15 12
Removable No No , Yes Yes Yes Yes
Cost 24 4 5 1 30 12

5 1/4 - INCH DISK

Figure 21. Future Trends of Optical Disks vs. Magnetic Disks.
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VI, THE EAGULETU-0BIIC RECQRDIY

A, AN INTRODUCTION

- TN ™ & % 5§ -

The main developmental thrust in multipnle=write
data storage (i,e,, erasable ootical data storage) is the v
magneto-optic recording (MOR), As its name {nplies, tre
l magneto=optic recording {s a combination of conventional ?ﬂf{T

magnetic and optical technologies, This recording nas been

around for over fifteen vyears; but due to uHSultanlé
i media, it has remained dormant until recently. however,
: tne introduction of newer, raree-earth transition metal
. . (RE=TM) £films, which possess vertical anisotropy (ana nence,
l ’ the maanetic domains are normal to the film plane), nas
S placed the maaneto=optic recording research and development
5 into the forefront,
' The M4CR process is hased on two aselle=known physical
phenomena, the Curle effect and the Faraday ettect.

The Curie effect {nvolves raisina the maagneti{ic material to

A

a sprecific temperature, where the materfal s mast

suysceptible to magnetic change (i.,e., it s denagnetized),

» v

The Faraday effect |Is the chanae of rotation of polarized
light as the light passes through a maanetized medium, Tne
light can rotate left or riaht, according to tne Airection

. ot magnetization, In effect, when the 1ight 1is reflected
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from a magnetic surface 1its opolarization 1is changed to
reflect the maanetization of the surface,

MOR has advanced to a stage where it has created a
suraqe of enthusiasm, This chapter includes its princinies
of operation, 1ts architecture, and 1its technolouaical

implications, which 1include media, features, btenefits,

li{mitations, and future expectations,

B, BASIC OPERATIONS

The recording rrocess in magneto=optic €ilms re3uires
the simultaneous aoplication of a blas (externally applied)
magnetic field ti pe directed oppositely to the ({nitial LT
film magnetization, together with a localized neat opulse ' E%f;J

to be supplied by the focussed recording laser bean,

Figure 22 shows schematically how MOR works (ret, 23}, =& b ol
beam of light from a laser (s focussed onto the surface ot e
the perpendicularly thin f£{lm causina the f£{lm to ijl?

increase {n temperature, to the Curie roint, in tne area of A

the laser beam, Tne localized increase in tewmberature Causes

a localized decrease in coercivity, thereby allowing tne

bias field, which {8 applied antiparalle]l to the oriainal

.l 'l ‘e
RS
‘et 'r 9

magnetization direction, to reverse the directisn naf tne

.

,
.

2T T

’
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ragnetization (n the heated region, On cooling, tne reverse

-

magnetized domain persists, Thus, the writing occurs,

i

SR L AN

The same magnetic head is used both for the writing and RSEAE

the reading, The reading §s accomplished with a lower power s A
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(1) A locussed fnonr henm roiscs the locnl
temperature  of tha medium so that thn applied
¢ mignetic liekd 1g obic to write & reversnd  domain,
" {1h) The dommun is erased by tha same process, now
nidod by an oppositely Jirectod magnctic lleid.

Figure 22. The Magneto-Optical Recording Basic Operations.
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lager beam utilizing the Kerr effect, The Kerr effect
results 1{n a small rotation and some ellipticity beinn
introduced {nto the reflected component of tne read tean,
Thus, when light §{s directed to a magnetizea surface, the
polarity of the lignt beam changes sliahtlv, lipon *“einy
reflected back, the 1light whose pvolarity has changea due to
the effect of the magnetization of the nagnetizea area,
rotates slianhtly, This rotation is nearly unietected, fre~
«05 to ,3 of a sinale degree, but it {s enougn to oe read vy
an opotical device,

The erasure rrocess is essentially egquivalent to that of
the writina process, except that the direcrion of tne
externally applied bias field is reversed, ine to
speed limitations on switching (i,e,, changing direction
of the current) the relatively larye rmaqgnetic gtield, none
revolution is used to erase the sector (i.e., Sset FPne
magnetization to the zero direction) and E seconA

revolution is used to write the ones on the disk,

C, MATERIAIlL REQUIREVENTS

Amorphous, rareeearth, transitionemetal (RE=T") thin
films are the most widely used media for VUR, VI)F
storage techniques {n these amorphous REke=TM €ilms have tne
advantages of hiagh=bit density and contactless arite,
read, and erasure operations, Highebit density is

accomplished via the storage of data in a seauence of
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magnetic domains, while writing and erasure is performed by
8 local temperature rise in conjunction with a low external
magnetic fleld, Although such materjals are erasable and
rewritable, they can 8Still achieve recordina densities
comparable to those of writes=once optical disks, These
materials are ferrimagnetic iIn behavior, that 1s, the
magnetization persists even when the applieg ¢field 1is
reduced to zero (i.,e,, it pPossesses a spontaneous nagnetic
moment), In gadoliniumecobalt (GdCo), Gdfe, ani terniun
iron (TbFe), for 1instance, the maqnetic moment ot the
rare=earth atoms (Gd or Tb) alligns antiparallel to tne
magnetic moment of the transition metal (Co or Fe), Since
the temperature dependence of the two rare=eartn ar4
transition=metal magnetizations are different, it s
rossible to produce alloys which exhibit a temperature
shere the rare=earth and the transition=metal
magnetizations are equal and oopposite so that tre net
ragnetization goes to zero (Ref, 24),

Yhese RE«TM materials are also quite Stacle against
aocplied fleldas and at moderate temperatures, They have
nigh cohesivity, and they can be used for archivali storage,
although more testing is necessary to ensuyre yreatarw
than=five=year archival storage,

There are various combinations of RE=TM elenepts
syitable for MOR, Gadoliniumecobalt £ilms were stuaied

early on for this application pbut Imamura determined that
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it was easier to stabilize maanetic domains in GATbFe i

WY

(Gadolinium Terbium 1Iron) f£ilms [25], This marked the ‘ {

S

beginning of the use of ternary alloys {n order to e

X optimize the magnetic and magneto=optical properties, v
. ) at

GdTbFe £ilms have remained the most popular films for MUK,
:f The advantages ot GATbFe films are that they are amorphous,
ferrimagnetic, have aood Kerr rotation, and ®mnderate
Curie temperature, Thus, RE=TM ¢films nave the vpertnrmance
and stanility required for MmUR,

There are also other classifications of tilms wrich are,

although suitable, not entirely optimum for M~Or,

lThese are the polycrystalline ¢f£ilms, of wnich Cofe 1is Ei :
the most common, These films have higher conesivity ‘ ;i'j
than the RE=T4 filmps as well as better SMR (35 decipoels = . f‘ij
C
a decibel, dB, is a unit for measurina the relative lnudness s&:i
of sounds, from a range of 1 to 130, for CofFe as comparea to éési
45 4B for GATbFe = The optical media storage guidelines is f
A
.ﬁ 45 dBR), This results in lower HFR, AUt these films nave many Eiﬁi
N ol
- problems of «hich stability is the major, Uue to tneir &i&.

*
o

¥

intrinsic properties, these media are relatively

unstable,

D, FEATURES AND RENEFITS OF MOUR
The MOR technology is an attempt to abstract from the
conventional recording the experience and Kknow=now and

from the optical recording the highedensity capacity and low

..........
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cost, The following are some of the major features and e
S
penetits of MOR: Ul
(1) as media RE=~TM alloy are the leadina candidates, $§¥i
DGR
. (2) multilayer interference coatings are {mportant Q$;Q
: to achieving adequate SWR, :J::\
. R
(3) the cyclability is good, qgreater than 10 to the S
7th cvcle reoorted, R

(4) the data retention i{s good, -
(5) the drive tecnnology 1s in place today, ?ﬁd
|

(6) an overwrite requires a sequential erasure, .
followed by a ree=write,

(7) the stability of the RE=«TM films is adequate,
(8) 1t nas the similar performance of the optical

recording and the erasability ot the
conventional recording,

(9) {t has removable/portable caoability, and

. (10) the nondestructive readout is achieved py the Kerr effect,
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Fiaqures 23 illustrates three of the major companties

D Y

AOANE

who are developing HMUR products, along with its salient x'i&

: . ) fepre
cnaracteristics, Althouon IEBM is not {ncluded in Figure 23, t:::

-' .\-‘:-)?
¢ 1t nas recently Joinea the auest in the development of “\3‘_
l' l.:b'.-*\
K. maaneto=optic disks, The leadinag contenders are currently }gy:
Sharp/verbhatim, m, and matsushita [Kef, 0], Eiii

e

. *.:,*,:_:.
5 e LIMITATIONS NN
‘ vl
Experiments have shown that the performance of the iiff

L magneto=optic recording media {is currently 1livwited bpv

9 system parameters, such as laser wavelenqgtn, and tae
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Figure 23. Performance Characteristics of Magneto-Optic Media.
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820NM
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1868 RPM
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-
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B3DNM

GDTBFEGE
BILAYER

1800 RPM
4 MB/s
9 MW
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49 pB
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numerical aperature (size of the opening) of the focus
lens, Since the size of the pits on the media {s
determined by the division of the wavelenath ov the
numerical aperature and the multiplication of a constant
(.56), the best that can be achieved is a wavelenath ot P2¢
nanometers, and a numerical aperature of micrometers to 1
micrometers, Hence, ootimum values are not vuvtilizea [(Peaf,
231,

Moreover, since the size of the pits, «hich s onre
primary factor that determines the oit Adersity alona the
track, 1is 1liritead, the density cacacity, whien is
equivalent to writeeonce optical density capacity {s als»o
iimited, The other orimary tactor that determines the
bit density §{s the number of hits per recorded rit, Te
total disk capacity of an optical disk depends on the nuwoer
of bits that can he stored on a sinale revolution (track) of
the disk and the total number of revolutions (tracvs), The
major factors that agetermine the total numher of tracks$ Aare
tre size of the disk and the track=toetrack spacins, wp1cn
must te sufficlent to reduce crosstalk petween the tracks
to an acceptable level, since SNR does 1limit larqe ort

length,
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F, FUTURE TRENDS AND POTENTIAL PROBLFMS

The future trend of the magneto=ontic recordina {is to
increase the areal density, which s similar to writeeonce
and read=only technologies, and ennance S84k, Roethrcnild,
president of the Rothehild Consultants Research Firm, claims
that SNR can be easily enhanced by utilizinag error
detection procedures similar to formattino a hard aisk,
tHence, high error rates, due to los Swk car ke elinminated,

xost of the technical difficulties encountered witn the
MOR technoloaqgy reside at the media level, A process usei
to create los volumes of disks in ¢tne labtoratory unier
igeal circumstances is not easily adacrtea for mass
production of thousands of disks per hour, Prabably, the
tvo major dffficulties in mass nroduction {5 controllina tne
thickness of the recordinag layer and nquaranteerinn the
integrity of the written data for a minimum o0f 10 vyears,
Therefore, a8 better amorphous substrate materfal | &
required., Until the 1introduction of a better nediunm, the
only way of ensurina data {ntearitv that once adata 1s
recorded is to protect the layer from oxidizina, voreover,
4 nquestion to ponder is the importance o0f a areater than 19

year arcnivability (Ref, 261},
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Fiqure 24 depicts the MOR status, Fiqure 24a fllustrates R
aoplications for this tecnhnrology in comparisons with other .
technologies,
Kagneto-optic drives will be used in a larqe
variety ot anplications, from memories for small
portahle computers to mainframes with large on=1l{ine
datahases, Some possible uses include:
(1) an i{nexoensive replacement for mainfrare
peripherals (1 to 2 Gayte),
(2) an archival backeup tor those peripnerals,
(3) a replacement for small wincnester
drives (.05 to ,3 Ghyte),
(4) an archival rackeup for Winchester or for T
magneto=ontic drives, and N
(5) an on=lire mass storage system that combines
removability with randomeAaccess anc
terabyte caoacity,
Ge SUMMARY

introdvuced 1into the marketolace in 1980, wmnen this

Magnetic=optical memory products are expected tn he

does

irpact on the desian of future diqital data storage

systems, especially personal cormputers,

Magneto=optic drives will combine large storage density,

low

Removability {is particularly important because it will
enable a drive to be used with any medium, whether it ve

erasable, non~erasable or read=only, It is very likely that

happen, the MNF technoloay will bhave an enormous

cost, random access and erasatility with removanility,
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2 CANON GdTbFeCo - - 45 1/2 [:..
. LS
- DAICEL Gdibke . - 50 5/1
. -
N MEI GdTb¥eGe (P)(PM) 250 0.3 49 9/1-8 v
\ “~ .
i NHK GATbCo (PNG) ; 0.78 40-43 10/1 N
. NIKON TbFe/GdleCo (G) - . 1.25/0.3 48/55 8.7/3.1 ,
'
o OLYMPUS/KDD GdTbFe (P)(PM) 250 0.3 48 /1.4 ’
V. 1
. PHILIPS GdTbe 258 0.125 4 8/1
! RICOM TbFeCo . . 45 . .
S IR
o SUARP GdTbDyke (PUG) 140 0.50 50 5/t -
3 -
- SONY/KDD ThFeCo (IN(PM) 30 0.25 52 1”71 o
. ‘e, e
i M RE-TM 300 20 >50 12/3 R
: XEROX RE-TM (A) . 1.28 $6 8/1 .,. PN
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MOR drives will be multifunctional, thereby allowing
software to be 8old on read=only dA1sks, backeup to ce
performed on either erasable or non=erasable disxs, and
erasable disks to ope used on-line for system funetions,

Inexprensive MUR drives are now practical bpecause of

advances in amorehous RE=TM fillwus,
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VII, Z4C QTHER RECQBLINC IECHNQLOCILES

Two other recor&inq technologies which are not as
I prevalent as conventional and ootical tecording

technologies are the &AM (randomeaccess memory) and tne

Rernoulll cartridge, T'hese technologies, esvecially SAM, do
i not have the highecapacity potential and lao4 cost of tne
conventional and optical recording, However, they 40 have
other superior characteristics, This chapter irtroduces

these two technologies and their operation, cnaracteristics

and useds,

A, FRAM

In early computer svstems, memory technoloqy was very
limited {n speed and hiah {n cost, Since the 1970"s, the
advent of Mhighespeed random=access menmory (xAM) cnins has
significantly reduced the cost of computer majn w&ernrv
. by ‘more than two orders of magnitude, Chips no laraer

- than 174 inch square contain all of the essentfal

SN N

]
o
LN

electronics to store hundreds of thousands of pits of datAa

[t

Ll
YA

v

. or instructions,

. Although the RAM acronym indicates the randomeaccess o
? capability, {1t is actually a misnomer, since almnst
g all semiconductor memories except for & few special tyoes
% can be randomly accessed, A more aporopriate name tor
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this memory would be a read/write RAM to indicate that RN
data cah be written ipte the memory as well as be read

out of it randonmly,

There are two pasic types of RAMS, statle and

dynamic, The differences are significant, The FKAY tyre

B APPSR LALLM i S
LY

. refers to the structure of tne actual Storaae circuit useHd

to hold each data bit witnin the memory chip, A fynanic
' memory uses a8 storace cell based on a transistor anay
capacitor corbination, in «shich the Jata is reoresenteq

hv & charge stored on each of the capacitors in tne

memory array, The memory gets the name dynamic tron .
the fact that the capacitors are {imperfect and «ill 1lose 1?
thelir charge unless the charae is repeatedly rerlenisned :
i (refreshed) on a reqular hasis (usually every 2 as), If . sl
. refreshed, the data will remain until intentionrally chanqen :
;E or the power to the memory 1s shut off. Ihey require
i supnlementary circuits to do the refreshinrg and to assure
i; that conflicts do not occur between refreshing ani normal
1; read/write operations, Although thev Ao have to contend with
f these extra supplementary clrcuics, dynamic wA"s still
i: require fewer onechip components oer bit than do static ij-f
ﬁs NAms, which do not require refreshind, Since dynamic kirs Eéﬁ;
S N YO
E' do require fewer components, it is possible for taems to ;.i;
.; achieve higher densities tnan static RA¥s, These nigher %;é
3 densities also lead to lower costs per bit, Static rAMs, in é&gﬁ
;: contrast, do not use a chargee=storage technique; {nstead, . ..E
s e,
:
- 118 ’ '-Et X
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they use either four or six transistors to form a flip=flop

for each storaqge cell, Once the data s 1loaded into tre

flib-tlop storage elements, it will indefinttely hold this

data until it i{s purposely changed or the power is shut

off, Static RAMs are easier to design, Tnev compete well inr

applications where the memory requirement is not too Jareat, ;g:@ﬁ
since the cost of the smaller memory i{s not overwhelmina,
There i1s another trade=off to be made with random=access
memories, In addition to the choice of dvnamic¢c vs, static
tvpes, there |{s the choice of MNS (retal oxide
semiconductor), and birolar chips, Fipolar devices
are faster, and provide better perfornarce, but nave

{ not vyet achieved the higher densities and nerce tne lower

cost ot M0S, as well as its lower power consumption,

In order for the RAM technoloay to be viahle as an
alternative to one~line hiaoh capacity media storaae, tnis
technolony must have the cavanility of niabh caracity., 1In
terms of capacity, since the early 1970s, when a Pu*
density of 1K (1024 bits) = per chip were {ntrnduced,
improvements in semiconductor processina and citcults
desion nave made practical an {ncrease in density., TIhis

increase went to 4K bits on a chip to 1ok bits, and {n 1680

to 64K bits, Limited proauction of dynamic RA4s 250K Dbits

began in 1983,
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Samples of dynamic and statlc RAM devices ang prices are

as follows [(Ref, 271):

) LY
(1) Fairchild has introduced a 45 ns #0S 64K X 1ebit DA
static RAM for $ 90,00; Qo
P,
(2) Integrated Device Technology states that its N
64K x 4=bit static RAM will dellver access times
on the order of 45 ns 8nd cost less than § 1000,00; -aca
(3) Hitachl states that its 25 ns YOS 64K x lenit oy
static RA% i{s the fastest available and w31l e
cost § 68,50 (in dulks of 10,000); s
(4) Flectronic Desians’ 16K x 4=hit MNS static Rav ..
has an access time of 55 ns and costs -
$245,00 (in bulxs of 100)? .
(5) loshiba intends to market its 45 ns, R
A4K x l=bit mos static RAM in tov 1985 ot
for s 36,00 each; b
(6) Toshiba and Vitellic are both introducina SO
1 % x 1=bit M0OS dynamic RA4 at the end of o
tnis year, These devices employ geometries Sl
of less than 2 microns to attain access times Lo
less than 109 ns, SN
B. RAM CHARACTEKISTICS RA
Some of the characteristics of YOS~hased RAM are: ﬁii
(1) Consumes little power: {r7
(2) Does not usually require back=up; %L;
(3) Very fast, with access speeds below 100 ns; o
NS
(4) Tdeal tor systems that write a lot, but stores v
Httle; R
N
(5) Very exrensive; .

(6) Areal density is 10 to the 4th hits per sauare inch a2
for 64k bit RAM, and

(7) 256K bit density, «ith 1M bit density in the wings,

A new type of RAM that is gradually making its mark on .




- ~ -~ ———y N T A
A L N A S NI e e et A A e A e A A i S A S St i it i i A S S e ~ i

: 4

: Y
; the market is the nonvolatile RAM, Nonvolatile memories are '; ?;
i: a most interesting and active segment of memory f::u
- technology. These devices retain their contents aven when ?ﬁié
2 the system loses power, This type of nonvolatile RAM |s iﬁ%ﬁ
AR}

S actually nothing more than the combination ot tne QLS%
tlexibility of the RAM with the permanence of the RNh (rea- 1

only memory), when power 1s removed, The result {s that for
2} every stored bit there are two memory cells, one of wrich
is volatile and the otner nonvolatile, bDurina normal syster
operation, the nonvolatile RAM uses the volatile =aemorv

array, but when it receives a speclial store signal, aata

held in the RAM area is transterred {nto the nonvnlatile
=z section, Thus, the RAM section provides unjiinited rea+
and write operations, while the nonvolatije section
) provides back=up when power is removed, The drawbacks tn
this almost ideal memory element are twofold., First, it
wears out, That {s, the electrical process used to.store
) data in the nonvolatile array causes a steady deterioration
E in the ability of the memory to retain data for a
guaranteed period of tine, Currently, avajilaole
- capabllities range from about 10,000 to over 1,000,000 write ;iﬁ;u
. e et
cycles, but many times that numoer are needed for f}&;
general purpose use, second, nonvolatile RAws have only Ef?ﬁ
AN
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reached 4K bits, with smaller amounts already findina their

way onto single~chip microcomputers (Ref, 29],

C., SUMMARY QF RAM TECHNOQLOGY

The possibilities of RAM technoloaqgy of replacina
svinning media s remote, although the microprocessor chir
technology continues to improve, Production of 236n cnips
is revving up earlier this year, and the 512K chio {s
already a step=child ot the much heralded megaoit ecnip,
which is being introduced now,

tight now, although large semiconductor electrenic
memories are avajilable, the cost is pronibitive, Tntel’s
FAST 3825, a 12 MB to 144 MB RAM disk system, which i{s made
up of 64K chips, is priced in the § 100,0600,00 range [Ret,
28], In the foreseeable future 1t seems that electronic
memories are not close to the cost Dver megapyte offered
by the spinning tecnhnologies, for example, utilizina the
highest density available today (256K),toiput together a
10 #B memory with 256K RAMs, It will eventually get cGown ta
anout §$ 5,00 per chip and a total of 320 chips will he
needed at a cost of $ 1600,00 for the chips and another §
1000,00 to put them all together, A total of § 2650.00 as
compared to § 350,00=8450,00 for a 1n 48 ‘Hinchester ~1isk,
However, 1if the density is not important, the cost is of no
concern, and the speed {s of utmost important, volatile RAY

is tne best alternative,
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D, BERNOULLI CARTRIDGE

In 1981, three IBY employees left Big Flue to start
their own combaﬁy {n Utah, the I[omega Corporation, to
manufacture what they believed to be the {deal nmass
storage system disk, the Bernoulli disk, The fernoulldl
disk has the rest attributes of floppy disks and naru Jaisks

witnout their shortcomings, Floppy disks, for exaaple,

trade low storage density and 1nang access tines tor TR

! portability, ease 0f backup, and los cost, hard disxs, on gfﬁ
E the other hand, trade sensitivity to dirt and shock €or an ti;;
’ increase in storage capanility and speed, :;;;
> I'ne Iomega Corporation’s Bernoulll disk, tne Alpha 14, %%ij

: is an ejant inch, cartridge=loaded flopny disk tnhat holds 10 i;g;
- megabytes, The maanetic medium {s only a three mi]l tnick, }i:

mylar floppy disk, unlike a normal ¢€lopry, tne Alpna "

]

¢
e
.

.

. " AN
s

.

[ ia »

disk 1s housed {n a magazine=mgized olastic cartriane,

»

NI
LA

"l.'.' ". <,
O

T

The cartridge, 1ixe a Video cassette, automatically closes

Iy
(4

tlp when removed from a drive, which protects the disk frow

5
Uy

"’
b VA

-

contamination, Wnen the cartridge {s {(nsertesd inte tre

£

-

.

") "l
e
%

S LA

drive, the disk is exposed to a flat plate over wnicn {t
will £fly (around the) snindle and move close to tre
read/write head, The drive is given staoility and tne close
head=to~disk clearance crucial to hiah storage densitv

by taking advantage of the "Bernoulli Princirlen,
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E, BERNOULLI EFFECT

Daniel Bernoulli, a Swiss mathematician, opserved more
than 206 years ago that the pressure of a moving fluiA
is 1inalirectly proportional to its speed, If a 3isk spoins
close to a stationary surface, a negative pressure is
generated between the two and the stabllizing effects
cause the disk to fly at a determined distance ansve the
rigid Rernoulli plate, Another arrlication ot this
principle is in the head destiar, The read/write nean
in the BRernoulli{ disk is stationary and protrudes throuah a
bpanana=shared slot in the fRernoulll ovlate, Tne nean
mounting bpracket {s shaped so |t protrudes a few
tnousandths of an inch above tre plate, 7These "durpos" 3n
the nlate cause the secondary area of the Bernouylli
effect, drawing tne disk even closer to the head, wnicn
has a 4 to 7 microinches of clearance,

The aavantages of this scheme are onbvious, uecause
the disk flies, rather than the head, disturhbance of tne
device causes the disk to lose 1ift ang fall away from tne
head, rather than toward {t, Hence, tnhe head can not crasn
with the Bernoulli disk,

Figure 25 {llustrates the Bernoullil pumping effect (kref,
30}, The Bernoulll techniaue takes advantane of the
rapidly flowing air (i.e., the air next to the syrtace ot a
rotating aisk), hiah disk rotation speeds, ana megapvyte

data storage of a floppy disk, The rapid rotation ot the
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disk generates an airflow that pulls the disk surface towar.
the drive read/write head, The shape of the arive
head, however, is engineered to prevent the disk surtace
from actually touching the head, As the disxk surtace
approaches the head, an air bearing of less than ten
microinches forms, holding the disk away from tne head,
Figure 25a depicts the three types of products alonn
with tnheir characteristics, A sinale, 10 ¥byte drive costs &
2,695,00, A dual drive, 20 Mbytes costs § 3,895,00, when
two Alpha 10 drives are installed with a pover suecply in a
box, the result 1s the Rernoulli PRox, Figure 25"
illustrates the features and penefits of the Bernoulli dis«

drive,

F. SUMMARY

For small database systems, the Bernoulli disk Adrive
offers a very viable alternative, The lomega fnnovations
nave created a system with a 24,000 bits=rer=inch densitvy,
a 300 track=ner=inch track censity, a data transfer rate of
1.13 menabvtes per second, a system latency ot <"
milliseconds, and an averaqe access time of Ho
mril11seconds. The storage of the BRernoulll disk 1is as/o
reliahle, aquiet, and quick as any ninchester aisk currently
available, and much cheaper, Getter yet, the Rernoullil aisk
provides a crediole bpackup facility for a »inchester

disk, one that doesn’t require the incessant chanqgina of
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Figure 25. The Bernoulli Pumping Effect.
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Drives

Access
Y Time

o Data Transfer
Rate

Capacity

’ Figure 25a.

BETA-5
51/4in

65 ms

5 MBit/sec

5MBytes

. R I P I P
RN XN CRRN Y O

ALPHA-10
8in

55 ms

1.13 MBytes/sec

10 MBytes

Bernoulli Box Cartridge.
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8 in

50 ms

1.13 MBytes/sec
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FEATURES

Aerodynamic Media Stabilization

Unique Equalization Circuits

Design Simplicity

Flexible Media

No Purge Cycle

On-Board LSI Controller

SCSI Interface
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. BENEFITS

Highest Performance Reliability
and Areal Density of any
Removable Disk Drive

100 % Interchangeability

Lowest Cost 10 MByte Cartridge
More Resistant to shock and
Highly Resistant to Contamination
Fastest Stop/Start of any

High Performance Drive

Only Disk Subsystem to
Conform to Disk Standard
(Size and Mounting)

Compatible with SCSI H/W
and Protocol

Features and Benefits _of Bernoulli Disk Drives.
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many floppy disks, They are also tough, Inmeqa
representatives nave thrown PRernoulli cartridges, +hicn
cost $80,00 each, around like frisbees to demonstrate this
point, This disk 1is hard to beat when looking for a small
mass storage system or for additional storage witn a gyoo-

backup facllity,
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The conventional magnetic recording is in a state of
i renaissance at this time, with gains in density foreseeanle
tor at least another decade, For the last 35 vears, tre
data storaae technology has been dominatea ony tne
conventional mangnetic recording, and the rate of crogress {nr
the areal density, the key measyre ot merit, nas
continued undiminished, douplina about every 30 montns fcr
: the last 30 vyears, The parameter which has nade tnis
possible has been the head~to=medium spacing, wnicn  nras
been reduyced over the years from 25 microns to ,3 wicrons,
I with current lacoratory investigations now at o!
microns, Also important has been the orecision nechanicatl
employment, such as closede=loop servo systems, as well as
i improverents of media utilized,
This continuing resurqgence of the conventional

magnetic recording pleces iIncreasing pressure on tnhe

ortical technoloay, The pace of optical storage devices
entering the marketplace has heen rapiqly ;giij
‘b

increasing, A significant development was the introduction

of DAD, and C(CD=ROM, These products will make the nrarket R
acceptance of ootical read=only, writeeonce, anA e

erasable storage devices, easjer, Althougn storage e
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devices with the capacity and removability of optical media

will clearly be needed 1in the future, conventional
recording will maintain its dominance wnile other
technologies will continue to flourish, In the next decade,
it seems that .optical technologies may be used as 2
corplement to conventinnal recoraing, Altnouan oaptical
technologles have many advantaages over the conventional
recording, it is still an evolutionary technology wnich nav
take time for user acceptance and mass production, Tne
conventional recordinjg, on the otner nand, is an
established and understood technology which continues t~
meet users renuirements,

Flaures 26, 26a, 26b, 26c, and 26d depict the technolagy
comparisons of the conventional and ontical recording in
terms of:

(1) density and data rate,
(2) access, capacity, and seek time,
(3) removability and cost ot medtfa,

(4) sturdiness and arghivarility, and

(S) heade~disk gap and track servo,
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MAGNETIC ONPTICAL A

3380 ULTIMATE MOOERATE ULTIMATE
{GaAs LASER, (BL.UE LASER
0.5 MA LENS) 0.85 NA LENS)

RSN %y sy AR

; RIZY: LA TR Y >d0KbBP . < 35K bPI ~R0K bPI

i DEMSITY

TRACK >800 TPt 3K TP - 16K TPI >10K TPI

; DENSITY

g AREAL 12Mb/in? >190Mb/in? 560Mb/in? ~3200Mb/in?

"L‘ DENSITY
DATA MB/s - 12 MR/ mnsst 2! snnsst?) )
RATE

: (1) ASSUMING (2.7) CODE AT 1.5 BITS/TRANSITION i
: :
: -
- (2) X N FOR M ELEMCNT ARRAY, PARALLFL RECORDING v

S Figure 26. Density and Data-Rate Comparison.
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Direct Access Fast Medium =
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Sequential Access Medium Fast o

IR

Capacity Large Very Large

Seek Time 16 ms 85-500 ms

Figure 26a. Access, Capacity and Seek-Time Comparison.

L.

MAGNETIC DISK OPTICAL DISK

Removability No Yes

Cost Medium _ Low

i Figure 26b. Removability and Cost of liedia.
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MAGNETIC DISK OPTICAL DISK
Shelf Life > 10 Yrs > 10 Yrs

Encapsulation No Yes

Figure 26c. Studiness and Archivability.

MAGNETIC DISK  OPTICAL DISK

Head-Disk Gap .1 um 1000 um

Track Servo Imbedded Substrate Surface

Figure 26d. Head-Disk Gap and Track Servo.
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IX. AU IYIRARUCIICH IO MOLDERY SCEI&ALRE

Technological advances in the storaace and
distribution of iInformation have radically transtormed
the manner in wnich decisions are made today. These
technologies have simultaneously expanded the wvariety ans
volume of information Involved 1n aecision nakina  anA
have accelerated ¢the pace at which decisions nave to pe
made,

linfortunately, the phenomenal arowth 1in technologlies
that generate and distribute informatien has not been
matched ©py a commensurate growth in technolonies to
monitor, fllter, and analyze huge volumes of intor=wation,
A technological imbalance nas been created petween the
technical storage media and the technologies needed to maxe
effective use of the stored information. Trhre resuylt has been
ar  inability to exploit ¢the full value of 1nformation
gathered,

In this age of increased attention to the nroblems of
information processing and utilization, one SeexS tor tne
formatted databases advances in techniques for date
arstractions models, structures, accesses, retrievals,

compressions and models, as well as differential files,

St ,'.‘.,A,"




Due to the unformatted nature of textual databases, one
Seeks different advances {n natural texte=processina for
capturing, storing, and retrieving 1large volumes of
textual data, Machine text searching, automatic apstracting,
and automatic indexing of full text documents, and selective
dissemination of information are are now within the reach ot
the user, Both the formatted database and text dataoase
techniques can be use effectively to wade tnroucon tne nlat
of the avallable 1{information and syoport tne aecision
makina process of managers and users, These advances in
techriques can offer a qgreat return on Iinvestment, Aue to
tne numoer ot proqrams and algorithms a&vailable {n the
public 4domain, many of which were oprompted ov the
intélliqence community, New advances are still beinoc made |n

the research, academic and market places,
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A2 abstraction hides the details of a set of alaonrithms

o D AN LI
B
¥

and data and allows aeneral and common properties of the set

i
v

4
.

4

of alaorithms and data to reveal, Thus, the aopstraction |{s
one of the main ways of structuring and visvalizing vast

arount of data and very complex algorithms, It 1s used to

R L
- P TR T
L s et
ot
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obtailn cateqgories of aloorithms and data and to combine
cateqories into more yeneral categories, It has bpeen uSet

extensively i{n computer science to reduce complexity and aid

fﬁ.i

L4

s

understanding of algorithms and data,
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An elenentary form of abstraction distinguishes bhetamen

A

.
3

JT"Eé}

. the :gkes lexel and the tiga laxek. & Lokep is an  actnal .

i value oOr a vparticular instance ot an ooject, ;ﬁg
E Apstraction is used to define a Lypak from a class of E?i;
‘ similar tokens. _.;
In terms of database objects, the avstraction {s used in E}?E

S

two ways: generalization and agqqreagation [Ref, 31},

S N
W
A s
b (A PR R
v B
L ] A .

v

In generalization, a set of similar tokens or a set of

like types s viewed as one generic tyve, The token=tvpe

generalization is usually difterentiated from the type=type RN
generalization, The ftormer oprocess 1is reterred to as
j
" "classification®, while the latter process is called
E "generalization", For instance, viewing a set of
137
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i individual employees as one generic type, emnloyee, is f??ﬁ
; considered classification, while viewina the types of ?33
{ employees and students as one generic type, oersoan, s ) Eﬁg
; considered generalization, iiﬁ
The classification of tokens enhances understandini ov ;
allowing {Iindividyal tokens to be grouped into types, Tyoes E?f;
- can be further generalized into other, more general types, ;;g
By using classification and generalization, the emphasis |{is ?ﬁl
?- rlaced on the similarities of objects and tyces wnile :
;Z abstracting away their differences and details., Fiqure 27 E%;
: iliustrates this distinction, p
i; Ar aaqregation is tne abstraction by which an object s . Sgg
; characterized by {ts constituent ohbjects, For instance, a . iﬁ%
person can be characterized by his name, address, and aqe, . f&a
Ef The aggreqgation can be use either at the token level or at o
EE the type level, For {instance, the type employee can pe
o characterized by the types: name, Aage, and.address. AR
: agqregation at the type level portrays a set of féﬁ
: agaregations at the token level of the constituent types, €§€
Figure 2R {llustrates this point, P
Ahstractions have been used informally in cata
manacement for a long time, ahile the agnregacion (s use+r -
Q during the file design to group fields of ditferent data e
? types in a common file, the aeneralization (s uses bv : ég%
" introducinae the notion ot a file as a generic record type fﬂ‘
. representina the properties of many records, Moreover, tne )
-
aY
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record type has semantics and is no longer an uninterpreted
set of recoras,

The abstraction can be used both with the bhottomeun
approach or the top=down approach, Usinag tpe pottor=up
approach, an abstraction can be viewed as a synthesis of
simple objects that enables one to understand a couplex
ohbject, Starting with observed data, i,e,, the tokens, to
which one aprplies the classification to prnduce tyres, then
the aeneralization and aagaregation can ne used to aroup and
structure types into new aeneric and aggregate types,

Alternately, the tope=downh aporoach may be used tn

decompose complex tvpes, Starting with a comolex tvoe, it

can be decomposed into its components, tnrough

soecialization, which is the opposite procass to 3435

generalization, and instantiation, which is the ooposite Eg%%

brocess to agaqreaation, to the token level, Tyoically, the §S&;
ek

bottom=up approacn 1s used to understand a complex Ei%g

phenorenon and the tops=down approach is used to desiun a

corolex object, Both methoas can also be used tcgether,

These two abstraction techniagues are generally oresent

in most data models, Some data models tirst deft{ne tne
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tokens of information and then give structuring oprincCiples
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to combine and categqorize them, while other data mnodels

enable the user to specify complex types w«which are

assoclated with constituent types and eventually with tokens
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- Generalization is the Abstraction Technique by °
0 which a Group of Objects are Generically e
Classified s
Example : ,‘,:;';‘..
. employee = generic [ E1, E2, E3 ] R
§ e
= El = employee # 1 NS

E2 = employee # 2 . ,ﬁ}-l

¥
2
(4

E3 = employee # 3

vy
-

o

%
4%

-
<Y

Py

Figure 27. Generalization

b}
.
v

. Foe
e AL
- [ R
« 3 .u.‘\c
- -t
. :\\_u.‘!|

‘
’

.’

140

.
5050020 TR B R SR SN G S N S SR H N S G| O R TR R 2SR N0, (N 0t N TR T R e e

"y s L




Ty LAl g B g G S N et g g R S e Ty vy ) St QGui Aud T Trywgw LA Al W Al
) _ AR AT T KRN Mk S s A Al SadE Nt A Lt
. S/ Al Sl Al Al Sl S i . ) - Sl
Dl Sl Nk Aad Ank Al SallAnlh Sad ¢ - & Al AndoAal N

e
.
-
-
.
-
o ]
ol CE
3 o n_.\
. e
X AR
) DR A i
) D,
RN “'1
e,
0 ".-,'.p" A

g Aggregation is the Abstraction Technique by
: which an Object is Constructed from its
- Constituent Objects

: EXAMPLE :
- employee = aggregate [ Nm, E#, Ag, Ad ]

g Nm = name

E#
N Ag

employee no.

i

Age

: Ad = address

-.-_ Figure 28. Aggregation "::":"(-
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of information, Abstractions are used to give meanina to

sets of objects, #hether they are tokens or types,

A, CURREJIT ARSTRACTION APPROACHES FOR STATISTICAL AnSTFACTS

The current approaches for statistical aostracts are
sapplipg (aggreaation) or antisampliag (aeneralization),
Figqure 29 {llustrates the difference between these twn
avproaches, Sampling is the selection of constituent
onjects from the whole for an analysis and estimation of tne
nature of the whole, Antisampling {s defiped as tne
selection of a generic super set of the set in question in
order to analyze the nature of the set,

In evaluating tne relative merits of sampling and
antisampling, there are numerous serious disadvantases
to attemontina to esti{mate statistics on a pooulation cv
statistics on a random sample of that ooculation, Inere
are six disadvantages [Regf, 32],

Firstly, sometimes, the cata have been aaggrecatecd {n
means, counts, and so on, as there nave pbeen laraer anounts
of data from instrument readinas in laboratory
experiments, Ftor example, much of the published li,5, Census
data are {n statistical forms to provide privacy protection
for an 1individual’s data values, Sampling agaregated uata
can be very tricky, and may not be possible without detajiled

{nformation about the daata before they are agaregated,
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Secondly, sampling is inefficient in a pagina
environment, Assuming that the sample items are randonly
distributed across vages, in exactly the sare way tnat a
tormula is used for any set randomly distriputed across
pages, experiments (Ref, 33) have shown that sampling s
going to bhe approximately the number of pages retrieve+
times less page efficient tran a full retrieval of the
entire database,

Thiraly, random sampling is also inefficient even anhen
indices are used, Cependina on how the index is stored, tnis
may reauire Qore temporary storage spsce for the pointers t»o
all the items in the set, and nany index paae accessSes,

Fourthly, sampling is a poor way ¢to estimate extremun~
statistics such as maximum, mode frequencv, and bounas
on distributional fits, Extrema nave imoortant
acplications in {dentifying exceptional or opreoplemnatic
pehavior, Similariy, it is very poor for obtainin3y amrsolute
bounds on statistics, which are {importart for manvy
comrputer alqorithms based on those statistices,

Fifthly, samplina is restricted to the nature of tne
sample {itself, Given a sample, it is hard to speculate
ahout properties of a subset, sunerset, or sinmling of that
set,

Lastly, a sample 10es not have semantics, It {is ot
interest only as a sample and not as a gset created by set

intersections mignt be, AS an alternative to samplina, tne

~
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Example :
Anti-Sample 1
(e.g. Ohions)

N4

Population P
(e.g. Ohions Ages 25-36)

Anti-Sample 2
(e.g. Ages 25-36)

4

Sample S
(e.g. Ohions Ages 24-36)
(with middle SSN digit 5)

Figure 29. Sampling vs. Antisampling
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author in {Ref, 34) suggests the creation of a mucn smaller
database, called a databasg ahstract, which is a collection
of simple statistics, such as means, maxima, etc,, oOn
important and frequently asked data in the datacrase, The
database abstract preserves most of the statistical content
of the original data, Iin oraer to compensate for the above
aisadvantages, This database abstract {s the major elsrent
ir antisamprlina,

In utilizina this abstract, the orocessing soeed can he
traded off ¢for storage, Since statistical databases otten
have mucn redundancy in attribute values ana Since
these statistics can be predicted by other attrioute
values and statistics, they can be computed by proiIrans on
cheap processors, instead of expensive placing on secondarv
storane, A numper of "reasonahle=auess" rTules can ne usea to
infer statistical characteristics oft the oriainal Adata tren
the abstract, This technique provides an estimate for dJata
in the initial stages of statistical analvsis,
emphasizing auick and rough estimates and visual
aisplays., It direscted towards hvpothesis oceneraftimn, nct
hypotheslis testinqg,

This approach, by the employment ot a datavase arstract
0f precomputea Statistics plus inference rules, overcomes
each of the asbovementioned noints and indicates as ¢01loss

{Reg, 321
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(1) The database abstract is an aqqregation,

(2) Unce set up, the database need not be paged at all,
Paging of the apstract 1s low, since it {s =much
smaller than the full database, Also, there are
usually many sets of statistics relevant to a juery,
hence fewer retrievals are necessarv than the
retrievals for the same query without the statistics
on the full databpase,

(3) Database index pages are used efficiently fnr
the same reasons,

(4) Antisamrling handles extremum statistics well since
it can use extremum statistics of the entire
database as bounas,

(5) Many rules explicitly address such cases as
extensions of a set to supersets and
restrictions of a set to subsets,

() Sets in the database abstract have an exypljicit
semantics,

This approach porovides a new alternative to samolina for

exploring a large data population at lov cost.

B, AM OQVERVIEW GF THE ANTISAMPLIMNG APPROACH

This top=down approach to 1low=cost estimations of
statistics on a large computer datahase consists of a
precomputed set of statistics known as a aatabpase anhstract
and a set of inference rules, This new approach starts fitn
a4 user and a database, The datapase 1{is preprocessed ta
create a database abstract, which 1is a collection of
simple statistics (the mean, maximum, mode freguency, etc,)
on important and frequently asked=about Ssets {n tnhe
database, The user |Interacts with an {nterface to the

datahase abstract, and asks the same statistical aquestions
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that he would ask the full database, {f he had more time or

space, It an answer s not in the datapase avbstract,
an estimate and bounds on the estimate are inferred for
the answer from rules,

There are four dimensions to this rule taxonomy (ref,

34), These are:

TR TS T

(1) The statistical dimension, such as means and maxina,

- (2) The characteristic dimension, such as exact
I answers, bounds and estimates,

(3) Tne computational dimension, for examole, what
forms of gqueries,

(4) The derivation dimension, for example, trom where
the results derived, For an example of the rule
taxonomy, See Figure 30,

Given the disadvantages of ¢the samplina aoproach f{°t

RGN WATREA AR

would appear that antisampling aperoach orens up a nrnard
area for future research, Antisamplina is not just
another sampling method, but somethina tuncamentallv
different, and subject to quite ditferent advantages and

disaavantaqges than sampling, Although some of 1its

MM AOMEMNENAD

advantanes have been discussed, one disadvantage that nas
not been mentioned {s tne amount of details tnat remains teo
re worked out, sSuch as to increase the nunber of rules and
to get vetter estimates,

Some new directions for further apolications have ovpeen

outlined, as well as extensions of this technigue [Ref, 34),

Pl L

Some extensions include rules for correlations, causations,

. rules for Iintensional xnowledqe, Tules for Dprototypes,
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S:I | Rule : Largest Item in the Intersection

3 of the Two Sets cannot be Larger
than the Minima of the Maxima -
of the Two Sets =
Statistical Dimension: Rule for Max Statistic o
Characteristic Dimension: Upper Bound
Computational Dimension: Intersection of the ,_.,
, Sets b

- Derivation Dimension: Basic Mathematics Bt

Figure 30. Example of the Rule Taxonomy
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dependencies, quantifiers, and nulls, More sophisticated
control structure can bhe readily {mplemented, oSneclale-
purpose hardware could {mprove performance of the system,
For example, obtaining the database apstract is
computationally expensive, and special devices for
comnuting the basic aguregate statistics on the database
miaoht be very helpful, perhapos as components 1in ais«
drives, Such devices would also improve answer sreed for
arbiltrary statistical queries on the datakrase,
Yoreover, since paging is a major cost in trhils system, tno
use of the reade=only memory for the database abstract niant
significantly improve its pertormance, This could te auite
cost effective for much uysed datanbases like tne u,S.
Census,

The 1idea of oporoviding for the first time an
aljternative to sampling, for estimating cnaracteristics

of a larae data population at low cost, is very apoeaiina,

C, CURRENT AESTRACTION METHCDS FOR CONTENT ABSTRACTS

The current abstraction methods for content
abstracts utilize caatent analyslii cancents (2sf£. 358), Inex
are s¥shal=-patching, contant-azlentad, alaasdi fetriagal and
infarnatian zetriaxal methods,

The content analysis is a process of delineatina shat
a sentence says, Hence, only humans can interpret an4

fully comprehend the meaning of a natural language Sentence

149

----- » R AT a8 %

T I S G L T S Tl S IR A G AT TR R N

AR N
- L]



LAl oAl o o A" o 8 "odie ' o8 e W —— e v P — L od
T _._'_'.j_'..{'.._ A .__v"__-'_'?'_ A SNEAN AN 8 e T N W P T Vv r-y

d :\:.:
that may be {incomplete, idiomatic and valid only in the Egi
context of the dialogical communication, Moreover, only RSN

humans can appreciate the differences 1in the wording ot

o~ sentences, or can easily interpret the jaraon,
> . ﬂ&ﬁ
In using this techniauye, the body of text tnat 1is to
f become the retrieval datapase consists of sentences, X ;ﬁ?
~i sentence means an €nalish sentence or partial sentence witn fﬁ;
no formal restrictions on its structure or oroanizatior, e
3entences are the foundation unit of wnich tne datavase |is -
composed because they are the basic unit of tne hu=an X
communication, ;;;
¥E Using the symbole=matching retrieval techniaue, the i}g
i? database is searched to locate the data elerent that §§§
: contains a certain symbol Oor a sequence of symbois., Unce ) }R
E this symbol 1is located, the data element may pe retrieves FTE
Lg as a whole or may pe subject to manipulation, An examrnle of f;fé
- such a technique {is the keywordeindexing technique in w«nich Eﬁi
the symbol theing searched for 1is an knglisn word, ?E;
However, this technique 1is not considered very viavele, ;;;
since the data cannot de counted on to contain aprropriate =4
key symbols for 1{ndexing, as in the case witn tha -_,.._

'éi example, "Hit the deck",

with contenteoriented retrieval, a data elemant {s
. identifled according to its content or mearing, ratner than
by the symbols or keywords, Too often, natural ©Enalisn

sentences may not be complete, such that a pronoun {s used

E ACREN O LG AR LA




instead of a noun, which may be implied, For example,
"He was not able to continue”, {s a sentence that nhas no
key symbols, and hence only content=oriented retrieval would
be appropriate, Moreover, elither the meaning of sentences
is conveyed by the style; or the compositien {s freaquently
more important than the meaning of individual component
elements, Considering the sentence "Time flies", the
meanina is entirely different when each word is
considered separately rather than jointly, The ©preferreda
approach 1is whenever a contenteoriented technique 1s used,
a symbol= matching technicuuve is also used In conjunction
with 1it,

The content abstraction encompasses the following
tvo types of retrieval: element and information retrieval,
The element retrieval returns the entire data element
satisfyira the query, whereas information retrieval returns
only the answer extracted from the data elenent, For
exanmple, agiving a database that includes the followinn
sentence: "Company X wil]l conduct a reconnaissance at asch
hours", and the considering the guery, "wvhat {s Company X
doing at 0600 hours?" An element retrieval .system would
retrieve the entire sentence, while an ({information
retrieval system would only reply with "reconnaissanca”,
Either retrieval technique 1s acceptable, depending on
the output desired, The contents analysis technique (s

performed on each sentence by ¢£illing in & standard

- - ...
LY .
. B
) . o el
; ”
. s
. S
PAEAR SRR

Y .
C N A
LA
* e o ¥ ¥
" e
Y Ve e Y

.,
v
Ll

-y

2’
%J.




T A A afi A i el o A S S el Blh AE et aame e T T, Ty — Lol i e e i St i s da !

L ]

pery v
LR A 7R
<

ahstract form (see Fiqure 31), The technique pegins bv
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P assigning an identification number to each sentence, Then,

» the content of each sentence {s analyzed; all aoplicantle . ij?.

LR Y
o

..
.
]
»

properties are checked, These five properties are (®ef, 35):

»
i
.::.' ," [ACRPA

N (1) Tyre = whether it is declarative, interrogative,
imperative, resoonsive, exclamatory, and
acknowledgmnent, Type {S anplicable to every
sentence,

(2) nature = whether it 18 a reauisition, conclusion,
characteristic, valuation, or recommendation,
rvature 1s not applicable to every sentence,

(3) Tone = whether it is affirmative, uncertaln, or B
neqgative, Tone is applicable to every sentence, T

> (4) Tense = whetner it {s past, present, or tuture.
A tense is applicable to every sentence,

(5) Yode = whether {t is altering the characteristics of
the thinas that the sentence talks abotit, such as
ocligation, intention, permission, abllity, risv,
and desire; occurring with certain probavliiity
and having a finite duration such as at the .
veginning, somewhere in process, or terminating,
rode is not applicable to every sentence,

Mode alterations, also known as transformatisns, are
identitied by denoting every ntity mentioned or imptiea in
‘ﬂ the carticular sentence with its faentification

numher entered in the appropriate blank, All attricutes

(characteristics) applyinq to that entity are checkea,
Althouan this abstraction technique appears to cover

the broaada range of meaning that can be contajined in an el

English sentence, there are, nowever, nynerous

- constraints with this approach, If an extremely aetajled 3

‘ apstraction scheme 1s utilized, that accurately X
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Figure 31. Standard Abstract Form
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reflected all or most of the subtlety and complexity of the
natural FEnglish sentences, an extensive training ot tne
great intelligence for the analyst would be required. If, on

the other bhand, a sentence analysis scheme Simple enouqr

for the |lowe=level personnel s used, {t could be too ~ huiﬁ
inaccurate, Moreover, this schema is diffjcult to deal witn
sentences that have - wora usage errors, Also, Semantic e
intercretation depends on how good tne input analysis fs,
and contents abstracts do reaquire human intervention,

Tnis technique can be enranced oy extendinj some nf its

capabilities, First of all, the apstraction form can oe Fas
readily automated, Secondly, an inferential retrieval
technigue can be uytilized when an answer to a auerv is

not rdirectly contained in the datacase, For example, 1{f a

gatapbpase contained the sentences, "Company X is a cart of
battalion Y", and "Battalion Y {s on maneuvers in
Honduras", and the query has been, "Wwnere {35 Comvany ¢
72", a soohisticated element retrieval system should pe
able to return tne two sentences concerning Comnany x

and Battalinn Y, thereby enabling the {iInference that

Comnany X is probably in tionduras, rhiravy, the
Wnole process can be automated, thereby Saving time,

cost, and effort,
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D, THE AUTOMATIC DATA ABSTRACTING

Despite recent advances 1in technoloeagy, high auality
ahstracts must still be produced manually, Consequently,
the preparation of abstracts and their associatea fnaices
accounts for over half of the cost and time requirea tor
rublication, Thus one must take into account the factors
ot production time and cost when comparing the rannal
with the mechanlzed abstractina methods,

Two alternative solutions exist to overcome the prohblens
associated with the manual abstract production:

(1) Use authoreprepared abstracts as a prereqluisite
to publication,

(2) Hecnanize the abstract production,

Ahstracts from authors, although editors and puvolisners
have in recent years made an effort to get Ggood apstracts
from their authors, are of aquestionable value, Thus,
together with the {ncreasing shortaaé of oualified
anstractors, the tactors of time, cost, and valne have
lent 1impetus to a trend toward tne automatic ageneration
of abstracts and indices, This trend has caused Increase-
erphasis to be placed on the abstract as the locus of aata
for antomatic retrieval systems, This, of course,
necessitates the creation of high=quality abstracts,

1, Sustez Reguiranents

Some of the basic requirements which an automatic

abpstracting system must fulfill, Include the unit of aata
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the remainder of an article, A vrogram wnich

- RO
.‘: ‘o ".."-
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N
; to be processed, methods of sentence selection, notions
$ of contextual inference, intersentence regerence an-
! coherence criteria [Ref, 36],
- a, The Basic Unit of Data
P
v. A language processing program, for efficiency, -
- should consider the largest Iindevendent {tem i{n {ts
; database as its basic unig, Thus, in automatic
abstracting the basic unit s the original article, It
! would be inadequate to consider any approach {n wnich either
E; naragraphs or sentences are consldered basic units,
i% because of trhe interdependence betueen these ejemnents and
Yy
R

operates on interdependent units bears the purden of
carrving data from one unit to the next, aAn Aautosatic
language processing program must also ne arle to Lldentitv
and manipulate the elements ot its basic dats unjit, wnether
trese elements he words, phrases, clauses, or sentences,

0. Sentence=Selection Methods

In order to develop criteria for selectinu

sentences to form an abstract, it 1{s necessary to analyze
tre-conditions under which various methods of sSentence
selection are successful, It is apvarent, nowever,

that an abstract can also be produced py rejectina

sentences of the original wniech are {rrelevant to the h

; - >,
- A
d . .‘ A
- abstract. Therefore, it 43S no wonder that metnods ot ! oS
0 LB % 2%, ¢
. Py W
é: rejecting sentences also deserve intensive analysis, < A
-
”. »
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c, Notions of Contextual Inference

Contaxtual lonfezance is the pasic concept
underlying sentence selection or rejection, Thus, aiven a
data element (word or word string) witnin a sentence and
some surroundina context, using contextual inference, it
is generally possible to infer whether a sentence should
be rejected or selected for Inclusien In an abstract,
Contextual 1inferences may be made based on eitner tne
physical arrangement of the elements of a document, called
the legatign method, or on word strinas wnich comnrise
these elements, called the cgug method, These ¢two hasic
anproaches to the makinag of contextual inferences are

discussed as follows:

(1) ZIbe Lecatiad ¥atbod. The location methoA
is based on the physical arrangement of ¢the elements of
an article, This arrangement can be describea in terms of
the 1location of a Ssentence with respect to hov lona tne
document containing the sentence is, or Iin terms nf tne
location of phrases, clauses or words witn resnect to
how long the sentence, containing these elements is,

The first location type, called sentence
location, 1s governed by the style of the autnhor or the
editor, with qeneral writing aquides orovidina advice
ahout the placement of sentences within an article, Since

it is not possibhble to dictate the matter of tne
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style, the location of a sentence does not convey an Eg.'ﬁ
uneauivocal criterion for sentence selection or rejection, :
The Ssecond location type i3 actually a
sentence descriotion, since the locatior of rnhrases and
words within the sentence 1is subject to grammatical rules
to which authors and editors adhere,
Since a sentence is a string ot wordas
terminated by a vperiod, quegtion mark, or semicolon, tne
punctvuation, hence, plays an imnortant role in tne gffiﬂ
location method, Each opunctuation mArk serves A :
specific purpose,
Both the cuestion mark and the semicolon

nave a rather unamoiauous use; the rerjiod, however, (s use~

in abrkreviations, and numbers, as well as at tne ena of a -
sentence, These different usaces must be diftferentiates
in order to oproperly analyze sentences,
Commas, like periods, can also have severa]
uses, They can Sseparate items 1{n series, rarerthetical

expressions, and clavses, as well as occurring i{n nunhers,

i Serial or numwerical commas do not really nrovine
sutficient {information to make the determimation or

either rejection or acceptance, Parenthetical commas, on

the other hand, since they normally merely eluciaate, can T §
be rejected, because they can be removed without affectins ' %js
the meaning of tne sentence, Commas that separate k‘ X

Clauses are more important in this e
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rejection/acceptance scheme, since they delimit the
leading clause from clauses wnich qualify {t, Secnnd
, or subsequent clauses generally modify the first clause,
thereby concluding that the first sentence (s essential
; to the meaning of the sentence, However, second and
subseauent clauses can be rejected, and stil]l obtain a

sensible result, for example, the sentence, " Company X |{s

the best fiagnting wunit 1in the Uivision, pecause {ts ONANR
commander 1is TItalian", 1s just as grammatically correct BRSO

and coherent, {if {ts subordinate clause are remnpven

(rejected), with the result, "Company X is the rest

fightina  unit in the Division", Nt course, trhis AN
3
rejection depends entirely on the abstract desired, ﬁ{-
. o
i Wnen dealing with clauses, furtner Eu
' reductions can be made by removing prepositional phrases, :f5;~
Thus, the sentence, "Company X s the best tigntins L
. unit”", perfectlv expresses the oriairal meaning, R
I L4
: depending, of course, on the abstract desired, AN
tee e
Thus, the location metnod, which {§ bhased W
. RN
. on the genersl nybothesis that certain neadings nrecede Sas
) 4
- irportant passaaes and tnat topic sentences occur early or R
N late in a paragraph, 1is bpased on contextual interence, g}jﬁ'
3 Punctuation, words, phrases and clauses are Sentence by
’ -
g elements whose context can be used to infer whether A el
. KRGSy
- sentence has value for an aostract or not {[(Ref, 38], {Qﬁks
. oY,
E: :* Y,
; -
N,
: vy
v -_;x;}‘?
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O (2) ibe Cues Hetbsd, The method ot a

sentence selection or rejection based on gcue %ards is

called the cue method, Cue words are words that

roe v
r-

provide unambiquous clues to such things as opinion an-d

s
L5 ST Dol

vy

subjectivity, as well as to some positive notions. These

cue words are normally contained in the dictiopnary, Alana

N X

with codes, which 1indicate the fregquency of occurrence
within a context (see Figqure 32),

The Cue method provides a powerful aptroack

to sentence selection or rejection, The metnod degenids on

the fact tnat it is npossible to decide what snoulsd or

snould bnot hre {ncluded in an abstract, based upon the

presence in the original article of particular words or

combinations of words, For evample, words that mav

indicate the purpose of a document, such as, "My thesis",

i{s an excellent candidate for acceotance, Gpririons and

subjective notions, which should not bne included in an

apstract, can be {dentified by such cue worAas as

"obvious, or believe", Moreover, the code of a cue ward anay

depend on {ts position in a sentence, A sentence

starting with "A"™ or "Some"™ s more likely ¢to oresent

aetailed descriptions than a sentence which contains either

of these words in a more central location of the Sentence,

The reason for this is tnat these words have a

strona quantitative function when tnhey appear at the

beginning of a sentence, Similarly, sentences which
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intersentence reference unless followed closely by "that",
For example, the sentence, "It is known that Saint wnick

represents Santa Clause", does not refer to a previous

» T £ vV -
Ka¢ PO RN

sentence, while the sentence, "It was still rollina",
does, Of course, there will always be exceptions to tnhis
\ rule,

There are, however, Iintersentence refarences
that do not make use of any cue words; instead, tnhey use
the name of the antecedent rather than a pronour,
Intersentence references ot this type can te detectea ov
f the title words, It any words, which are defined as non-

function words such as those words which are not articles,

T

W ST W
i ST e
.

conjunctions, prepositions etc,, occur in adjacent
sentences, the sentences are likely to bhe closely
related, An example would be the sentences, "Hydrngen an-+
oxyqgen form water" and "wWater is colorless*®,

This method of selectina sentences bhy title
wvords 1S a srecial type of intersentence reterences that {is
vetween the title and the rest of the sentences in 3
document, The ¢title method has the opremise that tne
author generally describes in as few woras as possinle tre

essence of his paper, Thus, it can be safely assumed that

R R N PHL ML Y RPUE SN R . . I AR R o
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the words of the title are well chosen and of high
significance (Ref, 361,
2. Iha Caobazenca Caasidezatian

In determining sentence selection or rejection, thre
coherence of the abstract must be considered, ¥For example,
if there 1s a sentence that required an antecedent to
be included in an abstract, it would be necessary to
determine if the previous sentence nas peen renoved Aani
if necessary to reinstate it, If the restoreq sentence
also requires an antecedent, the procedure must ne
reneated, But, if several sentences woula nave tn oe
reinstated because of the required antecedents of one
sentence, then that sentence miagnt as well be rejected,

3, 1Ibs Systea Configuratian

The automatic abstracting system consists hasicallv
of a dictionary, called the #okd Cenbtial LisL (WCL), and a
set of rules for implementina certain functions specifieq
tor each WCL entry, To automatically produce aunstracts,
1t is necessary to 1identity and eliminace certain
sentences of the document, It 1is also necessarv to
fdentify and select a few sentences for tne abstract, anA?
to retain, by default, as well, certain senterces tor tne

anstract (see Fiaure 33), These three methods of

sentence handling are discussed below,
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. a, The Sentencial Elimination

The exclusion of sentences from the

g

abstract involves the detection of words or strinas of

. -t

words which identify sentences glivina historical data,

{ T S A

results of previous work, examples, explanations,
speculative material and so on, A set of word strinas
“ needed is in the order of a few hundred in order to
: eliminate up to 90% of the sentences of a oaocument, sSuen
- word strinas are incorporated in uCL,
WCL consists of an alohavetically ordered set of
- words and prrases, which are referred to collectively as
#0xd stzings, and one or two associated codes (see Figure
:f 33), The entries in WCL are treated as functions and eacn
f; has two arguments: a semantic welght (see tiqure 33a) and A

svntactic value (see Figure 33b), Each function returns a

Rl
a0
LA

value which indicates whether the sentence 1s A

L
‘l.’I t

candidate for retention or deletion, Entries in WNC( mav
pe varied as desired without necessitatinae any cnranqges
in the prouarams of the system, In general a sClL. entry can
be represented as: word String multioilied by diefant
A myltiplied oy Value,

b, The Sentential Retention

In aeneral, the semantic weight of a ACL entrv

R

can be either positive or negative, WCL entries, which nave

+
t'.

.
>

Yy
13

-
Sy -y

Ty

T positive gemantic weignts, are retained; otherwise, tney are

rejected, Such word strings in a document as, "this naver",

e

.
.

>

.I.l
o
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"this study”, or "present work", are retained, It is nearlv A

certain that the author of such a document i{s about to say f
what the document {s all about, and should, therefore, be
E; retained, because {t does pelong to the abstract,

In addition, sentences which contain personal

pronouns such as "we", "I®", or "our", are agoocd candldates

1 for retention, Finally, sentences which contain sianifi{cant :
?. title w~ords, suen as words of the title w#hich are not {n C

wCL, and which do not contain word strings havina stronalv

;: negative semantic weignts, should also be retained, Tnere

. are no other instances in which a sentence s oeliberately

retained, although a small number of sentences of Lhe .

document belonging to the abstract will te retained ¢tv

default, -

c. Rules for Implementing the Functions in wCL

- A viable solution to determine wnether a
sentence of the document is a memher of the anstract or not,

- using a twoevalued membership criterion, is tn {mpose an

2 ordering on tne semantic wejahts (23], Tris orgerina
provides considerable flexibility by incorvorating tre
rnles in the program and by supplying the senantic weights
externallv, The rules can be altered without the necessitv

for changing wCL, and WwCl. can oe altered independently of

v ‘e
N

the rules, There are a total of 19 rules,

>

: Since the {implementation of the semantic

SNhen &

weights requires some syntactic information, a partial

.
»
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NAMELY*B
NEVERTHELESS*8
NEXT SECTION*A
NEXT SECTIONS*A
NO ACCURATE*A
NO ATTEMPT*B
NOR* *C

NOT ALWAYS*B
NOT BEEN*A

NOT CLEAR*S
NOT IMPORTANT*A
NOT*L
NOTED*A*V
NOTEWORTHY*K
NOW*A

0 .*F*F
OBSCURE*A
OBVIOQUS*A
0BVIOUSLY*A

OF ABOUT*H

OF COURSE*A
OF* *0
OFFER*. *V
OFTEN*E

ON THE OTHER HAND*B

ON WHICH*B*P
M= *p
ONCE*L

ONE CAN*A
ONE OF*8
ONE*E
ONLY*E
OPINION*A
OR*L*C
OTHER*E
OTHERS*E
OUR WORK*1
OUR*K*N
OVER* *P
OVERT*3

P .*F*F

PARAGRAPH*A
PARTICULAR*A
PAST*A
PERHAPS *A
PERMITTING*S
PLACE* *y
PLACED* *y
POINT*3
POINTED QUT*A
POSSIBILITIES*A
POSSIBILITY#A
POSSIBLY*A
POTENTIALITY*A
POTENTIALLY*A
PRECISELY*A
PRELIMINARY*A
PRESENT DAY*A
PRESENT PAPER*]
PRESENT YEAR®A
PRESENT*B*y
PRESENTED HERE*]
PRESENTED*A*Y
PRESENTS* *v
PREVIOUS*A
PREVIOUSLY*A
PRIMARILY*B
PROBABLY*A
PROBLEMS*8
PROGRESS *A
PROGRESS ING*E
PROPOSED*A
PROVIDE* *v
PUBLISHED*A*Y
PURPOSE *K

Q .*F*F
QUESTION*A
QUESTIONABLE*A
QUESTIONED*A*Y
QUITE*A

R *F*F
RATHERA

Figure 33. Word Control List
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Sewmaantic
code * Description
1 Tsed for very posive terms: those wihich al-
most unequivocally indicate something of im-
portaace (eg.. our work)
A Asnigned to very negatlve terms: terms which
do not belong 12 an abstract (eg. obvious, pre-
viousiv)
K Asnaizned to terms which are reiated to items of
positive data content (e g. important)
B Parentnetical expresmons, terms of low data
content. or terms  wihica sre amocisted with r
iterns of low data content (eg.. however) RAROG
E TUsed for intensiiers and determiners (eg. O
manv, more) N
L Iatroductory qualifiers (e2. once. a) . ::.,.f-:g-::
C Used for words which require an antecedent et
fez. this. these) : i
B Terms which ntroduce a modifying phrase or
clause (e 2., wnose)
F Ntil (zesizned t0 abbreviations)
G Asmigned DV the program to indicate ntersen-
tence reiaz:onships or reiation of seateace to
title
J Conunuation of a semantic code asmgned pre-
viousiyv
D Detere 2 word (can be used with agyv arbirrary
WCL enzr?

Figure 33a. Semantic Attributes For WCL Entries
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3 Description

Ariicie

Conjunrtion

Delere the word

Null word

Conunuation of a previous syatactic value
Pronoun ’

Prenosition

Exciumveiy assigned 10 OF

Exclumveiv asmgned to TO

Exclusively assigned to AS

Verh

Auxiharv verb

Exciumveiv asmgned to 1IS. ARE. WAS, and
WERE

Negatuves

N Mg<woOoVASMyNs g

Figure 33b. Syntactic Values for WCL Entries
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syntactic analysis of each sentence {s performed. This
analysis 1s carried out through the use of the syntactic
values associated ;1th entries in the «#CL, 1in corJunction
with oprocedures implemented within the progqram, Cne Of ten
possible syntactic values may be associated with an entry in
wCL, These syntactic values distinguish auxiliary verrs
within verbs and "is”, "are®, "sas" and ‘“ware? are
distinguished from other auxiliaries, Simjlarly, the
preposition "to", "as" and "of" are distinguisnea trow
eacn other and from otner prepositions ([Ref, 371},
4, Dala Sizucturaes far Autamasic Abstracking

In implementing the data structures some features of
lists, defined as polinters to the data, and some features of
tables, defined as storage of word attriputes, are
incorporated, Data structures consists of tne following
three (see Fiaure 34):

(1) A work area, where the text is stored
throughout the processing;

(2) An attrioute vector, containina pointers to each
word of the text, ana tne length, semantic ansd
syntactic attributes for the corresponding «~ords,
Textual properties such as the cavitalization
could also be incorporated in the attribyte
vector, The nth element of the attribute vector
corresponds to the nth word of the text in the
work area;

(3) An alphapetic vector, which defines the
alphabetic rank of the words of the text,
The nth element of the alpoharetic vector
contains the numper of the attribute=vector
element which corresponds to the nth word

- - o .y

. Pl
et S AN N

XL\ ,n

Ny

% &




in alphabetic sequence, The alphabetic
vector permits matching against a dictionary
vithout reorganizing the data,
The attribute and alpnapetic vectors are comhined
to form a tabley it is possible to reuse the sgpace of the

alphabetic vector after all alphabetic nrocessing nas taxen

* VEEES > > -

place, hence combining the vector results in an nverall
space savings,
S. Labdgclusians
The abstracts that have been obtained with ¢this
system have been of sufficiently aonod quality, Results

have demonstrated that a 80% to 90 § reduction of text 1S

cbtained, and at c¢osts comparable to the cost of those
produced manually (Ref, 37), Furthermore, one ot tnhe main
advantage of this automatic system {s that the
processing programs are texteindependent, Thus, abstracts
written in any language with a similar structure to

- Englisn could be easily obtained, simply by supstituting

.

appropriate w«CL, Another advantaqge is that abstracrs with a
particular bias can be produced, sinmply by variation of
- tre wCl,, Thus, tailor=made abstracts can be rroduced,
),
Research 1into automatic abstracting continues tn
a be attractive becanse of the following factors:!
Q‘ (1) Manual abstracting is expensive and tire
K consuming;
= (2) Machine reradable journals will probably become
‘ more widely available in the near future dye to
- the increasing use of computer controlled
; composition in the printing industry, Tonis
1
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CONTENTS OF WORK AREA

MACHINE ADDRESS: 0 4 10 14 '.IB 23 k)| ?9 46
L] 1 L] L} L}

' TEXT: The rocks did not have sharply angular corners,

TABLE CORRESPONDING TO THE WORK AREA

Implied Attribute vector Alphabetic e ;:
vector vector : Ea—
element  word word attributes ‘,;_ .
nyrber length address :,-__.-_:n
RN
SRR
0 3 0 - A 6 :.-::..-
1 S 4 - - 7 \\.I:.
2 3 10 - W 2 . T
3 3 14 L 2 4 - S
A
N
4 4 18 - W 3 ‘o
5 7 23 - - 1 X
6 7 3 - - 5
7 7 39 - - 0
8 1 46 . . 8 £
Byee T P S B 1z OO

DATA STRUCTURE

Figure 34. Contents of The Work Area :. .
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will provide a relatively cheap and convenient
database for exper{mentation;

(3) Given the availability of machine readable
journals, automatic abstracting will be much
cheaper and faster than manual aostracting;

Yol .

(4) Automatic abstracting produces abstracts in the
nachine=readabje form ready to be used for later
processing steps;

AR AT

(S) while automatic abstracts may never be as good
as manual abstracts, they are good enouan for
rractical purvoses,
| E, OTHER ABSTRACTING METHGDS
Nther speclific experimental automatic anstractinna

systems include the four followina systems,

mrs o

The first is ADAM (The Automatic Document Apstractinn

“ethod), which has been designed to produce {ndicative

ahstracts, {,e,, abstracts which enable the reader to jurdaqge

i . shether or not one needs to read the original document, »ost

automatic apstractina methods differ from ADAM {n two
important respects! they rely heavily on statistical
criteria as a pasis for sentence selection and rejection,

and are designed to Select sentences for ahstracts, In

contrast, ADAM uses statistical data only operipneraily anA

AL M PR R A
LI ] LI -

i{s designed for sentence rejection rather than selection,
The results of this experiment are as follows:

. (1) The quality ot ADAM extracts, while lower than that
% of q00d manual aobstracts, is functionally adeauate;

(2) ADAM requires, on the average, 0,6 sec of comncuter
time per document;

N (3) ADAM needs a specialized WCL for each subject area;
173
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o (4) ADAM abstracts can be improved by simple manual editing
‘ [Reg, 38],

The second {s ASISA (The Analysis of Semantic

i: Information Structure {n the Abstract), which 1Is a nethod
f: to extract significant phrases in the title and tne
apbstract of sclentific or technical document, The =»ethod

- is based upon a text structure analysis and uses a

relatively small dictionary, The djictionary nras tbeen

constructed based on the knowledge about concepts i{n tihe
%L fleld of science or technoloyy and some lexical knowleadae,
; for signifjcant ohrases and their component items may bne
used in different meanings among the flelds, A text

- analysls approach has been applied to select sianificant

phrases as Substantial and semantic information
carriers of the contents of the abstract, .
This system consists of five modules (see Figure 35): e

- (1) Text Input ¥odule, which reads in a card size record

e at a time and decides whether it is retained »sr not T
according to both a sign of the £irst coluan of thne y

- record and its preceainrg record sign, The.records of }Qaf

gs tne title and aostract are concatenated with each other -

- to torm a character string as a ~hole, Thea the

- character strina is transferred to the next moaule, 1he

y recordqs of the keywords set are resolved into a

collection of keywords and stored in the memory to ke

compared wi{th the extracted nhrases, later, I'he other

: records are sent to the Output module without any -

- nrocessing; -

V. (2) Term Extraction Module, in which the term as a
candidate of the meaninagful item is extracted
" from the character string of the title or every '
. sentence of the abstract by dividing it with the
o delimiters. Thus, the term obtained by this
process is recognized as a meaningful item and
transferred to the next module?

v - -
a8 o,
) .’ / s

n .. .
l. ‘{ l‘ . *

4,
d ',»}‘
2

0

23
M)

>

l\l*‘l L]
S
P el
A ]

Lo
>, “u
7 PR
174 -
= i Y,
. < - )|
- A

................ g Rt o N o~ me >

Co o’ o™, Oy -“.-f n‘ oty s Lot A e f. 2 »,._f c,‘,‘t? q'\ . _-N‘ O q“'--‘.‘v" .“-‘ O o R




oo

[ A

LA ‘r

- ay &y G T V| .

2 A .

Dt

2 ee pre B AL B S G N A A AL ARA S A SUACIAIML S G S S AR A A e L A A A N e B A B el o i Al A (e o e gl Natoh cat i bul e )

(3) Term Checking Module, which consists of both looking
up the dictionary and the ending processing, The
dictionary has been constructed only for the purpose
of extracting meaningful items bases upon tne
knowledge about concepts of the field,

(4) Phrase Generation Module, in which the terms
accepted by this module have consequently been
classified into one of the following four kinds:
deletion words (D), adiective words (A), weax
noun words (w), and strong noun words (li), Usina
these svrbols, the character string canr be viewed
as a seauence consisting of the symbols
corresponding to a sequence of words in the stringa
in order,

(5) Outpgut Module, which has two different kinds ot
outputs in the system, that is the output for
every document and output for a set of documents,

Following are some of the results of this particular
method, Significant phrases represented {n the ahstract
have bheen effectively extracted and very compatinle
with the author prepared keywords, The number of whale
noun nhrases extracted from the abstract is on the
average 1,5 times as many as the author prerared
keywords, and the title {s not an adeaquate source for
semantic contents analysis of the document, for Ry% nf thenm
consists of I to 2 woras [Ref, 39),

The third 1is SIE (The Speclalized Intormation
Extraction), whose task it 1s to optain information
automatically from a natural langquage text, in whicn soxe
of this text s of a highly stvlized nature witr a
restricted semantic domain, and place it in the
database, Specifically, S1IF is desianed to extract

intormation regarding chemical reactions from experimental
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sections of papers in the chemical literature and to
produce a data structure containing the relevant
information,

In evaluating this system, the following three measures
have been utilized:

(1) Robustness, which is the percentage of inputs
handled;

(2) Accuracy, which is the percentage of those inputs
handled which are correctly handled)

(3) £rror rate, whicn i{s the percentage of erroneous
entries within incorrectly handleA {nput,

The results are as follows: the robustness vas 92%, bhut
thre accuracy was only 78%, and since these were full of

errors, no error rate is computed, The reason for this is

that the most difficult aspect of SIFE (s the provisions

. of a safety factor, which 1Is an sbilitv for tne systea to .
R

recoanize inputs that {t cannot handle, 1t s clear that S

f : ‘:‘-:"‘:‘

one can create a system that s robust and acceptanolv Lk

| accurate which has unacceptable error rates for certain
inputs, Tf the system is to be useful, it must be

vossible automatically to determine whicin documents

t contain unacceptable error rates, It tne satety factnr can

be improved, SIE offer a promising area of apolicatior, Ry

HCSR

; SIE programs are more feasible than  automatic y@*;
5 translation because the restrictions has lessen the '
MWy

" .\',..' .‘ 3

: ampiquity problems, This is true even |In comparison to Rﬁég
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; otner tasks with a restricted subject matter, such as ‘ ﬂk
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hatural lanocuage computer progqramming or datapase aquery,
Furthermore, these Jlatter tasks require a very low error
rate in order to be useful, because users will not tolerate
either incorrect results or constant querjies, “nile SIF
programs would be successful 1f they could produce results
in, say, 80% of cases, 1t is required that information
extraction bpe done by humans in other abstractin? methods,
Even small rates of undetected errorS would be tolerable {n
many situations, ¢though one would naturally “wisn to
minimize them (kef, 401},

The fourth s MIF (The Model for Information
Formattina), w#hich 1s an approach that wuses an exolicit
grammar of Enqglish within the domain to derive a tabular
representation Sf the information in a messaée narrative,
This method employs artificial intelligence technigques to
extract information, In simolest terms, an infornatinn
format is a large table, with one column for eacn type oOf
information which can occur in a class of textsS and one row
for each sentence or clause in the text, The 1informwation
carried by the narrative can be extracted much more
easily trom the format entries than from the oriajinal
text, Mappina the text into an information entalls four
processes, which are discussed later,

The long term goal of this work 1is t»n deve}oo
capabilities that will enable systems to nandle a bronad

spectrum of military messages, from highly formatteqd
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messages with little €nglish description to messages
consisting entirely of English narratives, Currently, tne
experimentation is limited to Navy operational reports,

The narrative portion ot each message (s aytomatically

NN

transformed into a series of format entries usina a

procedure wnich 1involves four staqges of processing?

s

;; parsing, syntactic regularization, napping into tre
' intormation format, and format normalization,

First, the text sentences are parsed using the Dbroaa-
coverage string grammar, which has been extended to nandle
the sentence fragments wnich appear in these mnessaaes,

Second, the parse trees are syntactically regyularizea ov

a series of transformations {n order to simpliry tne

z

WSS
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B n
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subsequent mapping into the information format (i,e,, tne

L]

various tyoes of clauses such as passive, relative, sentence bz

K
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AlEES
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- fragments and other and others are transformed {nto sinple

: A active assertions), E:ii
- Third, the phrases in the syntactically reaqularized )

s A

RS

.7
&
}_'1}

parse trees are moved, one by one, into the information

format, This process is controlled in large part ny

5 the semantic word classes associated witn each wora,
These classes, along with syntactic information acout the
K- word, 1s recorded {n each'word's dictionary entry,

The fourth stage, adds to the format certain information
which 1s {mplicit {n the text, This 1includes missinn

‘ arguments, such as subject and object of verbs, and pronouns
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which can be reconstructed from earlier format entries,
Results from this study has underlined the {mportance of
continued research into two areas, knowledge
regresentation and robustness, {in order to extandi this
method into more diverse applications (Ref, 411,

Corrently, the most promising application of all
the above techniques {8 in the extraction of ipformation

from the hiohly restricted semantic domain of scecjalize+

technical journals,
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XI. OATA ACCESS AKR REIRIEXAL UEIHARS

An important task of an operating system is the
maintenance of files, Certain faclilities are provided by an
onerating system for creating, destroyina, oraanizing,
readinga, writing, modifying, moving, copving, and
controllina access to flles, The component of an operatinag
system that provides these facilities is usuvally referred to
as a file system, Jne of the roles that this ¢file svsten
plays 1s an interface petween a program and the fi{les that
the program expects to accéss. Another role ot a file systenm
is as supervisnr that monitors filles, Tne user comnunicates
indirectly with a file system via an operatinc systenm
through a set of predefined commands commonly called a jobh
command language, assembly languaae programs, or proqraas
written {n a nign=level programming language, A nign=level
language proqgram indirectly iInvokes an accass asthad via a
get, put, read, or write statement, The execution of
these statements causes an access metnod Troutine to pe
invoked that performs the requested {input/outnut (1/03)
oneration on the indAicated file,

Access methods are flleesystenm procedures that
interpret and satisty user requests for storage and

retrieval of data, In short, they are the “"go=between"
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for a user program and a ¢file, They can handle bugfering
(holding Aata in the main memory), blocking (placing many
records into one block), and deblocking and serve as
interfaces with devices ({Ref, 41],

There are generally many access methodS whiech are
provided by large operating systems, These are sometimes
grouped into two categories, namely guaued access
za:ﬁnds and baslc agcess nsihads.

The queued methods provide more prowerful capabi{lities
than the basic methods, Gueued access methods are usec
when the sequence in which records are to be processed can
be anticinated, such as in sequential accessing
(accessing ordered data), The queued metnods perfornm
anticipatory .butferinq and scheduling of I/U operations,
They try to have the next record available for processinn
as soon as the nrevious record has been processed, rore
than one record at a time is maintained 1in the orimary
storaage, ™is allows processing and 170 to be
overlapped, The queued access methods also verforr
autornatic blocking and deblocking,

On the other hand, the basic access methods are
normally used when tne sequence {n which records are to ve
processed cannot be anticipated, particularly with direct
accessing, Also there are many situations in which user
anplications want to control record accesses without

incurring the overhead of the queued methods, In the basic
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methods, unlike the queued methods, the user myst
perform blocking and deblocking [Ref, 42],

During the last decade there has been considerable
interest in £i{le structures suitable for storing larae
dynamic files of records, Dynramic means that records can be
inserted into and deleted from tne ftile, causing tne size of
the file to vary, In a static file, records are not inserted
or deleted and attritute values are only updated,

The file structures intended for retrieval on orimary
key can be dividea into two classes: those based on
iodexing, which makes use of key fields to provide access
to a file, and those btased on Lashidg, which provides
rapid access to a file,

The indexing techniques techniques have mostly developed
during the Qixties and at the beginning of the seventies,
while hasning schemes are more conventional, We discuss

hashing first, then indexing next in the following seetions,

A, THE USE OF HASHING FOR DATA ACCESS

In most on=line systems, the dominant moae of fije
access is random, as is the case of reservation systens
for alrlines, hotels, and car rentals, and information
retrieval systems, for liorarlies and stocx market
guotations, In these systems, both updating and retrieval
are accomplished in the random mode, and there is rarely a

need for sequential access to the data records, 1In such
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applications, a hashed file organjization {s often
preferred, A hashed €ile organization ©provides rapid
access to individual records, since {t {5 not necessary to

search indexes, However, here the 1low 1loading factor |is

traded for raepld access, In other words, in all nashed
files, there are many, scattered and unused file spaces
;: which any 1left unloaded with file aata, Conseqguently,
hashed files take more secondary storades tnan {noexe-?
- files,
. The pasic idea hehind a hashed access file organization
is that the records of a file are divided among ouckets,
.i each of which consists of one or more records fol storaze,
The major components (see Figure 36) associated with nashed
files‘lnclude the 4{dentifier, transformation, primary and .
T overflow storage areas, The orimary storace area s
divided into a number of addressanle locacions, calle~
buckets, which are simply physical storaae pblocks, Fach
- bucket consists of one or nore §lats, where records mav re
I stored, PRecords are assigned to bPuckets by means of a

Rasking :zoutima, which is an algorithm that converts each

; primary key value {nto a relative disk address or bucket

’;E numher, Ideally, the hashing routine trat is chosen

= should distribute the records as uniformly as possible

ﬁ over the address space to be used, rhis otrovides the '

§ tollowing two important benetitss f£irst, collisions, wnich

3 occur when two or more records are assigneg to tne same

&

ry; 184 a

O

R

o R A O A T A TN SR R RO

"



bucket, are minimized, and secondly, file space is utilized

as efficiently as possiple, Tne record is stored {in that

bucket if there 1is an empty slot, If all slots {n the AN,

B
bucket are full, then the record is stored in an overtlow RN

\‘.‘n-.'l gt

LRSS
area of the bucket, oA

One hashing algorithm that has been proposed that
consistently performs best under most conditions is tre
dixisiaa/zenainder zathad, which works as follows:

(1), First, the number of buckets to be allocated
to the file must be determined, and a prime
number that is approximately equal to
this number is selected;

(2), S3Secondly, each primary key value {s divided by
: the prime number, and the remainder is used as
. the relative bucket address,

ae aem ]

To retrieve a record in a hashed (£file, the hasnina
. algorithm is applied to the primary key value to calculata

the relative bucket address, If the record 1s locatesd at

TyVYTwyyvy

its home address, then only one disk access i{s required, If
it is in an overflow area, then two or more accesses are
required, The number of accesses per record or average
search lenath {s computed as follows: averange search
lenath = (number of records * number of disk accesses) /
number of records (Ref, 43],

dost files systems today support hashed files, In fact,
the ease of using bhashed files, of wnich there are six
tyves to be discussed, {s one of the major advantages of a

file system, These 8ix types are lioear bhasbiag, dysazic
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:
g bashing, liosaz bashing sifd baztial sxBanslacas,
.

X dotezpalatian bashing, extandible bashing, and coalesced

basbing.

1. ZIha Lligsacr UYasblag
The starting point for 1linear hashing is 3
N traditional hash file where overflow records are handlen

by bucket chaining, which is the method where overflow

records are stored by 1linking one or more overflowv 55v-

buckets from a  separate storage area to an giP
overflowing bucket, Each overflowina bucket has its own g
separate chain of overflow buckets, '

E An inherent cnaraéteristic of hashina tecnniques 1s

if that higher storage utilization results in increased searcn

) - lengths, both for sdccessful and unsuccessful searches, 1If¢

- the search performance of a qrowing file {s to remajin

o within acceptable 1limits, additional storaace myst somenhow

~ be allocated to tne file, The linear hashino increases tre RYeTe

E storane space gradually by spolitting the primary buckets EE?;

; in an orderly tashion: first bucket 0, thep oucker 1, Eﬁ?ﬁé

etc, A pointer p keeps track of wnich bucket {s tne nexr
to be split,

o In general terms, to implement the linear virtual
hashing, starting from a file of N buckets, we need a
ranae condition (a sequence of hashing functions) H(3),

H(1), H(2),ees where
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~
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H(1) K 1is an element of {(0,1,2,,.N2 to the 1},

X xXaxs

i = 0,1,2400
and (for the split condition), where for each key K,

either

2.
e % A S

(1) H(i+1) K

H(i) K or

(2) H(i+1) X

H(1) K ¢« N2 to the 1§ ’ 1=0.1,2'ooo 3-,--

The hashing functions are assumed to hagh

randomly and hence event (1) and event (2) are equaliy
likely, An example of such a sequence 1is tne
. division/remainder technique use above wnere n(j) X = K moda

M2 to the {1,

b In order to compute the address of a record at any
time we must keep track of the state of the file, This
can be done by two variables, let’s say r and a, TIne

- variable p denotes the J)level of the file and counts tne

iy number of times the s{ze of the file nas doubled, while

o the variable g is a pointer to the next obucket tno re 3vlit,
A simple algorithm (see Figure 37) exists to Corrute bhoth ——
- the address h of a record with key K and the splittina of

- the bucket,

-~ Retrieval of a record is simple, First, H(0) K s
?l computed and 1f H(0) K > N the bucket has not yet been o
) solit and H(0) K {s the desired address, If H(0O) K = u >
(i.e,, a bucket has heen split), then H(1) k is computed and
qives the address, Finally, a method is reguired to

N
;f establish rules for deciding when splitting of the next
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o Split Coanditign 3 for each + & b H1+lkL) = H‘\L)
¢ or
- H k) = H (k) + 2 en

" i+l 1
"L whera N 13 the i1ni1ti1al Aumbe@r of buchats.

Frocess @ Next = next czhain to be splait
Lavel = &% of times the original buckats split
ACC@9% 5 1. om o= HLevnl(k'

:_ z. }F m Next then m 1= HLevolvl(k)

.f Solit 3 { & bucket 12 3pli1t when the storage utilization facktar

2 (3Ut) becomes larqger than the predetermined thrasholdg |
»' 1. create naw bucket with address Next + ZLGV.I * N
A
" - e
- 2. rehash k € Next using HLiVIl*l
:x K » thar remains 1n Next or noves L0
,-‘. . Next + :Laval * N
! T. Next 1= Next +« 1

-

N Vi oMexe  ar o= ea 2EOVEL L iion
. Next = O
X Lavel := Leval +« |

: Figure 37. Linear Hashing Algorithm
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bucket i1s to take place, called the control function, Of
the several alternatives available, the following two
strategies are noted, <called uncontrolled and controllied
splittinag,

Uncontrolled means that a bucket is split «+henever
an inserted record 1s placed in the overflow area, Inis
rule leads to low storacge utilization, but good retrieval
performance, 1t we want to achileve niapner storage
utilization, the control function must be more restrictive,

Controlled splitting allows splitting ot a bucrket to
take place only when an inserted record {s places in the
overflo~ area and the overall storage utllization i{s above
a certain pre=determined threshold, Tnis thle
obviously leads to better storage utiljization bput
slower retrieval [Ref, 44],

Figure 38 i{llustrates how linear hashing works,

2, Iba Rynamic Eashing

The dynamic hasning scheme 1s bhased on normal
hashing except that the allocated storaqge space can easily
pe increased and decreased without reorganizing the file,
according to the number of records actually stored in tae
file, The exrected storage utilization (s aporoximatelv
6% at each time, and there is no overflow records,
The price which must be paid tor this is the
maintenance of a relatively small index, It this

index 1is available in the main storage, only one access ¢ton
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suf (3/2) = 1| whach .8
therefore spliat

ex. h (0 = k mog 2 e N
« 15 mog 20 e 1
therefore 1S goes into O

1
e
H 1S
H after split suf(3/6) = .5
Level = 1 Next = O
—
1
1S
7 suf = .83 so split
-

)
18 : &
7| aster split
13 suf = .53
—————r Level = Next = §
1 2
1s | Y
7 14
13 1 suf=.B1
20 split
, <
i s
* 1o 1 & 18 suf = 1
21 D 1e ' 7 Lev =2
- . Nex = O

Linear Hashing Example
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secondary storage i{s necessary vhen searchinag for a record,
The file organization for this scheme emfrloys a data

structure consisting of a data ¢file in which tne gcata

.
&4

)

LA AL ARA

Tecords are stored, and an (index to the data file, The

A...

index 1s organized as a forest of binary trees, Tne
= hash trees used here are closely related to binary tries.
The data file consists of a varianle number of nuckets of
fixed size, The set of records to be stored at a certain
- time §s denoted by ri, where 1 = 1,2,.,en, The numner of
records n is not fixed but may vary with ¢time, A record ~t

is assumed to contain a8 unique key ki, The set of Kkeys 1§

".' y :’:" -I’.."'."'. " ‘.. ".

denoted by K{, where § = 1,2,,.,.ns Fach bycket in the

WSS
et
4

data file has a cavpacity of M records,

]
PO
J

The ¢§le 1s initialized in much the same wav as 4

- normal hash tile, The secondary storage space {s allocates

G
. .
LA S ]
S Tat

for M buckets, In the {ndex h entries are initiajized, one

:

'
LS

{'o entry for each bucket, each entry containing a pointer to
a4 bucket in the data flle, Each index entry is either an
internal node, which contains pointers to {ts ¢father ant ..

o sons, Or an external node, which contains, besides tne (¢

pointer to its father, a nointer to a bucket {n the data ~

-

Yy 1 e 2
P
)
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,
‘l
S
‘ * g
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by
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file and the number of records actually stored 1{n this

bucket, The inittal buckets are said to be on tne level \
N Zero, A  nhashing function Ho for distriouting the
~? records among the buckets {is also needed, The value

A HOo(K1) in this case (s used to define an entry point {n tne
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index and does not refer directly to & bucket, The bucker
is found by means of the pointer in the corresponding
entrye.

when the file is properly initialized we can start
loading the file, Thnis 1is also done in approximnately the
same way as for a normal hash flle, but using the {ndex
to 1locate the bucxkets, Sooner or later a bucxkel «ill
overflow, l.,e, when tryino to insert a record in a
bucket that is already full, wpen this napoens tne
bucket is split into two, The storage space for a new
bucket is allocated and the records are aistribygted equally
among the two buckets, At the same time the {(ndex {s
undated to deprict the new situation, Additional records thac
would be stored in the split bucket are distributed between
the two buckets, If later, one or the other of the tso
buckets become full, this iin turn 1s split into two
buckets, Figure 39 4{llustrates the structure of a 4ynanic
file atter three splits, The levels represent the nasning
table or directory, the circles represent tne branch noaes,
the squares represent tre leaf nodeg, &and the Aarrows
represent the the record addresses,

when the numher of stored records decreases, tne
allocated space can also pe decreased, d4hen the number of
records in two brother buckets becomes less tnan or egual
to the capacity of one hucket, the two brother buckets are

merged into one, and one bucket can be freed, 1Two buckets
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are brothers if the corresponding external nodes have the
same father node, At the same time the corresponding search
tree is updated, ‘

Some of the most i{mportant characteristics of tn{s
hashing scheme {nclude that the allocated physical
storage space is easily increased or decreased as
required hy the actual number of records Stored, There
is no overtlow pronlem, since overflow records 40 not
occur, Retrieval 1s fast, The retrieval of a record
requires only one access to the secondary storage, providea
that ¢the forest of hasning trees is in main storage, also,
it 1s a simple task to find, 1insert or delete a record
with Key K, or to establish the fact that a certain
record is not in the ¢ile,

Simple algorithms exist to accomplish this,
Although the tree structure for ¢this scheme (s simple,
it does lead to add{t{onal storaqe requirements. several
variants of dynamic hashing have been proposea to
compensate for this drawback, The first variant 1s ¢the
dynami¢ hashing »ith the deferred splittirg, in which tne
splitting is deferred until both the bucket {tselif anA
its brother are full, In other words, if the "nome" bucket
is full, the record is attempted to be stored in its hrotner
bucket, If this s full as as well, or has already bteen
split, the "home"™ bucket {s split, This moditication

leads to better storage utilization but regquires more
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complicated (and therefore slower) algorithms for searcnina,'
insertion and deletion, Also, searching is slower, since {*
may be necessary to search two buckets, Furthermore it is
evident grom experiments (Ref, 45] that deterreq
splittina leads to nore unstable storage gytilization,
Thus,there 1is the trade=off petween fast retrievai and nfan
storage utilization,

Another variant to dynamic hashina 1is tne linear
splitting, {n which the file supports a larger numper of
records before the index overflows on secondary
storage, provided that the index s avajilable in tnhe mnajin
storage, experiments show that linear splittina titerfornps
just as well as tnhe deferred splitting, The advantane over
deterred splitting is tnat the index node size {s Smaller,
Also, as far as the number of accesses to the
secondary storage {s concerned, this scheme {s rather
unfair, since some records are accessed very fast, »hile
other records may require a larae number of accesses [Fef,

4%), The linear hashing evolved from this second scheme,

3, Iba Lipasar dasbing uith Bartial Expansicas
The linear hashing with partial expansions is a
dynamic hashing scheme that 1is a generalization of the
linear hashing and contains linear hasning as a special
case, The main advantages of the linear hashing are

retained: the tile size grows and shrinks Qqracefylly, there
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is no index and the maintenance and retrieval algorithms
are simple, However, a sianificantly better search
performance can be achieved, Using this techniaue a Aynanic
filer with a constant storage utilization of &5 &, for
example, can be designed, where retrieval of & recor1
requires an average of only 1,08 accesses to Ssecondarv
storage,

This ahove scheme {s based on tie observatfon that
an important characteristic of hasning techniques is that
the best performance {s achieved when the records are
distributed as uniformly as possiole over all the
buckets in the file, The record 4distribation of <the
linear hashing deviates quite radically from tnis ideal,
The load factor of a bucket already split s only nalt
the load factor of a bucket not yet split, If a more even

load could somehow be achrieved, the performance of the fije

AR AP AR
L]

would be considerably improved,

he main difference compared to tne linear
hashing {s that the doubling of the file size {s aone
{in a series of partial expansions, It ¢tnis 1s -one §r

two sSteps, the first expansion increases the file size to

- ~y v,
MOCRoRee (2 R

1,5 times tne original size, wnile the secona exnansion
increases {t to twice the original size (see Figure 49),
Note that when examining a gqroup of buckets, it {s not e
necessary to rearrange records among the old buckets, Tt

does suffice to scan throuah the old ouckets collectiny
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only those records w«hich are to be re=allocated to the
: new bucket, This makes it possibple to make the
expansion in one scan, and no jumping back and forth {s
necessary,

The performance will be cyclical where a cycCle
corresponds to a full expansion., The rate of exopansion is
governed by a8 control function, which {s simply a set of
rtnles for determining when the next expansion is to raxe
place [Ref, 456],

The performance measures are the same as tne 4ynanmic

nashina: 1lenagth of Successful and unsuccessful searches,

cost of inserting a record , and c¢ost o0of deletinsg a

record, The cost measure is the same for all operations:

the expected number of accesses to secondary storage

recguired to carrvy out the operation in auestion,

Simple alagoritrhms exist that compute expected overflcv space

requirements, performance measures for the expected value

at any point ot a vartial expansion and the average nft tre

expected values over a full expansion, Also, contrarv to

what 1s often believed, the analysis reveals tnat the

lonqest probe sequence is not expected to te very lona for

normal parameter combinations,

................................
------

-----------
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The above control function is optimal in a

(3
.

SR

certain sense, Everything else beinqg equal, there {s 2

T

trade=~off between storage utilization and the expected

0
PR

"r
v
.

length of successful searches, The higher storaqe

'3
’

utilization 1is, the 1longer are the searches exnected tn

T

ve, ANy one of the two factors can be controlled, out not SR

both simultaneously, Une proposal 1is that storaae RS
utilization is <controlled by requiring that {t shouln

always re hianer than, or egual to, some tnreshol4, 3ut :Qﬁ”

T
S

once the threshold has been fixed, the expected lengtn of A

e

X successful searches will be minimized by always xeepina L] '
storage utilization as low as possible, The rule acove i
allows storage utilization to go slightly oelow tre ﬁ,;:
threshold, simply because the storage utilizatlion after an ?;é'
expansion is not known before the expansion has oeen made, o -

However, when the number of buckets {n the t{le |is
mnderately large, this rule will result {n a storage
utilization which, for all practical purposes, 1is Coanstant

and equal tn the threshold (Fet, 46],

3 4, Iba Intarpalaktiacn Easbiag

The interpolation hasnhing scheme {s an adaptation of

the linear hashing, This scheme supnorts tne desjred
operations insert, delete, update and ranrge query, As

betore, the hash functions will map records to chains,

SR R

Each chain will be assoclated with a region; however, the
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association of chains and regions will vary as records are
inserted and/or deleted from the file, The ensenble of
chains partitions the key space into disjoint reglons of the
equal volume,

The conditions of hash functions are to capture
the order preserving nature of the scheme, The tunctjons of
the sequence H (= no,h1,N2,¢00) are split functions
tor ho provided the followinag ranae and spiit
conditions are satisfied for all 13

The range condition of ni ist k = { 0,1,2,,,2
to the {-1)

The operations insert, delete, and uyodate each
cencern a single record at most, In view of the aobove
remarks in reference to H, the ooeration are {i{dentical to
the eqguivalent operation in the 1linear bhasning, The
implementation of the range query operation {s uniqgue
to this scneme, The notion of ranae auery includes bvotn
the exact match query and partial match query as speclal
cases, That {5 to say, an exact match aquery is a range auery
tor which u = v, where u and v are a pair of points
representing the range query, A partial match query 18 a
ranae query where for some components u(l) = 0 an<
vii) = 1 while for the remaining components uf(j) =
v(j)e. Now, as expected, the set of records correspondina
to the palr (u,v) can change with {nsert, delete, and

update operations, The set of chains associated with the
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palir (u,v) however will not change ([Ref, 47), The
internolation hashing handles the ranae query efficiently tcv
ordering the «key attrioﬁte values, However, range Juerv
cannot be answered efficiently with a file structure tnat
nas keys scattered all over the nuckets, Utherwise, Tn1s
scheme does preserve the order of Kkeys, Access ant split
algorithms are exactly the same as the linear hasnina, only

the hash function nhas been changed [wef, 42),

S. <Ibe Extandible Hasbiog

The extendible hashinga 1s a fast access methoud fnr
dynamic files, with this techniaque, tne user i{s guarantee
no more than two pade or bucket faults to locate tine data
associated with a given uniaque identifier, or Key, Unlike
other hashing schemes, the extendible hashina has a dyranmic
structure that orows and shrinks as the databasSe 3Jrowss ani
shrinks, This approach simultaneously solves the nroblen
of makina hash tables that are extendible and ot nraxkin=a
tadix secazch tiaeas that are balanced, Radix search tress,
also known as 4igital searech trees, or tries, wnich
examine a kxey one digit or letter at a time, have lorn
veen known to provide potertially faster access than tree
saarch schemes that are based on comparisons of entire
keys, for the simple reason that one comparison leads tn a
larager fan=out (egual to the number of characteristics {n

the alphabet 'nderlvying the key space), In vpractice,
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however, radix search trees tend to be used only for small
files, since they often waste memory, USually, this
wasted memory occurs at the nodes near the bottom of the
; tree, since a trie normally contains space for many keys

not in the table, because the scheme of allocatinag a

field for each character of the alphapet Aat each none is
better suited to representing the entire key Space Trather
tnan the contents of a particular tile,

The most i{mportant performance characteristic Qf the R
extendible hashing s ({its speed, tven for tiles that are '
very larqs by current standards, there are never nora

than two page faults necessary to locate a key and [ts

associated 1information, In order ¢to utilize this scheme, ¥:57
the fille 1is structured into two levels (see Fioure 41): ﬁ*”f
: directory and leaves, The leaves contain vairs (£,I(r)), &v

- where K {s a kev, and I(K) is associated informatinn,

wnich 1s eitheér the record associates with kK, or a pointer o

4
R

to the recora, Tne -directory nas a header, 1in whicn i3 e
':':\':;‘
stored a gquantity called the depnth, d, of tnhe directory, ﬁf&ﬁ
~:':\":\'
After the neader, the directory contains pointers to leaf et

paaes or buckets, The pointers are lald out as follovs,

S °,
e

RN iy
o
o y "
DY PR 4

First, there 1is a pointer to a leaf that stores all «keys
K for which the pseudokey Ki = (k) starts With 4
consecutive zeros, This is followed by a pointer tor all
keys whose pseudokeys begin with the d bits 0,,.01, and then

8 pointer for all Kkeys whose pseudokevys begin 0 ,,,010,

g -.;..\.‘.';).'..' S .t
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and so on, lexicographically, Thus, altogether there are
2 to the d pointers (not necessarily distinct), and the
final oointer is for all keys whose pseudokey begins with 4
consecutive ones, The depth ot the directory is the
raximum of the local depths of 211 of the leaf olocks.

In the situation wnere ¢there s a sinale leaf
block, with the local depth 1, which finally overtilils,
or reaches a predetermined unacceptably full level, such
as 90 § f€ul}, it would split into two leaf pages, eacn
with local denth 2, On the otner hand, {f a )eaf block
overfills, and the local depth of the leaf block already
equals the depth of the directory, then as the 4directory
doubles in size, 1ts depth increases by 1, and the lea¢
page splits. 7This process of doubling the directory 15 not
expensive because no leaf blocks need to oe rouchet (
except, of course, for the leaf block that caused the
solit and its new sibling), For example, LIf there are 3
few million keys when the directory doubles, ana {f tne
secondary storage device nas a data transter rate ot around
a mtllion bytes per second, then {t°s straiantgorwars to
estimate that the time {nvolved in doubling the directory
(which is mainly data transfer time) would be less tnan a
second {f there were 400 keys per leaf block. “ven 1n the
extreme case of a billion keys, the time {nvolved {n
doubling the directory would be less ¢than a minnte, A

nuymber of advantages accrue from the simple, {intufitive
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Figure 41.
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structure of the extendible hashing, The most obvious 1is
the simplicity of the coding, thus leading to lower
likelihood of bugs, Also, the extendible hasning
algorithm {s easily modified to accommodate indiviagual
needs [Ref, 48), Moreover, its operatina costs, as analyzed
by Mendelson (Ref, 49) are fairly low, Furthermore, tnere
is an easy, essentially one=oass algorithm £or aoubling
thne directory, that proceeds by workinag from tne bottom of
the o0l1ld directory to the top 0of the o0ld directory.

This technique provides an attractive alcternative to
other access methods,

6. Ibs Caalescad Hasbiog

The term coalescing refers to the phenomenon |In
which a record Ri collides with another record &2 thét
previously collided elsewhere, and Ri {s linked {nto k?2°s
chain even though the two records have different nash
addresses,

The coalesced hashing is a very efficient technique
for storing and retrieving iInformation dynamically. The
algorithm comhining storaye and retrieval works as tollows:
Given a record with the kxey K, the algorithm searches for
it i{n the hash table, starting at its hash address nash (k)
and following the the 1inks in the chain, 1If the record
is found, the search s successful; otnherwise, tne end
of the chain is reached and tne search {s unsuccessful in

which case the record is {nserted as follows: If the
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position of hash (K) is empty, then the record {4 stored at 5ﬁn?

o
that location; otherwise, the record {s stored {n the ;ébu

1
largestenumbered empty slot 1in the table and linked {int» R

v
'
l.cu
.

LA
-.‘v“t
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the chain that contains slot hash (K) (i.e., at some npoint

LR
in the chain after slot hash (K)), oo,
lhere are several different ways to 1link tnat gg;g
record into tne cnain, The conventional method links the Eigg
record to the end of the chaln tnat contains the slot hasn Eéii
(k), Another method {is to ({nsert the record into the %Qﬁi

chain {mmediately after slot hash (K) by rerouting
pointers, This method {s called garlu-insertiagn coalasceld

basbing or FICH, because the record is inserted early

into the chainy whereas the conventional method i{s referred

to as "late~insertion coalesced hashing” or LICh. For tne AL

standard coalesced nasning, {.e,, ahen there {5 no cellar

(a8 cellar refers to the extra sSpace reserved for storina
colliders), these methods are abbreviated KISCH and uLISCH,
Insertion can be done taster with the early= {nsertion
method when 1t 1Is known a priori that the recora is not
already present in the table, since {t 1is not necessary to
search the end of the chain,

Search times can be imvroved ov devoting the
botto™ portion if the table has a cellar, 1in which only
colliding records can be storea, Colliders that are
stored in the cellar are thus protected from bheinqg

collided 1into by records ingerted later, Coalescina
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N cannot occur until the cellar  hecomes full and
colliders begin to be stored {n the address region,

As tar as performance, without a cellar EISCH has

)
'-_'_.

-

faster search oerformance than LISCH, put when the

0,

v B
early=insertion coalesced nashing method 1is useq witn P

a cellar, the average search performance {s ({nferior if ﬁ

to that of LICH, since {in EICH the records of a chain ia;;

tnat are {in the cellar come at the end ot the chalin, jﬁ%i

EI whereas in LICh they come immediately after tne first ;i?;
. record in the chatn, i?fﬁ
A new variant of coalesced hashing is called xaricd 3%i;

SRR

e

insertiod, which combines the advantages of  early el
ﬁ? insertion and late i{nsertion, This method (VICH) 1is

sliaohtly different from £EICH, {n that the <collfiaer is

) .’ POAE

-1_‘ P
. inserted immediately after its hash address, as in FICH, R
\: 'Q". '-::\‘
a except when the cellar is fyll, when there (s at least -Jﬁy}
A AN
) one cellar slot in the chain, é&nd when the bhash address of f‘ﬁi
NS ERCHC:
- the colljder s the 1location of the first record in tne e
% chain, In that case, the collider 1{s 1linked {nto the
S

chain immediately after the last cellar slot in the chain,
: for the case of the standard coalesced hashing, tre tao
N methods are identical: that is, the variede=insertion
C standard coalesced hasning (VISCH) s the same as earlye
- insertion standard coalesced hashing (EISCH),
o\
" 208 A
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The varied {insertion 1is superior to botn early
insertion and late insertion with respect to searchstire,
VICH is search time optimum among all direct chaininu
methods, under the assumptions that the records are not
moved once they are inserted, that for each chatn tne
relative order ot 1{ts records does not c¢nanae after
turther insertions, that there is only one link field ner
table slot, an4 that cellar slets aqet priority on tne
available=slots list, It remains an ooep protlem wnether
there are methods with faster search times tpan VICH {f

we remove the last assumption (Ret, SU],

7. & Susmazy

- File organizations based on hashing are suitable

for data whose volume may vary rapidly ana for rapid sata

accesses at the expenses of lover loading factors, In the

different variants of the hashing previously discussea, tre
rehashing is avoided, Tney do not require apny thorouan
reorqanization ot the file, Further, the storace soace i{s
dvnamically adjusted to the number of records oeing

stored and there are no overflow records, Some ot tne

techniques employ an index to the data files; otnars ~ao

not, The retrieval {s tast; the storage utilization is lovw,
In order to (increase storage utilization, new

schemes have been discussed, In these schemes, overflow

;; records are accepted, ana the price which had to be paid for
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} the {improvement on storage utilization is a sliint

i access cost degradation,

ﬁ Dynamic hashing schemes and extendible hashinag )

5 schemes employ an index to the data file; tnerefore, once

3 the bucket’s address nas been found, the retrieval is fast, ’

ii The  extendible hashing is {mplemented by  aeans  of gﬁg

i . partitionina, in contrast, dynamic nashing scnemes Aare i}z

R “aTa
S

I irplemented by means of a tree structure, whicn arows ani

shrinks more smoothly, but the index node size {s larger

gi than that of extendible hashing’s index entry,
E The 1linear hashing schemes are similar to tne
- extendible hashing but do not employ any {ndex, The
retrieval of a record then require only one access tn . ﬁg;i
ii secondary storage, The brice to be paid for tnis is a verv ) A
low storage utilization, compared to the other schemes, )
Coalesced nhashing schemes have heen snown to ore Eiﬁf
ii very tast tor the dynamic Iinformation storaze an- ;f;‘
fﬁ retrieval, Its parameters relate tne sizes of tne :
;i address reqion and the cellar, Tecnniques discussed are
N aesigned to tune the narameter in order to achieve optiryr

- search times, but do have sore open problems [rRef, 301,

B, THE EMPLOYMENT OF IHDICES FOR PRECISE ACCESS IR
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An  index is a file in which each entry (recorq) ;‘l[
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consists of a data value together with one orf more b
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pointers, The data value is a value for some field of sonme
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record or records in the i{ndexed file, and the ©pointers
identify records in the indexed file having tne value for
the field {n the record(s), Thus, there are two types of
files: The index file and the indexed file, i,e.,, the recort
file, There are also two types of records, The record in the
index or index file is an index entry ana the record {n tne
record or indexed file is tne data agqrecate of fielas, Tpre
tields »hose values are kept in the index are referred to as
Key fields of¢f the records, The indexed access pertains tn
using an index of key fields that provide the aisk ad+Hresses
of records stored in a file, Generally sreakina, tne
contents of the index file are an abstraction of tne file ot
pasic source documents, i,e,, Lt can bhe consjdered as a
sort of shorthand substitution for the original document,
containirg only as such Iinformation as essential attrinutes
and statistics required to satisfy the user’s need, [n
addition, the advantage of indexing is that, altnounh 1t
does not access as fast as hashirg schemes, it does nhave 1
very high loading factor,

It 1is possible to -construect two tyces of innexes:
sandadse and guliilaxal indexes, The idea nehind nandense
index (see Fiaure 42) {s that the ¢file obeing {indexed |{s
divided {nto groups, with severai stored record nccurrences
in each grounm, such that for any two groups, all the stored
record occurrences {n one precede all those in the other,

with respect to the sequencing being {mnosed on the ¢ile,
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The term nondense refers to the fact that the jindex does

not contain an entry for every stored record occurrence in

the indexed file, Thus, the stored record occurrences mnust .
contain the indexed field [RrRef, 511,

Multilevel indexing (see Fiagure 43), on the other hang,
refers to the construction of an index to the index, nrere,
the indexed file {s divided 1into groups of ohe track eacn,
The track index contains an entry for each such track, Tre
track index in turn is divided into groups, eacn ot shicn
consists of the entries for all tracks of one cylinder {n
the indexed ftile, and a cylinder index contains an
entry for each such group {in the track {ndex, £acn aroudn
within the track 4index {s normally recorded at tha

beginning of the aporopriate cylinder of tre {indexeA file,

to cut down on seek activity, In general, a mltilevel RN
index can contain any numper of levels, each of wnich acts ;éaf
as a nondense index to the level below, An {ndex, now, can §f}E
be used in two ways, First, it can pe used ftor the ;:!:
sequential access to the {indexed f€ile, I{n accordance tn aizi
the values of the {indexed field, 1In other woras, it can ;Séxﬁ

impose an ordering on that indexed file, Second, it can oe

used for direct access to individual records in tne {ndexen

file on the basis of the value for the same key fiela, fGther
file organizations and other {ndex techniqueg that are . e
are rresented are the heap, direct, primary and seconday

' \
Keys, B and B+ trees, clustering, and directory nierarcny, ;gﬁ“
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Figure 42. An Example of Nondense Indexing
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2. GO 10 «OICAIEa FOUD wsiNIN (TICK INGEX.

1 Scan rack ingex FOuD for <av > «ev rrOuNed.
4. GO 1o 1naCaten track.

S. Pertorm offymca sQuental track scan

Figure 43. An Example of Multi-Level Indexing
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1. Ibe deap Eils Qrganizatian

The most obvious and basic approach to storing a
file of records 1is sirnply to list them in as many
blocks as they require, although one does not aenerally
allow records to overlap blocKk bounagaries, This
organization 1is sometimes called a DReak, when ({t 1s
necessary to dignify it with a name, The btlocks used for a
heap may be linked by pointersy or, a tabtle ot their
addresses may ope stored elsewnere, perhans or one or more
additional blocks, To insart a record, the record {s rlacenq

in the 1last block {f there is space, or In a ne« block if

there {s no more space, Deletions can be nertormed by
setting a deletion bit in the record to be deleted, Reusinra
the space of to=he deleted records by storing newly
inserted records in ﬁneir space is dangerous if pointers tn
these records stil]l exist,

Given a key value, the record lookup requires a scan
o¢ the entire heap=organized ¢€ile, or at least nalf tne
file on the average, until the desired record 1{s founa,
It 1s this operation whose cost 1s pronibitive {f the
file in question is soread over more than a few Dblocks
lref, 521,

ttote that the data file has no particular oraer,
All records are stored randomly in the fi{le, InsertinT a

new record is simple; deleting a record requires a 1ot ot

cdata movement,
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In short, the heap structure is beneficial {f the

%' records are small, andi the file i{s temporary.

"
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2, Ibe ladaxed Saguantial
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The development of direct=access storaace devices

made it feasible to transform a seaquential file into a fila
trhrat could be accessed both secuentially and randomlv via 3
primary key. The lodexed seguential <£ile szgasizatiac is
such a file organization, It is protably the most nonular
ana simolest tile ortanf{zation for single=key files, It 1s
referred to as I1I5AM, indexed sequential . access nethoa oy
IRM,

Prior to Ai{scussing the above ¢file, 1et’s first
review tne sequential access, The segquential access frertains
to storina ana retrievina recoras in a one=after=the=
other order, Records are agenerally stored in ascendina or
aescendinqg order by a record key, A record key is E
unique unchanaing niece of {nformation such 38 an
account numbker, name, or soclal security nimber, Tne
sequential access {s the only access technique used4 xitn
nagnetic tape drive, which are, by its desinn, seanertisl
access devices,

The storaqe and retrieval of records in a segisential
ordayr s similar to the approach used {n manyal systens,
Accordingly, the seguential access has traditionally

anpealed to organizations converting ¢from manual to
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computer=based systemg, This appeal, comhined with the
A early dominance of magnetic tape as a cost~effective storage
medium has led to the use of sequentiale~access files 1in

} most initial computing efforts,

The sequential access is used primarily in baten=
processina environments, It is oparticularly effective wnen
the transaction activities are evenly distrinuted among tne
records in the file, when a ¢file (s to be upaaten, trne
transactions are sorted into the same sequence of recorcs
teaquired by the transactions, The sorted transactinns are
then sequentially matched against the file [Ref, %131,

In the sequential data file, records are stored |In
f the order of oprimary key attribute, not necessarily
physically contiquous, i,e., it could be a linked list, The
insertion and deletion are strajghtforvard {t the da- 4
file 1s organized as a 1linked list, It (s similar to the
heap structure in operation, but its primary Key can on
processed more efficiently than heap oracanization (Ret,
. 521, It s a sequential organization w{th two additionai

features, One feature s an {ndex to provide ranaom access
to VFeyed records, and the other feature is an overflow
area tnat provides a means for handling record addittions to
b a fille without copying the tile, IBM reters {t to the 1SA«
files, An ISAM file (see Figure 44) consists onf tihree
component Aareas: an index area, a prime area containinag

" data records and related track indexes, and an
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overflow area, An access to an ISAM file can be made in

either seaquential mode or direct mode, When the access

v, r
‘1 ’
.
s
]

mode s sequential, records are retrieved {n basically

X i
i the same manner as they are for a Kkeyed seauential ¢file, Eﬁ&&
. The sequential accessing can begin at any record in the %E?
f f{le, To start sequentially accessing an ISAM ¢ile at a ?;i?
; svecific record {in the file, a user must specity the key i3ﬁ{
) value of the record, When the access mode s direct, the —
Frimary key value of the desired record {s supvlied by A :'

user, and an {ndex translates the key value {nto A E

clock address, The block is accessed and brougnt into tne {"“"‘
? main memory where it is scanned for the record containina ﬁii
; the specified oprimary «xey value, An index {s created %;E
N automatically by a file as records are written i{nto tne . %?%
: prime area, kecords are written into a prime area in tre Eﬁi
§ lexical order determined by the value of the primary xey in igﬁi
: each record. An index {s created on the sarme primary key Eﬁi
ié that is used to order the records in the prime area, E;ﬁ
3 A number of {ndex levels can exist {n the f{ndex ' Eéﬁi
= area of an ISAM f{le, The track index is the lowest level f::
% of the index, is always present, and is written on tne E;i;
ii tirst track of the cylinder tnat it {ndexes, A track index i§ﬁf
.y LTS
f contains two entries for each prime track of a cylinaer: gfi
é 8 normal entry and an overflow entry., A normal entry - §S€
: contains two elements: §§%
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(1) the address of a prime track, and o

(2) the key value of the last record on the track, oy

“when an ISAM file is created, the highest key AT

value that can appear onh a prime area track 1s tixed, s

and it i{s maintained 1in the key value part of the related : &E&

overflow entry, The key value of an overflos entry car ‘el
change only 1f the file i{s reorganized,

The track address part of an overflow entry s
initially set to contain tre value 255, and {t is chanqe- e
when the addition of a record to the home track causss tne '
last record on the track to be placed in an overflow area,
The last entry of each track Iindex {is @& dummy entry
inuicating the end of the index,

Just as a track index describes ¢the storage of
records on the prime tracks of a cylinder, a cvlinder
index 1indicates nhow records are distributed over tre
cvlinders that make up an 1SAM file, There 1is one cvlinder
index entry per track index, that is, it tne data recoris
ir a file are stored on 20 cvlinders, there will nre 29
entries in the cylinder index, Each cylinder inoex entry
contalins the Key value of the last record in tne related

¢ylinder and the corresponding cylinder address,

A  fina)l level of indexing that can exist, but does

not have to exist, in this hierarchical Jindexira < T
AN
structure is the master index, Each entry {n a master &ﬁ&
T
Yowte) »
index contajins the address of a track {n a cylinder index ﬁ{\

."--';-' . .".I'.
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and the key value of the highest keyed cylinder index entrv
on that track, The master index 1s used wnen the number of
entries in a cylinder index is large, thus causing a time
consuming serial search throuagh the cvlinder index for the
correct cylinder containing a desired record, The master
index forms the root node of the indexes used in [Sav
files, The indices for ISAM files partition tne orime area
into small aroups of records, i.,e,, tracks of records, so
that an {nd{vidual record can be accessed witnout accessiru
all the records that precede it, The ©oroblems assaciaten
with adding records to sequ;ntial files are partioallv
avolded in ISAM files by the provision ot an overflow
area, Two organizations of overflow areas are possible: a
cylinder overflow area, and an independent overflecw area,
An advantage of the cylinaer overtlow area s Tnar
additional seeks are not required to locate overflow
record, P disadvantage 1is that space may re wasted, {f
additions are not evenly distributed throuaghout a file, &in
advantage of an independent overflow area {s that less
snrace need bnhe reservedi for overflows, ana a disaavantacae
is that accessing overflow areas large enough to contain
the averaaqe numper of overflows, and an {independent
overflow area to be used as cylinder overtflow aresa are
filled, LlUpdating an ISAM file may affect both tne prime
area and the {ndexes, For example, the add{tion of a

record to an ISAM file may cause one or more of the Kkey
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values in the index entries to be altered, ISAM files can
be updated either in sequential or direct model. The
sequential mode should be used when uyondates can be oatcheaq,
In this case one pass s made over the file, «anen
updates must e made on an individual basis, they should oe
done in direct mode,

when & record is added to an ISAk file, the oprive
track on which (it should be placed is determinea by tne
access method = ISAM in this case, The addition s »olares
on the nprime track, if the key value of the record i{s less
t>an the key value xept in the normal entry of the relaten
track index entry, If tne record must be placed on tne
prime track, then a record already on tne track mav
have to be reroved and placed 1in anp overtlow area, All
overflow records for a prime track are linked together in
the overflow area, and a pointer to this list of overflow
records i{s maintained in the address field of the overflow
entry. The list of overflow records, if any, for each tracx
is maintained in sorted order on the primary key, Thus, all
records associated with a prime track, whether they are on
the prime track or in the overflow area, are {in 1logical
sorted order, If the key value of a recora to he added 1is
greater than the key value {in the normal entry of the
related track index entry, then the record aoes directlyv to
the overflow area, Records are never moved from an overflow

area to a prime track, unless a file i{s reorqanized,
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Records, to be deleted, on the other hand, are not
physically removed from an ISAM file; instead, records to
be deleted are marked by a deletion éode ‘1111111148,
with B8 indicating a binary constanrt, in the first byte of Aa

fixed=lenath record or in the ¢fifth byte of a variable

lenqgth record, If a marked record is forced off its vrire

track during a subseguent update, it Is not Trewritten in

trat cylinder, 1f a record that has the sare key value as

a oreviously deleted record s later added, tne spAace

‘i the overflow area unless {t nas the highest xey value on
b
4
!
A
A

occupied py the record to be deleted mav ope recCoverea,
Durina direct processing, marked records are retrieved ant fzfg
?; the proarammer must check them for the delete coge, '
:i A record in an ISAM file can oe modified {n efither
- sequential or direct processing modes, It m~av have

to be reorganized occasionally if the overtlow area

becomes filled or additiors increase the time reoufirea to

directly locate records,

N

;
¢ Reorganization can be accomrlighed bty seguentiallv PQ?\
-_"’ :‘*“. -
> copying the records of a file, leavinag out all records that " avh
are marked fir deletions, into another storage area and tnen e

racreatina the file by sequentjally copyina the records bacx '?v?

into the original file area, The reoraganization an ISa¥ t{ile L

with records in the overflow area usuvally causes new o

P Fo e
* ..- 'Y ‘.
- indexes to be created (Ref, 54), In short, ISAM {g an index 3§~‘
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fi{le which contains keys to proviAde faster direct access to

the record, Its data file is the same as sequential file,

PRIY W RS RN RN G Ar g Sl R R N

Insertion may cause an overflow, and {ts operation is
X similar to sequential file, bhut now the exacte=match and
l range query can be processed faster,
3. Ihe Bizect Elles
The sequential access (s {ineffi{cient for npatcr=
' rrocessing applications {n which only a4 small cropnrtionr of
the records in a file are affected by a aiven batcn onf

transactions, The entire file mav have to bpe passea to

~v.

update 4 few records, For on=lipne orocessing, the 5
sequential access is inadequdate, The time lapse of several IEEEE
minrutes which is generally reauired to 1locate a recor- & 'z
. sequentially is unacceptapble, The seauential access fails . -
to take the advantage of two exceptional cavapilities o¢
computer technology, namely, the speed and direct access,
i The direct access s an alternative to tne seuuential
access that significantly accelerates the trocess or
storina and retrieving records by capitalizing on botn
; the computational speed of the CPU and the access sneedi of
| the disk drive, Disk drives are capavle of afrectlv
3 accessing any record in a tile in a matter ot
; milliseconds, However, to access @ particuiar recora,
:i the disk location of the record is required, The location
% is indicated by the address assianed to it, which is savend
i when tne record is stored or recalculated,
| .
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In dizect £4les there is a definite relationship
between the primarye-key value of a record and {ts adaress
on a direct-access storage aevice, Records are stores and
retrieved through the use of this relationsnip, Direct files
allow individual records to be accessed very suickly, Since
direct accessing requires the address of tne specific
location of a record desired, direct access
requires an addressing scheme that computes & Lunigue
address for each record, Generally, the recorag kay nust ne
transformed into a disk storage address,

IThe most common approach to transforminag recora Keoys
into storage addresses involves an arithmetic groceaure that
generates "ranaom addresses” ¢from record keys, Inere Are
several randormizing algoritnms, The most conmon alagecritnm
involves the generation of addresses by dividing the reconr
key by positive prime numner, usually, the primne numner
i{s the largest prime number that {s less thar the numher ocf
avallable addresses, Tne remainder of a division operation
is used as the address locator, A randomizing alaorirn~
dlways generates the same address for a barticular xevy,
Therefore, given the key to a record, the computer can
calculate the disk address and then access tnhe record in a
matter of milliseconds,

Unfortunately, as in the case o¢ hashing,

occasionally, a random=address generator generates the same
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address for two or more keys, The second and succeedina
records with duplicate addresses are referred to as Synonyns
(as collisions in nashing), Wwhen a sSynonym occurs, the
record having .the duplicate address can pe stored in a
location next to other synonyms of the record storeg at the
computed address, or it can be stored in a genera]l overflow

area, In either case, {f a desirea record, anjien is

determined by checking the key stored in the recori, 1is
nnat located at tnhe computed address, a sequential search of
synonyms is 1invoked until the desired recoro {s located,
| This sequential search slows processing sliaghtly. 2 anol
randomizing algorithm generates tew gynonym (collisions)
for a vparticular set of Keys, further analysas and
modification of the randomizing alaorithm is needeud.
Another drawback of a direct=access tecnnique |{s

that, by desiqgn, 1{t usuvally leaves large gaps between

records on &8 disk, This results in wasted aisk srace, as
g in the case of hashing, Some of the aaps ray pe consumed oV
synonyms, but considerable wAsSted srace @ still
remains, An offsetting advantage {s the incredinle speed
with records can be accessed, reacardless of the size ot the
tile, A very important concept to gqgrasp witn respect
to direct accessing {s that the rhysical locations ot
records bear no relationship to the logical view of

the data, The random generation of addresses ohysically

scatter records throughout the dfisk such that, without

e 4.} ,_)_i Ta T AT e 00
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knowledge of the randomizing algorithm used to transform

the Keys, locatinag a record requires a sequential o

. . {
search through a nonesequentially ordered file., The use of el
a randomizing algorithm is an extraordinary deviatinn from {3}3
the way that files are maintained manually. However, it ;3h}

is a highly suitable technjaue for computereorncesseq AR
files, Any one record of several thousand or even <everal ‘
million can be located instantaneously at tne excenses of
sone disk=space wastage (Ref, 53],
4, Ezimary and Sacapdary Keys
The runetime performance of a file svstem |is
influenced by the software to organize and supbsenuently
: access the requestea data, Fast=access metnoas can
generally be designed xhen all logical corditions are
expressed in terms of primary keys alone, i,e,, Aall access
requests are to single records via tneir orimary keys, It
is mueh more difficult to desian fast=access metnods
when logical conditions require secondary keys, thar is,
- when access requests are to set of records, A oprinary key

ls & data 1item that uniquely {identifies a recor?, Tne

- primary key of a record corresponds to the identitier of a

; real-world entity, As with {identifiers, there may bhe

: seaveral possiple or candidates primary Keys for the sanme

|

N record, Also, two or more data items may be reaquirea to §§' .

. ; N

. identify a record, A secondary Key is a data (item that ;ﬁ
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does not uniquely {dentify a record but fdentifjes a numbder
of records in a set that share the same ©oroperty, for
example, the data {ftem MAJOF might be used As a secondary
key for STUDENT records, Of course, this data {re= does
not Jdentify 8 unique recora; for examole, many Students
will have business as a major, However, the seconiary
key does {dentify a subset of students who are ousiress
majors. Secondary keys arise when data are
referenced by categories,

~vot all secondary keys need to bre {indexed, hut
vefore a database desiyner can decided whicn indexes to
create, all secondary keys must be {dentitied, +«hen all
data processing is known in advance, then comfuter orouram
specifications provide an excellent source to identity
secondary Keys, Fiqure 45 {llustrates some neneral
aquidelines for identifying secondary and even
alternative prinary keys [FPef, 53],

5. &8-Izees and B+ Irees

If an 1index {s helpful in storira and searchinn
throuah data records, then it is possiole for one iniex
to help to oroanize another index, ISAY and other flle
oraanizations, as well as a host of other data structures,
are all opased on this approach of indexing indexes, This
type o0f hierarchy of data and pointers to data is
generalized by the tree data structure, Trees can bDe used

to organize data directly or organize indexes 1into data,
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©0w0 TABLE OAK DR 500
o030 TABLE MAPLE DR 623
L0623 CHAIR OAK DR 100
L0973 WALLUNIT  PINE FR 730
Records { | 1000 DRESSER  CHERRY  BR 500
ecords $1 1230 :©  CHAIR MAPLE LR . 00
' 1425 , BOOKCASE ' PINE . LR 250
N © 1600 . STAND  : BIRCH BR 200
;1775 . DRESSER PINE BR - 300
X 2000 . WALLUNIT = OAK . LR 1200
P: (. ~ s\ J
. Primary kev Secondary kevs

Figure 45. An Example of Primary and Secondary Keys

- \l ‘(‘

L O




A tree data structure has the property that each

element of the structure, except the root has only ane i
- path coming in,(that is to say that there 1{is only one

- pointer tnat points to any given element), but Cthey nay

be zero or many paths coming out of an element,
The tree structure dJdescribed ahove are binary

search trees and multiway (meway) search trees, A oinary

tree Is one of the best known and most freauently used
data structures for oraanizing data that are storeqd
entirely in the main memory w«hile beina processed, spile
binary trees have seldom peen used for organrizina .o
larae files in twoe=level storaage, the multiway tree, wnic»
is essentially a generalization of the bipary tree, has
recejved widesprread use for organizina i{ndexes for 1large

files in external memory.

The principle reason for the frequent use of tne T~

multiway search ¢tree and the infregquent use ot the binar

search tree in twoeleve]l storaade involves tne numpher of
accesses to the external storage to locate a recora w#ith a T
speciflic key value, 2"

The Betree, where B stands for balanced, (meaninqy

all leaves are the same distance from tne root), is a ok

multiway=search tree with restricted arowtn (see Figure 4¢5), ML
)
B=trees guarantee a predictable efficlency tnat many other tfs
N
types of trees do not, A BHBetree of order m {s a trae that ¥3~

that satisfies the following properties:
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(1) Every node has lessgs than or equal to m sons,

(2) Every node, except the root and leaves, nhas
at least m/2 sons,

(3) The root has at least 2 sons unless it is
a leaft (terminal node),

(4) All leaves are at the same level and only

contain pointers to the actual data records,
{.e,, carry no information,
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(5) A nonleaf node (an internal node) that has k
children will contain k=1 keys,

The effectiveness of a Betree search is determined

- by the shape of tne tree, and the share of the tree is
- determined by the order, m, 4hen m is small, a tree 1is
tall and narrow, and when m i{s larae, a tree {s short an:

bushy, The maximum number of nodes, K, that must be accessed

durina a B=tree sSearch is

e " r e T
v -
AN A LN
. * »
- . -
) - .
.
', e e

. K € or =1+ 10og (m/2) ((n+1)/2)
. where m s the order and n is the numper of kev
values {n the tree,

Since it {s preferable to use a large vajlue for r,
i¢f m = (n+l1), then only ore level exists in & tree; this

choice of m, however, 1is not reasonable {f a tree is too

large to fit in the main memory, when a value for m is

selected, the nprinary objective {is to minimize tne total

- amount of time reguired to search a RBe=tree for a key value X
KV, This time has two Component: .

., R
3 (1) the time required to access a node in the NN
) external storage, and, S
) :\{:'7 \

\ 4~
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(2) the time required to search this node,
in {nternal memory, for KV, It turns e
out that there is a value of m, ml, for Y

which the search time is a minimunm,

For values of n exceeding m1, the

total amount of time required to search
a B=tree increases [Ref, 54],

Searching a Betree for a specified key valne is as
follows, A node, starting with the root node, is hrouant NG

r{ into the main memory and searched, possiply using a binarv }f?

3 search for the given arqument xey value among the key values ;;;
!I K1,K2,00eKJ, If the search is successful, tnen the desired ﬁﬁ}
E key value s located, but {f the search Is unsuccessful Ef:
r, because the arqument key value lies hetween Ki and «(i+1), f:
| then the node pointed to by Pi, which points to a subtree g;z
holdina key values between Ki and K(i+1), 1s retrieven Egﬁ

NI

and the search continued, The pointer Po s used i(t an ;ﬁﬁ

argqument key value preceaes K1, and P1 {s uysed {(f an E:ﬁ

argument key value follows KJ in sorted order, If £{1 = nul}, :;;;

the search 18 unsuccessful, o

o The insertion process for B-trees {s relativelv

simple; each terminal norde corresponds to a8 olace where A el

- new Key value may be i{inserted, Its Algoritnm {s ratner E:f
L™ " simple and straightforward, In general, a key value inte a qgﬁ
. e
[ Betree of order m with the terminal nodes at level s e
~ KRN
. placed in an approprriate node on level L=1, It this node N
- now contains m key values, then {t must be split into two e
- e
aistinct nodes, For example, it a node after the f@a

N
s o
. insertion of a new key value looks like ﬁfﬁ
::. ':‘.::':
_-‘ ‘?\*"
: A
- AN
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Po K1 P! K2 ,,, P(m=1) Km Pm then {t
is split into two nodes

Po K1 P1 K2 4,.K((Mm/2)=1) P((Mm/2)=1) and P(m/2)
K((m/2)+1 ., Km Pm and the key value K(m/2) is inserted
into the father of the original node, This inserti{on may
cause a father node to contain m key values, and if so, (i
is split in the manner {llustrated above, If a root naode
must be split ( a root of course has no father), then a
new root node is created containing the single key value
K(m/2), The tree becomes onhe level taller in this case,
Thus, a B-tree grows upward from the root top Insteard of
downward from the leaves, The procedure described above for
inserting new key values {nto a b=tree 1is exactly tne
procedure used to create a Retree (PRet, 43],

The deletion of a key value from a Betree {s more
complicated than ({inserting a new value {nto a B=tree, The
deletion of a key value on Jlevel Lei Sinply causes it to
pe erased trom a node, When this erasing makes a node too
erpty , that {s, underflow» occurs, the riant or left
prother 1s examined and key values are moved from the
brother until both nodes bhave approximately the sare
number of key values, The key values are not moved directly
from the brother to the underflow node, ingteaa, the
preceding key value in the parent mode {8 moved to tne
underflowed norie and the preceding key value in the brother

replace the Kkey value in the tather node, A delete
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operation that results |In underflow fails only {f the
brother is minimal full (Ref, 54),
In short, as far as {ts operation, B=~trees are

similar to the {ndexed=sequential file, but witn

better performance for insertion and deletion, - Also,
it does not reguire a separate index file, Howsever, tne
scanning of subfiles (s not efficient as tne indexeg=
sequential file,

A Betree {s represented by nodes wnien are
inplemented by different blocks in the file, The treee=block

1i{st (FRL) i{s used to maintair a list of free blocvs for

dynamic (space) management ot blocks, Iniriallv, all
blocks of the file are placed on the list by initializina
- the FBIL flelds accordingly, Subsequently, the bhlock ,h.
l' allocation from the list takes place at the beginning ot jgsﬁ

the 1list, Cnce a Dblock 1is allocated to tne running

2L N A
N o,

process, the same field is used for a different curpose ({f
it happens to be a sequence nlock, Tt is used to store tne
block numper of the sequence block next in the
lexicoqgraphical order, If the block is an index tyoe, tne
5 field is not used any lonaer, The second ¢tfela or &TYPE,
indicates the type of the block (node), whether it he an
. index or sequence, FEach Betree In the index file s
identified by {ts root node, and the root node number is

stored {n the master {ndex, in which there 1is an entry for

each secondary key and the primary key defined for the file,
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!3 Research has been undertaken by Koymen [(Ref, 55)
; to design and {mplement a Betree=~pased keyed sequential
_; access method (KSAM), KSAM provides primary and seconaarv
-ﬁ access for either direct or sequential processing, Pritarv
'5 access to a data file requires three Jlevels of indexes:
super, master, and primary indexes, Secondary Aaccess j,
: requires an additional 1index level, {.,e., 1Is secondary i‘
indexes, The superindexes and master indexes are transparent | ;;;;
to the user and are used solely bv the system, <Vthe orinarv 701;
X index 1s orcanized as a Betree, containing proper 1inkange 'ﬂv;
,; to the respective data files, In the implementation of i
secondary indexes, 8 file {s used to store accession lists,
a term applied to the records in a secondarv {ndex, wnich
contain npointers used in accessing the aaia records, eAach
secondary index {s in turn organized as a R+tree containinn
proper linkages to accession-list files, Thus, linkage ¢tron
the B+tree of &8 secondary 1index to the respective cdata
" files is provided via tne accessione=list file, Finally,
i anotner file is used to represent all the Hetrees
; associated with a data ti{le., Tnus, three files suffice tor
- the implementation of a KSiAM data file and {ts asSoclateq
{ indexes, The {mplementatior schema orqganizes eacn of the RO
ﬂ- three files as a direct-access tile, Tnus tne nian &55
? popularity of directeaccess flles makes the implementation . E:g
Q possible in alrost any programming language [Ref, 5S], 2;53
xi }t;ﬁ
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In short, then, a Betree hags the game index f{le as

the Betree (with key values only), has similar data file as
the sequential file, and as far as its operations, 1t has
the benefits of both the indexed=sequential file and Betree
index structure,
6, Llustered Eiles

The notion of the classification has been usea for
centuries 1in many disciplines ot the social and natural
sciences, The classitication involves placing a set of
objects {into classes or "clusters” iIn such a way that tne
objects within a class are more similar to each other than
they are to objects outside the class, TIhe similarity
between ohjects is defined in terms of Known properties of
the objects, Such a gqrouping 1is referred to as a
"clustering”®” or a classitication, A file {n wnich documents
that exhibit same sets of 1index terms are grouped jinto
clusters is called a clusterad £fila. To tacilitate
searching in a clustered file each cluster s identified
by a representative called the “centroid"., A search is

usually carried out by tirst comparing a query witn all

- the cluster centroids; then, for those centroids
i exhibiting a sutficiently high similarity with the query,
" all objects in the corresponding clusters are exanined
- ard those that have a sufticiently nhigh query document
'E similarity are retrieved, This avproach I8 based on tne
o

Ca assumption tnat documents {in the same Cluster are of
-7

‘e
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- interest to the same user and would therefore be requestend el
N R
i jointly, s
. Since the objects within a cluster are retrieved TR
d e )
.*. g..‘- :.-
N jointly, it is desirable that they pe Kkept in clonse ;g}%
oy | A
n . av Lt
i proximity within the physical storage, A simple schene ?113
- by which objects of the same cluster can be kept Close t»n fiﬁi

each other i{s to store objects oy clusters, so that each

Object s stored as onany times as the numnter of Cclusters e

. M
o

in which {t appears, and all objects in the same cluster
are stored consecutively, This schere is called
"cluster=inverted”" organization,

Clearly, it the clusters are pairwise disjoint,

that is, the classification is a vpartition, the

PACMURRRMIY T LA

above scheme has no redundancies, This {s the case ot

formatted databases, However, {f clusters are allowed to PR,

'

overlap, which is the case of textual databases, texts that

LA
fels e S

are pertinent to more than one cluster nave to be storend
repeatedly., One solution to this problem is ¢to store

opjects (i.,e., texts) of each cluster in contiguous

- locations while ninimizing redundancy., Inis is

) |

e accomplished by characterizing conditions under which an “,5‘
_- o \.‘ ¢
L: arrangement without redundancy exists, Since the recoras Q;F‘
s g
-_ are to he Jointly retrieved in the response set of any ‘vt“’
E‘ query, the property {s termed the consecutive retrieval * ’Q N
4 property, CRP, There are two tyres oOf clustered tiles; a W
r Yy
; -
‘,:'.; ::1'.::.;
': - .-}
ot p:..-’\ "
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single=level clustering tile to have CRP has been developed,

in the form of a linear time algorithm to test CkP for a
Given clustered file and to identify the proper arrangement
of objects, 1if CRP exists, Experimental results hy Deogun,
Raghavan and Tsou {Ref, 56), indicates that the
algorithm gqgenerates minimum redundancy organization most of
the time, Moreover, on the average, the pear optiral
solutions show approximately a 50 percent irprovement in
the amount of redundancy over the the worst cAase
organizations,

In the case of multilevel clusterinras, the oprobler
of minimizing the number of different arrangements of
Objects that have to be stored has been investigateqd witn
the following results, It {s shown tuat tor anv
nonoverlaocpino multilevel clusterina, there exists an
arrangement of the objects such that every level
clusterinag bhas CrRpP with respect to the arranaement,
Si{rmilar results nave been obtained for certain classes of
overlapping rultilevel clusterings (Ref, 56],

7. 1Ibs Gizactary Hiszarchy

A directory oerforms an {mportant function within a
file system called maoping, This vparticular chenomenon
permits a user to create name spaces and to Store
(retrieve) gata 4in (from) them, Name marping converts a
symbolic file name 1{into a physical file aadress that

identified where tne file {s stored,
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Each user may have a directory of his own files
and may create subdirectories to contain groups of files
conveniently treated together, A directory normally
pehaves like an ordinary £ile, A file system <controls
access to the contents of directories; however, anyona
with the appropriate authorization can access a directorv
Just lixke any other file, 1In desianing a system ot tile
directories, it {s natural to Ehink in terms of a nierarchnv
with the entries in the higher levels of a dAirectory
being other directories, Tne entries in the lower levels
are a mixture of tiles and airectories, The directnryv
entries in a hierarcnically structured directory c¢an
contain either system directories or user directories, Data
files are at the lowest level (see Fiqure 47),

Ihe most important system directory is tne master
directory (or root director , Flles created bv users are
usually 1lncated by tracing a epath through a chain of
directories, starting witn tne master airectory, until the
desired file is found,

An {interactive user or a vproaram runnina on
behalf of a user references a srecific file via a symoolie
file name, A symbolic file name s wusually i{n the for~
of a path name that 1{s a sequence of names senarate-d
py Ssome specially desianated character such as a perio+d
or slash, In the simplest case there 1is one tn one

correspondence between symbolic file nares and tiles,
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B arACAGE A as s s ac ae e dr A A A AR

Ditw
/" xev Name \
- INDEX AGE INDEX RECORD ADDRESS LIST AREA
AGE 18 03 07 14 . . .
OEPARTMENT 19 06 12 18 - .« .
SALARY | =t 2 09 17 27 . -
65 ] 15 186 21 . . .
115 1.7 22 25 27 37
DEPARTMENT INDEX 09 14 18 21 38 39
AUTO 03 07 14 15 1.9 20
: FURN. 06 07 09 12 19 23 3§
. HOWE —»4 03 08 09 12 19 23 35
. SHOE 07 14 17 22 27 37 38 39
l' 15 18 21 25
SALARY INDEX )
N 10000
X 15000 | —
; =T

. Directory and address list for the PERSONNEL file
on the keys AGE, DEPARTMENT, and SALARY.

e 4

Figure 47. An Example of a Directorv
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However, In more advance file systems the same file may
appear in several directories under possibly different
names; that is, a single file may be shared bty two or more
user garoups, with each aqroup having a different rcatn
throuan the directories to the file itself,

Directory structures {mply that the output of a
directory search for a file s the file {tself, This is
sliahtly misleading, because the terminal nodes of the
hierarchical structure, rather than containing tne file,
normally contain an object commonly referred to as 4
tile descriptor or a polinter to a fille aescriotor, A
file descriptor contains information concerning cthe pnysical
location of the tile and the physical cnaracteristics ot the

file [Ref, S4),

C. THF STRUCTURE OF DATA FDR RETRIEVAL

The grimary objective of fi{le organrization is tn
provide a means for record retrieval and update, 1lhe update
of a record {nvolves its deletion, changes in some of its
fields or the 1insertion of an entirely nes recorqd,
Certain fi{elds 1in the record are des{ignated as ey
fields or search Kkevs, Each record incluges atrt least a
search key which {s used to generate the irdex of tre file,
A combination of search keys specified for retriesval is

termed as a query, The simplest structure ot data {s the
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iodexed saguential ssarch, which has already heen discussed,

For more elaborate retrievals, the structures, {include

Y

Bultiliss, inxertad £ile, and cellulaz 2ultillist, as well as

-,"'."‘vn"{.'(",' ‘.‘ 'l. (' f.‘ ' k".’ \. ".

bBybrld and ziog sttuctuzed £lles, They are discussed herein,
o 1. ZIba ¥ulkilist Elle Crgaanizatiod
The oulidillist £ile arganizatias consists of a
directory file containina index entries, and a data tile, &~
. index entry for a key value consists of the Kkey value, A
pointer to the list ot records in the data file, containinc
tne key value, and the number of records in the list,
& Fiqure 48 {llustrates a multilist file indexed on
the DEPARTMENT and SALARY keys, The format of each 73Jata
ff record in a multilist file consists of two seaments [Ref,
: 11, Seqment ~ one consists of one or more key/keys
value/pointer triples, in which ¢the vpointer ooints to
another record containing the same key/key=value cair, The
secord seaqment contains the values of the nonkey dHata ite=s,
i¢+ any, For example, A record in Fiayre 48 has the format:
PEPARTYENT/AUTU/1,T,
PEPARTHENT/HOWE/L,9,
SALARY/20000/1,56,

Nonkey data {tem valuves,

a, Answering Queries
A technigque that can be emploved for answering

- aneries witnin this file organization i{s to minimize tne

number of records that must be searched, This §is especlally
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important, since some 1ists may be 1lengthy and require
longer search times, For example, a query to Tretrieve the
records of all employees that work in an auto department
and have a salary of 15,000, is evaluated as follows,
Firse, the two key values in the proper {nrdexes
DFPARTMENT/AUTO and SALARY/1500U are evaluated, Secondly,
the 1fndex entries for AUTO and 15000 are examinen to
determine their resoective list 1lengths, Then, tne
shortest 1list 1Is examined, which in this case {s AUTO ({t
nas 6 records as compared to 8 for 15000}, Since the
records with addresses 1,7, 2,2, 2,7, and 3,7 in Fiqure i=a
have both of these occurrences, they therefore satistv
the aquery., For aguery conjunctions, we search only the
shortest 1ist,
b. The Qnery Cost

The cost to process a query for the multilist
organization i{s measured 1in terms of the time recuired tn
decode all key values In the gquery and to retrieve data
records, The aquery cost 1s therefore defined as 7 = LT,
where 2 is the query cost, L is the shortest 1list length 1n
3 query, and T is the average time to access a record,
whieh 1includes the seek tine, latency time a4and data
transfer time, Thus, when the list lengths associated with

key values in the terms in a product are small, the cost

for aquery processing i{s minimized,
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Figure 48. An Example of a Multilist File NS
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¢, Updating Multilist Files
Lists can be ordered or unordered, Adding a
record to an ordered 1list requires that the record be
inserted in a speciftic position, while for an unordered
list, at tnhe head of the 14ist, thus avoiding the need to

traverse the list,

Updating of multilist €iles 1Iinvolves either

key value addition, whole record addition, or deletion, e

Regardless of the type of addition, whether wnhole record or 3?;
new Kkey value, one or more ot the index entries are also Eié
updated, wWhen the lists are not ordered, there exist a Eﬂz
simple algorithm 1in «which a new record can be easily gﬁ%?
placed at the logical head of each list of which it 1is to S;g
be a member, Ihis (s true both types of additions, For 3&2
example, to add key values to an existina record, such ;?Ef
that an employee who works in HOWE department shares nis iif
‘: work time between the HDWE and FURN departmeéts. The JS??

enmployee’s record must be updated by addina the kev value

- FUKN to his record, Adding a new key value to a record

inplies that the record must be added to the 11st of

records indexed by the new key value, The simple alqgoritnm

can be used to add one or more key values to a record,

- Deleting a key value from a record is
essentially the same as deleting the record from the list )

indexed by the key value, Key value andg vhole record

SN T

.
[

deletions can be accomplished by usina a simpile deletion
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algorithm, which simply adjusts pointers, If, however,
deletion implies physically removing a record frow
1ists, and the retrieval system performs realetime uocdatinag
and retrieval, then biedirectional lists snould be
considered to represent the multilist, A bledirectional
1i{st allows deleting records without traversing the list
to locate 1its predecessor record, Althouan bi=directionral
lists allows deletions of records to be done more rapialy,
there is the storage overheaa of an additional nonointer
element for eacn key value in a record,
2. Ibe Ioxarted Eile QOrcancizatlen

Unlike the multilist files, where records are
linked together with opointers kept 1in tne {ndivianal
records, the pointers in an inverted file are removed fro"
the 1individual records and Kkept in separate list, called
inverted 1ists, An inverted fi1le consists of two components,
a directory and a data file (see Fiagure 49), The varianle=
length inverted 1ists of polnters corresponding to Kev
values are kept {n the directory. Thus, when & xey value i3
cecoded {in the directory, the record address 1list is
immediately availaple and no additional access is reqguired
tn move {t into the main memory, It is {imnrortant <to nnte
that the directory should be kept as small as possible so
that updating can be performed aquickly and easily, and

that it can bhe kept 4{in {ts entirety on a fast storage

device, However, unlike the directory of the myltilist file

)
n'l}
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vhich tends to be small (n size, the directory of the
inverted file tends to be larger in size, The sizZe of a the
directory can be controlled by 1limiting the numher of
data items on which a file s {inverted, A cartially
inverted ¢file Stores the record addresses agsociated with
all values of certain (i,e.,, keys) but not all data items, A
Completely inverted file 15 one {n whicn every aata ttem {s
treated as a key and the record addresses associated «~1tn
every key value are stored in inverted lists, Tn this case,
the directory subsumes the file, There 1is no need of
keeping the data file any more,
a, Answerina Queries

The {inverted file organization allow#s raoid
access to records based on any Kkey, uJueries can be
determined by accessing and manipulating the inverted
lists of record addresses prior to accessing any data
records, This advantage is possible because the pointers
to records indexed by a key value are maintainea in ar
inverted 1ist rather than in the data records, For éxam™ple,
to retrieve the records of all the employees that wotk 1in
an AUTO department and have a salary of 15000 dollars,
the key values AUTO and 15000 are decoded in tne cproner
index and produces the address of the 11ist of agata
records indexed by the key value, DEPARTMENT/AUTG, anA
SALARY/15000, The address of the list of data recorads are

pointers {n the inverted lists for key values AUTO and
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DEPARTMENT INDEX

AUTO 15 17 22 25 27 37

FURN 09 14 16 21 38 39

HDWE 03 07 14 15 19 20

SHOE 06 07 09 12 19 23 35
SALARY INDEX

10000 03 06 09 12 19 23 35
15000 07 14 17 22 27 37 38 39
20000 15 16 21 25

Inverted lists for the data records

Figure 49.
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An Example of an Inverted List
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15000, respectively, The two inverted lists are moved {nto

‘-'.l

the main memory, and the intersection of these two lists is

-

performed, The addresses in the {ntersection 1list, nanely

addresses 1,7, 2,2, 2,7, and 3,7, are the addresses of the

records that are to be retrieved and that will satisfy the }

query (see Figure 48), R

P AP

y AN

b, The Query Cost

In the inverted file, the cost to process a :

query is the sum of the cost to decode all key values {n the
query, Plus the cost to access all inverted lists, one ner

key value, pPlus the cost to process the invertea lists,

Plus the cost to retrieve the data records that satisty

the auery, for the inverted organization, tnere are L/%

[ T ]
AP

records, where LL 1s the shortest list length 1in a auery

.uv ‘ 4‘ M
A s .
4 &
7 YOS

g and N is the number of data record addresses per recordq, ?ﬁfé
; accessed for each of the average nuymber of ter®s in A §§§§
s single query, éesionated by I', Thus, the time reaquired to ;W?’
retrieve the T {nverted 1ists involved in tne 1list &ﬁ;;?
intersection s L/N * T & A, where A {8 the averaqge time gé}g
tn access a record and move it to internal memory, fe2ad
Whereas for & multilist every record iIn the shortest
list, cdesignated S, must be accessed, for the inverted
organization only those pS records, vwhere p is the ratio of
: the number of records that satisfy a query to S, nust bpe ‘
E accegsed, Therefore, the query cost is defined as 0 = (pS ¢

T

(L/N * T)) * A, It is8 important to note that the larger the
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number of records per {inverted 1ist, the 1larger tne
amount of time to access the inverted lists,

C. Updating Inverted Files

Updating an inverted file s more 1involved
because the 1inverted 1ists must be updated, For this
reason, the inverted organization s most usetul for
retrieval when the update volume is relatively 1low~
compared to the query volume, By performinag {ntersections
and unions of inverted lists, the inverted file system can
provide exact statistics about the records having certain
Key values, Wh;reas multilist file systems can only oroviae
upper bounds or approximations of the recora numbers ot
those records, whole record and key value addition and
deletions  are accomplished by stralightforwarA
algorithms,
' 3, Ihae Callular dultilist Ellas Qzganizatiae

The cellular multjilist organization is derived fronv
the multilist organization, Since the performance of a
multilist system suftfers when lists are lenathy, cellular

multilist organization is an attempt to arrange the recoras

for more optimal retrieval with shorter lists, The lengtn of
each 1list {s restricted to the storage=cell size so that
records in the 1ist do not extend beyond cell boundaries, A
cell can be considered as a track or cylinder of a disk,
Each index entry for a cellular multilist file

consists of one or more list head pointer/list length pairs,

-
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There exists one such pair for each cell containing records
indexed by a key value, The directory for tnis type of files
is simjilar to multilist file, except that |t is larger,
Figure 48 illustrates the corresponding DEPARTHINT
index, organized for a cellular multilist ¢tile, tor toe
same data for multilist file, The index entry for Xxey
value AUTN has three list head pointer/list length ecairs,
each one corresponding to a 1ist in a sirgle cell., That |s,
the AUTO 1ist in Figure 48 {s subaivided inte three
shorter 1ists, one of lenath two in cell 1 with tne hean at
address 1,5, one of length three in cell 2 with tne hean ar
asdress 2,2, and one of length one in cell 3 witn the read
at address 3,7,
a, Answering Queries

The <cell concept is used to provide Aqonos
response time, For example, to retrieve the records of all
emplovees that work in an AUTO and HDwk department, note
that the records havinag xey value AUTO reside {n cells 1,
2, and 3, and records havinrg key value HD/E can be founn
in cells 0, 1, and 2, The only records that can be C¢common
to hoth lists are located in cells 1 and 2, Tne AUTN 1ist
for cell 1 is traversed, since the lenath of tne 1list 1in
cell 1 is shorter (lenath is two for ALTO and three for
HPWE), Fach record is then examined of the existence of tne
key value HDWwE, Record 1.5 belongs to both lists, in cell

2, the HDWE }1ist s the shortest so each record in it is
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accessed and examined for tne occurrence of AUTO, Since
there are no records in cell 2 common to both lists, only
record 1,5 satisties the query,
Updating cellular multilist files is
essentially the same as updating multilist files,
4, Caoxpazisaond af dultilist and Isuartad Ellas

Fiqure 50 illustrates the advantages and
disadvantages of myltilist and inverteqd
list files,

S. Qthel Elile Qr3anizatians £or ketrisxal

Other ones (Ref, S4) include the Rykrdid lisg file
oraanlzations an4 zin3 stiuctuzad £ile organizations,

The hybrid 1ist file organization, as {ts name
implies, {s a hybrii between a multilist and an {nverted
list orqganization, Kence, this hybrid file {s orqanize:i 11
such a way as to mipnimize the system searech effort in
answering aqueries with shorter 1lists of records, bv
utilizing special cases of multilist and {nvertedA 1ist
tile oraanizations, Note that, for longest list of recor<s,
the multilist structure s optinmum, while for snortest
list of records, the 1inverted list structure 1s
practical.

The hybrid 1ist file orqganization {s therefnre
defined as follows: A hybrid l1ist organization of
parameter L is & 1ist structure that stores a set of

pointers to records containing the key value as a

At
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Orgamzation Advantages Disadvantages
Multilist Easily programmed. Conjunctive queries are
Conjunction queries are inefficiently handled for
efficiently handled for long lists.
short lists. The number of records that
Easily updated since satisfy a query bears no
complete reorganization relation to the number of
of lists is avoided. records accessed.
Good for simpie and range
queries.
Inverted Low response time for Updating is complex since the

conjunctive queries.
Efficient use of storage
space if key values are
removed from data
records.
Satisfactory for reai-time
retrieval,

inverted lists are variable
in length and must be
ordered.

Work space in internal

memory is required to
perform the logical .
processing of inverted lists.

Figure 50.

Comparison of Multilist and Inverted

File Organization
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separate inverted list {f the query with a 1list of recoras

is greater than L; otherwise, the set of pointers is
embedded in the data records as a multilist organization, In
answering queries, the retrieval s done {n straiant
inverted or multilist fashion, depending on the size of the
list of records,

The cost of updating for hybrid €file oraanizations
lies someshere between that for the two pure oraanizatiors
since it {s easier to update a multilist €£ile thdan an
inverted file, The more lists that are storei as
nultilists, the easier it s to perform updates,

A ring structured file orcganization, on the other
hand, is a linear 1list in which the pointer in the last
record points back to the first record called the startinn
record of the ring, In a ring structure once an arbitrary
record {s accesseq every other record in tne rfina also
i becomes accessipble, A rina structure file consists of three

elenents, a value of the data {tem, (wnicn 1s wusually
associated with each pointer to specify in which rings A
; record 1s an element), data, and a pointer to the next E:i;

record, Figure Si {llustrates a rinmao structure, in whicn,

the vajue of the data {tem is "$" for the starting record

- and "b" otherwise, e

r .

: une of the primary advantages of a ring structure ‘5\
1y -

is that any record can be accessed startina at any voint,

; An important nse of ring structures i{s, thus, to reporesent

‘e 9 1L 1
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classifications (types) of data, All records having the
same classification (type) belong to the same ring,
Assoclated with each record within a class (tyoe) may
be a subclass (subtype), and this subclass 1s represented
by a ring of records, Such a classification scheme can
be represented by use of multiple ring structure, in
which multiple rings pass through a cecora vith tne recorns
in each ring logically related, figure 52 fllustrates such a
structure, corresponding to the same data as 1in Fignre 44,
The values ot the data items, WMD, MS, O, and 5 are wused to
designate the major department, major salary, deyartiment
subring, and salary subrinag, respectively, A
significant disadvantage of ring structures is tnhat tney can
take a long time to search, Updating ring=structure~
files 1s normally straightforward, 1Insertions ot nevw
records {nto the middle of a ring {8 usuvally relativelv
simple, Deletions of records, on the other hand, can be
more complex, ¥hen a record is deleted tron a rina,
neither its predecessor record nor the startina recerd o*
the rina nas to pe specified since the predecessor recorq
can be found from anv point in the ring by traversing tie
structure, The deletion performed by traversina a
structure and searching for the predecessor recorn
requires that the address of the record to be deleted be
saved and compared with the address of the sunceeeding

records accessed, In this case, the entire ring must e
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Ring structure with a head record and a special pointer in each record

Figure 51. The Ring Structure
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traversed for each deletion, Altering the value of data
items in a record poses no particular problems,
6. & Suamar¥

The choice of a file organization has a very
important effect on the performance and associated costs of
a flle system, The multilist file organization is
satisfactory for systems that 4o not require extremely
fast response times, Hor do they require exact statistics ot
the records and attributes, Nevertheless, the multilist file
orgyanization provides very compact directory despite the
volume of data file, 0On the other hand, the invertea tile
organizatiop tends to . generate large directories,
Consequently, tast accesses to the data file are
overshadowed by the amount of processing and accesses to tne
agirectory., The tradeeoff is not to "invert" & fijle Hdovn to
three level of data {tems, {,e,, field,

The problem of selecting an arpropriate tile
orcanization depends on the particular users, and their
environment, Three very important quantifiable pertormance
measures for selecting a file organization, that snouli
pe considered are tnhe total storage costs, tne averagye
time to answer a typical query, and the average time to
rerform an update, The file organizations that have the best
access time may require more storage and complicate update,
i.e,, as access times decrease, storage and update costs go

Upe
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- XIX, DRAIA COJRACTIRY IECHMIQUES gaiq
: s
ﬁ The development of massive information storage and ':‘3
retrieval systems have underqone tremendous arowtn, ;m*;
Accompanying this agrowth in the size of the databases nas I
been a large increase in the number of users anad duration ot li,yf
. . . .-.'
1 usaace, resulting in tremendous amounts of data neinn .
i transferred from computers to terminals. One alternative
. to this run-away database qrowth, is to alleviate tne data
- storage oroblem through the representation of data oy more b
- etficient codes, i.e,, by data compressiaa. "
f Data compression is a technique of reducing the amount ;
of storage required for a piece of stored data by reolacinno i
3 the data with some representation of the ditference s
between it and the data nrext to it, Data combression s
X can reduce alphanumeric, numeric and binary data to a3
- AL
: shorthand notation, For example, 1f 30 alpranumeric AN
5 ‘\:;-.‘-_\"
i positions are allocated to the occupational field of a Rﬁlg
S
personnel database, for tne occupational 9Yecharacter M
. : g
> description PROFESSDR, there are 21 plank positions, R
Instead ot indicating the occupational title, an
i equivalent S=digit data code can be encodes, .
L thereby eliminating 25 character nositions,
[,
148
= 260
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An example of a numerical and binary compression is as
follows: suppose today’s date is 1 Jan 1986; numerical
representations are 01 01 86, while binary representations
are 0000% 00001 1010110, Thus, the numeric compression
results in 6 numeric characters of Storage, shile the
binary compression results in only S5 nits for the dav
field (since the day cannot exceed 31), 4 oits tor
the month fleld, and 7 bits for the vyear (permittina a

rance of 19100=2027),

Accordingly, there are five cataqgories nt data

compression, These fiQe categories are: null suzpzessiac,
Eit~-pagoling, &rua~lan3th, Lalf-byte Backicg, and patiezn
suhstitutian.
1. Iba Hull~Suppcesasios lechaigue

The null=suppression tecﬁniuue has been gne of the
earliest data compression techniques, As its name implies,
it is a techniaue that scans a data string for Trereated
blanks or null characters, Upon detection of suci 4
sequence, the null characters are replaced DV a
svecial ordered pair ot characters, Thre €irst 1is a
compression indicator, indicating that nuyll suppression has
occurred, and the secona 1indicates the number of null
characters encountered, For example, taking the data
stream, XYZbobrbCVF, where b denoteg a blank, the comoressed

data stream would be XYZ@SCVF, wvhere @ represents tnhe
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special compression indicator character, and 5 the guantity
of blanks compressed (Ref, 57),

The technigue for decompression is very
strajanttforward, A search 1Is oerformed for the special
character used to denote the null characters, Upon locating
the indicator, the next character indicates tne numoer of
nulls compressed, Hence, the original string can he
reconstructed,

Tnils technique {s only effective as lona as it s
employed for more than two sequentially encountered null
characters, since a 2-character compression sequence a&always
results, For nronsequential null characters, a tecnniaue
known as bit mapping is uysed,

2, 1Ibha 8i: uana&aa»

This compression technique {s employed when tne
data consists ot a hiah proportion of specific data
types, such as numerics, or a large proportion of a snmecitic
character, such as blanks, As its name implies, 3 hit "ap
is used to indicate the presence or absence ot data
characters, For example, taking the strinag DocKbbrib, where
b represents a blank, the bit marpina string would be
10010010°DKkH, The zeros represent the location of blanks,
and the “ represents the pitemap character, to dJdenote tnat
bitemapping comoression has taken place, 1In comparing
the two versions of the character string, we note that the

original data string of 8 characters of data has been
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reduced to 4 characters, 3 data characters and the hitemap
- character (Ref, 57].,
To decompress the string the bit map {s used to

indicate that certain data characters have been encoded

25555 %

upon and must be decoded in order to reconstruct the
original data string,

This technique is only effective as lona as fixede
size data units are utilized, such as characters, bytes or
words. Also, this technigque s directly proportioral to
the percentage of occurrences of a particular character,
It there are two or more significant occurrences of otner

characters, only the character with the hicnest occurrence

¥y
a
PR R Yt

can be compressed, Another compression technique calleqd

l‘. J'

run=length encoding, can handle adjacent regundancy of
occurrences of all characters in a data stream ([ref, 5R],

3. Iba Bupn~Lengtih Encoding Iechalguas

- .’: I_ ". li_ I‘. l'_ ".

The runelenath encoding techniaue is a data
- compression method that reduces any type of reneatinn
- character sequence, Tne method emploved is similar to the
null suppression, in that {t uses a special character

to denote that this type of compression has occurred, The

comoression indicator is followed by one of the reneating

DS S M M
R AU

characters which has been in the encountered string of
repetitious characters, Finally, a count character

signifies the number of times the repeated character

- .~ _ . .
Ottty

occurred 4{n the sequence, The general character format st

AR
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a8 special {ndicator, any repeatina data chareacter, and thne
Ccharacter count, For each of these codes, the numerous
unassigned characters witn unique bit representations can
be used (Ref 59],

4., Iba Lale-Buta Rackiang

This comoression technique is used when a nportion
of the ©bpit pattern that represents certain cnaracters in a
character set bpecomes reretitive, It {s actually a
derivative ot the bitemapping method, For examole,
considering taking the EBCDIC (Extended BinarveCoded
Ceciral Interchanae Code) character set, which {s an Tun-
scheme for representing cnaracters by combinations of bits,
The half=byte packing can be utilizea, since the first four
bit positions are all set to binary ones to reoresant
numerics,

To compress data into half bytes, up to 15
sequential numeric or predetined data characters i{n a strinig
can pe compressed, The reason of 15 characters resvlts frem
the use of a 4=pit, nalfebyte counter to denote the number
of characters being compressed, The general tormat {s as
gnllows: special character indicating haltebyte
compression, halfebyte counter, up to 255 numerics pnackeqa,
For example, taking the numeric 2112860, the oinary is,
11110010 11110001 11110001 11310010 11111000 11110110
11110000, and the compressed data string is S 0111 0010 0no{

0001 0010 1000 0110 0000, where S is the special character
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and 0111 {s the number of packed numerics (7), The number

of bits has peen reduced from 56 bits to 40 bits,

x

The half=byte packina can also be wused when data

Tatal

characters do not have a repetitive bit structure, such

.
22 %

as tne ASC11 (American Standard Code tor Information
Interchange) tables, which s a standard scheme to
represent characters bv combinations of bits, ASCIY
tables employ 7 bits, A method of délng this s to
rredefine the occurrence of the dollar sian, asterisk,
comma, the decimal point and the 10 numerics, For examnle,

given the amount §1,234,56, the ASCII code would one

? 0100100 0110001 0101100 0110010 011001% O11CG§N0 0101110
- 0110101 0110110, and the compressed data strina (is,

:f 00100 00032 01100 0010 0011 0100 01110 0101 vi1vy, where
| three Sebit stream represent a dollar siagn, a comma and 2
decimal point, respectively, and 4=bit streams represent the
respective numerics [Ref, 58],
S. Ibe Battarp Substitukian

This compression technique substitutes a special
code for A predefined character pattern, that is,
common Key words or phrases can be replaced by a special
code, To use this technique, a pattern tabie is

. required, which contains a set of list arguments (words

.~ or phrases to be compressed) and a set of function
Zf values (special character codes), For example, qiven a
s
o limited pattern table with 1ist arguments: at, all, and,
7
,O
4
.
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ii both; and function values S1, S2, §3, S4, respectively, the
] data stream, all naval officers, both male and female, at
?j NPGS, becomes: 52 naval officers S4 male S3 female S1 NPGS,
; The employment of pattern substitution can pe highly
. advantages when texts with known repeating patterns are
stored in the database (Ref., S71},
6. Ibe Suczary
When the data compression 15 used to reduce storage
renuirements, the overall processing time {s also reducea,
fhis 1s pecause the reduction in storage resylts in a
K reduction of disk access attempts, Altnouan, the
:? compression techniques result in additiona) nrogranm
:g instructions being executed, it is sianificartl)y
" less than the time required to access and transter iata,
5 Hence, a reauction of storaace requirements in tne case als»
,g results in a reduction of oprocessing times, Tnhe st
i effective means of employing these compression
:ﬁ techniques is to combine them as they are needed, denendin:
Ef on tne data to be stored,
B
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XIIT, QAIA MORELS EQR QAZABASES

A data @zodel is an abstract representation or
description of a database that describes how tne data is
put together, The ournose of the data model ({s first to
accurately and completely represent required Jata of a
database and second to allow the datapase to re
understandaole, The data model also dictates the design of
the corresponding manipulation language (DML), since each
DxL operation is defined In terms of its effect on those
modeled data. A DML is a lénquaqe used to access and to
update a database, A DML may be procedural or nonbrocedunural,
To manipulate a database using a orocedural ODubL, a user
normally writes short segments of UbLML statements tnat
traverse the modeled datahase in order to locate tne recori
to he retrieved or updated, Vonprocedural DMl:'s are easier
for a user to use {n ranipulating a database, with tnhis
tvee of DYL, the user does no have to traverse a database:?
instead, the user specities only what is wanted ané allows
the system to decide how to obtain {t,

The more procedural a DwL, the simpler it {is to
implement since the user directs the database traversal,
step by step, on how to ootain data, A nonprocedural O™l is

more complicated to {implement since |t places the
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o responsibility of determining how to obtain the data and, Sﬁbj
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~ -‘- -
3 therefore, how to optimize the search, on the database §¢¢:
! systenm, '.:%::::
;i Database systems are categorized accordingy to tne W
.:.:,1",:.

-
DGy %ad

approach they adopt 1in data model and accompanyina Duls,

WY

The three most reknowned approaches are, &ba b5legrarchial

data 30dal, which usually supports the bprocedural n°L,

becauvse, in general, it is too {nefficient to nertor~
database accesses {in a strictly nonprocedural manner, RXL&
petxozrk data madel, which also supoorts the procedural
DML, because of its efficiency, and rpalatiamal data
Zodeld, which supports, the nonprocedural DYl  because R
. searching, of tables (relations) does not require traversals |

and 1s easily expressed in a nonprocedural manner,

A, HIERARCHIAL DATA MODEL
The hierarchial data model s a tree structure
i organization which represents the data as a set ot neste-d
one=toe=many (1:¥) and oneeto=one (131) relationships, &

one=toe=many assoclation from & record of tyre A to 3 set

,"q-.r, CL e

record of type B neans that at each period in tinme, a Given 4
rg e
e record of A {is associated with zero, one, or & number of i%;i
b ., :. “..-. -:v.‘
- records of By This assocliation s represented witn a iiﬁx
S %
4 double=headed arrow, A one=toeone associatjon, on the other
~ AL
- hand, means that for & specified period of time, & aiven RN
N NI
..‘. |'.‘. GRS A
o record of A 1s associated with one and only one record of 8, IR
- SIYR
| \
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This association is represented with a single~headed arrow,
In 4implementations, associations are carried out by recoru=
address pointers, Wwe term record type B direcﬁly hbelow
record type A,

Hierarchies, although they are a familiar structures,
are very explicit in a data model, If one record type {s not
directly pelow any record type iIn the bhierarchy, ther no
accesses to the record type is vossible, Multiple (Suhtrees)
subnhierarcnies are allowed, but there can only bne one
parent, that is one root = the aprex of the hierarchy, rFigure
53 illustrates the above points,

The basic operation on.a hierarchial database is a tree
walk (traversal), The search starts at the root and
continues to all its descendants of the given recora tvyoe,
until the aquery {s satisfied, This model uses extensive
pointers, These pointers could point to a dependent
child record, to the next record, or to the parenr
record, These 1links (polinters) in a hierarchial structire
are unidirectinnal from parent to chila (descendant), This
convention causes certain relationship to o®* hard to
extract from the datavbase, although they may oe {wnplien
in the data, This anomaly affects each of the basic storage
operations, insert, delete, and update,

Insertions are not possible without {ntroducing a

special dummy customer to 1insert data concern{ng a nexn
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order, until the order supplies some customer (see Flqgure
53), Deletions are corollaries to insertions. The only way
to delete a shipment is to delete an ord?r. an1 1f the
only order is deleted, all 1information aependent on
that order is also lost, Updating a specific record
presents tne problem of either searching the entire model to
find every occurrence of that change or intreducina an
inconsistencv. For example, toe change tne city for a
supplier/vendor to make deliveries for the orders, either
the entire database (s searched for that supplier or that
supplier may be shown in one city at one pojint and in
another city at another point,

Normally, hierarchial datahases uyse the inverted tile

technique for indexing as a way to avoid prolong traversals,

In Figure 53, the leaf (descendant) product can be Jndexe:
by product$#, thereby allowing any record to find its parent

{Ref, 60],

B, METWORK DATA MDDEL

The npetwork data model represents data as a set of
record types and vairwise relationsnips between recnrds of
two record tyres, It is a more general structure than a
hierarchy because a qgiven record occurrence may have any
number of immeajate parents, as well as any numper of
immediate dependents, This model is not limited to just

one parent, Hence, it can have manyeto=many relationshios,
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as {n Flgure 54, which {s the network version of the
nierarchial model as described in Fiqure 53, The network
model also sSupports one~to=many relationships,

Although the network data model does not have the
anomalies as in the hierarchial model, storaje
operations are not as straightforward as exoectedg,
Insertions are sinmple, To Insert data concernini a new
supplier, a new suppller record occurrence iS Ccreateq,
beletions, on the other bhand, confront the user sitn tne
choice strategy, that i{s, to delete shipment associatina
prodyct with vendor, the problem 1{s that tnere are two
srrategies for locating this occurrence, one that starts at
the supplier and scans {its chain 1lookina for a pairwise
relationshin to the product, and one that starts at tne
product and scans 1ts chain 1looking for a palrwise
relationship to tne supplier, Tne choice can be
significant, lUpdatina is straightforward,

Retrieval with most database systems of networik
databases beqgin with accessing a parent record via sone
entry ooint 1into the database, Then the searcn continues
throuah the relevant database records by aetting the €irst
or next record in relationships, Due to its comclexity,
keeping track of where in the database that tne current
search {s takinag place, is a chore (ket, 61],

The ©purpose of ¢this model {s to convey wpnat is

implemented {n the database, Many relationship types can be
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Figure 53. The Hierarchial Data Model
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. CUSTOMER ORDER
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{ Items-for-Order

Orders-far-Product
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!l PRODUCT | ,ORDER-LL\'E_;

I Vendors-for-Product

; CT-VEN 1 Products-tor-Vendor [
?PRODL?-'II'\\E’:E.\DOR; < _‘i VENDOR
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Figure 54. The Network Data Model
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i
‘; easily depicted, and both relationship type and tnhe record
ﬁ type are explicitly stated,

C., THE RELATIONAL DATA MODLEL

et mt
[ALNL AL,

A relational data model, as its name i{mplies, uses the

LY
Y

T

concept of zIselatigbk to represent filles, A relation {s a
two=dimensional table, which contains rows (tuples) that
correspond to Trecords of a flat file, A flat f{le conntains
' no reneating groups, i.,e,, there is exactly one value at

every row and column (attribute) position and never a set

h,
»
f of values, A table renresents one record type and each row
i represents a oparticular record ot that type, Columns are
-
J-. attributes, with all values in a column having the same

domain, which 1{s the set of possible valuyes for an
attribute, An {mportant feature of a relational database
3 is that associations between rows are represented
solely by data values in columns drawn from a comnmnon
domain, Figure 55 {illustrates the relational version ot
the hierarchial datavase, as nescribed {n Figure 83, In
this exanmple, CUSTIMER, PRAODUCT, and VENDOR are
basic relations that exist {independently from all other
- data, Ihe ORDER relation, can also exist independently,
but for one of {ts attributes, CUSTOMERS, foer wnicn no

more than one tuple may have the same value, This attribpute

Co

E implements the Orders=fore-Customer relationship in Fiqgure

>

‘ 53, 1.,e,, Aany value of CUSTUOMER# found {n an ORDER tyole
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logically should exist as & CUSTOMER®# in some uniaue
existing CUSTOMER tuple, The other relations work in a
similar manner [Réf. 621,

The f£iles in a relational database may be organized {n
ary of the Known file organization techniques, such as
heap, sequential, index sequential, hash etc, As
for storage operations, 1insertions, deletions, and

undates are all easily handled,

D, A SUMMARY

In the hierarchjcal and network approacnes certain
relationships are represented by means of links, Basicallv
such 1links are caoable' of representing one=to=manv
associations? the difference between the two approaches is
that with the latter, links may be combined to model =rore
complex many=to=many associations, whereas tnis is not
possible with the latter, Another difference, not
emphasized 1s that links are generally named jn a nerwork
and anonymous in a hierarchical,

The relational model oraanizes data into tables ot 1like
data and supports intertable linkages through common
data occurrences rather than pointers,

In short, the nierarchial data model s the mast
natural, the most tamiliar and best understood one w~hen {t
is used to represent the engineering desian datavases, In

such a database, we have records on assemblies, records on
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CUSTOMER(CUSTOMER#.CUSTOMER-ADDRESS,
CUSTOMER-DETAILS)

ORDER(QRDER#,CUSTOMER# ORDER-DATE,
DELIVERY-DATE, TOTAL-AMOUNT)

PRODUCT(PRODUCT#.DESCRIPTION,PRICE,
QUANTITY-ON-HAXND)

ORDER-LINE(ORDER# PRODLUCT#,
QUANTITY-ORDERED . EXTENDED-PRICE)

VENDOR(VENDOR#, VENDOR-NAME, VENDOR-CITY)
SUPPLIES(VENDOR#,PRODUCT?)

Figure 55. The Relational Data Model
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subassemblies, records on components of a subassemoly,
records on parts of a component and records on inaividual
parts, These records naturally form a hierarcny of
engineering desiagn database, A hierarchial database system
can best bpe used to access, manipulate ana update the
engineering desian databases, The network model is the nmost
natural, offers flexloilility for an 1inventory eaontrol

application, In {inventory control a oraduct may have "anv

suppliers and a supplier may produce many oprocucts, =~ LT

;? hnetwork database system can easily manace, access ana uwdate
- these many=to=many relationsnips, The relational data rmouel
is efficlent, understandable, for interactive yse and ad hoc

aqueries, It i1s a relative new entry to databhase mananement,

I'he current commercial database machines are relational, for

,
L

. example, the Britton=Lee Intelligent Database #“achine ani ;F:

RO
- the Teradata database computer, ORC 1012, R
A", ‘-’:\:
.- By
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XIV, QIEEEREUIIAL EILES

A failure or breakedown of a database can ve
catastrophic, if there is not any king of zecauezy
techniguas to recover the data that has been broken down,
A recovery technitue can be used to restore data, {n such
a sftuation, to a usable state, This 1is acconplish ry
maintaining recovery <«data to make recovery passible, It
provides recovery from a failure which does not affect tre
recovery data or the mechanisms wused to maintain tne
recovery data and to restore the states of the data in tne
database, The most popular recovery technique is the use of
diffexensial £iles.

A differential file consists of a relatively small
storaae area, in which all database alterations are
recorded, It is an efficient method for storinag a large and
changing database, It is analogous to an errata list for a

book, Rather than print a3 new edition each time that a

change {n text s desired, a puolisher distributes an
errata sheet along with the coox that identities

corrections in the book by page and line numbper,

Under a differential database representation, the main
files are kept unchanged until reorganization, which can

occur basically at any time, from hours to mONths,
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dependent on usage, All changes that would normally be
made to a main file as a result of a transaction are
ingtead registered in a differential tile, The
differential file 1is always searched first when data |{s
to be retrieved, Data not found in the differential fille
is retrieved from the main database, Verhofstad in ([Ref,
641, describes an efficient hashing method to i{mplement

the recovery technique,

A, THE CONSTRUCTION OF A DIFFERENTIAL FILE

To 1implement a differential file, a small associative
memory in the form of a bit map accessed by a hashing
scheme is used, To reducé the probability of making an
unnecessary search in the differential file, the database
system checks the bit map to see whether the bits for a
record are set or not before accessing that record (see
Figure 56), If the bits are set the record is oprobably in
the differential f£ile; otnerwise, the main file would have
to be searched, The hashing function maps the record

address onto a numper of bits in the bit map.

B, ADVANTAGES OF A DIFFERENTIAL FILE

Severance and Lohman 1in (Reg, 65), describe gfive
advantages of differential files, The girst three
advantages relate to the .database integrity, i.e,, the
correctness of data to be recovered, They are, reduction ot

backup costs, speedup of recovery, and minimization ot

Y N A A T T
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i serious data loss, The other two advantages are operational;
a differential flle can provide increased data availability
b and simultaneously reduce storage and retrieval costs,
i, Ibs Basductian af Backub Costs
To recover data from a database that has failed, tne
status of a previous state must be reloaded, The method

avallable to generate previous states employs either a

total dump, or an incrementsl dump,
A total dump of the database takes place when the
i : backup copy of the entire database 4is reloaded, The
. frequency with which the database is conied to ({ts
backup file is dependent upon the database ysage, When : 'J3$
FE it 1s impractical to dump the entire database, an ’Eﬁgi
incremental dumping is performed, in which sequential
;E sections of changes made to a datapase are e
periodically dumped, Frequent dumps permit fast recovery, ROy
byt are associated with a higher system overhead,
A differential file can drastically reauce the cost
o to backup a large database, since the time required
for- a dump is provortional to the volume of data pelinag

- copied, This {s particularly true when the proportion ot

P
[ AR
*s e

records changed during a backup period {is snmail, For

D
..‘ .

example, 4 total dump may require up to 6 hourg, assumning
that updates are made 5 days per week, 10 hours per day, A

differential file on the other hand, ¢for the same reriod of

Pyl

RCOARREY

time, could be dumped in less than two minutes, Moreover, a
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The data base
system oOberating
on the data base

The data base

read-only data base

read/write
differencial et
file
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bit map ! o
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tal
foivfojofifofe.eufrf. jr].. |0 ,‘_ -
. o N It
hasnhing function (record r) = -bit pattern- {%{$3
S
The bit map suggests that record r is in the differential i\i\\,
file, because the bits set in the bit patterns produced RS
by the hashing function are set in the bit map. Foss
A differential file technique using a hashing scheme. T4

Figure 56. The Differential File
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diftferential f£ile would occupy 1less than one disk as
compared to over 50'tor a total aump,

A differentjal fille also permits both realtime
dumping and reorganization with concurrent updates,
Durina a conventional backup procedure, no updatina {s
possible, But by building a "differential~ditferential
file", updating can continue, For most applications, this
file will be quite small and can be reasonaocly stored |in
the main memory. Acting as a cache store during the dump,
it 13 scanned before every retrieval, when the dump has
been completed, its records is incorporated into the main
differential £ile, The  same procedure would apply for
online organization,

2, Iha Steadup of Recouery

The major portion of recovery ¢time for for a
traditional recovery method is spent individually
reapplying updates to a small fraction of tne restored
records, This small subset of channed records guarantees
that even Jlocalized physical damage will vrequire a
lengthy recovery procedure, A differential ¢file, on the
other hand, by concentrating updates in a small physical
area minimizes the critical exoosure Aarea of the
database, Most physical damage can be quickly repaired with
a localized backup=copy procedure, Also, the critical area
can be allocated to a more reliable device type than s

practical for the larger main flle, and this critical area

LARIMANA 2 e die g s s aa




can be duplexed to provide the most valuable redundancy for
& marginal increase in operating costs, Moreover, since
the use of a differential file can dJdramatically reduce the
cost of dumping a large database, an inexpensive dump
procedure can be invoked frequently to reduce the
number ot changes to be remade in the event of a database
loss,
3. 4o Incraasa of Data dxallabilicty

Traditional online updating requires complex

software to assure data recoverability, Therefore, updates

are normally batched for endeof=day processing, to minimize
overhead, With a differential file, since the npain file
and its assoclative index s not affected by updates, a
less complex and more efficient sottware procedure s
required, thereby enhancing the achievement of a qreater
density of data storage, Neither free space nor record
pointers need to be allocated for record growth, Moreover,
the cost reduction that a differential file provides will
greatly enlarge the realm of database systems,
4, Ibhs Sunmazy

A difterential file is the most popular
repregentation of database recovery techniques, By
localizing modifications in a small storage area and
physically ({isolating {t ¢from the main f£ile, it 1is
possible to realize some important benegits as

atorementioned, A differential file is conceotually
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simple, i.,e., 8 dominant characteristic of a successftul

implementation,
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D XV, THE SUNEABY QE ZME IHESIS e
: P
3 Computerized database applications have grown over tne géﬁ
. past thirty vears to a point where they have now become a Eﬁé
3 pervasive influence in our soclety, For the past thirty ;ff
years the conventional magnetic recording has, almost fii
exclusively, fulfilled the online storage requirements of tff

this database applications community,
As the range of applications has grown, a continuing 'f
. concern has been the cost and access time of the online é:%
: database storage, A wide range of technologies have been li
investigated to address this challenge, As rapid as the Qﬁg
. progress in the storage technology has been, the neea for [::
more capacity with faster access has increased even ;%f
At
greater, . 2P
while the conventional magnetic recording {s entering E;;
yet another phase of explosive growth in applicatlons and E?é;
advances in technology in order to meet these stringent ?;ij

requirements, the optical disks have begun to challenge

the magnetic media, There are pressures to break free L.

- bt !

I of the limitations of magnetic storage where large volumes

of data are i{nvolved, These pressuregs come from tne
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and the development of new applications such as storage ot
digitized documents where large volumes of data must be
stored at a lower cost, Such applications often demand a
cost, capacity and performance combination that is difticult
to achieve magnetically, The optical storage is able to
provide a performance that s competitive with the
performance of magnetic recording, In fact, emerging
ootical technologies are already capable of replacing
magnetic disks {n certain applications, However, there |is
no sinale technology that 1Is right for all applications,
whereas technologles such as RANS are fast and technologies
such as magnetic disks and optical disks are inexpvensive, we
Know of nothing tnat is both fast and inexpensive, Thus,
database installations often have available a wide range of
different storage technologies, The needs of an application
must be analyzed to determine the appropriate tecnnoloay to
use,

In this thesis we have examined high=volume, one=line
storage media of current and emerging technologlies and
software techniques for supporting these on=line, hian-
capacity storage and access requirements, In the first
part, we have analyzed such media as vertical magnetic
recording, thin ¢€i1m media, optical data disks, magnetoe-
optic disks, bubble and Bernoulli~effect disks, Then,
comparisons and evaluations of products and oroduct

categories have been illustrated, 1In the second part, we

(3 S R s
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haved reviewed the nmodern goftware techniques for on=line
database storage and access, We haved explored the
techniques for data abstraction, data access and retrieval,
data compaction, data models for storage, and differential
files, There are advantages and disadvantages to all
technologies and techniques, The individual application of
the organization must be used to dictate the specific
requirements, along with its financial constraints, WwWith
these requirements, the organization can then take the
advantage of certain strong points of hardware technologies
and the software techniques and utilize them in weeting tne
requirements, This thesis has provided a comprenensive and
up=to=date anelysis of the strong points and weak points of
the hardware technologies and software techniques which 1in
turn make it easier for an organization in meeting {ts

requirements, for online storage and access.
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