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ABSI’RACT

BANG (Balartced and Nested Grid) tiles providefast accessand updates
of largemultidimmaiasal databases maintaid cmaeccmdarysttxage. ‘llris
research extrnds the applicability of the BANGfde structureby allowing
bosh@llXmiC●dditionand dyrsOmiCrmmvd of titIibutSS.

Two new techniques, %rectory MaMkatioss Technique(DMT)” and
“MultipleBANGFileTechnique(MBIT)” have bem developed andm.mcd.
DMT USCSa geoosatricd a~ruach to acconrrnCdata the changes in the

rrumhcrof attributes while MBFT uses separate BANG fdcs. Both of these
methods mc twill rspar the existing BANG fde data structure.

‘llta number of disk accesses for the DMT when appropriately normalized
shows a Iirrear relationship with the fractkm of total records whose
attributes were modified. ‘Ms method is superior to the traditional
regmeraticn of the BANG ftle for attributemodiicatimrson less than50%
of the records in the data t-k

MBFT shows significant improvement ovcz a single large BANG fife in
the number of disk acccsseJ for range and panial queries. As the fraction
of the total data se-archedbecomes smafler, the improvements korne mom
dramaac. The absolute reduction m disk accesses is mhanced as the range
increases, or the number ol attributes in the partial query decrease. This
method is particolarIy usetid for those files with large numhem of
attributesor, where the data is dkibutad over a cunbmatiorr of
attributes.

1. INTRODUCTION

Largedatabase xpplicaticmsme oflm designed so that major portions of the
data reside on secondary storage. Access to secondary storage is relatively
slow canparcd to operations on data in main memory. As a rssulL the
time used for retrieval of data from seamdxry storage cars bcsne the
dominant factor in detcsminirrgthe pmfosmmce of the database system.

Permission to copy without fee all or part of this material is
granted provided that the copias are not made or distributed for
direct commercial advantage, the ACM copyright notica and the
title of the publication and its date appaar, and notice ie given
that oopying is by parmiseion of the Association for Computing
Machinery. To copy otherwisa, or to republish, requires a fee
and/or spacific permission.
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The BANG (Balancad And Nested Grid) file structm hasproved to
ha m cfficiarrt spproxcb to mirsimirirtg the number of accesses to
secmndsrysuwagein response to queries, or for addition and deletion
of records with multiple sttributaa.

Many practical applications however mqrsirsan sddedcspabifity:the
additionmd removalof attributes frcm an existing database either for
some of the records, or alf the rewrrds. For this reason, all recent
rclatimmd databases allow the additkn and removal & attritwtcs.

However implementing this cspabtity in main memory may not he
optimal for databases msidmt on secondary storage devices.

In view of the established superiority c4 the BANG file strucuwc
[FREE 87, FIU?B 89A, FREE 89B and I&IN 89] in minimizing
accesses to aeccmdary storage, it is highly desirable to rnvastigate the
efficiurcy of this srrumrre with respccs to the addition and rwnoval
of attributes. A naive md obvious approach is to change the contents
of the entire database whmever we add or runmc ●ttributes fnnn any
record. Howaver this can be highly inefficient md carssanously limit
the qrficability of BANG fdcS in mOrlY pmcticd @iCdtiCSSS. To

date these is no published work dealing with effkient approaches for
the addition and rcmovaf of mtributcs from BANG files.

Tire goef of this researchis to explore two new techniques for the
rurtovafandadditionof attributeswithinthe stmcturaffmncwork of
BANG tlfca. The fmt technique is termed the “Directory
Moditlcxtion Technique (DMT)”. A change its the number of
attributes (dimansiam) is handled by modifying she missing directory
entries (region, level] the &ta stored on secondary storage is
rmaltered. DMT is based 0ssa geometrically derived transformation
function. The secmd tcctrnique is tamed the “Mrdriple BANG File
Technique(MINT)”. Recordswithuniqueccmbinatiorrsof attributes
are grouped into distinct BANG files. MBFI’ allows dynamic
modificationof the number of attributes by movbtg recordsfrom one
BANGfile to another.

frrsection2 we d~ribc these two new techniques for adding and
mrnoving attributes from a BANG fife. In sedorr 3, we present
results f-each of thcae methods wbcrrwe ●dd and rem-e attributes;
comparisons ass made with the naive (rewriting) approach In section
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4,waendprhe xdvemegesd eedrdthemethods, endamrhrk
with reuntmraxledall re’gediq the urnof rlbeseInaknls.

2 TBCHNIQUBS FOR DYNAMIC ADDllION
AND RBMOVAL OF ATTRIBUTES

Be&wedwmibing thexe new lectmiq-, we will dexaibc. en intuitively
obvialseppmecb fore&fidon mdreamvxfofmriiteswhidlwetermrk
“Neive A- (NA)”.

Nehe Apprnuk (NA)

Anettrilmte (aakey) inamuhidimmaiond dxtxbexecm bexxwcietcd
widtadimQ&m. Art Nearibae &tebese cm beamtidemd xxt
hyper-rwamtglein m NdimenxiaIxI xpece.

Tk. BANGtWamctum aaaW@8Hmbw=Jtfre&
bu&eu, endtbeqions rnNdimeaximeIspec= thucxxuzinthedux
vduex. Ngoridxnxforexiedng BANG fikeomskbUrermmberet@xnes
fixed. alengin8etrributex for90meorell record4requimxthecrutionof
● new BANG file, with new (mrxiitled) mxnkr d et@aee requiring

. .mOd&mnnofrhe *rnevmydetx Lwia Sheethaedete Lwk*xm
uxuzliyrexidaltc41KmnderyBtorxge,thitqpfOeChiIhxxvilypedixxd
inlheeazsat ime. Tllehmrxmng“ Sdthixmetboderep erricukrly
evidmtwherrtbenumberof ettrihXr.Xiexltemdfmcmlyannellnumkr
of reundl.

Irrvixw of the8eb#cxn@9 it is nccexsery to expiae xhcnmte
eppme&s fcwtkedditkn e&movxtDf etwlnumtiem more
dficimtintamx ofecoexa toeecderyataxgeere rxquirwl.

DJRECI’ORY MODIFICATION TECHNIQUE (DIW)

WhmmurriLxne ixeddedormnovcd thereixadwge intbentxnberof
dimenxialx itixpcxxibk ro modify the dkuoIyentrie8 witboGt
rxdkIrihu!@ therecude. -l?lixIeadltoxignifkentwingxirldiakeuxw
timecwerrhe NA.

hlOfrkX tOibSUWCthCbUiCit@~ aspeciel, sinrpkprdriem
fiembtia~~d dm-mabtietitiatd~
complicxdoru. Aderzbexe with two eurihex cxnkrepeaentedeaa
rectengle m 2-D spa. xey X-Y pl=re The ediitkm of ● thirdmtribme
Chxrtgexrlterqxcsaltuicm tolhreedimmxmn“ S,X,Y, end Z The 2-D
~af-sb X-Y~bti3-Da tiaktiwb F~
L ~h~rn X-Y~rn2-D~ tiern X-Y$mern3-D, ex~
tbtrbevxlues ofrhezcoodbte emx=’a

~ ‘~

l’” I I** II
~~

x> x>
2-D 3-D

riqurc 1. Distribution of sat of ?olnts in 2-D and 3-D

‘ftrzrarmvel ofettribuces isdxobexed cxltkpmctrr “cd qlpmech. k

tia=kism~mu=titivd~dti~ti-
tig~a=m.ti=ytitimis~f-mtik
wirhdimarsiata, the detecatberxprcxmtcd in H-1 ‘lhmen&UbycuiteMe
modfkUas totk&ectorywidmu rdkbmng “ rherecais.

f% the ebove xirnpk exempk it is not diffiadt to implexnmtthe DMT to
edd end remove etuifxwx Howeverfor moregenad pcblenq ncxet4y
thoeethu invdvebddiex, rftexauaure ofrhc BANG fikimrodu

xe?iouscurrpficuims. A mnnber of probkxrtawcor U e!moetevery
rtege,enditix rrecexurytodevdqr individud xpprm&etoherrdle
~ WI which rrnke thh a highly involved end ccqnpfex

‘Iliedetxik oftkimpkmotimt cftk DMT intkgmerdcese
ercmoinvolvod to be IUixfWtorilydwmibed hem,enddrerexdelix
txfencd to ~CKU 91]. We mention krx thet in the dcwlopnent d
& DMT for the gwterd cexe SUM rmexpccd prqerties of the
BANG fik rtructure ha= - oncowm$ these be- not bees
pubLishdirt tbeliterxturxbts hevetheeffect ddresticdly incruxing
tkccmrpkxity of&vdo#tg endcoding forthc DMT.

MrWpie BANG Flla Tecbnfque (MS~

lhiszpproe& fortheedditkn endrxmovdof mrihdexdiffersfrcm
tkprevious tedtnique bymeh@ing ~BANG6kforeech
Unique canbinuion ofemihee. Multipk 61aeregaiwetedto
ewmm&te dtengex itrthedimenxicet orthecunMnxdml of
emitMczintheduxbexe. WedemribetbeorgadzetiondtbeBANG
files foflowed Lythediscusxim d edditicw xnddektim of mriitw.

Orgenfzatka of Multfpk BANG FWee

ConxidertbesingleBANG filqwhaexIlthe recordswirlrdifferau
combxtim xrestorwl rnarebigf~ FO,ilwadrf fookas shownin
Fwure2a. ‘l’heMultipleBANG fdes, corrctpcding to thesum dxtx
is shown in Figure2b.

Sinqlo larqo MXGCila ro tlultiplc MIIGfilas

a Ocd

● bOO

● beO

● Ocd

● bed

(a) Tm&icxd (b) Multiple BANG

Figure2. Remrd Dixuibutionirr’Tre&ioo#, end
‘MultipleBANG’ Files

lntkebove dxtzetl therecords donDtheve en4attrilnltes.
Instudddmzinhg x IXW BANG file with four emibutex, the
rxcnrdtcabe&triln@in todiffmxuBANGfileseoxdingtotk
mrmkr md combhetions C4tk mtrihrtex. AltfraIgb “ah’and ‘xc’
heve tk mrnc mxnber d attributes,the cornbinetiorris differentxnd
tiusere uorrdin xcperxtefikl.

Eedr BANG 6k uxtteins ● mique set of euriMex. As he
md&edmrs (m~dort) d emibmex u increwd, dm
armtinetia rof~xlxoincmaxa
iilex, ( 2**n

,-rn*@fedmof
-l, inthewtnt axe, wberenixlhe nmnbcrof

UtribU@ Intheebove cxmtple, lberexre 4atdmtcx, tzkingxll
cun&netiaM iruoarruidxtxtica,therean be 15 fikB. However, in
pncticd n-, the numbermay be cmmitienbly Iowez, kceuse
dl the combimtimu msy not be prexax.

For eny operxtiar, rnduding xdditioddcletb d recudx, or query
*.,kk_@~tieBNGflem~tdtitit sad
ettnibuta. ‘fhe operztion is performed efter loating tk tx+ircd
file(s). h ase of prtiel queries, it may be necessery to sexrchmom
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dunonefIlq tlmskbmemidfhuwoor@zetboodka iondBANG
fikains udtawsytbatt besufdlism ssmdiycffii

‘fhsmue tnmypasiWti=, tmcistosiotetbe BANG61aumosstIm
Oodosdabinmy ssudtttee. ‘ntis stmuuteis tpitedfida ttfaatesad

wqfofa~q-y,---BMG fikmwnadtobm
SeMcbd. bf13awo381qwbal dltbe6ksuetobe acudn34tbi8win
-assstcb ddlee4xi3’otme.

lAnkrdlists (witbtbc BANG fik=nessbs desnesms\amnotasdficknt
mttessforcssct qucrics. Btxiiis ossytoupAm tbslistsutcquimdby
sbsa@iticmhnovd ofmtrihtcs. Toduatbem isnobcstsaucsws
W8ildAtopmceU~qwry etTMmly. lllem3tbotfmposc9

b followingmnmm toq- dw BANG tiles.

LASb k 4 ~ ( ‘a’, ‘b’, ‘C’, ‘d’) in ● databc. ~ 3.,
illustmtcs dlposdbk BANG f&ondorgm&th oftbcufflcsusing
Iinkodlisthslmaum. A334rmywitbtbesi180f tbemm3bsrdUtrib@9
isn3d?ltdlKld. BK41dmtK@oftba Amy isamdstedwithalist. kb
damtmtin slimis~BANG ~mdtblilmumea uoumngedia
-~ -.

, ‘EI-’D’EK’EI

I

, ‘EO’m-’El++’EWEl

, ‘EI--’EEO+EEIEI

, ‘El

?iqur* 3. Organizationof Multipla MW ~iha

Mota t symbol El r*prOsmts ● MnG fila with
attrituta o●’, ●nd “b’ .

Fmme-~d4~’w,*tihlsaMtitifm
amibmuh~. Incucda quayiovdving srttibutos%’md’ d’,
lists d2,3, aod4aariLnncsncaftobcscmchcd. Intbia@cularcaso,
it bccancs sr8ngcque3y for!ilo’AD’ mdaputial tpwyfoffik.8’ABIY,
‘ACD’, ‘BCD’,and ‘ABCIY. k the files uc foun~ cpcmdomm cd
fikarebmdW Uintbcasaci asir@c BANGfik.

Dutingaddih andtwnovddacributu, tbatn@ozdiskaccaossmdus
totbcupducs dmmds, dbcbanga ioomAe.rdsttriMu.Tlmcis
noncdto zewtits tbseatirc&sbase. si13a&SUsmSqiUSwtikSfot
OaChuniquoSaofufzibufu,t13misnonadtoded witbmuimlml
stwiiforsvay qmation, asinthe NA, aod DMT,

3. RESULTSAND DISCUSSIONS

Tbe DMTmd MBITwctcdevc@ed utdtc.stcdfordynunicmodi&&n
@Mition,uldtunovd)ofMMal@s. ~wcmnudcwithtk
‘Naive -’. Rssults, discussion, md simtthitm Spcci6atica for
ud3tnctbod&tcpmvidedSqlUUdy.Uuifwmmndmndbt!ibdaltmc
uscdtogmwatc tcdfiles. Pefformm=cvduuimi sbucdontbcoumbcr
of disk uxeases fosmcbof tbctwopoposcd tcdmiqucs DMT, md
MBPT,sunpucd withtbe NA.

ReaIlts and DlsmntIon for DMT

Evduatir moftbistdmiqu eisbssc dontttcnumbofdiak sccascsfor
ddhionudmsnwdof~sscmnpued totbnumbrtidiak
accascs with ths ‘Tmditiod BANG file msthcd

Addidon d atributu ( 2-D —> 3-D )

Stmtwitba2dimosuia3al datas8dmodify imo3dimmsitmd4kt8.

Romovd & utribwa (3-D --> 2-D)

stuswhh83dinm&md du41nodify it&2dimtAaionddata
(usingthe D~

*D~wudm2-d~ti~tidl,~,2,~,
and5,000teu3rds incacb= Iltctwo sctsddttatqmaatt
diffemal mdisdom Ofmdannunlbcn sndaleuscd toatintstetk

v-oftitiw. Fwd dsts*disk accases, dAta
~.~- ~ Wac Ca3tputcd for
additianMolaionofutributus forlQ23,40, md50u dtltatotd
numberd tecards.

'Ihtauksdd3edisk acce8tufordditia3 atd&lctia3dst@xtwl
Umwpm&gtotbc twoscumonnsimm t. MSe@attly tha tcsults
-bedkcusaedf acaedatas im,namely WJtk

lhcrcmtltsof tbcdiskac ccsscsfordd ition datttibutm
~totbcabove~isdtown o13Pigu3c4s. ‘Ilwybave
boaI nomdizcd by the datasccaw for mctwsb d the BANG fde
ftont IcntdL ‘rkrmultsfw&ktiata3c dtowninPigu3’c4b.

Addilion of Attribute
Iuvsoul

m,?,

/

n

la

1*.

R@movolof Attribute
Iubom

Osrolsmmnmm **

xaamoms~

rig 4(b) Ted fik I ( n = S,COO)
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.—

lb nofmelimd &k xccesa Sk coneisteu bdwia during
titid~dtiti@,fwW&uMmddmti~
tit!uceliaesime. -InerderionshipcxubewdleppmximBlcdby
alineduougb tbeoli@withaskqle of2, especMywbcn Ebe
Qumberofmcuds modifkdi sk?qamseqllealy, iIicfeulrbxEtfIe
DMTusrqmrior torwgenctiof tbc BANG file for
A+iticddeldon afewibutee forhdflhe re@lli:dti&u WE,

‘lkeeomd lccfmi* EbeMBFT, aaeetbe dctcrnmultipktiks.
A~BANGfikie~rcdfm~ miquecanbindonof
ea?ibua.

Ilmwc m two impmxntmiderxdms in evaluating the Multiple
BANGfiksppmec& mcdeafxwiIJIthe &k~~~titi
Ebecrcadcc lo frhemc,cn dlbeseumdwisb fbeeEcesaea@mecu?d
whbdbequeliea. ‘Illedisk-eu usoci@witfl thee&lition, md
-of fwclndexlcwenlm&cmod: nemely four disk acccetcs
for * opaednn. Comequmtly, testing of rhc melbod we8
reetriaed exclusively to did ~sa nwulting fmm queries.

Q=-wk*inEothmcws: cxwEquerics,rxnge
qMCkdpUtidqMriCs. Inexect qefice,thevalw dell the
●rihttsx mspecifid,m dfindingti mxdamsists ofsemching
b bdet in which the mcod iI stored. Exsa queries requiretwo
diek _ecc for lxxb %ditiad’ ad ‘Muhipk BANG’ files; EIIos
tbelcil uonecd Eopelfomeay-, &Ihemsllits afeknownkl

bgc qucfh Spcdfy Ibc rangeof ell emibtcx. In pcftid queries,
tbmngeixspedicdfofmeor~~e )nnnuforxflthc
UUibWM. ~ ellowsbk -S ere _ fof 1~ WfIO#C

mngeeIc notqx&fk4i Thissec&mdeds witbthecomperkmof
disk ucceses fa mge md @xl qmics.

Redtx aad Dklldu rnr
R8Dge QlmYieJ

Compwkmofdkk- eesfovtheN A,endtheM BrTwemperfowned
nsing3dete cixu(loa).20m, end50w) wiUlulltcatElibulce. Pecvdl
deta*thclJlild mIihltc wexspe&edfor2s%, em!50%oflbtotxl
mcde. Canider aecxxmple &2,0Wrxwrds witbthm 8tuiLxxtea*8”,
%’,end ‘c’. A V&KJfff ●C’ IMy & qeci&!d fmdk ~% (~ mmdx),
cc SO%(loa) mcartk)fortbedet&Ehe KSEofEbelcccds xmeaeigndl
-vshlefol’c’ 8Elhte.

‘lbmgequc~ wxepufofmedat Uueemdbutes, endtbe~ecbm
V8&dfrccn lotoso%irl bawllmu of lo%. mlwutExofrbe&k
eCCCSSC4faC4dldtblU3 dXICS&9efe ~lkEeEIL ~t&,tbc

mIlIE8ceubedixawcdfor and8texixq nxmcly*s.ooolccolde.

Pigumes. abowtheccasbea ImAlcdon iediekmseJ fcc Ibe MBm
~tbe NAfaellren~veb. Aadtemge incmm, thedifferentw,
gcu larger,A he mperidy oflbe MBFTixdCdydmanrmd.

-r
A
v
c“ .
R
A
G
E@ -

D
:ID.
K
A~n. /

,?
,

RMCX SUE

rig S(b) ..5me(m9eh*dt*. )

Diskecamue bowarm-limemd cpmdawonlkmnge. Ingenenldisk
wxeesceeppruloiacreexc aeapowerof lherengc. nispeuernueuxl
fofthe Ewoceew with2s%, andso%of Ehethirdemibule-.

. .Addmnn@aeimpk_fnxu 25% IoSO%isootobaemed. A
con@stm &dixkeccuees forthe'TAidoml' BANG filemethod, xnd
‘MultipleBANG’W fw the lerga rmge.s.&owI ● rducdca & 60%fee
bcslcwhecw moflhefecoldshave Ehirdearlxllc. Thcmduaionis
evm mac 8i@i6ank ennmd 45%, for the cxsc where dy ~% of lb
&ts hss he thild euxitelte.

Remlb and Dkadcms for
I%rtkl QtIeAx

‘he CUI@SOO of diek eccesecs for pedal qIaies fa die ‘Traditionxi’,
and “Mubipk BANG’ fik wem meted aI kc following exempla.

FOIJr●mibtncs (4-D) were dtoccn 10 simulew cane d fbe axnplexity b
Meriscin patielqucricssltb ennsnbcrofmiblltcs ieincmeled. IEwel
ekofehtbet sdembesc witblcestfun 5,000 mxmkwcddnntbe
~ ●+bk in Icnns d records awomterd.

~ bbe ti 4 xUfifaIICC,‘a’. ‘b’, ‘C’, md ‘d’. Fiiue 6, sbowv the
xclual Lunbbb et ●tibtes xnd nmnkr d the raords dimilmlcd in
different 61U, wed for peltixl quay in the Simukioa,
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*Traditional’ ‘mlltipl*Mm’
—

PARTW. WERf ON ‘M (S0% SSARCN)

t+

● bO 0-12’0 ‘-’’-’u “1”‘-’
● bc n ‘“”‘w’O <—12S0 rccordz> ● b c

la-

A

/

11 as

v
c lm
R

$
fm y
~ /’

,’
Sm /’
K
A ,y’”
~a .’
c 27 ,.’

:a tqr ‘
s

; .
0

ta

I=d-’” ‘*C”’’’--’= ‘“” ‘-’
I I

Piium 6. Single Imge end Mubipk BANG fila used for

-w

Iu~germrd fourmritmSede2ese2,ihere an be fourtam pmtiel queries,
end s rangequmy. ‘k@ qusriesem ‘d, ‘b’, ‘C’, ‘d*,‘eb’, ‘cc’, ‘cd’,
‘bC’, W* ●cd’, “abc’, ‘Ad’, ‘eCd’,d ‘bed’, end tlse renge query is
‘ebcd’. Tlm dela dimitmdon Seleaed bme ellows eurilmtes ‘a’, end ‘b’,

end ‘C’,ad ‘d’IObeiWdmI@. ~UUidy OSiyS8Vm 2YPSS
d patielquaiesDemely,%*,‘q‘eb’,‘SC’,‘Cd’.●C*, ‘A’ d
mserengequery*ebcd’esisL

Perliel end mge queries were selected fa tbe fdlowiag
cas21ine2imss%’,‘ah’,“cc’,WC’, ‘W’, ‘cd’, ‘W’, end WC&. A
rengedlo%, w%,endso%ismkea foreecb cambineiionof
enrhw!a. ‘kreslge4ster2 etdiffermltp3ShkSlai.e&o,2soerld50%
foredemibwe,

W~q~faW(mdb’~’)_s8pd~fw
tik ‘ABD’(’ACD’) md ‘ABC!I)’,Si@VekdYl @ ● ~ seed. ~

MBIT rquime lew Iben 7/l(kb Ibe •~~sa requiredby he
NA. 7%ediffemmairsti~ ga Imger es tie rengc is

7be0t!smwdresulrseppeer20dependon2wokeyqum2ities:he
pementaf deteseercbde ndtbemmtber tieuriMcsrmedrn she

w.

PAWAL QIJIWYON ‘cd’ (25% SWW)

Aeemchis seidtobe 100%, iftisearcb mverstheendrefik.
Stidy~, mdti%~ti-k ~ttitifimk

LaosOmsider lberesu12sforn2wW’riblmpeltielquery. Pigu2w
7..elmw shedisk mess for perdalqnssice %b’;bd’, em! ●cd’.

PARTWL wFRf ON lob ( 100% SEARCH)

.— —-l-—.—
1- Sm

flq.7(c)

querisefar3mtsilx-, ’ti, tiw Pig12m28.Itm
alz-bdtifi’m (so%end2s%
mspdvely). ‘nbeimpwmas ir2tbedi2keccaesd2kmF1’m
evenmoredremdc,mquiriqkwti~%of~ ~ requirmi
bydmNA. A@blsedeoMediff~gX~mmtiqeti
incmmd.

'Ibbr&cttillmnmberdmtribufesos sprtidhngequ ermsPiiure9
9., ieermbya2mpmi4 thameolts ofrhe2S% ewdi, querie2fw
‘cd’, end ‘ebcd”. It is semrIbet 2be lergeet dsohue &5eremm m
disk eweesee betwesmd2eN&snd MBSToccsu for ‘cd’ end tic
mnenee2far’ebcd’.‘ftrevolrm2eofrlmdete epecethet fenswi2bin
lhespmii&drengefm mgivsa@alqusry isreleiediotbennge
end2tmrlmnberofenributes.

RANoESIX

+Wvcmmn -x- mum! m

nq. 7(4)

Pertielquery’**reqaimea100%seerch.12beawnesamgequery
for lik ‘AB’,m@d fw ‘ABC’,‘ABD,md ‘ABCD’. ‘lheMBFI’
rmeefour6ks,mrdnecdsbetweca8 to12eddidm2el diskeccemes
overrbe siugleBANGfik Theeemcb aft&eeeddidmel BANG
61eeiuimduces 6diskeccessa (2per BAN0fik). ‘lhereelso
~bbamd~ m eccemesresultingfmm maldple
eccuees ofegiven’eb’ mgeintbe ee+uate BANG fila.
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inaettioddektion C4attributm DMT preserves the existing data stmctum
of the da~ and modified the dimension of the directory to reflect the
addition or &ltnioo of attributes. ‘lhc MBFf genemtes separateBANG
fiIes for CA uniqtreeombiiation of attributes. Both these new methods
have beur developed to deal with changing attributesfor ● prim of the
data, rather than for the whole data MI. lhe Naive Approach (NA) has to
recreate a BANG file from scratch each time the number cf attrilattes are
moditied for any record(s) in the data set.

Cunparisoo of both the DMT the MBIT with the NA were made on the
basis of disk accesses required for addition and dektion of attributes as
well for queries.

The first technique, DMT, has beur developed to allow for arbitmry
addition and/or deletion of attributes. ‘l%cnormalized disk accesses for the
DMT show a linear mlathship with the fraction of reconls whose
attributm am modified; the slope ci this line is 2 Consquartfy, DMT is
superior to garemtion of the BANG tle from scmtch fm attribute
modil%ations of up to 50% cf the records in the data fde.

In pmedcal examples where the number of attributes modilied at ● time is
only a small fmction of data say km than 5%, DMT takes leas than 10%
of the disk accesses required for regencmtiat of the BANG file, a

sigticant reducticmin the disk accesses.

One of the limitations of the DMT is thag for every opcmticarwe have to
deal with the rmsximumnumb of attrihutesldmensiats, even though W
the attributes may not be present for all records. ‘Ilris is also true m the
case of NA. l%e DMT cm only match the disk access effkiency of the

NA which is inefficient for mngdparrial queries when a large number of
records have zero values for the attributes. llre second technique MBFf,
obviates the problems associated in dealing with databases where a large
number of reccmk have zero values for some of the attributes.

The generation of multiple BANG files rqttima disk accesses curtparable
to DMT. Cutsquently, this technique like the DMT is vastly superior to
the NA when the number of records whose attributes are modified is small.

MBP’f shows sigrtifkant improvematt over NA in disk accesses for range
and partial queries. The improverwmt is dependent on tie fmction of the
data searched for range~artial queries between the single fde and the
multiple BANG ffles acctased by the quay. As the fmaicm of the data
searched becomes smalter the improvements become more dramatic. llte
absolute reducktr in disk accesses is rmhancedas the rxnge.is increased,
or the number of attritxxes in the partial quety am decreased. A reduction
of greater than 50% in disk accesses is observed when the data searched
is 25% of the single BANG fde.

The MBFf ffles approach is tie superior mcdmti. It will be particuldy
useful for large ●ttrhte fika, where the data is distributed over a
combinatim of anritxnes. DIWTis useful if the data ends up with a fulf
cunpknrcnt of attributes for XIIrecords after repeated modifkatiem.

Adquate testingof statisticalvariabilityresultingfrcmthedatadistribution
needs to be studied m fiture work. This can be acccsnplishedby
averagingnxwltsover a large number of mndom realizations of attribute
values for both the techniques. Non-uniform data distribution also needs
to be tested.

In the case of DMT,mnge@t.ial queries should kc performed to evaluate
the effect of data ocatpancy on the disk accesses. ‘Ibis can then suggest
an o@munr percentage eJ attribute addition by DMT after which the
BANG file needs to be regenemted frwn scratch.

This research presents the linked list structure in the case of MBFf.

Evaluation of data stmctures adapted to parlial queries for ● large
number of files can enhance the a@icabtity d this powetiid

_ch.
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