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above deficiencies inhere in the fundanme ropertles of the record-based

tabl e structure, in particular, the requz]’&’m Mmmm t he positioning of

egch field be made co-linear with all ot n the same 5 record.

This arbitrary positioning of fields in recondwspased table structures

excl udes all WOMO3RSr angenents. It thus obscures natural andP€WBFVIEEHI e

| atent data rel ationships that are reveal ed by nore ordered, condensed and

ef ficient data arrangen@hes abbveedeficieheiémaintere iof ther dhuwhdeasedtalld

tables 0 off Gildptiioteld 8P el §eearéasasé&aé§bi§ SRl chaf acteristics
X redundancy

of state of t S such as unorderednes
cunmber sonenes Pardigylaghithe; FEARLELBARF ckhalkh khr rHQﬁmR!blﬂ%Qfalﬁalqlt i es.

Dat abase rese%@ldomvmde& aal-uuaharemtnramwﬂxé;B LN the daid S tO

d add . I
Fecor d- based FRSREAs, { dus; SEPLFRPY pefElESning e 4181dS i) Hebstds g
natural , mult mm@n:atmitugsgupxngudps hiihltﬂﬁi@orﬁlrmelfemsr ecdrtd thawsed
table struct ursdiasdseiatarbhe aﬁaeékbﬁ?ﬂlﬁéblé‘dﬂ‘téﬁs %t@tﬁl?aﬁh%r{é#ﬁ% es.

These suppl enentary structurea I n ereﬁ % and often massjve
redundant, butth@ferr&sEENEALRY 3uBPﬁ§s° 1 deranipnsed and, sfdfigient
directly repremmted-mgngueatsonvunreomer t tliod e:.ndbne)tybamectaidnm-marmi

typically e 4OV y V, et S
mai nt ai n, %@0\% tbl(irﬁgze%aggl%gltgglggﬁ‘ [8 Q{U},g} ad}ﬂ:ag lgaf conmon [%&exes are
b-trees, t-tr raat&mﬁﬁas;'éegf gka 9a?f-o'&§e REt 'sOsRsgh @fopl enent ary
structures deyglo¥aededhekias Qéﬂﬂhdahbyhaﬂmﬂéfsf&iéﬁ&ssir ThafiQ)

~exanpl e, hash.a es 153 gr o§hgeﬁr9%%%133%%!1&&1&#& vidual data itens)

“~b t 30 their Ilé’cek sor 8 ren em uns A01E for range queries
or for any other operat PatabRge regeprel prevides paldiiatiives Sfisgrithese

gr fler tThe 13Pig ﬂ&d&én@br&%t aamanta& ?ﬁééggr% rﬁhﬂs@d"tthéﬂif tdndia‘ﬂ%flt Sigolnal
ata set, usi e sQrting,and/ or n r i s extremely
useful to dat fg’é‘f ﬁ&n&genghf %3?‘?85ed3{‘a l?%ﬁ‘{j tsag?i"r es) -
updat i ng possiFoire exiampliegr theadphbilbtyate mmrm @math.ma]andmltr—l 3

D. EC 2002 WO Q5333 anR%T Q%%%;ﬁé?»hww&b@rb&%i&es GO UG At naly es

condensati on thatreduces§Pg_ ﬁ‘ ﬁw renents and further jncreases the
speedof, for §Sar§upat P creation R ingaxrhased giata,
whi ch nost 2o @ﬂdimﬂmms Thesedstuppilehéntany Hensttornrests iareriojsntly

and/ orsorted o t a [

"nvest | gat ed A7 | y‘-’t?ﬁ'v%??ﬁé"%ﬁ?"%%‘ésﬂa?“ he HEY Ml Sl nge
traditional nﬁﬂ%d’é‘ exipgs, Hhak &EP“?ﬁePﬁaﬂéﬁ‘Eﬁ%héerﬁrqm using dexes.
Addi tional ly, ddiﬁzh@iﬂmﬁiaad tableage Inagu-basedt StNEARAS \tyically grow to

accommodat e- ¢ | & 5}‘(1%5%%]){,92@8&81@& 31% ! gré né’tﬁ&be%ome to maintain,

dat abasesi npracti ca especi
menor ydat atis e tigEgeard GSP?HEaMVEwﬂem |§xam¥€eer d?fe eaprs) dndeses he

‘phesent i nventdy@n ity dQ:—&rE%b' YSQErpiiﬁaéﬁéé)/ ﬂdefaﬁ'.dldlﬂs Bit sHpyped
‘and/ or sort ed) dat abase hout c enc har acci er| | c, of t r{_(é‘egrl or

art, as mentioned above. 31“?? ef"ﬁ? ahy s r‘é?'?‘t?&‘f%
atable in whi @ir isar lanto haive ahrféea'lentaddawhehksol unhor oaxaupls,t heash dialsles

the record, asad) HAVid r‘i%tﬁb%%%ﬁlhge%eﬁﬂ LvidigDdh PREHY €%

ot herw se m)dIerS he col urmstoegrow e an a vanta e in, for exa e,
space usagé%ﬁd?eo\r ®fosoxte §er§nahrﬁnaertmem dmsw&)tal&@eﬁor range
necessarily', curieapord fioy iany othezl opecatiion tidt exeypires afeturning

suchnodi fi cat |‘ﬁn__4 S Q@ 1S% IDP% Q_ol um by el i m natingredundant val ues
(whi ch reduces nenory us - ~another "i ssort-ordering the colum, ensuring

t hat val ue groups wl |l 3631&/\/@}@1&@@'—9 Fﬂﬁlysﬁ@npanwmmdorm-l(mmm'@n

greatlyr educe iR {- der3Unad datas 2t husifg! f'i‘@xilS’Ie %mim} Ui Yy Ue) ;
still anot is to, both jondense and . sort _a col fﬂf to ernut ati ons and

nodi fi cat i MNP IRG, & rad&s LT EPEIY pBEE t bate of
per mut ed/ nodi fmahgenerds | sSthrteide datd makiesr eapldssédmchm uEnd updating

Labl e " Logi Caldaes {0 A 10te diC ES2SRA! Y pARUEY CBbLY eR RAGSE Pl %ana

I
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.9 3 DEC 2002 WO 00/03335 - PCFNS99115431 reconstruct the "recor qf3 DECt 55’02
dat abase. In particul ar,they provide "instance" and "connectivity"

i nformation, whereinstance information identifies the instances of each
valuein the field that is in a record and connectivity

i nformati on5associ ates each instance with a specific instance of a valuein
at | east one wolwenssdbsel d. I n one enbodi nent of the invention, FoIUs99/15431

t hei nstance and connectivity information is provided in a table,referred to

herein as themh@ﬁﬁﬁaﬁeséﬁéée Gﬁﬁtsgswc&atm eIl ddtidanf oM that
corresponds toQ ute of the record dat abase andt:l?&[asso?jl i ated
t

tt
with a col um¥ Pﬁgfgﬁ %B?ﬁ%t%%‘i"é“fﬂ'éﬁ"%% c?nfsmt N ANfELasHs SREEH but e
(andpossi bl y othefontéxa@les)seMmland rupdatoingm | ocat i on)l n the

instance table has a pogit é@t f Ry its row
number) and an |nstance§ ﬁge'% cElecontents 0 iP J’F’{f%ﬁ An assom at ed cell
in the asso&i gpduwpsuff %fd‘t‘ﬁ% "V%FP%% ¢y ke |fst%¢ VY gropash @nd/or

| ][tst ﬁnC_ecel I &oaes?)lt bbder AL S Othwe mmﬁﬁﬁémﬁwdc@ﬁefwghfemeel um;
of the instange_table t el op i s, der.i yed f.rom eac
i nst ance cel | g? Fn%t“éﬁ%g?%a? 3 f;? H t\e% ?s’ ant F: x‘[ AR&*cel |-
posi ti oni dent Eﬁcbscohtemnatwm ctrimmal metatpdmtmmnmall the

ani nstance Cehlnaaeeeaéseg soﬁrpaé&mstma CORNBEdS Vi tﬂdd‘iﬁd]’-?én@n apeoci ating
r i nstancg25cel in another field record can

the instance w F

Lhen be & odOnBUPREFRISEaraIf o SN RETS MRGRETHON A S €eri vi ng,

front he cel | ' soppleteoindelingseend dtednake uBa Xt | invertesl \Grtakiasielse and,

f rom t he cell V, i ance

eg and repeg'Plkﬁéitilﬁlgg p?%gg?s}sé at gt?lﬁheé a&%ﬁﬁaﬁdﬁ?aﬁ?ggﬁ and so
rth with a9R%8PageFtin the chain providing, in one enbodiment, the

correspondl ngposition of the starting cell.If a colum of the vaI ue table

is sorted tlt% not condensed, the sﬂmﬁ%&lq}fﬁﬂ%ﬁ%ﬁ he associ at ed

col um35i n"the instance table has, i n one enbodi mnent of theinvention, the

same number of rows. AnItni$abherefere sansekiegte® thre Rrgdents invention

Onﬁ enbo?lh Mento pheviaéus tuﬂ%y_bcl)r éaﬁtﬁﬁﬂ%?dé/iﬁ]é)od@?@ﬁﬁ &Gﬁiﬁ%%ia@}%%h
cell in the asso ue table ¢ e s er. a e
i nst ance cel | s°ﬁﬁe§§t a%%%a%%lYlth%ugo%&?%t‘g%y*%%’b%%s chﬁra(q\aéeé- 1sT& I‘&l n
anot her col unthef prheri astanae mettoned oxlpve. t o t he sane recor d) is the

cell in a %pspecified cgt—yamﬁavmetés@ SOVEERIRIr fhy &) ditdbise st ance
cell's mstancen\s{al ue. enbodi ment the s em%l ed coluym is the next

colum in thet® Faﬁﬁe"’t‘hﬁ\" W‘PI‘F?‘ﬁ 15 RTeH eRTH (RP coptajas
first colum. ther f2&3dpl ép thecoécond,l as iMeeawlmtmaoasemnmhwensed

d, aft t : | |
and, after OPQ‘ééﬁléliaRhOQntS?Bﬁgﬂ%hr—]ﬂutéQV\bg Mﬁq%&lf% Ty cto*i%m\fe ue

tabl e bel ong same recor ap i nstance row 5 i s at
col um 2, rowt® BFOVvAde; aBtadxantage o1in hEor RYAFREL ( SFPACH ST AR OFr ow
2 woul d cor:ﬂsaspetaaeoﬁuabeésé (such cehatigthé@atow®néd Déndére revds sadlidyn

by ongs 10 1 NecsaUBogRa £8 0k ksl fuda 'BLUGAED! 60! sl s cOeREH, Cher e

i n general 0-0Ne correspondence m and
an instance tmﬂéféGPtlimnt hat tpscendensat the ygolunn bY relinipatdng a tabl e,

referred to h%ahﬁdaatavzﬂueel %ﬁhﬂéﬁ@é&uéé@'ﬂemotﬁ @éﬁéﬁedaﬁcttﬂter Ile one
enmbodi nrent of th ention o um1 nce table ¢ um1
S eooni nrod wi ERiE-pRgERbd e Salvas cChehting et VAR d ik

i nst ance t dft @alweysnapbeax asseonetpdrw.chlmcwam (Fhidke cazt tgxetaa:lilye
colurm. The V@‘e‘dﬁcﬁekzhea§§ﬁﬁ' f‘&&ﬁ'l@éd"‘h&hséﬁ‘réﬂ 388 ﬁﬁlf icular

determ ned by t corres ond mgﬂ I spl acement tab ase on the

i nstance cel | Vé’lb‘sél'tﬁﬁﬁ Lranehhebets. tonbokha ‘Eﬂ%ﬂl‘%rﬂ“das‘?ﬁfsrﬂm
ta:ol e col uLm lw;etrhlpesaaeaﬂmah_er andé ﬁGMfﬁ&aﬁFoﬁgSﬁﬁtntQ?xw|mdr¥thés
colum with e : i sp e taple 30 proyiding. t |rst.row
nunber in the%(ri%'négsgf Wﬁé%&%e ttﬁ% Erggétf ﬁb@??‘é@g‘gb'ﬁéﬁgﬁe‘ﬁ%ﬁ?@

cor r espondi3f®y reflerredckp. herednnasi tbhey¥valduve tableih t he di spl acenent
table could, for exanpl gogREQYhge neutgﬁshotaﬂeeegesmp &0y, of

i nst ance tabIe row nunhers, the fotal numb er rows In t%e range,” ‘or 35
sone ot her valSfPFALE ﬂﬁFEhSFFuF§“ES§sP5P¥1f38 Bb?l %Ef?ﬁEth%é‘Qﬂd?%s*%‘?ﬂnce
tabl e row nunbers associated with each value cell (i.e., the instances of
each value). - 5 ,~ 3 D.EC 2002 ' wo 06t @~§ Pcrmsr~n sa3~



One drawback of the displacenent table, as justdescribed, is that se bl g
t he di spl acenent table for theval ue cell corresponding to an instana EE 2002
sl ows recordreconstruction. This drawback is addressed in still

anot her Sembodi ment of the invention in which the instance val ue of

ani nstance cel |l whose associated instance cell is in a columhaving a

di spl acenent cHOAM3PS set to the position of theval ue cell asREIAVSIOUEIN th
the associated instance cell (asopposed to the position of the associated
instance cel | lIPe¢owstruets the t*heecrsat rmntthdedatabadeaboye)paﬂtmcwbém,e

of the associ atgd,] [F{é’ﬁ So Qelds%ﬁ%g\ngorgﬂngﬁﬁghgce%?{pa {-,E%y% & SAaeh

of the dlsplace 0 herern
as an "occurr eimstante mﬁﬁmﬂ‘a’é%“ i ¥entidiiesn ther 15§Fé¥ﬁ?ﬁ|‘ﬂ€) eagh value

associ at ed15i “fﬁaﬂfi@ £xéla Iﬁhwemrmoca FRitoraf ahheceﬁﬁdétW£€ytﬁbf@rmatlon
eachcolum in the instance tahl eé hat ha |nst nceval es a ‘gust

descri bed ha %ﬁsﬁgﬁﬁﬁ?ﬁt%%crﬁdﬁmaq%e t‘f?‘e&c@uf‘?&ﬁ&glfabvﬁ PAGE Pas?t Y
nunber of rowsin/lateléasthneothetrfismish table is associated with a cell

in theinstance tabl e basgg,odd éxﬁlb&dﬂ@&d'dﬁ%e QBvbBEJ.BHS'E»b’E}E‘ the
andspecifies an offset. The offset,is added to e first rownunper in the

range of inst ahREtRBEE ARG FHMARITLY "a@’sdﬂfﬁ‘éﬁﬁﬁf’ﬂ ?ﬁepﬁaYh‘ée‘Ee}‘P 2 *Fablewe
at the associ ateflexrréd ate adanein .as ehd iYisistaawentabie. i's Hach sl dmiwmin he

di | acenen i 0 t C )

I Sp iaa@As f 256£h &8 é{uﬁré argéxfﬁrgst%aggdgugglg Q@tiﬁi‘ﬁ&éé St ggul.é ‘records

Theconnecti Vit ormati on rovid
enbodi nent by %hetlilhs@%lwsc%lﬁn% pResaciated Ué@br?eﬁ@ urpbine He (e

di spl acenent tebbsemm ERitea Hig lmwrmum&bhcbedaheéetﬁwﬁue bc%n@ut need

f be, entirely_ i acrqss,a n i.sed

(plicrty opemali etied st UG T Band ATk T sRIPRINRE 1800 o)
of ways and themhhen%n%t#nﬁ%mab%elhﬁm@ \mopitiignt ¢dnt one hembadimpért of ven
of 35parti cuj grehaPiSVERE Bdh ONbts hedw emﬁmu ARG %EbQHb’EBHEe NBY1 RN O Mee ONl Y

partly storing the data set. usi the ut er, ted dat abase and
met hods descr i B8Rt ﬁ%?%l?lts e 1 nﬂ’e’ ss°°1ftg8DEngobﬁ odF$33K2te
PGTI US99/ 1543 1cotumn notrtise or@;d-lqstaigle risdiderdved fabheebebeinsktancels.

Information myebe:StgELfeidh VarAnys, T4 ruags%c%@ehh@ngexﬂealeanrslﬁot
limted to any particul ar foré%tthhg contents Eal‘tl cular colums ma

represent ed by2BOFRFEFOHLR AMFTANCS fabdenchati BRLIGPER BenEhe st %d
i nformati onzorréyosaoiedderﬁmdratrm eaclanynstance cethtgi Aigsbahcapealdbér e
general ly, whijg Lheﬂaﬁ}xﬁﬁ él@?&é‘m td'épll%%%%te 3Q§1°§Cg5£f?¥8nt abl es

have been descri ebl as v1 ng rows, msS an

invention is nbdentifies ke sYr’t*P%t‘F‘EPfﬁ"urfése %4} é§r’r§!}t AnsEanceaeh imd an
struc]ture Lor i?staﬂeetwélﬁ%m¢MImd¢m tta\.lal feanﬁaggthenlgyedf For I
exarrpeteva e table eci S eoavaue
Srarer i 00V EpHEraRBLSh [ ESERLISEs R0 MEe LI SHREC e R R 3 St Aol

val ues of |aﬁo¢ﬁ&l| tn another dhiebdse)r Irﬁmomhgaan@éenabieeresoastp@gt@c

‘exjanpl e of an stafwﬂeeaﬁt@r@emnﬂnath@mmriee Aab1e0by’ dekifingl, tfPQi\h
identifies i nsgﬁgces dat a, {t ens va.Ia#_'e st ore and

e
rel ati onshi ps n§et s?aﬂ‘&% ¥ da el?’é%%c’i %é’a’}ﬁev&F&é gf‘o}s‘@? valye; ne
di spl acenent tthbkei and, sfromftbeccelbd!s istarceamvailnel,i thesposdtiébn. of, it

represents ¢ heehbCauEREYa0LaOBRUELRDE el ) S féag%&gsstaasgg&acxggusﬁ)

The col ums of e are I C exa
general |y, 30" %be asgocigted %B?t?ﬂﬁepﬁ? sand o tfierths b’#&g‘eﬁt lagtereldn,

corrprl ses one Gh theccheinnproeidings hif cond Gerbodikentqr thel ¢ogresfonding
"posi tion, §o§ﬂ:98np8§i Hig séQ?EH;%e? ﬂ'ne | ocation of the elenment within
In th ove, a Peeff [

t he set. i SCUssIron a Tn acolum of a table is an
exanpl e of an "el enent" iﬁdalcglml of obhe value twblies iist sogtedabutnoater .

Fur t her nor e, ahbhauab.ehhetﬁaboﬂwan&&ﬂéS&éhﬂﬁﬁ 1 Ene ra%%%lkﬁeanéolumn

~sani pul ate_tradi onal records! inyention I s not limted to records
and i s generd AP grbﬁl PEﬁEPBc?otPBbFeQEﬁt B|one Rihpdinent; fcth8at a val ues.
35 All such vahdnsentisnar thel sameahambeboff Esws. Ofarl Hinstaneenicean *sTypi cal

database oper abigaeaNRRCChTle e ®is, Vi He 002 MBAMIE® the value
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dat abase system of the present invention include, but are not Iim'teg bEC 2002
1) reconstructing physical records, 2) finding records matching que}
criteria, 5 3) joining tables in standard ways, 4) deleting and/ or addi ng
records) 5) nodifying existing records, and 6] conbinations of these and

ot her standard database operations to performuseful tasks. 10The present

i nventi on prowoeasmsnew and ef ficientway of structuring dat J5EFEELRM3bI i ng
ef.f iciest query andupdate processing, reduced database storage
requirements, andsinnlidigssgialaless va0ugarabaei coland havingniheesame row

Rat hert han acféve or der edness t hr ough i ncreas; gdupdane¥ associatead
(i.e., 15super hnpbglfnﬁsaﬂ‘%r’dﬁsteacpccfatc%q}éprégeri'?gtglagn on top of

p.of thegoriginal
unor der ed repiegeahaéi ce1Ddf (1 e saredlddmnapnothesr €94HMD WeﬁPFoﬁnggﬁﬁgﬁat es
redundancy on, a. tunda lenel Hame édoea)sStier ape ceddi ienadnts, in
FaPLREIODY Py YO the )

turn enabling concurrently stored in RAM :
(enhanci ng2Gampleic §iedncptvmn hanng e Fo%u SV, ef‘i‘aﬁ&\/\/areb(’,{og'se). la‘,‘ﬁé‘f?BSSds
up transm ssi Qp,qh<0ahabanes waIWSS ammand eabiodimentor the mpecAEied

hi gh- speed mai n- nenory t abasges i.cal A s¥adRes RAH U Ridh Rhe nase
and scientifi codppni &5t gSﬁs’.‘ tc%‘gﬁ/ %?8{%5’1 r?g s osij bl e wn{?gout sghe
over head foundmnarefieryingyveack telkhe)fid sts FOTUN -ox (& for y

autsag.e) : F”[]t *r}];ﬁglmkea iet Bnbhoa taé MYl CisinarcariderEedreshn@iterent i on,
ata IS nmuc

re-easily manjpul afed th |.0§ radi i I ShedMaam
requiring o yermtatdofai ﬁ@ﬁgﬂ‘eg' irﬁo"f?\i; al‘r{rgstcgo;ic&é'lrgg?l ﬁgé%?ﬁ%ﬁ% Wit h
no copyi ng of 30gkted belanabasetbpesane orecord nsbral HSEanas 9 wn 2,
ef ficientusing the present, . N i &) geldind Ohstenideai takilpes atheonssuch
,aD hi st ogr aphig5°“éer'?allyssi§§, E&%?ﬁﬁcgﬁgoﬁg‘;si on %]d m_ié | L eor derigSuunthichs
Bk conput at i cimstandenttakbdiey@ti FOLBEB, L oFP% 1 MPUTY ([TRUFEST Ate ohtal nabl e
i ~edi ately fropidR3Rsidgiehatesouescof beble mext reolwmn | PREMIDT QIR same

providesi nproved processing in parallel computing environnents. The dat abase
system of the ¥f “invention can be g

g, .1 3 DEC20 21%,[09/0533;@
PCTNS99/ 15431 used as a MackVvaduer §pbis €PImD 1 GRAPARREE  tohpatT bi e W th
al nost any dat g@@&i [t rsHifere Bp lon-86-bndusdryespandence npetveenrthik.
g., Mcrosoft’ en Dat abase nnect Lyhty ) sr9sebtistéatwyen X
Data Obj ects (BOHHN ARF R I"“os(%% OQ:\% gé%g'%rrgét Er oBﬁiﬁﬁN%ongati bili ty With
the large corpgs. of Ixxtlsis mpstat #HFableef rRELETeR| Fo HETPIRI 95 & nati ve

st andal one gngi, T |/, % TR prentiaea vhat,fdn erenphbodiment of
28nsffpbifedint e

functions) : [or class liRkrari I e [ agod
back-end to ni §eelRYENBIOBs "Staarﬁ?-qéllmé‘ne foeg%‘i %g,grttg E_c‘é e T

provides a dat akgseikbad witksa feanidenged yalne Hable Eeﬂl\%ﬁ: gﬁgpgpﬁﬁﬁggga
internally in %§20¥§Lg§ngfeiﬁé€iﬁﬁﬁ {EBE rowl huddezs 38sdciated withleadchEC
2002 VO OOIOSBrow of the value table column. The value cell associated
25 with an instance cell is then determined by the corresponding
1;) displacement table column based on the instance cell's
position (row number). In one embodiment, a displacement
table column has the same number of rows as an associated
value table column with each cell in the displacement table
30 providing the first row number in the range of instance table
row numbers associated with the corresponding value cell.
Alternatively, each cell in the displacement table could, for
example, provide the last row number in the range of instance
table row numbers, the total number of rows in the range, or
3% some other value from which it is possible to derive the
range of instance table row numbers associated with each

value cell (i.e., the instances of each value).
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PCT/ US99/ 15431 BRI EF DESCRI PTION OF THE DRA-TINGS FIG 1 is a bl ogk g@rﬂm
of one enbodi nent of the present invention. FIG 2 illustrates a 3rplp

ring topology. FIG 3 illustrates a topology having subrings with a bridge
fi.eld. FIG 4 illustrates a "star" topology. FIG 5 is a flowhart

-l lustrating ' that iD finds the value table cell assw}gg h
an i nstance tzaa‘gf) . FIG 6 illustrates a routine that determ y 1%}

thei row of the next col um where the current colum is V/o.split.FIG 7 is

a flowchart illustratin®thEHAHRATy ot thesPdEBLasersps Géylﬁat as| st a
| i near array. FiéscBived 2 ifd aMdtardearddhisgr #hendisptapeneatstablei forotite

l i neari zed recoriilf cpeci oqy, ﬁ{%éﬁcﬁ{hlﬁst&ngﬁ éﬂm:gn@e?gegli §t1§\é:£|r?¥\§g&aét

illustrating t Y& t'érchangeo WO reco ance
tabl e. 20FI G 1fe¢enstxiucivicdmar t This drawback iRapgingssen; diof sEill denekher

cell dFI tG | | ~g :j émﬁociirli&m{‘&f% HTHJE L%wela{lmw finNghRgnt l&aundats%adeceéiué | &£ adyy)
i mredi ately adjoi nin el.et edce ven val ue

i nst ance cgl | s1P§t3 % NeFe A5 é’%—‘?&edﬁ"&'i‘ﬁcﬂ Sﬁghar"F P %s‘f?ﬁ‘f’?"ﬁg
nmoving a fr ee(hiwir:a@da idistplcmerd! Icdlumnhdsi setatoethebpesfitboni 68 othgi nal
associ ated val y Jﬁf | JEgll Aled & aBrt‘i‘xC%ﬂ'e”gs.&ﬁl:!iﬁtﬁh%nh%ahéeacéif""fé‘%rt

illustrating rUOV|ng ree30(de] et ed I nstance e |1 nstance
fromitsorigi narreseddoithe AT Ofe tl“ﬁﬁéﬁ?&?éﬂ'refiollp(?%{aﬁﬁev‘é?% FI G
i4is a fl omhﬁegen ) usd rind it deilsdiméntg deBerdbal avake) . of Tha%ame&:f

(ncludi ng de'ﬁ%e € pas Séﬁr@ecf)ufsﬂ!ar?é& ‘é]%ril"i's“%hﬁ':la?reé%lpsoﬁtL%ﬁXW

illustrating t a previo nst an nst ance
table. - 10 withoutprC seFchHqf A&ﬂ&ﬂgﬁﬁapemﬁaggtebm- FIg thésis a

fhowchar sm i1l ushbed inkkht Nea iiisad,) Qrefdrradney nakue\r;} %an?_ vabgfrié%@

caol um, en t 0|,nter51 t o {hat umm are .not V/.O.spl i is a
flowchart ill ug?l?gﬁ nPThE ‘P et ht|a%rn a& I8P £9KeGE gglrﬂ‘émilﬁ‘got& vafﬁgcfﬁs?i
col um, wheh5t fmspoics er;ll-nto that colum are V/Osplit. FIG 18 is a
flowchart illustrating the &}wm&méﬁt aff kRe eéehﬁ»@m:el RabRBCCeh P! ©

CF] Lt £t S cAelrbris LA AT Jie SRabLps, Seble Db (ndofcen
illustrating t | a n Kk
di agram il | ustvalmag aélejmstepiaescrmmdﬁsr anorgsopdatiedocolhnfs iRlthe a
block di agram \Eﬁt dd '\Qaﬁ#? HEOHa er%e%amdhhiﬁbe‘i-c%dr%gr atAOEen in

FI G 22|sab araml ustrati ng eps I n a query operation.
FIG 23 is a%%ewmw%nﬁ?mm? a§ r?gsﬁq?éaéceépylth 2 ;&4 dpekheion. 20

25 ,, _ 30 35 indflance table based, in this embodiment, on its position and
specifies an offset. The offset is added to the first row
number in the range of instance table row numbers associated
with the value cell to arrive at the associated instance

25 cell. The first row number is derived from the displacement

: ) table based on the instance value of the instance cell. The
connectivity information for an instance cell is thus
provided in this embodiment by the instance cell's contents,
the occurrence table and the displacement table.

30 The data structures described herein may be, but
need not be, entirely in RAM or distributed across a network
comprised of a multiplicity of data processors. They may
also be implemented in a variety of ways and the invention
herein is in no way limited to the examples given of

35 particular implementations. For example one embodiment may
involve only partly storing the data set using the computer-
implemented database and methods described herein, with the
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,1 3 DEC 2002 WD 001 03335 PC?NS99/ 15431 DETAI >; ED DEBCRI PTI OD1 FI G1 % DEC 2002
i'llustrates the basic hardware setup of anenbodi nent of the present
invention. Programstore 4 is astorage device) such as a hard di sk,

cantai ning the softwarebthat perforns the functions of the database system
of thepresent invention. This software includes, for exanple, theroutines
for generati nWQ®®Pst a structures of the underlyi ngdat abase BHHUSKE 15431
reformatting | egacy dat abases, such as thosein record-oriented files, into
those data Stf&ﬁiﬂﬁ@ér 4 trchftatl distiinen traiétioha vat eblechased méthoast i nes for
mani pul ating access] d €4..S q e dd, nodi fy
and join rou?? g T)éan&p af gbea?s}%ls}'?gre nglgﬁ?aygd%%%eiﬁa la‘glcont ain the
dat a associ at dnventikomnks moﬁrdrlaiéﬁdbﬁgeénym@atitub%rr’ré?rlb@tfor'hh@ted as

bi nary i mages aﬂééﬁis@ St z&iiddgtalﬂ @9108A81 ﬂaprbésrégf@één?éa f
I en SO a

files. Programstore sto Vi ge

si ngl e st or 8gEuREYIeRs %é’%o‘#‘i’%&r‘é’“?nlﬁr 8@?‘3#@?6?% ‘ﬂ'}gh eX ﬁ’feﬁ fyed
processor 5, pafongationor dotatoredninforikAtion Thease! farmpninéladingasks
to be perfor nﬁg Q¥ %heZOdat abase systemis deternmined by a user at user
station 6.1n BT 1 owi ng di scussion, the term"pointer" isused in a
general sense to incl uMPER IENEFA 13N C+ ¥hA AR GtRG cHRARE nginBtanee abl e

contai ni ng a geEPLycanshitnd &iﬁtuﬁﬂhegeﬁabaé£>’haﬁé>’bdéﬁ adéyPLinbd Clsi s

used to unjgue eseri be. cati sto her.that. storage be
RAM di sk, lgt L%\bgﬁf nt]%?v"%?eo%erfte ggggngp g%%}sbf 2 '% %%’r?’%‘ﬁ‘é 1%

begi nni ngof alipmited dee asueh ghmatuges|. pénirommphbesanedf@mm@hrustatécH
poi nter whil ergdvapbpOsoUale Ir@iinaition! @ﬁStﬁ&QéaasbIég h&Y "Be "BSRAY apgr

rage, used herej an 3Qel.ectr.onic al ot ot her ns of
ED T Poe dat o, SKERBLE m PO YA THE iy dRorE 1heR mRave i B SHEPRERR: | cal or
guasi - mat henmaexample cof ea t'tvalBfeerstiogred \(ieeof ihesﬂarmlme\/rmchaamahuesl umm
record- baSﬁQ L@gksséﬁtﬁ%smer\f&rmu%cmuae deiﬂ?aﬂa nVER! GheSPaCE.

It is 35 not Its” naryower sense, sqQnetines ata war ehousi ng

and on-Li ne ARaEyPREe) i PrRR SHANCE: tRRBE, 1ﬁhér§PﬁQﬁF%F ﬂ?‘ﬂ’éﬂ%?oﬂ&l pRy
refers to nul b&ﬁbﬁaheyeeﬁoné" Gaid a "lcdnnectiv3tPEEtabe? (Y. €0/ 0883both
PCTNS99/ 15431 Eg%’aqq t reRe d, d e in
whi ch each roWw Eg%r esent S recorg;)%1 §t§ E’gkgl SB Eﬁé VQ?QE ﬁ{:gPL %nd
record, are ctepEasguteelptionships preng: inghansgsecef datat 4bemE in the

accorggngemt banhﬁ &eﬁem amy atd (Hls(ibllﬁf:&h&ntrﬁmt;lbl Szkﬂoﬂﬁeaifﬂﬁt ure. In
one e odi nent ab Opp as ru
uncondensed vﬁ?‘ﬂ@ ?5 % %%éli"ﬁa tgfcgstt 0 5b| yo'ﬁﬁé \!? epa}‘%%?ng %ﬁﬁl ns

t he sane dat afmquanenso&smq:\mrme @&t ganeds ingtances hoéoﬁem vajugs) .

per mut ed or ot pREV:SSurRS NELh &EH?biéWli\'i'eastW1BQc| @ﬂﬁﬁf)les of a "llst" or,
necessarllycorrespon S t ordance

particular record, Ln a
t hi sermbodi rrenf“°rf’h€e1‘ﬁ§?g]r¥e Eﬁee ‘pr oty §§§tt'r1e ﬁEaﬁ@ef B}“l'g?ﬁﬁﬁngfr EBei ng
the recor de5f poeseht invent iom) ex@pudisikeisc nkey bri movre"elténenhsnt', eabb
i nstance tabl g.aeac th§§ﬂae Wlﬁs e aangogqﬂggx #33n Ps ¥Heo sgslégp

vel uet abl e an ceI row col um-* |.ocati o e| nstan e ta

contains the Fmﬁﬁ%értFﬁrl?%tMt“f |t§!edei1ﬁ2‘8f‘ﬁew§§ﬁé“r ERsr getu nedp- the
bei ng defi neddliek:nw);loiihalsovéhea/afcnam irha aextmhl elfdaoi:abme iecand

cont ai ni ngVal e ).. oW, ap.

aparticul ar | %%g;?gk &E T abal%lf,j :&' I{l'?obl \g In %égﬁabﬁtﬁ
c), next(cpPp, Memnstance TabI e(r, c) |s the row nurrber of the next

field. The function next f‘ﬁi‘tﬂ@i’ﬂbf@ e neigh QﬁbU%bBHQ%hBQ aeseedbene. In

nmbod f.th t t
O e g ah S b e ERLon AR e, a1 P B8Rt re R L Rb e e
fromO to n- 11@wen&~i3ﬁbasedot ntiwitey .td remordst andatis gebertaldyt
(col umsnurber, ;gﬁcmg) tonggéﬁg% ent GdTft idnEnlips” %@:‘ée&ﬂah%‘i)kyval

of t opol ogi es af & possi aving a corres BerSeeh, PRErt Yadres:  For
exanpl e, b&%w is a dat &E&s%“?h Yh’él%ttmﬂfarad'esﬁl&% eabpdimenkst 6fmat |
W th 1-based roMsndipRentien.- 13 ,1 3 DEC 2002 WO 00/ 03335 PRI OR ART

DATABASE: PCTI US9911543 ,}Y!I?g g gi F'\Laseg_tl) p(ecr %I & 100 SSPSQ\II;I)IP‘SDIQ tg%O lb'y a_lce-ERI\MN
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(col. 3)TYPE (col. 4)PARITY (col. ?
5)1CneUnoEinsUnitOddZTmoDosZmeiPrineEven53ThreeTresDreiPrineOdd4POLﬁCQ§Prgw
er Power 2Even5Fi veCGi ncoFuenf Pri neGdd6 ~Si x / Ses ~Sechs ~Conpose / Even- The
carrespondi ng val ue and i nstance tables 10 arranged in accordance with a
speci fic enbodi nent _of the present invention are: VALUE TABLE

15 20 25 |
Row #ENGLI SH &‘6?“.’“’6’)%SPAN| SH (col . 1) GERVAN (col . 2)TYPE (col ."‘%?’ﬁmw -
(col .

4) 1Fi veC ncoDdait@bapes Eyeheroaf Chiher pEeasPbEnPENLiGONERoIwde N Y reafey a1otS)
xSesSechsPHljfoQQgghgggTresVierPrineCdd6TmoUnoZmeiUnithd | I ~i STANCE TABLE

Row #ENGLI SH (col . 0) SPANI S col. 1)GE N (col. 2)TYPE (col. 3)PARITY
(col . 4)11343 225622§88§§H2£gi§§SBElgﬁﬁggghﬂéQH Syal ue tabl e shown above is

Cre?tedtby Somningf&adhngofacnrdsnmahéhinzsgusfn at?hebﬁaica{ ?rder.hFor
expl anat ory _pur,posgs; : eESC pl aced next to each val ue
T T edoifiihd, s TUBCHR bERhaned VR,

to indicate ] e _ori gl nal base. 35 After sorting
the col ums, #)rowdefethngandéorAding| reee¥dgenecral |y correspond to a

single recordg)n theaifty4ng existing records, and
6) combinations of these and other standard database
operations to perform useful tasks.

10 The present invention provides a new and efficient
way of structuring databases enabling efficient query and
update processing, reduced database storage requirements, and

‘p) simplified database organization and maintenance. Rather
than achieve orderedness through increasing redundancy (i.e.,

15 superimposing an ordered data representation on top of the
original unordered representation of the same data), the
present invention eliminates redundancy on a fundamental
level. This reduces storage requirements, in turn enabling
more data to be concurrently stored in RAM (enhancing

20 application performance and reducing hardware costs) and
speeds up transmission of databases across communication
networks, making high-speed main-memory databases practical
for a wide spectrum of business and scientific applications.
Fast query processing is possible without the overhead found

25 in a fully inverted database (such as excessive memory

: ) usage). Furthermore, with the data structures of the present
invention, data is much more easily manipulated than in
traditional databases, often requiring only that certain
entries in the instance table be changed, with no copying of

30 data. Database operations in general are thus more efficient
using the present invention. 1In addition, certain operations
such as histographic analysis, data compression, and multiple
orderings, which are computationally intensive in record-
oriented structures, are obtainable immediately from the

35 structures described herein. The invention also provides
improved processing in parallel computing environments.

The database system of the present invention can be

-8 -



~1 3 DEC 2002 WD 00/ b3335 PCT/ US99/ 15431 ori gi nal database. The iaziﬁﬂﬁgzmn
tabl e however provides theinformation necessary to reconstruct th

records to thetraditional external record view Specifically, each
cell(i.e., rowcolum |location) in the instance table is5associated, in the
above enbodi hih a single record. The cell with the sa d%ﬁ%

| ocation in 5&2“3%*%% t abl econtai ns the value of the recordn?Br t’QQ%ﬁg?d
associ atedwith the colum._  The_ipstance ble cel]l itself contains therow
number of theYf€Rt af; @) Haok-¢pd £éﬁxﬁQLﬂ_ Hrlenk, fatebase, Gompatiblecvdth
cont ai ni ng roalhostt Sy " Eathbade frxdntrerd cdmployingfirdustirgssaandatrabl e i s

t obe reconstrug soci i | t able(l., s 1
col um 0) conf"élaﬁgé'f'%ggvgéh e éﬁg%&%&lgngééﬁ’ \(?}ntel%‘riafs?elc%éhf gFlgé?grms) in
order, first HABBELWBHIMieEasoTyLHhiAGEivetX Mata Qhuests) (ABPONgRRd wdlidhe
sane ][ecorg_saﬁk_ewﬂeohﬁdbec;&mﬁ im"cwmiggw@w ﬂn%«/ dals:geniaaggﬁs of
ei nformation i,s,_prov e.d nstance, abl e at row Z/ col ymoO, i.ch in
this case conFéFﬁggPﬂeaﬂgﬁBﬁgelf°$§¥ﬁﬁ?m)rQ) erpively SR RPERVEFERRA s i n
the sane recorlone engihé'cah bécdDrectlyhimplemantedyxiviat, o foet enampdet, he
row of the " GaLyBR,fEt ¥8Hs { CRbmPTates A SN C AN 1i8haYdedS I Yeg‘i;;\eﬁfce

t heSpani sh col umm (‘col um é&% row 1/cojunmn 1 in the I nstanceta I's read,
whi ch cont ai n€1FReT n@fvRr Packnend tR) RidRlerage 9f asce SEANSCALERR is from
t he sane raooefigiheacthist bheeht bowrprovides s datwibasef thiae '1oexksan” col um
colum 2) intzz i e V| t fyt. " -
golunn(co?u~a%a§§Q?ﬁkPﬁéaggﬁgﬁégébr .gﬁggﬁﬁhC%ﬁf%ﬁﬁgﬁ¥hé%%ﬁﬁ§égig ina
--a~eani ng ronwovel andtatfiqient BYMEF:- is fromthe same recordas row 3 of
FRe "German” colum. Row 5 of the "Type" col u~an30(colum 3) indicates that
‘the corresponding row in the"Parity" colu~an (colum d) is row 6. Finally)
row 6 of the"Parity" colum (colum d) in the instance table, which isthe
| ast columd5in the table, indicates that thecorresponding row fromthe
"English" colum, the first colum35in the table (colum O, is row 1,
which is where the processstarted.’ This is due to the ring topol ogy used
in thisexample. - ~5 , 7 3 DEC 2002 WD 0103335 PCTNS99/ 15431 Thus, in
accordance with the enbodinent illustrated above, each row colum | ocation
in the instance table contains the row nunber in the next colum which
bel ongs to the same record, with the last colum containing the row 5
number of 2% same record in the first colum. The |inks between the
row colum | ocations belonging to the sane record would, in this
enbodi ment, forma ring through the instance table, as illustrated in Fig.
2. As this ring is traversed, directly corresponding row colum | ocati ons
in the value |10 table allow recovery of each field s value. Topol ogi es
other than a ring nay be used in alternate enbodi nents of the present
i nvention. generation of Value and Instance Tables from Record-Ori ent ed
Dat al5Val u®°and i nstance tabl es can be generated i naccordance with the
present invention using the data in a ,prior art record-oriented database
farmat. First, the value table is created by pernuting orotherw se changi ng
the data in each colum of the original 20dat abase. Exanpl es of changes in a
val ue table colum aresort ordering the data and grouping |ike val ues
together.Different columms may be pernuted or changed differently. Asort
order shoulg} be chosen based on~its useful ness fordisplay or retrieval
purposes in actual applications. The25requirenment for a potential sort
order is that it have aconputabl e predicate which orders the val ues. Sone
col u~unsmay remain unsorted. In the exanple above, all columms weresorted
in al phabetic order.In one enbodinment, during this first step, a3otenporary
internediate table is created that facilitatesgeneration of the instance
table in the second step bel ow The internediate table, in this enbodi nent,
has rows thgfcorrespond to records) as in the original prior art
dat abase, and col u~ans that indicate the pernuted position of
t he~5corresponding field in the value table. The internedi atetable for the
above exa~aple (in which the pernutations are - 16 ~1 3 DEC 2002 ' WO
00/ 03335 sort orderings) is as follows: | NTERMEDI ATE TABLE: PCT/ US99/ 15431
5Record , ~ENGLI SH (col . 0) SPANI SH -9 -



(col. 1)CGERMAN (col. 2)TYPE (col. 3)PARITY (col.

4) 13626426363135514542252251135664j 4413 10 Thus, for exanple, thel 3 DEC 2002
intermedi ate table indicates that the "English" field for the original

record 5is inrowl of the value table, the "Spanish" field for record 5
isinrowl of . the value table, the "German" field far record 5 is in

row 3 15 of tMOWMIS table, the "Type" field for record 5 i SPEHUSHASSI of
the value table and the "parity" field for record 5is in row 6 of the

value table. In accordance with this enbodi nent, the instance table is then

determined as follows: 20 | pgrancorbeRhprkBhcopedisat BrARPREST . C). C)
I nternedi ate Table(r, next(c)), for each rowr and colum c in the

internedi ate table and wheleynext4chlbexk defddesh a0 She |dhBddBlentO IS LHACh
cell in the internediate table specifies a row of the correspondi ng 25

col um in t he RGeSERYCENVERFE®Pthat row in the instance table receives the
val ue in th® next col ungret philluserakels o esimpile. rig toolday. referring

to record nunber 5 int ex t l%mj ¥ I in
the 3o internediate tab.eGéo’?l‘{Tgliﬁg t ée(l@%l?m%??o an"J@;t ae\;in@?s'%&%ng{p P
"Spani sh," (c® dmidge £1€ddecontains the nunber 1. Based on this
information, the value ¥16l.#. illtstravesuabestofn thspolgpni sh” fiel d of

record 5 in the sorted ue t ahl gj £} | aced. i h.row 1. of the jnstance
table (i.e.,, the |ocati 26575588 8 eAgydhareriilhprating 4 lodring dhag, o
val ue tabl €] . fHogs] the vadueSpahlehcell cagisogiated ivistharre indflandes tadile o
PEC 2002 WD 00103338, PO LUSOY/ 15430, Ln the. | nter nodi ats (all o (i e. . the -
v? ue 3), which correspgﬁgs gol?P‘t‘és}:m\??ﬁln‘?)e’Fmb’f”f?letahaéérq}at?F"éii’Eﬂ%’tihf?the
sorted val ue taiw @©f Thiesnprbcesdums vheeat tie foursath dobimh ayal/o wiglit.he
last field wrapping arognd t9 §bealFishchapt diy fudtnRtany aid Wiy ¥ a
gori t hns, sibly

art will regpgnize t'hat there are equivalent a sonme p
avoi di ng the F&s¥A'snhteredraBdfara 1abPe }RePeMXERY ng t he i nstance

tabl e) and the present Faeensi b asfhovchartt EIidstideimd dthe tgrocdxmvos

here. 10 COQ?L%%%%%D\éa'l‘iﬁFIQ?LSd'Pe&&f&%%@i{,f}&fq&}?’aﬁ rﬁf%é{a&r?cé .

val ue tabl e nay "bé re"efriciently repres e nterns of space (e. 0.

~ nmenmory or di sk usage) FAF-c8ri&i A EbPYARAThr bl lesfkRiing  thy interchange
of the cells of two records in the instance table.

20 FIG. 10 is a flowchart illustrating swapping a live
for a deleted cell.

FIG. 11 is a flowchart illustrating finding the
undeleted cell (if any) immediately adjoining the deleted
cell(s) (if any) for a given value's instance cells in the
. 25 ;pstance table.

u) FIG. 12 is a flowchart illustrating moving a free
(deleted instance) cell in the instance table from its
original associated value to the immediately preceding value.

FIG. 13 is a flowchart illustrating moving a free
(deleted instance) cell in the instance table from its
original associated value to the immediately following value.

FIG. 14 is a flowchart illustrating determining the

total number of instances (including deleted instances) for a

30

given value.
FIG. 15 is a flowchart illustrating the deletion of
a previously live instance cell in the instance table.

35
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15 elimnating redundant val ues. For exanple) in the value table quvgﬁctmz
"Parity" ffield has only two different values ("Even" and "Qdd") and the
"Type" field has only four different values ("Conpos", "Power2", "Pringe"

and "Unit"). (The nunber of unique values for a given field is called its

20 "cardinali y cordingly, in a preferred enbodi ment of g t
i nventi on, re%noggﬁ%g/ can be elimnated by constructing a con ensée%ﬁ?/ﬁ?ue

table, which for the exanple above is as_follqws: 25 CONDENSED VALUE, TABLE:
Row , ~ENGLI SH (col . 0) Sk (D12 foHeRpRN dddpstoating the lnsgyieny
(col . 4)1Fi ve§f ng oh¥wi w@IWe sikive n® halual dlabdle column, when the pointers

nsPovverZOdd3onlS 3: lli%@fgéiméoadisé %w%ﬂii&r&mreeﬂ esVi er 6TwoUnoZwei To

realize this % Vings, the stora he val ve table nust be
al located in the appropfI@i el ekt fliawchagteiddpstrabingcele nipgerhien| um

as a separageqyest Réw Walhét ints HRRAKRI tadiel tetanhNOwhER tRO! FoBStérs
t wo- di nensi onal aré%% In additio t he .changes applied to the colums - 18

1 3 ULC 2002 ¥#¥80 OB BeR WU $PL I houl d group equal val ues
together. In order to rEIGi n18 hibs or iffiowcharti dldnstoat bhgt tise Lassigiemard

value table, ap Qdﬁ;}gé ?g@éléééﬁggﬂfs%aﬁc@ *abid Ee11eEs! 8 Gfvén value in

"di spl acenent ™ tab lErow in a preferred 5 enbodi rent. I n one
enbodi nent of theevalee cti }®vention, the di spl acenment table provides either
the first 96 the |ast rprchurbeis ad bMuckh ddagiranmnilj basvehtiindg Ntite CHtepa®

occurs in the,orj gégn%tgrg%?gggs%ﬁ/ § %tabl e (referred to herein as

"first row nuhBef" row er’ format, 10 respectively). For
exanpl e, the displ aceneFilGt adPels & hliack fiasramdilingtrabing theveteps as

ff— | lows (in "§fhrgh 484 Pe8bEd " op&Fdilond SPLACEVMENT TABLE: 15Row ~ENGLI SH
'SPANI SH GERVANTYPEPARI T, no, condensatign,..so noll2di spl acenent. tabl e
ol ume2af or ENGLI SH, SR E 1F 2 sbae 3BSran. 1 pLpFRERERT bhe Ftehe
di spl acenens imbaemo@ify i neiterd ceperatiiamhe value in the first row of the
condensed FIG. 22 is a block diagram illustrating the steps

in a query operation.
FIG. 23 is a block diagram illustrating the steps
in a join operation.
20

25

30

35



value table (i.e., "Even") was in row 1 of the uncondensed val ue tlag)I[EC 2002
(that is, the value "Even" first appeared |n row 25 1) and the val'Ue 1n the
second row of the condensed value table (i.e.) "Odd"j first appeared in row
4 of the uncondensed value table. Alter natively, the record counts for each

val ue may be %‘;(ﬁ?ﬁ'g% kN the di splacement table Wth the first F@E’}@éﬁhs@
na

val ue being ari ically derived, or 30 S~ arith~aetic conbi 'on

count and di spl acewent nay be used ﬁo um_havi ng field width Whbytes and
cardinality Cfi.e.) C unique val l???)u ED, BEPERIRTIONLy a " condensed”

co: um ?f uni que val uespléngtMusMﬁaJte% d:g&pbg*e%:&eﬁhraahi-e BEtﬁia bRt gger
val ues (row nunpe tes i + t er eas
st orage of th&ggﬂ %ﬁ%%s%% %h) ese wgntlfn DE%°E§B? 551%33§5
PCT/U899/15433tpqueréeVﬁv¢¢ththqﬁM@eh@rN Adskhecpotbéning tbeosdf}waFaus,
where WC +gpifrat %zdi-\kof’&s Grfe N’\f:ibtio?(sv%f %nbhaﬁtsmge%ygezw gskRa 1S

benefici al . The cohdensed colums in thi nbodi nent. generally destroys the
one-t0-one coPFESEBRJIEMYENERe e THif: s@éltl"érel 1@°}“P6®/'05Pﬁ'nﬁxF‘UE&Fro B¢ of
the instance kabténesdféheyamdratinig tthe dakaestzbbeuréBuss dhei ngaeeipifglO

reconstructi OfshligsYALNE £OF AfBlai AN BECLOHULRRULNCR ERAUE 300,

t he i nstance e sinply by lo ng at e vald
same row col udn reeexfduerienfked tiles;indo these Aataostsngenrgseel Injn the

val ue tabl Qoahdhﬂﬁlénﬁaﬂl@e rmmﬂumﬂdlm@sonhasraetuﬁas_bei‘rTﬁaa bulheihg
of the 15 mstagce tabl e I n, t he | e aboye. |nstead) ccorﬁgnce W th

|
a preferred eAB8JPHERTS  PHhe t\l/%ldtf’ea F1e SPC Iasa&‘&ﬂ’at 88‘0"% fn PAStance
Tabl e(r) c), weditycand iobwrtisidwescol Data ifdlgsvermebgtunede ifabtetdgep

('gW num C), Yaghee b SEnd MbHLHE &M«aart%waégoequ_@a qflthh%neebk kBrehe
di¥spl acenent table for the c"' acenent Tabl e dlsg r ow

num c) <= r aﬁ?ﬁ?ﬁﬁtene?ﬂgarafbﬁeiﬁjln?ﬁ &’8\/\/ ﬁ’mfteé) 352§1m5Ve1Fﬁ8 s o

upper - boundst ekt dataocstpectwrewhexeiti sr rswrecord-dordentetl €iles. (i .

O Lo A ke BSOS bR bt
of a single storage device. The software in program store 4
is executed by processor 5, having random access memory (RAM)
7. The selection of the tasks to be performed by the

20 database system is determined by a user at user station 6.

In the following discussion, the term “pointer" is
used in a general sense to include both the C/C++ language
meaning (a variable containing a memory address) and, more
generally, any data type which is used to uniguely describe a

25 location in storage, whether that storage be RAM, disk, etc.
iu) A pointer implemented as an integer offset from the beginning
of a given data structure will perform the same function as a
c/C++ pointer while advantageously requiring less storage.
The terms memory and storage, used herein, mean any
30 electronic, optical or other means of storing data.

The term multi-dimensional is used herein in a
mathematical or quasi-mathematical sense to refer to a view
of the data in which an n-column record-based table is
considered to occupy an n-dimensional vector space. It is

35 not used in its narrower sense, sometimes used in data
warehousing and On-Line Analytical Processing (OLAP), where
multi-dimensionality refers to multiple layers of data

- 12 -



Di sgl acement Tabl e(di sp row num1, c) <r <_ 30 Displacenent Tablﬁﬁ?'@gg é@\ﬁ/
num c) where the | ower - bound test is not perforned if disp row h o]
not exist. (for "last row nunber” Displacenent Table format). Again
referring to the exanple above) to find the value 35 in the value table
associated with row 5 of colum 3, the rowisr colum 3 of the displacenent
tabl e that haWa®®33hr gest val ue not greater than 5 is | ocat RETHIPANS43L ow
3.in the 20 ,1 3 DEC 2002 ' WD 00103335 PCT/ US99/ 15431 di spl acenent

tabl e above (agwmslneyi ng the value 6, which is greater than 5). Thus, row
3 of colum 3 has the value inthe value table associated with row 5 of
colum 3 in theinstance table. 5Space- SaV| ng Technl quesAppI icable to Certain
Tunes of Dataln accordance with 228 5 SMEEf | el dswit h data

having certain pr Opert'ﬁéc&?&-h&séﬂc*@éﬁpéﬁteﬂ:'ﬁﬁﬁm%aﬁlﬂi s eepyresentsf a
t he present |nvent| on_\w t hout ui ﬂlOSorre sttbﬁ]uctures descri bed o o e

(e P ool 8 mrenracnantagh raTuRe s8 B et feid oy T Hetcr . gx e, comn
vvher et he i nf onm’al in shatewofil tlhbeacbndatmledsem th?esbtsthaaat umeapsoaaaaady
present in thegs %K.Stﬁan %Peégnt”i?ﬁbéhh&ﬂrglffefs ﬁfaa Y TR stfucture.

deduci bl e fromcharacteristics of the datazbor other information that 1s
present. For &rnappeeembedimentontRRseatabrse 1sufiyided,dnt e Péstlﬁe
nunbers f rom dataNstiteterées; nannendoh@ensed evi Niess tiaX i@ @id @n iihsthfAce

val uetabl e gt (afl, begauseaibe LRESLTBLERD:NS LPliid ) HISRARLANGE

tabl e (row i ns ance corresponds
Each col unn ( brdlott) attsdatpbases; nPBF—nﬁ?anc%Je‘&Uesﬂ%l% pexutedr 85 are

implicit for thaekwekd aﬂdngearenandntie%tﬁo@ht@urbﬁd& ingddsFalridgta. In

Cpeexarrple j ust |veg go ng :Ifrlptocr: for the |résbt cectablﬁ ngé
uld state tFRETERR ngu cBrPe EoRALRY T EC¥tnosrbhids srt DSEWIND

This data can etnhembennseuhenlvﬁeanceatgbl¢tmvxﬂﬁa:rhﬂ?ednmﬁelfwr or ot her

i npl ement atlsoﬁc%st;bﬁetgﬁgl {:HEBrL‘\BSBdE her&heghél veide: Wl ces eXI st

where"ipplicit” stryctures can _be us ae V|n can ev
Exanpl egpof sFPRCifich ¥an%§s°f‘ﬁcf’ﬂ§861ﬂg € aiﬂ‘tee aig %ﬂe
foll owi ng: 1) Aamechdmberi af nowquendabakumneqm rtam nmi:cmﬂensaﬂemslhest
si nce each Valeg, ?kaegthﬁ' de$1vqhug. ":?B\???é‘&ﬂ?ﬁﬂ S QUYL SHICE d Rrlehe

i nstance |i st avi ng contlguous uni que, 1 nt eq’&)va ues t hat have
the sane rangé"§§3f‘ﬁ8 FBR&GOF°PHEW§I Be_roy nuzb r FoxEdhedexipideidsins
PCTNS99/ 15431 thablsem&eﬁuccaea nonexktebeiinyg aetli med chanmc.errantud i *he These

val ues wl | SO”@ gg&ge¥?kgg g@ukﬂ bPe %gnq_—__} N ositionin a

val ue |i st, err positi on| I nstan |ist. Thus,
their val ue i é’aéqvaﬂ'apéet(ﬁel PBpoE’PFFBnr( 2BR) ci are Hehe W ANd Iq0§t“m"56’fné
separate valu dx&tlcuaaaeededtlshnea t—.heseambuesbﬁe igi que, nodi spl acenent

List is neede t h el.d _hav al yes re the output val uesof
a function of »8%83%(‘r%ﬁf’gagrgen-%pu?g\%l'ugg re %fg'ﬂcgs) notoval ue list if
t he functi @b gnsthance_Fabdeddt, 0G) piss they eavr derker jofp ke nextyfiileddse t he

QS for examges fufrehaﬁonesc@rtbq B%ﬁ&h@n):hevﬂéiéﬁscé!xﬂnﬁofw qheurrent
pIylngthefunctlontothe |t|oné cell,in the instancelist.

Si nce row posi®M€ns & 2N & 1RERL; |Hf%§%ﬁ’% in¥eptign MR 2 Fang
function w || tdpddey,ondatdd) Fhydcrayamod h) stwhereaedisl therommber wfl ues
can be Comute& ttn%@ QG %ﬁtea%aut.het 2 g &P&afwl&n& 4 esater@ ues

ar eal ways uni or. unique i np acenen I'st Tsnecessary

ei t her. 204)3% Eétf’d Wﬁ@g\)al ué%" taPi'ataléEPé'"aEﬁr erbPedinenty (FRIWMMS Ut val ues
of da fgncti on rﬁinmaal I guq;u;s;u)ﬁt e@eutf (ic)pet vl gea faR i&e ugpdzmmaeiwﬁ ofa
reduced- spaced_ value .l ist ifthe ction produces ordered outbuts diye
ordered inputs R ]\ﬂ%}le& BE€ RS gﬁe’f §ﬁfﬁ8‘,’ F oyORresPO (P;mg n%’&&)

monot oni ¢c25f unbinakidon.The val ue Ilst in this case need only contain

theoffset of the output pof hampies! 'h@iow‘ ngt saéaeébt.& {H tn@! dandird i
arranged such that the offset Ius t e outt%tso function produce
ordered val 3R ONPXRCOXATRCES X §t‘9ﬁ§§dl¥%‘t’ pyRbeingH ) |

associated with the sane data value and al I havi ngassoci ated (e. g., next)
instance |ist elenments associatedwith the sane data val ue can be
represented by a single entryidentifying, for exanple, the associated data
val ue, theposition of the associ ated |nstagé§ el ement's associ ated

dat a35val ue and the number of instance el enéits in the sequence,with the
di spl acenent |ist adjusted appropriately.Additionally, known conpression
and space-reduction - 22 ~1 3 DEC 2002 WO 00/ 03335 PCTNS99/ 15431

techni ques may be applied to the value and instance tables (and ot her
structures). For exanple, values may be represented using dictionary-type
nethods |nclud|ng nethods that mat ch bit patterns that are Iess than t he

N = Y Y e Y o1 o



Al ternative Instance Table with Condensed Val ue Table 20 The dis iﬁie ﬁ
tabl e di scussed above sl ows record reconstructi on because val ues f 2002
condensed col unms can be obtai ned only after searching the displacenent
table. An alternative configuration used in another enbodi ment of the 25
present invention is to nodify the instance table so that entries in
col utm poi nti NP IMEPSa condensed col uim poi nt i nst ead dlrectlyc?ﬁ§3”Fﬂ§
value table. An additional table is then provided, referred to herein as
the "occurrencPRIOBbART DANEABADR: ai ns infortation by which the row nunber
of 30 the next
"occurrence” thBPECESHT 4 {hégpet n t

poi nted to by
in an enbodi nmelht _in whilckPPRe diso

o
format, row 35lousrs i@} R¥O| nstankRO

table is als = y o c
equals - 23 ~1 3. DEC RUO2 W wo 53
c) + Displ acenfat Ia.b.l..% LY ,
enbodi nent inc j ,
various 5 structures, and/or zero-based occurrence nunberlng in the
occurrence table) and/orrhéacbrreupandﬁng"véknunmhdfdhsthﬂcdlsabmeenent
table entri r t qﬂ % r N t he
I nst ance tagPe ?%%/ éﬁbgﬁné c égﬁéitﬁ |eId 1%9% &n 8&1ﬂ8£€2§¥0£ gsed
row nunberi ng PresgBt1inveRtiPRRECANd i nst ance tables zer o- based
occurrence numbering and "last row number” format in t he di spl acenent

t-gbl e, the ins row numnber of the next field is: ("~ for Instance
T ble(r, c) 8ﬁﬂ§§ éggt§0rrence Tabl e(r, and for Instance Tabl e(r, c) >

0: occurrence fRBWEET]| ERGLISH SPSRANISH enTTT'nS AMCRE | aDl €] PARCTY 1,
next (0)) +1 26 | beeaus))
is the last rofv nunDEl FLoe 1]
t he i nst'ance apd occytreﬂﬁe t ab e&aQQEFd )nlneerged paﬁarﬁﬁe'

t wo- part el enefft 5 T3| Ghe' above e6sfpl €, | R@edfPE CpPPEliKepPOl N ;
PARI TY col um pT Ther [ 8SkEnce [ abes®and { N6eERsd 1Y :ptﬂiﬁ’lndfoadValue |

ol

.L%‘En ca3l ¥

a
q

¢
.
o

tabl e i s condefised. §Thrteef dan¢e@resth t hfviert er naj prémehbod| o@ai, Thel
I nstance and ogcurr efewbdabl es @moas fol | @awei’ 30 3punik4 oda’ 1
20

INSTANCE TABLE:

Row ENGLISH SPANISH GERMAN TYPE PARITY
!# (col. 0) (col. 1) | (col. 2) (col. 3) | (col.

25 1 1 3 4 3 6

‘ 2 2 5 6 2 2
) l 3 6 6 5 1 4l
‘ ) 3 4 1 5 30
5 5 1 2 6 5 f
[ 3 3 2 3 4 lﬂ

30 The value table shown above is created by sorting

each column, in this case, in alphabetical oxrder. For
explanatory purposes only, a superscript has been placed next
to each value to indicate its record number in the original
database.
35 After sorting the columns, a row of the value table

will not generally correspond to a single record in the



~1 D DF~ 2DD2 w WO 00J03335 PCTNS99/ 15431 Alternative |nstance Tag ﬁ Rﬁm/
. ~ENGL| SHSPANI SHGERVANTYPEPARI TY1134162256123665194441235512256&2 2 EC 2
Occurrence Tabl e: Row , ~ENGLI SHSPANI SH GERMANTYPEPARI TY1013223142.t"~53~1
Z5 Thus, the TYPE colum of the instance table now points directly at the
associated row in the value table of the PARITY colum. For exanple, the
TYPE col urm VORMEIS of the instance tabl e above contains 2, FRadiPH3hat
row 2 of the 20 PARITY colum in the value table contains the PAR TY val ue
for the sane grdgdndladataebased wWrhé instdnced itdileld Hdwewdn provideshithecase,

row 2 of the, E%/%%H}Xtﬁshumcaeese “éotPécé!ﬁé 1 %SSJ %%Of Ehel OW of

the PARI TY cOl e Instance table 1st ue Inr eTYPE
col um of 25 traddtignpdnexterppd EFE@”‘P heieRy ucSReFiBiral b, gachp oy
CO: um  of thEhdbSIQ' aelweauuhabnecatnuﬁ) hnvthé:hlbrlt&&;]de 4ablle Cil’s 6 The

val ue, instance, ac ave

above as s zﬁsgfgll?%gfld ge? QQOQ§O%V\£§§?&@ "??ﬁ erna’?'qe/{e| e dErents
this need notThiecceld wath. tﬁsr semnﬂpme/cvmmvalww cﬁrsmtmemalme ttak s

el ements can é&?@&age@hedbaqaat b¥. tRE0rébérd nss&larme Atk Rf GG dabl €
el ements can 1

ew se b adj acent | t hose col unmms wi th .condensed
val ue t abl es Withy &hgggo SB“'P ghﬁt ﬁ)‘?ﬁb@ %c nlrﬁ ﬁeemﬂ? AMtaing tS‘zﬁ
rows from t haotanambes, ofntthel Bextefiiedd opfriinel fextadds i ne by al |l ow ng the
adj acent ments to s e me t
Soba v 0015535 pCr LEBE) f&ggi’i%keﬁgﬁuﬁﬁ‘qé Gédfediil ontai E*I?or A ven
val ue and di %GEHSAtlsflabFel“Pﬂel(§°é\‘B“n‘&hf%o‘é‘!ﬁ mw#m%ﬁ@@%c}s
occurrence t 3 eeconstiacited. thehaaaesoemtdd Seé11 Tin sthe \Emnw&ﬁbﬁeor a

yyue having AL BLG GSOUBTEARCE) LUGLORRUROTR SRR Uadiite

ssigned t 1tﬁé'p ySi cal Pecords hav ue I nar rary or
general , the fheo@tberof ieddst d@FoFP&PBBﬂ t he M*Plbusfl/laﬁi"ae@!e mew iqfl itdie i es

gives the wrﬁs%ranafshmb@ne%oqeunﬁﬁncm t BE1 6%g 1Y Cho JENE ' Sdrfe LT RS
phyS|caI10record se

414, 720( 31 * 1750 A1 PF B, the F5hafifnk *‘291‘1‘“"3‘9%‘*’1“)” is determined.  The
di fferenti nstmfwhettam éscproybied Wi the gbnstance t tableal dowl AdedS oa

dat abase gi vey) RpliQW ih! Rhdsl cBGe! BBALATNs £HEMSu¥éS!P, dneaning row mav
uni quel5i nst ance/ occurrence rggmesent atlon that si nul t aheousl Stores-N

mul ti key "1 eQfcdPe SPADAERySOLRMB, &SNP TR SMAEFCHAAT i TN et P e
dat abase) 20 tEngldsioicelowar. hedéxthatot daetermgimne ethe arow cof thee "Gutimardual

sorted colu éﬂ.ﬁh%&:%%%' §t)CErBﬂf ehbedah@ ﬁ@&ﬁf rGW OB | 519" oy

Each20col um nes one suU ordering suc atf column 1staken as
the nost si grifFandsh coRumn, (CQLIRRN;: k. kE?"’ W‘E‘I’ll‘HE‘XtJ( dn he Hnskance pst
significant ajdpliedudise xredd;. whtl&hObbmlathV{:ﬁ‘é minbé&e 3 caséaningirdw arg"

i Due | 4SS PBYER 1 FRBaPERY! Okta CELURY! N I fid bnie

structure). 2 e ordering isre ex I cal
,the sane ZQW@W%WM“@:U;‘F@U t30°§otbembﬁe§nam'brﬁ<bbweawaumn ), ime

y&ds are soréid ;gistlahiRe itablel g»&beridebheneweMSowtﬁnet*@ymélm letter
sorted on, t e\ﬂs{‘e;ﬁnd I ter and_so

wering,.is illustr ted
bel ow start i nif h o rB8PEALAIA T ESOTER LS S muiptei,
Dat e, | ntrodasstardng lr@vDa‘tSé.'b@ietspsf'é‘Npe"Scmm&dlsl fnom | tise dsame cxmca:n:d/er

(1995)): as row 3 of the “German" column. Row 5 of the "Type" column

30 (colhumn 3) indicates that the corresponding row in the
"pParity* column (column 4) is row 6. Finally, row 6 of the
*pParity" column (column 4) in the instance table, which is
the last column in the table, indicates that the
corresponding row from the "English" column, the first column

35 in the table (column 0), is row 1, which is where the process
started. ' This is due to the ring topology used in this
exarmple.
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35 - 26 ,1 3 DEC 2002 ;.. WD A0/03335 SPJ"~ 5 PCTNS99115431 R C%s&&%j@ﬁ%
~S~P~J,~CWY000082P3J2200000I82P3J56000C0282P5J2I000003S3P4J25000€D
00005S5P5J55000006S5P6J2200 The condensed val ue and di spl acenent tables, in

accordance 10_wit e enbodi nents descri bed above, for SPJ", . e
Tabl e: Row wd doRad:8 pCFrGsooNlaY

#S~P~J, ~QIryoQ0S2pP2J321 0015p001S3P3J52000002S5P45000003P56000004P600050006
20 Di spl acement Tabl e: RbWs, in accordance with the embodiment illustrated

: fSE f P~J;#QF YOQQ)%QQQO?Q@iaB%E%@QZﬁﬁﬂODQ%@b | %@ommh &G@Q@d nbe Q:%rl]:iilet ﬁr nat i ?/e

i nstance/ occurrence tables_are shown bel gw, each reproduci.n si.ca
record set of CSHtEpRs 2 e ¥RY PHBPER N e Rexk rce‘ﬁéﬁmt 5'3’1152‘ %ﬁgg'og'ﬁé/\ﬁ'c'as a
si ngl e conbi nahet shame wetbrdnt with thet hast ocolwws tcond=/iodng tdec eowEach
value in th t al 0 p 03 t'%gggl I ofpneehliSyden t he
instance/oc§h¥$%ﬁ§§ ?gbﬁg? %%ﬂgh?gﬂéfé h@f?ﬁ%dﬁ tﬁgh'lsﬁlagg%%%fi?ggle
entries for thetwegny&her H@?éCBFBERslﬂ%@%%%rP?%Md‘%ﬁ‘% BEmea KieFera
27 , 1 3 DEGod1@7. in whievenBddiment NJEOmA & ading Rilgdughtthe rinistance

| nstance/ occurrgace L3bh99.@ekated BR'AYY. '85! HEHTLYING 98 QIS
directly corresponding row/column locations in the value
10 table allow recovery of each field's value. Topologies other
than a ring may be used in alternate embodiments of the
present invention.

{j) Generation of Value and Instance
15 Tables from Record-Oriented Data

Vvalue and instance tables can be generated in
accordance with the present invention using the data in a
prior art record-oriented database format.

First, the value table is created by permuting or

20 otherwise changing the data in each column of the original
database. Examples of changes in a value table column are
sort ordering the data and grouping like values together.
Different columns may be permuted or changed differently. A
sort order should be chosen based on- its usefulness for

25 display or retrieval purposes in actual applications. The
requirement for a potential sort order is that it have a

(;) computable predicate which orders the values. Some columns
®may remain unsorted. In the example above, all columns were
sorted in alphabetic order.

10 In one embodiment, during this first step, a
temporary intermediate table is created that facilitates
generation of the instance table in the second step below.
The intermediate table, in this embodiment, has rows that
correspond to records, as in the original prior art database,

15 and columns that indicate the permuted position of the
corresponding field in the value table. The intermediate
table for the above example (in wh;ch the permutations are

- 16 -



Rbm1,~ ~ SH~ P#l J~~ QTY5 0000 t .~%1l. ~ 0/?c~/0~ n/fl~ ~jQ __ X 9OPEC 4m2
L, o~~~ 050 00 L. f~~~. ., 000z 4~ i ..._. _¢C
i | j.i : f /| c~ 0003 iy .~ ~f4.. - ] % .~/10004
f)/c1c~/c~ ~j0 _ 0005 ~ f~ - o1 /()
. ...0006 ‘WQ‘%"‘B”’T '"%) . ~~/~.."J ' " Instance/ Occurrenc,!’e?(y«gf”":tq56'?1l 2)
Row S# P#I#QTY~ | ' 0000 - - - ' -000| ~~/ i ~c~/c~In_ ~ ~c~lc~ i~
i/n .. ' 0 sort orderings) is as follows:
INTERMEDIATE TABLE:
Record # | ENGLISH SPANISH GERMAN TYPE PARITY
(col. 0) (col. 1) | (col. 2) (col. 3) | (col. 4)
1 3 6 2 6 4
2 6 3 6 3 1
3 5 5 1 4 5
4 2 2 5 2 2
| 5 1 1 3 5 6
[’ 6 4 4 4 1 3

10

-
J

15

20

25

30

35

Thus, for example, the intermediate table indicates that the
»English* field for the original record 5 is in row 1 of the
value table, the "Spanish" field for record 5 is in row 1 of
the value table,
of the value

the "German" field for record 5 is in row 3

table, the "Type" field for record 5 is in row 5
table and the "Parity" field for record 5 is in

value table.

of the value
row 6 of the

In accordance with this embodiment, the instance
table is then determined as follows:

Instance_Table (Intermediate_ Table(r, c), c) =
Intermediate Table(r, next(c)),
for each row r and column c in the intermediate table and
where next(c) is defined above. each cell in

the intermediate table specifies a row of the corresponding

In other words,

column in the instance table; that row in the instance table
receives the value in the next column of the intermediate
table.

For example, referring to record number 5 in the
example above, the "English" field (column 0) in the
intermediate table contains the number 1 and the next field,
*Spanish,” (column 1) also contains the number 1. Based on
this information, the value 1 (i.e., the row number of the
“Spanish® field of record 5 in the sorted value table) is
placed in row 1 of the instance table (i.e., the location of
the "English" field of record 5 in the sorted value table).
Row 1 of the "Spanish" field in the instance table is set to
the value in the "German" field (column 2) of record number 5

- 17 -



00 2l ~i~" ~f/~ _. . . ~ | alb_ QUQO. i oo~ - -

R Y S _~~/~-- i0 004 ;oju __ . _..ol~ ~ I~~~IJOJ%D§‘)20‘02
N f~e- 7~ L - CI)064JO - ry. q4" .2/ 10/ 1

Instance/Cbcurrence (version 3): 20 FDM/# S# P# J# QrY 0000 '._._j ~jo _

] nji i olo wooeome3xs~ j? . . . .. oooi ~ tfi . u/li cilo P@[’USRSOS'QI"'*‘*O

i/~ . . i i/~ -~ZJo 0003 -~ / oj 4 ... _.~1/ z--__ 004

0./ D~. 1A &hialkd ﬂkﬁle (i %ﬁ,oQﬂi 3é§ue_3),1ﬁh1ch/

_~.2/1 - 0006 4% ~ - rD3..3/001...."
. _~s 1In WE?Q?P’B“? He dhe rew \MW%Y é?gcl*rh@af G@rBPB kE1@dd; h“sfé?‘% ed
order based OSof téd r'va Nsé eIl eand TnisU prewess Teerbdpehtea, £dy eadh i keend,

orderings natggrgl L) f@rﬁ'ﬁ?d fysts%]l d?'Qerapp:mg around to the first field.
5 A person skilled in the art will recognize that
there are eguivalent algorithms, some possibly avoiding the
use of an intermediate table, for generating the instance
table,
algorithm shown here.

and the present invention is not limited to the

10
Condensed Value Table
In certain situations, the data in the value table
ﬂ-) may be more efficiently represented in terms of space (e.g.,

g memory or disk usage) if certain columns are "condensed" by

in the value

table above, the "Parity" field has only two different values

("Even” and "0dd") and the "Type" field has only four

(“"Compos", "Prime" and "Unit").
(The number of unique values for a given field is called its

20 "cardinality.") in a preferred embodiment of
the present invention, redundancy can be eliminated by

15 eliminating redundant values. For example,

different values “Powera¥,
Accordingly,

constructing a condensed value table, which for the example
above is as follows: :

25 CONDENSED VALUE TABLE:

- Row # | ENGLISH |SPANISH | GERMAN TYPE PARITY I
',) (col. 0) | (col. 1) | (col. 2) (col. 3) | (col. 4)
1]} Five Cinco Drei Composi | Even 1
2 | Four Cuatro Eins Power2 odd |
3 | One Dos Fuenf Prime
30 4 | Six Ses Sechs Unit I
5 | Three Tres Vier |
6 | Two Uno Zvei |

To realize this space savings, the storage for the

value table must be allocated in the appropriate manner; for

35 example, allocating each column as a separate vector or list,
as opposed to allocating the table as a two-dimensional

array. In addition, the changes applied to the columns
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are: (S#. P#.J#. QTY). ~P~. J# . QZ'Y. S ~ . (J#.QfY,S#,P,f) . and tQZ'Y
+S# . P~ , J#) . ~5 t~there the fields are ordered fromleft td Bight 2002

descendi ng order of significance. - 28 1 3 DEC 2002, WD 00103335

PCT/ US991 15431 In a prior art record-type table structureddat abase, in

order to reconstruct the records in any of theseorders) there |j

space-tine t PHRBYIPIS | f the records areto be repr oduced qui CEF%S%‘H'%'

| inear tine, four separatebindices are required, specifying the four

di fferent sorshoulst grofp emiad veilvdesctioaebher use of space, a

ti me-consum ng search if, IRQdT @& eaelihi ER etaﬁd(ﬁaﬁfainfsﬁr‘arti&?%é étl'ﬁ

changed. The skewered i nstance/ occurrence tabl e I mnatesl Othis trad

Any of the naingondensed yalyedad @anaBeBﬁiBHﬁh@bﬂr FYTYRINTS j keferyed to
exanple, to g%y@iiuets tehe'dirspaiacement, €EN1S, s prevididd Sin ra gltdefErdia-
are processed t.0 ott C g ra

each such, f ‘Fq l{eseﬂegg‘r&d%&\?ﬁbpgﬁ%hg °£ hﬁhé ?lgérérjeen}ol e'§|; % 'derthelSTo
i |l ustrate, tdﬂeﬁpmtc&artel@pw&vﬁéeﬁoeeﬁi% YR irstugr ddos dEstcaianm

P,~ are as f gl Gt wHIRED edicnCohigiePyvalue 89 £cohmd Betdr DO e
CO| um P, ~ -> S2 P3 J2 200cgel |l Q002.of J5 600cel |l 0003

of col urm P, -fxigimalopncondensed Valhs gngﬁl m‘f-‘;’%?dsit%}% Y aozocel |
0005 of col Un'Tfi:#Bt b TRRRET 'S adde MlastoBowf nubenrth flgrmat, S5 P6 J2

200Si i | ary ne%zf&é&?éi% be rfdi-pb&%ﬁi@ r' Enanau@sut&%é\ké %x&ﬁt Fdie ﬁ%um of

pr oceedi ng s of henost s) gnr l cant

own .t hrau the ce
t hat chosen @M%ﬂs‘t?r Faluses ta %tlﬁeaPBP’Errﬁ§ oig ’?%19)'{1? uett aHiirsk er%rted

andcondensed,masbeles dortwt )ear | i er, a skeweredf, i nstance/ occurrence table

i3 formed by creati ng a multi-keylexical ordering starting at any col um.

THe other N-lisulti- | exi cal orderings automatically result. 30
@&ﬂbé"@@%rmts Wthin the Dat. abase System of the

Preserving StREERIAC
present | nyen
portions of &=
significant
col um t hat
29 ~1 3 D
For purposes §
transl ated i e
the origi n20 &
Record

#ENGLI SHSPANI SHGERNAI\FFWEDANEF\IME‘NGH}@!BUQ&EWQ Ubi spekirite M\ ealob idivey | ne

EVEE W?E3Thrﬁ?%-%§g§|ﬂdﬁ'ws Tﬁﬂ'\cl.?‘l&ﬁu!:gﬂafis_?% lef&QV@f 2@?@'%5!@3 veC
ncoFuenf Pri ne X~ S ~Se osi EvenSi x I s of cre

separate col U qélqﬁee 16t (ﬂ‘spﬁﬁgﬁgﬁt vap sPahee g ‘atea%b%r%%%'é ‘f'?fgﬁdes f or
t he FRENCH cotrarlwm talie FRIENGH icol dime valuet PEvenY'f ixsbrappéaréd ot hoow
col ums) wWiRsey diy3p! @ Rue 1115 HC QecoRd P of CEe LA ERsER oAl

‘eglier. First, a coJ um is selected to which
: table (i.e., "0dd") first appeared in row 4 of the

embodi nent 1 S shovvr
lustrati on, a French col um,
structures of the present '

uncondensed value table. Alternatively, the record counts
for each value may be stored in the displacement table with
the first row for each value being arithmetically derived, or
some arithmetic combination of the count and displacement may
be used.

30

A column having field width W bytes and cardinality
€ (i.e., C unigue values) is represented by a "condensed"
column of unique values, together with a displacement table

35 of integer values (row numbers) of size P bytes in W#C + Px*C

bytes of RAM, whereas storage of the uncondensed column
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20 the FRENCH col umm; any columm in the database nay be sel ected Lﬁr DtEl?.lf
purpose. In this exanple, the PARITY colum has Deen sel ected. wh 002
reconstructing the records in the database, the appropriate value fox the
"FRENCH' attribute is retrieved while determ ning the "PARI TY" val ue for
that 25 record, der to attach the FRENCH colum to the QBP-,'{,\ggg; &y
prior to value tabl e condensatlon the FRENCH cells in the value table
are sorted in the same order as th PARITY cells. As this operation is

perforsed duriFEAPHEESIV LIRSt (OIPTS % He Fheanupbert QfcTeFATSEL or dBRRE,

wi th the presewheré@vention, a negligible anount of additional effort is
rec;ttired. The sorted ‘ﬁﬁN ?;algqy n appended to the condensed
val ue tabl e, as shown be ’§ %ﬁe DEC 2002, WD 00J03335 Val ue
Tabl e: PCTI US99/ 15431 Rdw< N/(1 + P/W),

#ENGLI SHSPA%WRE%%:&E%&%Iiisvggin@fqeriah@rrposeEvenDeuxZPour Cuat
r oEi nsPower 20ddQuat r e3 Donggg%E%%pES|x54S|xSe§ﬁechs E hUnST reeTresVjerT
ro s6TwoUnoZwei G nq The climng. 4D kR4S, ERRPRIRERt ABREEa LR

in one enbodi estrews filid mne-to-dhies gloxrrespondéatec betweRowWEhiE t&Hl s

SPANI SHGERVANTYPEPAR lg
#ENGL| SHSPANI S RMAl\ﬂ'i EYI%EPARI TY?%%#GZZS 1236%3%494412355\,\%1%3233? Hhe
Occurrence TabfellRRF thenyalye dphescTRUENTIBEARR T?$9§21232241330511331

Now, for exmpi-ecoﬁmummm e azaamdlﬁmg- ocele @anhptEDEl &tk e "I@r

s reconst ruct gflyyJhl fg G Dndthnte TrTd Qindhl 53" 2B8REng' SeOLKE™ Bie"

in the value table at the same row/column location. For
{f) example, there is no longer a cell in the value table at the
same row/column location as column 3 ("Type"), row 5 of the
15 instance table in the example above.
Instead, in accordance with a preferred embodiment,
the value of the field associated with Instance_Table(r, c),
where c is a condensed column, is given by
Value Table(disp_row num, c¢), where disp row_num is the row
20 number of the cell in the displacement table for the c*"

column for which

Displacement_ Table(disp row num, c) <= r <
Displacement Table(dlsp row_num+l, c),

25 where the upper-bound test is not performed if
disp_row_num+l does not exist (i.e., if disp row_num is
I,) the last | Displacement Table row for column c)

(for "first row number" Displacement_Table format), or

Displacement_Table(disp row num-1, c) < r <=

10 Displacement Table(dlsp row_nhum, C)

where the lower-bound test is not performed if

disp row_num-1 does not exist.
(for "last row number" Displacement_ Table format).

Again referring to the example above, to find the value
35 in the value table associated with row 5 of column 3, the row

in column 3 of the displacement table that has the largest

value not greater than 5 is located. That is row 3 in the

_.20 -



I J L", ZOO2, WO 0WD3335 PCT/ US99115431 Record # | ENGLISH i SPA lflﬁﬁﬁ
GERVAN | TYPE 1 PARITY | FRENCH U Tres To reconstruct this recor IZHQ-.Z
data structures above, 5 first the value "Three" in the ENG.I SH col um of
the value table is found, and then the remaining attributes in the record
are reconstr wwedesiBss tracing through the instance table. At PEBUSH¥ISAIICe
cell for the Parity colum) the "FRENCH' val ue corresponding to the record

I's the value gisdihcén&pt r@amw@uwecqlﬂowm haelﬁ EpGE ¢l wdine | Nk fen vakue
table. In the exarrp? t he entﬁ‘wln row 5 of arity col.um’ of the

i nst ance tablﬁr?gt%s%’htfé’d' WIS h & e 3o PF §°§BET‘ WORE rYRIRY. ifhys,
the "French" yRéuealve ftablke iassomiakedf wilth rbwehcét c@mnm »f ihhenhgal ue
tabl e, whose vyal e |rJ gﬁ!nTrO S'. Alternatively, an unsorted colum nay
be included i A"FHE %%tta Structures of the present invention by using the
identity peBnutation as the pernutation for that colum (i.e.) the val ue
table for that colum w il not @gaegosqerigq @@chﬂqumls way). Colum Merge
Com-ar essi on | n accordance ﬂlhcébieurtt aceriaiod m&b ek bheai nventi on,

separate val ue table coilyrgngco% % Witq’e%tl ”tggg;g} n%t(»ﬁ% 3 !g’gLEﬁng}?‘gt

referred to herein as & union co
col ums for ewibhodatshchaving mrtg@tmmpemnssmenth@ mm¢mt€@vantages

of having a sppél|giraedse gy?éﬂém d&rweow@ieﬂet aneéﬁemxtlﬁmew ePpRGti ons
and |rrprov aa ugdate speed. A val ue ﬁgﬁéor S in mz a Particul ar original
colum is indPe® ¢ REeiEes. ':t’g’ﬁ eaBBT’ﬁ 1155 o YitPer ange for
that val ue. Fdispxmmt( assjfamgnstanaesttabdeshunbEnis f s nﬁnedcaqaéannmt
table), if the, riﬁfﬁ@?ﬁﬂﬂi%a@ Sl Ry 2oh8i}Ea UEn Hnd QY %tmet

n;rged col urm the acenent table for that colum wou eve_t e sane
le at row if’ akpeadw present (thdhe SYSteR iBeABnimplicit form; i.e.,

AY

Ta:al e(r +| }.) Btlaspimhdiahls(dedn)cq@le Ifrom chasatberisiSics ovf | thé h@ata

col um, val u 3335
gtﬁ?r ﬂ%&ﬁ\ ’BLHT’% at ?pres%nt. e |%é%ce t;%? )Q

PCT/ U899I 15d33 greater than e nunber I 'OWS 1 8% or
that col urm. Wheendensed|yalug tt%ﬁilcﬂit%\eﬁ@ﬁtaﬁaﬁlém shymberst Lyem 1 to

nunber fgr Mag, ﬂﬂ@r@uid; ﬂ_ir@r‘rg@ed b GRiory ﬂh@.s51hhsi’1_ili_ﬂ’6ﬁ§n Oinvﬂhéevﬂllﬂ@ir_ r
IS glven Yy acC n. e acenent - IS
a valid row %ﬁg& h‘f% ra(uescfu he Slﬁ' =8 anéﬁgmﬁ)ﬁfhtﬁ% §' the

Di spl acenmegy, iaSte(we ct}ahlﬂ (o 1qua§éx$ iastanaetably mrrqsptpmls to

zer 0-based T oy, I@DE] | Dk - sclofdi%)exarnac@ doiamhol ki dy REseFiptdr gt abase

is conS|dered Prior Art Databas 15
inf ormatfgn states éilCh structures are implicit for that

field and where and how to obtain the implicit data. In the
example just given, the column descriptor for the instance
table column would state that the value corresponding to each

25
row is the row number. This data can then be used in the
fJ) algorithms described herein, or other implementations of the
algorithms.

when the special circumstances exist where
10 wimplicit"” structures can be used, space savings can be
achieved. Examples of such circumstances include, but are
not limited to, the following:

1) A field having unique values requires no
displacement list since each value in the field's value list
appears only once in the instance list.

2) A field having contiguous, unique, integer
values that have the same range as the rows of the value

35
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Record

+ 1~FI RSTM DDLELAST1JohnFr ederi ckJones2St evenAl | enSm t h3Fr ederi ck r%/é}ﬁpo\;guz
t 4Al bert Al | enHr own5Al exander Gr ahantHel | 6Al exander TheG eat ?Har veyNel sonTi f f an
ysNel sonHar veyTi f f any9JacksonAl bert Pool el0Henr yEdwar dBi | | i ngs11Joseph

~H ubwat The di ng val ue and di spl acenent tables for and
M DDLE col ums é&@&g&n one enbodi nent: 25 val ue D spl acenent %E‘EI e%l-%'

30 Row 1~FI RST . . .

~~M DDLE1AI beit@PAeeXaaueF 8f b’é?t%ﬂ‘é%ié%%‘k@ﬂ‘%n?ﬁr@b%&ﬂ&ﬂ%ﬂeﬁrlf#r edbesek6

gft%g&nE:Digii%qhauggéeggggﬁewml Wllﬂém%mmm/%T@ual to their
space- savi ng P@Eﬁﬁﬂaﬂel?esuﬁgg‘}?n%%ﬁ n‘ﬁ%e val g‘éﬂ?a Jf,]s‘:’ cc,b(ﬁ My oP Eﬁﬁé?nand
M DDLE, - 33 in tne31mnge21i/ﬁ00|mas5 P NSOeR Inge] s ecmatlh tohgheir

di spl acementg gﬁghele‘.ﬁ' (£8%) fi?ﬁ ﬁhBSInae%éé Dﬂaa%&%&%éﬁr&w%m@ t hat

col umm, as sh

bel ow [?m%qacerrent Tab
FI RSTM DDLE11312§§43&5&83§8§697§{>‘8‘1%9‘1 Malues|are rP’Hﬂ'%e'elﬂS’odl ment, the
absence of a HmpkaEéﬁiftnhn@tlsmmmwlﬂyethe first two rows of the

di spl acement 20 tabl e hayig 51%?1 | 4483 64 er [

The absence of FIRST na?rz ues " i ncfgé%gt\/\lfa?%haeredcﬁ{\ﬁ B&i‘%ﬁt Vaities
val ues "Al exa®fer" ?““QEERBO?I? GG%W‘P“% okebeger sipputsiaidies xeguires| apl y
i ndi cat ed. ﬂmvacldlet 198t /f FERSTEWREEi G ghtGduc J@eard&&m(btﬁfiﬁitrsr given as

isindicated c e v, e of 12 ter than
the - nunber dFE 5 gnﬁméln@%?g% 61’?‘&’ 1§e ak‘lg’ja%%%hte? bﬁ’gam\%lede %% %
| ast row t hat mosmlteasq ﬁancmorelqualVakpemeamtgmmpmrbmfanmng the

I\;jdl cat es thatfu‘:‘é‘tliénhﬁé ﬁﬂe%ﬁ#ﬁﬂ%eﬁém%ﬁsa "J@fa" irn ﬂﬂae indtancew of
“WDDLE nane i xataplé‘%‘ 30.1ln this exa tes .of storage

is required fgr" Eachgﬂ’?&T PRI i ¥ Y ‘é’ﬁné)?f/éd 4 10%egREs.
woul d use 440thet entpot of theofusctidn sn];blmhsprﬂmga'dnnqﬂ.ess‘itms nbhe

uni on col um Qfalhgelié{:u§stﬁgé§e&'5§ﬁ1@et vﬁu%? éﬁqyé o @edwﬂ:%rnums

2-byte values in th g aceaent 35 tab t he cement "table co
use 2*2*15 byitde 1p55ang t b28F- of B%‘E?b*y’?%s unctions Rit)s Volues B¥ees.

The space - 34lways unigue for unique inputs, no dlsplacement list is
necessary either.

20 4) A field having values that are approximated by
the output values of a function of contiguous integer input
values can be implemented with a reduced-spaced value list if
the function produces ordered outputs given ordered inputs
{as would be the case, for example, for a monotonic

25 function). The value list in this case need only contain the

?) offset of the output of the function, instead of the full
value, and is arranged such that the offsets plus the outputs
of the function produce ordered values.

5) A sequence of contiguous instance list elements

30 all associated with the same data value and all having
associated (e.g., next) instance list elements associated
with the same data value can be represented by a single entry
identifying, for example, the associated data value, the
position of the associated instance element's associated data

35 value and the number of instance elements in the sequence,
with the displacement list adjusted appropriately.

Additionally, known compression and space-reduction
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Val ue Table with Union Col um: 1 3 DEC 2002 WD 00/ 03335 PCT/ Usg%iﬁ ZiUUZ
savi ngs woul d be correspondingly greater where the value table val r

t he separate col ums have nore overlap. Union colums can al so be

advant ageously used in inplenenting joins) as described bel ow. 5 Another
space saving technique used in alternate enbodi ~aents of the present
invention is woeoMd$ne fields of low cardinality into a si ngiE/¥§oamsssl
havi ng val ues representing the various conbi nations of the original fields.

,For exanpl e, {deidRpfsaimaye babaypl ielietdYtle absh RARAY {ndldlice kAnade
merged into a singl flelrhﬁ§YPAR haﬁlng val ues rgg esentlngﬁgonblnatlons
of TYPE and FYaRdrpther, SETUGEREESL | RBht ©FamPLe: | SMI% R d
, ~ENGL| SHSPAN it eisievitietlY R&sRhgn disbEonsEdtype methods, including methods
Uni t 2TwoDos Zugi ARt teenlr ehoHdafl | TEAEORINARO ent ire 1
er EvenPower Zﬁ%%ﬁnf B%d Pri rre6S|Qg,Ses%ec s%ve.n nNposi tne J\faﬁ ugnlgattl)’l e
Row 5 of a value. An effect of this compression and the
, ~ENGLI SHSPANicshijiRMANhY Ralchnfiqueei abobeciiEves (prpdsté andrae nfaridw BitsEvenP
ower 230neDosFuenf EvenPr, Si. xS CE I ehThreeTresVi er dd
Uni t6TvvoUnoZ\/%?et ‘?fﬂsanggg%a I}é: %giggS ﬁ‘%\%"E"c’ HESHIRG PLFFotinde.  n
, ~ENGLI SHSPAtdd&-!CEFH\AANh‘ﬁDRRI19P3t9b12256_285%66441415561@143323’820 spl ace ment
;gbl e: TYPAR dixduciifir el @y Dt eomplreB8bll, NBor PekiRS Fe Jaist fd MLHERS thiat
10 take advantage of repeated bit patterns, such as run-length
encoding, and word compaction (i.e., packing values into
physical data storage units when there is a mismatch between
! ) the value size and the physical storage unit). The instance
table can be further compressed, for example, by reordering
15 the relative positions of the columns and the instances
within columns, where allowable, to optimize performance of
the above compression techniques.

Alternative Instance Table
with Condensed Value Table

The displacement table discussed above slows record
reconstruction because values from condensed columns can be
obtained only after searching the displacement table. An
alternative configuration used in another embodiment of the
present invention is to modify the instance table so that

20

25
,t) entries in a column pointing into a condensed column point

instead directly into the value table. An additional table
is then provided, referred to herein as the "occurrence®
table, that contains information by which the row number of

30 the next column in the instance table can be calculated. The
“occurrence” table contains the occurrence number of the
particular value pointed to by the corresponding cell in the
instance table. Specifically, in an embodiment in which the
displacement table is in "first row number" format, row

35 numbers in the instance table are l-based, and the occurrence
table is also 1-based, the instance table row number of the
next field eguals
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~1 3 CEC T002 wo o00B3~s Pc~rnms~nsa3~ exactly as before, except that the
TYPE and PARITY data is taken as a unit, rather than being two sefaj I 2002
colums. Wiile the conpression of the TYPAR colum is |ess than the
conpression achieved for the original TYPE and PARITY columms 5 (due to the
greater nunbe (p&wgggtinct val ues), an overall savings of spagerpgnikiy due
to the reduced n ers of colums in the displacenent and instance tables.
Thi s space savingsgég %E%Iié %g%éé tQS ggnbined cardinality is
sufficiently |ow Eﬂ 94& ‘qr hin first 1o part ,of the
combi ned field (Even/ 55,? gement, ?E:{ﬁ'ﬁcwt&? &&gg’&ﬁ‘éfeaf hi ﬁ&"%&?géhé 1
second part (Conposit e/ Pavéanteroneihis temhosiiment dogpidest but Aveswatch

for, for exangligiveRl tBE" zbtolBadéd S munerSedf G the RAhousvenPrime”
and "QddPri rren?a‘.l‘fnilnegener'az C such searches w I%I%r15 be necesggry, where C

|,
is the cardbn&FFP?tHFtheaPF§§Y LN QUTRASRY (AREEERBCRaPIBRETaEDGNES kPE al so
nmore conpl i cabedukeeneet bablepl and/onvtlastd rovbhanbezn formatl Eowsthay be
conbi ned, with.siugil S 0] i .ng @gﬁni L Kpown
hi gh- speed da?&sg F%égggngg?égrfégg. %&mhanls%gfﬁgggga%§§f%ﬁi?ﬁgaﬁPF?“Ia
out per f or m | oghevehfrr- dekerBintRy theringtagcestehdeqiyowapapberopf the
delivering | oyegeekhietaont FEPNEXAMIT | Mo rO-Hazed Yoo ndRbeFihg Mt efle
with an efficient hash fungtion on a ropriate _size hash table, the
search for 1o §FHEFEBFRaflE HREHIDGE 2‘?‘&52‘?55' FET BR2AEEAp PESITERPF Ul ¢ and
dat a dependenmugbegingdepdnlilagt ocrowmurher! fiorpat dnd tiesdisplaicenent
val ues). Still gREe {AROtHh3BhhYe EASTE NbwaRmiRd r YhR'ARSkS ritia is:
especially as inplenented by state of the art DHVS s. Hash functions
/t'gpi cally fail to Feruraseafeectabbs(t;} cy endgring them unsuitable for
‘rdnge queries, user recsuests for ordered output, such as SQ "sort-by" and
"group- by" queries) andoecherencerTaklewmsec)efficient inplenentation is 35
dependent &% sortedness, such as joins. Hy supporting an efficient,
or dered, reduced-sggce representation of nufti-di mensional data, the

present - 36 1 and_forsgpstangs & PEINSOFF 15431 i nvention obvi at es
t he deficiencies of hasgigg 28 ggi@%EP 'éf]éiu; unor der edness of prior art
DHVS' s. Moreover, anykn W fg%}g' j n §QRj unction

wi th, andas part of, th%ﬁ%ﬁ%éé%tf?ﬁventlo ) e éﬁ?ﬁ%ﬁ%ﬂé? ﬁésﬁ?ng appl i ed
to a sorted valuetable_is i 64 Kk¥hf%£itfble in which each ?ntry in the
hasht abl e COnt(ReG8UEEPiERIRFEREBF-TPRS { IRgtance APl Tvh &N udeXti(e) )
whose first t\és hiieclaskt Thwt hembet r o hos igreviousovalae)l.e, Inmsiald Guichsed

nunbering, th ' Y44 .gQ%H@r1 [ ha Rt he
first entry i %m%hgi&a?ﬁggt’aﬁrg \%\ﬂ%‘égﬁ?ﬁ%&lg\/\% ytes ecc?r??’a]i@ny %}oﬁll g’e The
second ent r yc®exrgeAs iRtRoPREcFable RAVIRG twospart elementss| ye t abl ewhose

| eadi ng two bytes cont azihsthe0aB608 &R, thaen I YPED o Jowey PpoititsOfinto

consecutiv h e ' u u .?HEI ifi e j [ of
val ues cont%a#%'l%r?g&’?}ggg‘gsg%?gﬁgda?eg%?nm V\o-%ey?%%&et Pg"?l %@Fn%@lf%gﬁn
Egpsibleleadiﬁg the- vpdue tahkle hﬁr?@ﬂégp$%ﬂmxalﬁ aggioysiangen wiftdn this

sear ched) Viatle@ha®ivel eabsadnenty €K& Dhstdritd iaHd JRourHedide) Mal esTVO
consecutive hash table.entries with the same20val ue indicates that no val ue
el enents cont &F ?ﬁefPéiarﬁgtmo bytes of the first entry.Additional
nodi fi cati ons can be inposed on top of hash tabl es inple~uented as descri bed
above. "For sfxanpl e, space can be saved by stripping off the specified two
byt es250f the values in the value table, because those bytes can beobt ai ned
fromthe hash table. However, additional tine isthen needed to reconstruct
the |l eading stripped off two bytes(if not known fromthe | ookup), before
that value can be returned to the user. This nmay be done for exal aple by
bi nary 30 searching the hash table for the appropriate row in the val ue
table. This may take up to 16 additional steps for a 6~k hash table in the
wor st case,3gut average performance can be significantly reduced by for
exanple an interpolation search where this is supported by the regul ar
distribution of a 35 particular data set. Hashing may al so be perfornmed on
i nstance elenents to directly return or narrow the search for an associ at ed
- 37
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(1 3 GEC 2D02 ° WO 00103335 PC fNS99J' 15431 val ue el enent, servi nﬂjwmﬂz
alternative to the occurrence table. Any hash function that retur

val ue el ement associated with a given instance el enent or some near- by

val ue el enent can be used for this purpose. If a near-by 5 value elenent is
returned, theVOI®®¥¥PPc associated value elenent is then found®TPSIYEMRNI ng
a Iimted portion of the displacenent table. one such technique is a 64KB

hash table V\/lpt]lterieialttWESInBtanbbeTabllae t abl e mapped onto each possible
af 10 di

| eading two hyvtes of ap inctapeo tably =

entri eg to SI§HﬁLm§Hs ﬁgMIsgk?ﬁ andTYPE entry.
In situati on§d where stdnificand |searchidd is still '
utilizable | §calized dfstribut®dn pattebrds al so EXi sts thils 64KB2 ntry hash
table may befinodified 4o accepb 15 two Bdrt entrbds. In Bdch an 4
i mpl enentat?dn_the fi4$t hash #dble entfy still Bdints td|the fiAJt val ue
associ ated wifth the f3fst instBdce elenkdt that €dntains2fhe twoSllleadi ng
byt es speC|f|ﬂed by t &g positidd in the2 ond hadhh table
entry then provides the address of a 20 function that utilizes this |ocal
di stribution g fls r r@@fle@wW t he search for the val ue el ement associ at ed
with that sp | bl es
corresponﬁio(P bENGLISH4| SPANISHAt GFRMANi[0 bBYPE(| RPARITY O her byte
size 25 ¢ e Er radi xes, and byte placengnts ot B4r than tjhe | eadi ng

bytes can al |1ized. Moreover, any other {known RBdshing hod may
al so be used. |al Case Topol oc~~i for the [ nstanzg¢ Table As
descri bed abgve, q specific enbodiment, indiVidual 2¢cords arfe |inked

{t‘?'ough t he ignstanc®jtable in some topol ogy, ong of tha]sinplest} of which
acirculafly linked list, or "ring" topology.l] So fal |the exanpl es have
usedthisgrrplerlngtopology-- the pornters ~r.e., 35 enirires) in the

i nst ance tabl I&lhgl L“ibgecylg}pg{sogntﬁer ggg{:gn tfaabsjfgg}gs p%q& \g th each

field having a S|n revi ous omn in
Fig. 2. - 38direct Y~at zbezaﬂeoeeﬁﬁs%lswcmtm@mm t@thi@r qfo;#@leogl es

may be used ipARYTIYelcoaRiadi rrraﬁ:Se&Embne | aHeNtYPER. ceﬁmﬂpcsl@%bw &S dehenleSr M
is used in co.nn ctlon vvh’%l F’ resenta \r/éntlon ‘%{flned i.n ter of a
graph in 5 wh aé'[ctrltﬁ & 206V ofﬁé’?: 8F ?eﬁ'&’b%l LR odes
in the gragmh mmﬁ cedumpi dn kbewedugotiebleSoonta ins |t IBARJHH oaslaef or
the sinple rigg k@ROame pagbhar agéeeaheeaf with OP6) Vot Sth ' AWPE &dTuthn.
3.1n this top olt%g%/ the fields_ar %gg eé{e{d into two subset slQhavin
exactly one FbiE4sh CASRmoANnd LAciPEuBRBITRAGP PR FoRtaing e oRd

The field comasia.t"o Bhbhasisngsaaetisrawao‘fbthdgmﬂm vesshidrhein tBenpl et e
record reconsiflChiQn +bByer ‘iQU‘th‘éS vs&a\ée&aa!roaret@fi éfa Ny P Eo1 il foet he

bridge fieldjolining the recor s brings into a single entity.

Thi s15t opRDEPE LTFEDGE P Y& the Nalng; b?l’f?/“'o? QR dtie FHRLTY
pertain to theoluml dE ltmeonelsptlat:buesmbltlabg&) mihusel i hatitabris@ cam t+-han be
trjaversed andmgegrl eved wi thouttraversing and retrieving the full record. As
shown in Fig still another topology is a24star, or spur, configuration,
wherein each field repﬁ@?emaé“&doab\lsj’iapicﬁkeéwpbk’ée#% aanmg?qqim&aw@entral

hulb Al ter nat lﬁéﬁh)Qts H%f\’rel wew Glé%br’ilb:éas abbwpabegé ﬁaﬁf@ Stores t%1|@ést Ber
a linear or r opol.og nera 0 pve i.es .cou e
conbi ned (3N %‘f‘%sr l{)'oﬂ‘(ﬂ %& §‘é’(?) GPED%‘PF ﬁ)r’be ﬁg‘
retrieval forcagsaci fnca:dwramgs Aine maﬂ.neednﬂoﬁmspyg{cengntbetablésar singly

or doubl yli nkgﬁm d}@gd 0s rg(},]desabove
Al so, a topolo ¥ ysatégqg?aeg% etvve tﬁ%?‘%&y gﬂ +§]@7ﬂ€ at _the

user's optiorP able flﬁy‘%d&aébéél,‘eﬂ@?eh? b%%%‘EF fpalagently,
patterns. A doubihode rdcadimmh wdah |e:bfnma‘hsdd wagteatdprescy mﬁdai@ is .
i ~r portant e t rd i nge
such that lIh@‘hfsr equgﬂ’ﬁt y%a?é%s?e 5|ens c g ﬂe%?ﬁgﬁat? o) edafrrrc’%

t opol ogi caI I ythe databaseacang Rdso Jedyce Iomlreudt febthgt me e alkawing
desirabl e Wheihé Lﬂd]i{dﬁ'ﬁf @ et Y AHad the' EhRBSbREe { YESVad¥ Caddress.

retrieved, or if
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field-retrieval starting point and order are given, since the |nsta q'gp
in a singly-linked topol ogy occupies half the storage of the doubly- Ilnked
case. Bridge Field Exam _ple Fig. 3 specifically illustrates a topol ogy
wherein each r s conprised of two separate subrings

(ENGLI SH- >SPAﬁ?‘§E\f’€’ RVAN and ENGLI SH >TYPE- >PARI TY) with ENG TS Re e
bridge field. An instance table that 10 |nplenents such a t opol ogy i s shown
bel ow: Row ~' ENGLI SHSPANI SHCERBeWeYiE der

122/ 2532236/ 661141544/ 14%535564%656316864&& %s%c%%@ﬂtsﬁamlém&h%% Qe

out goi n ointers, one r of the,subrin T averse r, | e,
thegrecgrg stdﬁ’?ﬁhd’qsﬁlrbg\ﬁ i“ﬁ apHg ER&?%?PE%‘T%% a%df‘a %

pointers is ffsamd demldrdwset.f oThiésakpl becanse orfomai rvtar]m@ thawvimg 1 of the
I
SPANI SH co %#&1% stcch%eﬁéé"%@'beeb%é& O’b%rs t?]».% E%gﬂ%s& (YOF.‘EW

GERMAN col unn turn poi nfs~ back to row 1

The ot her out RBSENES ﬁPeltthppﬁéﬁcPBI FeGerds hawing thaty yplveofin he TYPE
col u~rn. Row SayHitxiaryl éRHeg0l UMn genéral, pﬂhéltp‘rddhdtOWfG thle tfactBARELY

col uan, which a%gzhr}e Rr%rg sbag[fugg.rlg&?%ng iterge J;TN ror?tr nes\‘\'&ef Dat abase

| npl enent at i orP DSt iBed el ow are i it T oS
i nputting dat amsttam/mcaaurrrﬁgceaﬁabéﬁerubwhgpmr@trer e [sawEs pysical

structures figsedddiatl sqve. -meaersea ﬁkugleﬂhjﬂzd he art vvr Il recogni ze t hat

he prosent 1 rbwy G g (gt 931 ¥R L 96 RIHH L0, W0 ifReTent ™ °1

PCTNS99/ 15431 insnatrmia/tm;cmhreear:gotabhﬁs whien QOarterm man@rkisnorfr the

/( e., functiafgyt hgarabacal fedeRYp@ider) functions) are provided, in one
odr nment,to exttact the da a associ ted w th aé%r’ven record and bufferbit

in linear form and to W Per§U8ht8pB PEYr T S S ot e at a back
into the datm Btstmtdﬁ/@&cu&-r'eheel nepreésentéaien stttratctsirmﬂtamms].ryda;ﬂ:&-es

with the pres & fe I S

val ue table w "Ph gour%%gﬁf:%gso%ggr R?%CL% possi %w%or%g%gd%f) Dl SP:
di spl acenent t%‘[fﬁre“(‘-&ﬂﬁjrﬁ’? khgr dkpPASRLsWitheit RRte eVerdigaddhame that
correspondi ng faiméd o s¥Ak82xhe~ sthEi&xaneéﬁt&ﬁa toahhﬁmsde@crl bed bel ow,

(colum 1 of Wil B sain IUIBEL: G £R"6 P31 e SAVSRNAYl Sy | o

VALS2) ; 4) HiSt ance occurrence the I'Scussi on
bel ow, an e¥®oepluan haAsfigesr PRg sBEHI egs‘eran:s@tph mhméztmmmmm Agt ed.

\IAE tEe rlt ngZO:mh W&HE ithe hbgteabtgdhmahnttﬂetfmt d a5s ﬁ:ree\u(e@fa{lldmext(c)
ich return the vrou and next c L ectiy e ag follows
prev(C) _ (C /9% %henﬁ'ﬁftgoﬂﬁf ﬁhﬂhhg&%) atq'(%’bﬁ:ﬁ r?&f ‘fre&ht |
wher e fcount |@ol¢m‘nmm(cdf asoktbendeast ewmaxmmmtm rigm dilveg h‘eryOm
o foount, yitiAed ﬁ i % m‘) *“2%“% oR Th Y S nasd .
u unt ( USi uag i
and next ()22 %ﬂf SHAR 5 TeRTESRohE AP § LT e haRR D et 5
by) defining rmtmme dartpedqfr er(i)erand neetl( Lofsoct nmnls arm#mrbdgically,
anal ysi s300f te, toHﬁlé)%I‘d@ Qrel ggk.e_eal gst dfhe%tpqtqu;&ppl t he
er

functions bel ow on' those si gp ri n% rows 1 n the uncon ensed
val ue tabl e, arti¥hthe, Gamec £irgh 4p itsrr éiSPe§%ﬁ¥%‘%i op the srranddaidieed
VALS2 col ums and |sdaferthewer rows, as will the35correspondi ng DI SP and

DELS structf?JT%OdI Rows arg ILIRE e(ifsr Q%Qsﬁ:ga?rom w]st(aztet‘.rﬁirﬁb ‘%ﬂ%} abased)

alternate ments nayhave T ows nunbere 0 Teccou
- 41 ~ 3 DPGionaExt table labelled SPJ,,, (excerpted from C. J. Date,

Introduction to Database Systems, Sixth Edition, inside front
cover (1995)):

35
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WO 00/ 03335 PCTItl S99/15431 "V/o splitting'' refers to the alternative
Pnstancetabl e with condensed val ue tabl e discussed above -- the I{jhgoDbCm2002
is called "V O split'" if the pointers in colunmm | ofthe instance table

have both a value and an occurrence5conponent.

Gascri ptors foTeRIRsE

Par

colums are presented where appropriate.
ol um in the instance table indicate whe

al | el

treatnents for

rhafspse

columhas V/ O splitting. The descriptors also contain othercolum/attribute

speci fic inf or$Rdsedn,

such as the path of ZOnode traversal

(i.e

"record

t opol ogy"), t he cal unmmhas o-hased or 1-ba

descriptors fdrReach col umf#f the vallR# abl e contla¥h confi gur p@T¥n il
i nformati on, oboas its Ja&atype) sl j®@df field, iype of 200 ]
pernut ati on/ clfpog@1l (e. g. [g2oupedisby [\RH ue, sort gdj5 type Of [60Pr ession
(if any), |oglkgagodxiornatij@8® type of [&sShing (IT [ady), and etclabher

t abl es al so @003 um ddssX i pt or scoftRd ni ng rel gt conf i guy 000N
information. Tq 0ae4|itatetS% notati opR¥ functiorf Jariables oreturn
values, the fdJbo0sng wllf 8% used (WjiR& en i n apdeifio- CJ C++ 500
notation):typ Qeﬁo& ong Rowzsgygedef i nt| Réol umm; cI agstyZhai nVO t

chai nV[ f count ]’ ow chal nO[ T count var | —a chal NVO oDb] ec

been filled | I r chai contains_the

nunber of ¢ pg By PiRed, ALLE, R PFehreEn) Mnfeddratiie

i nst ance tabl ewit;h whe hoe)lseeﬁeu defcribedt abayet hfoncEBd.enexenunber of

t he val ueVar LSZ[ ehai nV[ (])
not VIO split

next (g ].

contai ns the row nunber

If colum C of the instance table is
of the record's cell

col um next (% Q]{a%]elﬁznstance tabl e(s). 35 - 42 ,1 3 DEC 2002 WO
0 103335 PCTI ib=;v d@EF 0 RECONSTMIEL | ONG Ver WO TOEF Qg T IT_COI UTj
C of the instdsrea BE |5t5111pg||quetuvvn VT 100
VALSZ, cont am| Bo61'€ act Udisyval Ue assg@at ed w tiTftFs R €T3t 5th
i nstance tabl g gge® TOULTT , —meohrm'r—
C), deternineg¢od3om R aljd T ST EpPGV} BT Er I Mes (whettrer—Tot
DI SP t abl e colggHodyYCHNECTR m‘uéﬁ‘escri ptors for—cotrumpC—ama 1
not, step GV2 -1 : 05/ TO R [(OXherw S€, 1T a DrSPtafte cotrumm T SEOpTresent,;
step GV3 det erf6066 115 TQrmat (agal n|by checkI mgre Cor umm aesTr I pror -
the DI SP tabl ecoroarmm s 11T 11T StTOwW nunoer 1 or et :
Gv4, to. h%ovgigpjﬁemtclq-a@]_sp[v C <=R< DI SP[ V+1 C] IS true, Wnere
t heupper - boundtest i s not norfornod —d |

the | ast DI SP
t he val ue for

L BOV # 1 oy f 4
i

r@ the | owerF®o

Libound test ‘

i s not perforngd00®1V-1 dods? not eX|st (1i.e.. if VIi% the first] DISPtable |

row for colu 800201 f collhm C of the 3 nstance tgble is V/ O sipdit. |

rownunber Nextf 003 col um] next (Q of lthe instancd table isdetle6m ned frorh

the V/ O ent £7 r_dependent [& theDl SP_dnd OCCUR i npl ement ation §

'a shown in tH§ of t he Rfror VQ C, IAO) routinein Fig. 6. R |
om VQ() i s29p8s m, _C the raw nunber, | |

theaSSOC|ated value in the‘next colu

occurrence nunber,

m, next(C) T VALS2 (ana
O, ol a‘i%b%ﬁat%tr@p 1%&%535?. 35@&11?‘?\&/&&3 taf:fe+ i

of
DI SP an e

to zero. Step 243tests (e. aghlwa cql descriptors

next (C) of pes PP RRLON o § HePFPF‘E‘Flf‘GV\FhPoPM{“E? reserd o set i of nat .

If itis "laST SRWLef orMmet instapcéddndsopentpened, tabled &0é sshown ads &a and X
to 1. In eithe ) t p d variable O to
O Step 246 |s£%ﬁ€%§p%°ib§9‘xéﬁaﬁ’ ﬁgtegstggtm;%g?hg?mﬁp 112 ST

tabl e i s 1-basdastangejqocqurrences 747 is perforned, which sets O to O1.

| nei t her case,
next col um,
PCTNS99I1 154

~t0

st ep 248 nai:ert hf(aguee%t\omed wa\thectaas%scale*&s
ANex X
Lations Je g zeaislam, theoinstrpee/ oFFaT

02

teRee, hakle

Hié £8v4in the

WO 00| %03335

t opol ogy data, wheéhrxse(ﬂ&nrt&& dyn the displhazemeRtWBablEeokntniés) fobt thatng
at row RO, o0l gD AL Ral @0 ke 1h84CAULNBy "B KB ERE AN (e

poi nter cycle, 55tor|ng the pointers in a
poi ntercycle closes, ChainVOvalid is set to "true"; otherwse it isset to

"false'.In step Gl, instance table cell [B0p;CO i s set asthe starting
point for record reconstruction. In step &, 10the "current cell" [R C is
initialized to the starting cell[RO, CQ. In step G3, the colum

descriptors for the currentcolumm in the instance table are checked to see
if it has V/Gsplitting.lIf the colum does not have VO splitting, step
GA15f et ches the row nunber in the next colum directly by settingR to

Il ST[R . Step €3 sets the vari abl e O for | oadi ngi nto the chai nO[]

~ o g Y . U U Y L Y T T .



25 Primtives for Record Modification Primtive functions are now descri bed
for one inplenentation of record deletion, record insertion, andjr&c[dﬁ(d 2002
nodi fication. The inplenmentation is referred to 30 herein as the "swap"
method. In this rrethod a value in the value table may have deleted as well
as nondel et ed M i nstances. A data structure, ref erred ,pggﬁrsp_“as
DELS, stores 5tor each val ue of the number of deleted | RSLARCES it
has. Thus, DELS has the sane nunber of colums 35 as VALS2 and DI SP, and,
for any gi venhighlightshinsthe instancefoacunsence: tables! printed \PeBowand
DI SP. The del et ed instances are regarded as free space in the instance

table, - 45 0D2 - WD 00/03335 PCTNS99115431 and the instance
table is mai n?ﬁf'ﬁ%ﬂc%mﬁc‘t‘ﬂ:ﬁﬁn‘t’%r(‘a‘?ﬁﬁ’dt'\/éﬁval ue in any given colum, all

l'ive instancep “F—*TlTlh‘T“WTT“ a[igFarll del el

are gr .»».—-'—3-3-.-.-;--——: ggf that -theghhve instangesg precede it,h Sdel et eq;
instances of 5801 lkﬂ? —permi-ts ?f e space ‘7; ~easity ted for
assi gnnent t o-gggatrecords; 93 mew el Y? ues for pxi$ting recprils, as shdf
in the functi "L‘E‘f ow-FrEe apaces carpggso be pl at- des-r--edll ocati ors
i n thei nst ancgapbe® ;, g time byl yjpgl udirng apphgpri ate— '
del et edi Or ecof —“ 1‘1 ndat‘a tabl ¢7nthus propiyymg onein ﬁ'e-r'rtati :
for~perform n 1|or to-de}gfaons. The pyfcirai n(CoLHym Q0) “k
Chai nVO r egq Frt==coerty o |on) showh#in FIG 8,'perforns the inverse *

of get chain(). Put char n() starting in colum C0O, wites partl5or all of
the contents ansaawm@mw ('Y%"éﬁquht?d -t hei nstance and occurrence
tables, for

GNi S obt aj rw—— ot \ i P#. rec. Put

anr fythe valp E—chi ent- t abl e n? Step Pi B f%f col urm
nunber CtotU 5 - 0. St R, 2- checkss- g rrptorsf-‘or
the instangs fa eyt é-e-t—er—m AE; t-|=re-|=-t--l°re—br= |-eus- ||
colum is V/ e—+.5- i -pl-r t5 step-HE—sets—v ; 25O i
nunber in th acetrrent L; )" to Jié'."ﬁ*‘[‘p'l‘e“\‘f( "]u.llu O he

row nunber i nEERggee & ‘_"' —t b' FRgtprey
(t her c~w nUNhb——A=tre-s=ntttrree ==t=or -—-
prev(C) colum of the |nstance table is notV/O split, step P5 sets R to
chai nO[ pr ev((}pstﬂavehgcqemaﬁwl% 3r)dw nunber in colum C of the

i nstance t apl =

split.If it i 5 Fﬁ&%l _ ) norq . |

split, step s—-NSTL - -h V] C R C] .to.-

Processing th t -+ N —Poand-+i

colums to pr sdecr 2 F-5 R -e-— - -R11l-det

noaddi ti onal RS—at-e A~ Hf=-E—deRe, S

2002 VO 00/ 0320 (sool BEE ory O sops—babhiPe
5 00 . ] . \J. g >

and repeat e T —of" Al swapl ol

ord pa

ssing through5[R1, C] is nade to pass through [R2, (], and the
record passi ngt hrough [ Fd, ¢érsionnllcthe ertasieshnotypin lelach) vStlnp Blo¢kt ches
the record daéﬁ‘ff £h %Bﬁt 8C6t Qﬁsﬁéé‘&:t a?’:l-&'fl '\ﬁ]éﬂm@ ahB! BcEIREONE. .

ob3ect Chai nV es t cor e record passin

t hough10l N§§[ RZGCT i(hevechd} nWE ket Prieiidas ’Tﬂ}'é’craBéYcPG§éHE€og¥ SPJpca
ot herw se, naeéeeptr on is raised by get chain(). Ifboth | oops are valid,
in step S2, the a i np,i;g)gai nVO | . chai nV[ prev(C)] and Chai nVO

2. chai nV[prev(C)% fé hged and the values in

Chai nVO'i . chai n(!P!réf(Qﬂf 8&AY15Chai nVO Z. chai nO[ prev(C)) interchanged. The
exchanged val uegage gheppr evgg col utm) because that columm determ nes
t her ow nunber of, _co g‘n g 2 fhe instance table. Thenodifications are then
witten ba érnt‘Whé rRErdAde tablein step S3 via the calls to put

chai n(prev% wherei £k fieldf0and préerédi Ntgu ldfd) ,trEigh¥Oin, désceRdling
chain() is cal ce one pass through the put chain()

| oopupdat es t l,«a%g %?er sapaf%ﬁgﬁg%apped cells, and the secondpass updates
the contents of the swapped cells. A successcode is returned in step $4)
and processing is conplete. 25FIG 10 is a_fdgpwhart of the functiondel
swap(Colum C, Row R, Row Rd), which nodifies theinstance and ot her tables
such that the record through [R, Cis rerouted to pass through free cell
[Rd, C]. This routineis used, for exanple, in maintaining segregation of
del eted3ofrom|ive instances of a given value.ln step D1, data for the
record to be rerouted (atrow R, colum C) is placed in the Chai nVO object
Char nVO rvr aa call to get char n() If get char n() determ nes thatthe
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I nstances of value nunber V. Step T3 sets DLS to the count of delet §:d
i-nstances for value number V. If there is a DELS structure, DLS =] DEC 2002,
DELS[V, C]; otherwi se, DLS is obtained by counting the instances flagged as
deleted. Step T4 sets TU 5 to the row nunber i medi ately previ ous to the
first del et edWPRO¥ATe of val ue nunber V (again, in the "swafCFi{AYLY
enbodi nent all live instances of val ue nunber V precede, or in an alternate
errbodi ment follow all mlaetp:chdmﬁmmﬁd-tﬁm tabkevatoagtutéap T5 sets

HOT, the row dy | £ 350 "f LOW
nunber" for ay%gHOﬁl 6%?%2 %’(’{}@o gtﬁ- att:st%’reo?va%gné J'E Ln% Jf'f #
BOT = 1 + DI SpEdexrsc)tiiere DisSH \EPRGE-tdmes typadegf ROTIE khefnecw@as@nerow
ng[rberl ggb X=Po0Obe %&ﬂro:{h&cédﬁlgﬁﬁd}ﬂ 0 d?ldiarf flrlnﬁgkglﬁ'ﬂmg% EbeR Egait:ﬁt?
obt ai ne y a arch in e upcon va abl e ests to
see if TU >3 Bﬁgmeslﬁ‘rﬁof TPHSE r SRSH &%‘S’ 5%8058“5091 t?gﬁﬁt BOKhI ue
nunmber V, butordetrsad Te ameld ddeig hmdwmanto\usmmﬁespa&et ha tiwme+ i nstance

of V. Step T7 Hg,;l ad [ [

I nstances are %ﬂ%ete i %E Hglé‘} 20 stea:cgﬁlt(lg'et):lﬂg ?gh g%%@%% g%%%rT%?ed
whi ch ret ur nsishehamgeded row nunber FIG i2 is a flowhart of the
function | novel space upheé séKéwmepem ﬁsﬂ%&e\/)o.cddi?r@hc&\l\ﬁaﬁlﬁoéniﬁiﬁatésthe

i nstance t S0 2, % f el 1 Cl to L[ v,

Cl while ngp ?ﬁf‘ﬁl g?%gfgle)gre}\@at({%ﬁm%f '{ I'vVe rg%&gkﬁt gﬁggﬁgtﬁﬁ'& % Step
Ul checks \Ahepneﬂucﬁférenewg@%r &ing.ue For rexpmplehetovreproadyce utme ®ofier
VALS2. |f theypgis#n@relss) vatne déll@‘f;imldﬁl%nvﬂ' are€ robassédvfr&plﬁoout

of bounds), error i s repaor and func
Ggherwl se, s?ﬁﬁggﬁ"teg?g %%T‘E%l%lttaf‘ee C\’/’% CEFTESPR 1)@90#0\&?%2 RUEP any
leted inst acekd. ( OPHeesé necerdsyiwillpderdredhey desivedoliekibedl ofder. has
none, st epl%ﬁei’fiﬁ§tﬁ£‘t@r e (xr&%%%ﬂx%gy&e)mgaed Eéﬂiésﬁbﬂﬂ
termnates. If_del eted 35 nc f ound ste tests whet her val ue
row V+l has aRjrPPeR ??lg?a &d'y“'teﬂ c Y& %%y °?’5p undel (C, K) (where X,
t he row nunber of eémfﬂwetof vt lasmoe Rt -\PaISSeBQuUheQOU+1) - 49 7 3 DEC
~~D2 WO AO/ 03335 PCE1NS00P1 54l icolsmy \R#h -1yy SR :P3DL'!8PFV01 Cl if colum C of
DTSP is "first r oncalkheo2 fef mlum e ‘>DI933 +§0pf colum C of DISP
is "last row nunbe?ellf%%t“cﬁﬁr@“? QQr search in the
val ues tabpe if th‘é‘f" step U calls del
swap(C, K, J+1) to t «g K) with the first
del et ed |nstance(a utt I'ng efree cell next to the
i nst ance tabl §1nherhxso§¢<a?w \Minh tmeremqﬁsmd Snepny7ofhthedddiexicahi s

free cell frogr&éesCrynprotesdimy elchrs&lﬂl%, fqdwn Ankeudtl BHEDEE1YElofDYhe
decrenenti ng DELS|

V+1, C dd h | |
Chererent ! oF mepti skangtishet QU o Shat bndsen neRiEA PRACbE S v O
i f DELS ha25a col uim C)If athle scebues azﬁ tkhe vaiaeDtaplecarensortbiicandf |t

has a col um tha&ﬁsésfIsgtdémmémséa&uf&rtfaesfwe%r@al' 15 into val ue
mnber Vs set ,of  del e}ﬁlﬁcl nst ances. columm C of DI SP i.s in "first._ row

mber " f or ratPSERREE grrence n@’%]rfen‘t%of‘t’?erﬂ)\m creatipgop: mudtirkey
i nst ance bl ockeimcayabnéenim@estaﬂﬁzng) aneamel/ddlunin.corhenother W-5P i s

"l ast row nunggiﬁfagﬁpaiexpé?f’e cddr %‘?gé\/%{m %]{ﬁ E%f“%he- 20 "ceiling"

of the instance for va up one 3is a
fl owchart 8P | nove space downlist(Colum C, Row V)) which swaps pointers

in the instance tabl e, peésé@sving Bhendard Tateddsel FormREEShithzh C] to
DELS[ V+1, C]. Segregatihe Détdb. f ke ot athe- sentt Incentien

mai ntained. An error is pfdi GALEGOYi AR FIN D1 YW !th® option of
maintaining portions of a database in conventional form
35 without imncurring significant additional overhead. This may
be desired, for example, for a column that cannot be
compressed and will not be queried. An illustrative
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Step WL det erm nes whet her row v+1 of col urm C of VALS2 is out of {b% .2002
-1f it is, step W2 reports an error 30 (i.e., that there is no V+1 va ue to
move a free cel | to) and returns. Qtherw se, step WB tests whet her value V
has any del et g¢b dopsisances (one of which will be ~aoved by thircressbhsg). |f
not) step W reports an error (no spaces to nove), and processing
termnates. |f del eted i nst es are 35 found) step Wb calculates J = top
undel (C, K) (fm&ee igent hésr%’\? M the first instance of val ue nunber
V+1, is given by K= D SPb¥+iufposds cfl ml'r).sc:ldﬂdartsathsni,na Freathreolumh)

1 3 DEC 2002 0 5 fOr P +1

if colum C %fo:é ‘&ﬁ tt £:I-r)z'liés{ts&;;g()W nu d;;'}" the d%% s@.i‘ gﬁﬁpésc‘éy gll'

| i near searchmsﬁné mvaegl?labwes igddes te |té‘°m9ré6I1€Fﬁﬂ BréPrDPSP) to

det er mi ne wWeelhlehpkabUasNynd@n Bellowras any |ive instances. 5 If it does,
step W6 calls del swap(C, J) K-1) to swap the top live instance (at J) of
value V+1 with the last deleted instance of value V (at K-1), thereby

novi ng the fr®RIOB ARTODAMBBASET ance table rows assom ated with value table
row nunber V+ge=Stea=4F ]P=|= 5 =
nunber V+1. SEEIAAR--dBd :

Step W shifth RO\, and @&asfg Unat, o, hPad;
transferredof fee ce welgo] Frime, o Eye

colum C of DRSEP_is |r3 Thr%? Eﬂ%n} Fg Py s |fBrols
St ek e T

Un

B

decrenment ed t pnove bl P o
down one cel | _m Fav ingo. |Q‘L ent, |Prime. ([ LTlal
i s decre~aent bd to ool 8% -0 [BRE. o °1&£@°ﬁllm eR

nynber V down one cell. 20 FIG 14 is a flowhart of Row inst count ( Col um
'C/ Row V), which gets thasteiadlof natertting Gepar@dtev eotunaketiadihéor the

val ue at VABSZ. r in..t S r i's
t he col umm nu% \eéplggfmm g?%%"n‘faene%%f co lfrréh& o%bEIGEP%&% éﬁX?ﬁﬁngg it

does not, entcodymy, the FBGWF eeplumndls f'atfadheddndeonone 04l the ebhemn
are counted dicoatnh, iwhshepdfi’plmawceﬁfémdes @D betarrehcéotdBles nf
DI SP does eX|str sﬁ?wa?’ é‘%mnes if the DISP colu~an is in "first row
nunber” f or ma¥ & Ps€d processing continues with step C4. If 30 the
DI SP colum is in "firsFirst, nuneelunn cisrmelenteseds mhicbntenliattachl step

Cs. step C#Oeygr Q‘R@:ﬁéﬂhewhﬂnﬁein* héo Mk &) Q:Hipﬁaﬁafba¥e' iayhsel guestbted
al |l owed i ndex for DI.SP, then ste

ets %ﬁr et}\for baseg %
nunbering, or fox; thigrburgose; b ené’”‘llfwoﬁ° HBNoPRABr hand
V-1 35 is a vdee sedected:r mssh mgplﬂ&wmﬁwhe: rieicsPds- inCtheSt ep C7
then finds~t h%att%age' n%ﬁ@”ﬁﬁpf@#@ia@é WiRE \ééﬂ &QF )-ﬁiﬂhcﬂﬂ-ose&%mgtesls
conplete. If step C3 determ nes 20D2 © WD 001 03335
PCTNS99/ 13%11?3*?5??&'}3‘% while: ??’F%’E‘“’r’bﬁ'?uﬁ%r"l’ﬁ%?%t VI £9%i BB2Foes to
step C8, i Clred®irdr.m nes how to set the variable TOP: if V is the hi ghest

al l owed index for DI SP, +th f

QW nunbering (X =0 orl& sggéi'egoc?t%&;\&t%h%iggtﬁéﬁﬁgn :Eg nga R§§I ndex
‘_r- DI SP) st efo@mmep¥iprpte tyaipehakie ‘Q'E-'}F'thltqnén fthed FRENEH; sedils

i nstance countirpxhéORalull BRbYe Gire 286 PERCHS KN ddme @HAee! @s the PARITY a
fl owmchart of a #ré;:tl n g:ggts gl)etla % slxgthe |g#ance$t bIe c%‘ [R C]; that
is, cell [IgOC *helfist f)"fa% G e‘*rrlé‘g S, and

nce
theapproprl at ecdpEtsucsion of thetheUruwuure m\ﬂchmaelcedvelth the

Boundar y vi a B e o L B o e KT EPRs et
u y Vi IS i [ |

cal l ed VO Thi &% (ﬁﬁq‘ﬁgﬁds udBg PAY F%@Jﬂ%e‘%ﬂ?‘%r&f |tﬁ‘%’pm g8 d in
an exi sting rdde domsienseldpsaleeckable gas eshowli BbeJou6 and "Del ete record
t hrough cell" step DR7, below. In step DCl, the VALS2/DELS/ DI SP row nunber

i n2ocolum «g i s obtained fromthe ChainVO structure representingthe record
bei ng processed, and the correspondi ng DELS countis increnented. Step DC2
determ nes whet her the pointers tothe cell in question are V/Osplit. If
prev(C) is not V/Gsplit, step DC3 gets the row nunber R directly

from25V0O. chain0. If prev(C is V/Osplit, step DC4 reconstructs Rfrom
Vo.chaino viaR = R fromVQ prev((g,V, VO chaaOfprev(C]). In either
case,the top undeleted cell for the sane value is located, via acall to top
undel (C,R), and set to T in step DC5 (which is30guaranteed to exist, since
the cell to be deleted is such anundel eted cell). Step DC6 then tests

whet her the cell beingdeleted is the topnost undeleted cell for the val ue
inquestion. If not, a swap is performed in step DC7 via a callto ael

swap(C, T,R) in or der to saintain segregation of |ive35from del eted
mstances Processing is then conpleté. FIG 16 is a flowchart of insert
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1 3 DEC 2002 WD 001 03335 PCT/ US99/ 1543~1 row V, a new val ue not preyi El
present (pointed to by newal ptr), and nodifies the associ ated DEL]S3a§§ ZVUUZ.
DI SP tables (if they exist) to acconmpdate the new value. This function is
used only when colum prev(C) of the instance table is not 5 V/O split.
Step IVl tests whether the value at the insertionpoint (row V) has any live
i nstances; i.w0,000883% hertop undel (R, C returns a flag indi catRGT§SPHEM3Lt her e
are nolive instances (R here is the INST row nunber of any instancelOof
val ue nunber y,34d £ C of DISP exists, R= D SP[V, C]is such an

e —

i nstance; if =\ 1S Suc

no live inst tENGLISH d SRANISHO\WGERMANe) TWE | s ) ®ARITYe | FRENCHN
overwites t th tflcinvey vibDrei and GomposssiByers cppphgie. Ji f
there islba Ifve T ngijadote, a dJaratira s%@nkorm@dwrzth b 0ddbSES| Quatre |
val uehavi ng ['Tve3ijoreances.| Deisep | VP Fuentfl aljiPxawmean ifndex J fe8ix Step
| VO det ermi digs whet hgrsibot h V4 BSeand V- ) sechsoufl wiitoundg. |1f th
meani ng that 0o Turblj@hreear cHiTes spojYiere and no fre¢ val ue
been found, iep IZB ITsoper f grived whi ¢lzwell ocdt es addi i onal s
one or norea Ton =“s=l’o¥s, Th colum C ol SZ, DI SP and DELS. 6
tests whether V+J.is Jn ds, ether the value atraw V+J has _an
live inst ance"ghe( v‘lhas‘fl(?ﬁ e&%&é‘l’&ﬁ“?ﬁ%?%\heﬁé F??csuri#een%ﬁ\l bﬁ'oev*\;’ nalfrﬁjermotcx%\%y
i nstance of vemkedinamter ag+Fo2qpWsEol uim C of DI SP exists, R = DI SP[V+J, C]
i's such an?Qi@fgmménft PapRelas no colum C, R = V+J is such aninstance.

If VHJ is in nch
starting wit ' SE ' ' ¥edl 30The
_ nch startijng with slep IV7 is a |loop whichshiftg the valfues i nlrffows V to

%-1 in VALa? to the Béxthi gher row, thus openinglan unudéd row atf row V

e

of VALS2. Ste | V/ adds3ffhe del eted i nstances of vallve nun®d¢r V+J taval ue

nunber V+Ji%, e.g., if4DELS has a colum C, then35DELS[V+841,C] is[set to

DELS[ V+J- 17T + DELS[ V&), C]. SteplV8 shifts the vallues at fow V+J- 1§ of

VALS2, (and LS andDl & if th is to row V+] of VAL$2. DELS jand

DI SP, - 53 1 3 DEC 2002 WO 00J03335 PCTItJSI 9/ 15431 respectively (i.e.,

VALS2[ V+], C] = Qb rahpatel:; DELS[ V+J, C] =DELS[ V+J-1, (] ;
+J-1,. Cl) en

Dl SP[ V+J, C] = andt hen decrenents ], step
V8 until J= st ¢ ENGUISH| ) SRANI SHh ¢ GERNANG| | Al S2
and5updat egg SP to imdicate thdt the nay val uex ances;
i.e.) VALSZ| | ue, DERY[V, C[ =05 |andDI SPRY, CJ=01

Processing i hen CcoB

[ete. Sté 1VIO t€4fs wheiddr V-J 24 in bodrfs,

andwhet her t val ue atf row V-4 thas livéelinstancky. If tk¢relOar8 f§ive
i nst ances, st | V11 bd execut®d, whichliincrenen®4 Jand 2¢ops badbki to step
IV4. |If V-J i _in bouAds and valluenunbe? {V-J has3nfjo |ive2ijlnstancdg step

V12 is executed, -, which begins a loop which shifts the values In rows

V-J+1 toV 2% r?% t lower row, thus opening an unused rowl5at
St Bl

roy V of VALSZ. ds the deleted instances ofvalue number V-J to
val ue nunber ow 1# ( 4. ERGL LSPANESH COGERMAN)| T 3 - 1§ C] is set
to DELS[V-J-I =J, ) ep €l [sNni1ts3yal ues rows V-J+1
of VALS2, (an grjd DISP, if they exfSt) tafows Va2 of 20VALES2) DELS and
DI SP, respectyvely @il. e. VALS2[V-J, C =mVAT. SZpV-J+H, ¢} DELS[ V-P,

C) =DELS[ V- J+ ; P[V-J, Q=D SP[ V-JFT, T )1 [and desijenents J} Step |V1i4
iterates s3@ ustli | J=0, at which pprnit sigqp TVIbiijnserts the newal ue,
Wi th no instgnces, descri bed above, pnd pradessingzl}i s conplgte. FIG 17
is a flowhar : ich

inserts a new value (pqinted to bynewal ptr) into. colum C of. VALS2, when
ol um: prev(Q) o el M doT, STFBBLE. \Pbr Le feea TRERERANIRG (b the
descri pt or s30geexry UENGLE SID I=uMThreeMudssreconstieudted) , This hredmsi cuim ent | y
used row numbggei BV a : ‘wihehi ghest currently used row
nunber in 8he |ﬁs€%ﬁ§%§ﬁg%?%{ OPEEVAE%28§gg£t “instance table are
preferably allocated~rith extra blank space at their ends to accommvpdate
new3d5entries. In one enbodi nent of the present invention,inserted new
values are witten at the end of the VALS2 tabletrather than at their
sort-order position, as in insert v(), _ 54 1 3 DEC 2002. WD 00/ 03335
PCTNS99/ 15431 above). A pernutation |list™g?¥ifg the added VALS2 row nunbers
in sort order is updated by insertion of the new indexes at their proper
sort positions. The pernutation list is used to access the new part of the
VALS2 columm in sort 5 order (e.g., by a binary search algorithn). A search
for a value in the VALS2 colum would first search the original, sorted
part of the value list and, if no match was found, a second binary search
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30 in colum ¢, and h_ptr, the highest instance table row nunber already
used. In step VOV2, h val and h_ptr are increaented to point to tHesfirst2002
avai l abl e enpty slots in colum C of VALS2 and the instance table,
respectively, if such eapty slots exist. Step VOV25 deterlaines if h val is
i-n range and, 35 if it is not in range, step VOV26 allocates

space, for ond¥QPVBHRSe additional slots, in colum C of VALSZQ%(@EJ&
DELS. Step VOvV2? then determnes if h~tr is in range - 55 1 3 DEC 2002.

WO 90/ 03335 PR CERMARED [ YUPZES QP
addi ti onal TS s Y L A G Er SRl
step VOV3, mm e e

once again i ndi cat es the hi ghest5used sl ot nunber i.e., VALS2[h val,(C is
set to new valaereeoRsEmnaiorhis reqrad Erar the sgFuctyresr apegeti on

+faund o1 B pckie ah stune iy bt ol hsnd i
inserted a at . posi n ation list.In

and DELS st rut2ht ’%rt ‘tﬂé)' fgﬁrS e \kgmaining ?&%’ﬁg"*e&t An gﬁﬁ DELS[ h
val ,C] is setrecoid sama'emmtm by ptrading dhrivagh thef fimstaakkeocat ed

spacef or one d, i i t I th art of
t he DELS pool Ji:géli){"tal I‘!‘/\€| ﬁth s?megw\?g\/@g 0@11 f\od’xem%tlfegﬁi:%;ﬂ’tyag@ﬂ[\%mt hgﬁgort

posi ti on of tNERREGH vaY%tJé')e i Jt’EﬂS*FP e F&C%Foﬂér thec vadpgnipnt o
t he Chai nV?Pobhecéomﬁbmdimg reall nef cehé |mnclse:rd1umv(:)m the value

(specifically nV[ p I i 0 .. [ he
newal ue, i. tgEilval )ﬂlie‘é‘ ﬁlg‘é%fa f%ﬁh%’%}y%f%ogf t5 (? %6931:&

VO, 20Col urm Crolygmn sof othe NNSHANGs tablecie 3ssariaties é@%ft&#cefeeprtihe

€9l um C val ugeshgChétonstudteand, thds Nother 'graimsh e viahr! 4@ ifoehanga from

'tHe nearest val ue ha i ngo ,ro the fir el e i nst nce
{@eﬂf—‘g ‘% r‘?elﬁhl} as &%3&bqor &'g\ﬁfgnu

of thevalue i § Yh%n stored chal
dependi ng 98 V6O'"EpPisting). step | Cl sets V to the VALS2 row nunber |n

colum Cfor the value vvomxta&ﬂewel Qt&d::tg&@a:e:dmﬂrpm Wel iheluaka

VO. chai no[ prey(C chai nV pr.ev t e ICZ determ nes whet her
this val uEaphaés" L%%(é?‘éﬂ $H ‘gﬁ*fe%%(‘? the\(lm%e%sffé}% ; ion. By ysipg gﬁ‘?ect
count of tonbi@entilty|pegautation aag rthmqsamﬂniimerﬁcsr |t|ham|qd1mial et ed
cel | sare marked by achéafliud frdfie &t Uendascdiuie hahadiit %&C%%orategag' S

is performed, jwhich does an iterativesearch for the cl osest value wt
del et ed |n90aheea{'¥|“%¥}ar 35t0 the search done in "insert v()" above) to
det ermi newhet her there is a deleted instance for any value. If nodel eted

instance is found, step IC4 all qut%' 312.?!]; # on ~ 3 oEC Zooz WO
ppPC'i ' NSI 9l'i 5431 space) for o%‘rﬂ & Fegtl in colum C of

| NST, and adj usts the dhPRSEPEAINFLWEHED R txther |%Q9a‘t"@"tthé’tf the
addi ti onal sl @hweRttoh| eeeléarae vielwé eclabdé t evnfms catremel Gfexigedn if@es aan

iterative appli 0 i st ( V. aGe
downl i st() zéntsil?'gt& e&\)/g e g’féfr%w ?géifg%%tasé ag d'q{n 24 ?oﬁ]‘s atce §Pep
? whi ch |ssepgna'genélﬂptwmntafk@ts@ebum far \eaqhe afyitihe oyigingBer v
g feafl% has ?céahﬂ%;egl Iﬂts%@maeso%étﬁowﬁnsmémﬂ%ﬂ& §<13t/fbmml Rig iah ﬁgl umm
o} e instanc abl e assoc1a va abl e ,r ow nunber
V. If col um &‘Bﬁlﬂfstba%&?aﬁbfﬁv_ €§ LR’FP%{##% 38 1t DisP
has no c_oI umoﬁprat:omlenéumevedISuBﬁQEe MJ CA ttalnue mni's pxtesehitrsim
del eted | N3l AaCparfictiat ok fg fha? %Qenr. ofn "G eIl

undel (C, J) K=t o un e i en tests
previ ous col uh'ﬁ blg, colupr pRi}, %ma?ffws ttgatqo‘fa ug ep §x) exampl e !

VO. chai nO[ ( pr qasshhihg ) "bihetvu:se)nﬁi:bert' Ctornst Sdi@mﬁ@{t( lttr&m(e@,) lifto

KDSP[V,(C- f

format, or &e‘\’/\’ﬂgigzg }( cgigﬂl? %f'%ﬁqo{: thgt ir'%vvv %’)‘E rmg’tf tIhn
either case, mesgedscndumy,tthe displacementctable Dé%tthﬁ:t mbm avgivgd on
is performe Iua.vtehtﬁeegmdl vsmebatlﬂsathtyl aﬁdtP@wp%mer td ecel s of

t he record ndrra gg ? ]'il deleted in DELScIurmvvhnlt

exi sts, or byn& i néat’ ﬁgr*éuﬁh'Pi‘éBléﬁﬁE%nFsT?’%ﬁ(%V%tl T e ¥or'Hise
when t he dat a iisn thei ahsngrbecbnd'lsheScoInﬂﬂged1ﬁ$ vaYueé eiorsist ate @dilatbed N
unsorted colums that are' "attached" as descri bed above, the del ete status
of acell inthe attached . 30 colu~ua is |5|§n_t,|cal to that of the cell to
which it is attached. Deletion of a record 1s illustrated in FIG 19. In

step DR1, the record to be deleted (the one containing cell JRO CQ) is
| oaded into Chai nVO obj ect VO If the pointer




35 chain starting from[R0O, CQ does not forma closed |oop, an engpbgﬁn
bS raised) termnating processing. Step DR2 determ nes whether the're dZUUZ
has any deleted cells [by, - 57 1 3 .DFC 2DD2 T WO 001 03335

PCT/ US99/ 154 repeated testing of whether top undel () row
Aunber | ess f‘ﬁ’%ﬁ"'ﬁ%’ cell's row nunber), because only a | ivepﬁygédgéégn be
deleted. If the record contains a deleted cell, step DR3 reports an error
and processi rgreatenfhan &hes numhey ©f| reweniphEheetnstpnge takle £Or st ep
DR4 is perforypsh odluvmn nitializes the current colum, C to colum CO and
the current colum, R tq RO._.Sten DRS_then deletes the current. cell, [R
C], and sets Rto the r}bﬁf%mirvl méft (:Ef g\}ngﬂcﬁﬁ??tttoamﬁeII& an

poi nters) celtldsk, Glgw niusker'bddramiadyetheOng§ldprdRget imdicattingCrico t he next
col u~an vi : dék X WaPue Hunie® U5 5ERE vER! is not equal to the
starting cg"fﬁlrr';é%@ not equal teo CO), stea Dg7vl gougnback to step DRS;

ot herw se) stRispiecengnt fakle (¥.6dessPigPipsenentnfrle (K- Dord e minde" is
ge: eted in thﬁghjé BN | owa musberg ) 1 oeg! Eori g b&lﬁiééaﬂﬁb Psdd Y wmran Row
elonging to this re as,, dele " (ky_ tomhstones for

col umms not %%%erWL%megﬁt&q%%i%gg'%ﬂs bolg émbgé?seeﬁro&i sts). For
t he above examphkeXing)DRIS tlablferyizexo-bgseds royl numbexingyecord "Five" i.s
the only ofig 20 that harobasianalest aie £oRhEVERgREW oF BAE | fRtRANMeSH s
GERVANTYPEPARI TYIg{gﬁZOl%_54%_ A count of records wth, for exanple, TYPE =
30 prise" is FOPBREENed from colum TYPE of DISP as 6 - 3 (difference of
row 4 entry dndienvi® mtqt)a,seizpdi cating that there are three such records;

however, the =RES—st=tr Erre—e et e—=thad—age=pf=tdiose records is

/sl eted, hen org A4, JIRST 4 HIDDLE J o LAST nuliber of records with
38 p~I Ty =" Sd—sim {hay value 4 in row 2 of
the PARI TVHS LeveR, .%h%:_s_g_ﬁgjt f INST are

associ at ed withrodde3 hhigeqeniok qienty o1, | Blahwat 3 DEC 2002, WD

00/ 03335 PCT/ . &L o v 1 BYeWRhe DRI TY col umn of
DELETES, row §2—so th{ drdedely d% Yl - ' PARITY = "Qdd" is 3
1 = 2. 5Recor JJ‘.SSELL, .}; ‘:s’v@n 2 ) 8 s—f§lustrated in FIG 20.
Step | Rl obt g-hs—the- ) | er“sg“" t?}!a,%riee“ - s(for exanple, from
a user) and $-e+es— Lhﬁ. “.j“ e areTPs Aﬁ?"@{fﬁcr ]P,;‘fﬁz object VOis also
al l ocat ed 20r rcecrd“ﬂ \";‘ﬁ“‘;lg;%.i*“' ﬁ%ﬁaﬂ.scr oY ' s belonging to
an"att ached" =y e‘t;ﬁ bedtabove—arerEk entially as suffixes
to the val ue Step |R2 sets the

current colunmm Cto th [ rst_co .. Step.l R3 then.searches t he .val ue
Cabl o VAL 151 or t ho ¢ (Sde X thiing SRS and° RS RadRERY e, or
Cval ue, and reherFERShearndMINME qdnmng agle,t i eakuenbedisenter t he val ue

al ready existsyailgée that when prev(C) isV/ O spligisgiageneatch in VALSZ is
done in t\/\?)sparasmffi rst,the original, sorted vapgHie:i st 1s searched and

then, if no2 T

t hy ough t he ' ' i

the val ue al rlpady—extstisy taﬁcﬁﬁ‘%

IR5 i s execut '

whi ch case t n w

i di cate V/ Pttt . I3 - '

i nserts thgo ' 3 . =h =
vov(V, C, *ne o)y 5 T3omy 110t '\fﬁﬁ@'i t
whi ch3oi nsert VFOSEPH 11T ) :
v(V, C *new v - NETswSC: 5K

obj ect, setti . TS (O I The
found in ste ' SrOTT— T eVt V/ Ok S 7S

"insert voyg( ) " ( if colu~snprev(C) of the instance taiz)l'e is VIO
split).Step | RO det er ni ApBlwieg Hehe (¢l urntmerge space¢-shvingotechnique

results in a single value table column for FIRST and MIDDLE,



,a ~ .arc ~oo~ WD A0103335 PCTNS99/ 15431 VALS2 has del et ed instancleg QEE 2002
checking the DELS tablecolum if it exists, otherw se by counting*
tonbstones). If itdoes not, step IRLO is perforned, which provides a

del etedi nstance for the value via a call to insert c(VO Q)

(updat i ng5VO. wieetioigsPprev(C)] in the process).|f there is al r F5IWHIAEBEL ed
instance, the branchstarting with step IRl1 is perforned. In step IRl1) the

r—anurTbelri t’w%ﬁ “Bﬁe'&ﬁ nge’ﬁﬁ Q-_ameg %@lﬁhﬁ&t ftéel @%ﬁd«rnshanmnbﬁnf ound
via a ca o tQ I represents er in

col um C of tﬁgjgﬁ ‘g é?%%ﬂ Jd’f\gn &?ﬁ sF&ﬁgémof agaf BWHuﬁﬁéP"V In
particular, if colum Cof DI SP exists, then J = DISP[V,C] is such an

i nstance. Inth epsg18fweg@um C of V i's such an instance. Step

| R12 then dete %i‘{]i Qg&mer col um pr-pg %3 e15| nstance table is V/O

split. If pPepses w en ----------------- et Jolprev(Q] to

t he appropria S e R ee—n e imﬁwhﬂm lre V' = V and X

=0 if DISP is| v ool ot or v AT v 2 d X 1if DISP s
"l ast row nunp& LB

Bk ;.!ll!lwl'lﬂ! ep | RL4 | oads
the row nunbef23e%s l ancd i Via: ev(C)] I'n either
case) step 'm_- :

eletes count for
row V of VAL

66 5settlng Cto
next (C}. 2530k gHurms—hzyle beeny

, processed (if8 HF—ret=Hloops back to
step I R3. O hp&w

fO-Ld4ck into the
i nst ance tabl = - fe fcount is the
nmber of 30fife

! T bU”PL\G e Record
‘Ugdat es Updat hr d | lﬁuallach - r—1H 21. In step E1l,
the user ¢

: pdat 357§ =64, the record is
| oaded int 0™ afER ind ijr—a—tenporanyjpuffe Any cell of the

' |ng 70 O gad 1y v’_'==J|n step E3, the

record may befS$gL
user - 60 k PEC=2662—mr—061< 333sPE=FRESSH+—=543+—ept+onal | y changes

any or all fleld val ues (unless read-only conditions pertain) in the
tenporary buffer. Step Ea thisg jemlofdments ther pbsence| gfina” btankoFERSTt at

the first col HgRe £8!iMAiéated Qﬁ( Eheltidst 2ho vhakhee the d38p1acehanged
t he val ue hﬂ I: ggd/col um (;ée d thq’a ser Jhas no hg g t he val ue S)
processi ng i sAREAARY NG HrRe &Y 2 45 B+ &+ E g PTSPREqISWRPER) -
advances C toThheaheﬁncgwmﬂiRﬂﬁlmet iviaguest JARdenl Cand| 'Edwexdll and C

val ue has ChaﬁﬂﬁﬁnnsﬁﬁﬂeE@ah&sm'ﬂ%d‘aWd&d Wﬁh%ﬁs@ﬁ' e"QShhhe f‘Q&QEﬁhb‘ live
i nstance of the.r cor Qinters

e ot aheFSReven ok EoiSiany iRt etn, Th) ShaESPRChoFrBEr
e.g., a bi nar pameaspél} lédr " The” \)&dajmcsmuufm‘encas,ths Aswinddcatied byl aam C

val ue, and2sef §aEQﬁ?ﬁ9r£aﬂfb RASidd Y ﬂéﬁl Y& g‘y@si:@?eti@hc@ﬁg or

not. When prev Osplit, the searc the val de tab IS done in
;t'g) parts; fipuepbernef oFecrrfs. sqﬂ"t"ét}'s\%iﬂueal AdspilacepeptntabiRdvRABSR) ipf
h

0 match is fﬁuadlakberappame_ché Ildsxd thanadacdqualues itnese\%atleduiubbeugh
t he ernmut at | | S { e new
val ug was al régdL éaré/%nggf§§éé§%r&q QQ‘}‘{EJbP ggcﬁp' F gci"ﬁ%ﬁce ﬁtsn?' Elz is
perfornmed; ot H%‘hﬁl’senthbeb%%ﬁi%rr%}{ L M@%ﬁ mamec AnEGhiis %ﬁmﬂ-ﬁéd St ep E9
dtetergllgesmhe{ he{ ht he §ﬁ|t.!ﬁTis| Rexargde | S V20 Bytes g&DEIEBrhbeI ast@qﬁa!rba
Step | nserts e.n ue, | an via_a C

Step ELL I nserts bhen pies! ye bt epbinya drRE S etsdal cE3hesl: o o
call to inserwould, Gsendadviaytes f@t i Fetdrdsl.ds Afftercicaluwnomerige new
record, one eE%E?QEsQioﬁaC&&%oﬁeééi\ﬁﬂ. e thgl p¥heesabhl™ éseii.oawe%rtg}

is either the R05|t|on ound Jn st .t col um prey(
split, or h vef ROARE Pytes ang ch)z-"bxqe Yolues jnckbe) displrcement:

ISt epk). E13 déﬁﬁtmes vhet begpli‘@ewaima:ailé’nbwl\ﬂwu%@l Qt*edﬁlsnm%es foy a
ooking int counting tonbstaones as

cor r espondi ng%ggEkoPamgksle fer VAT RSN ES e&ng’ﬁﬁc'es%é;p&c&nch

starting at step E14 is executed. Step E14 provides a deleted instance for
the value, via a call to insert c(VQ O, and - 6l 1 ~ uC 2002.

(D) D @

D 'u‘




WO 00V03335 PCT/ US99/ 15431 updates VO. chai nO(prev(C)] in the process.

O herwi se, the branch starting at step E15 is executed. Step E15 fli 31(BEE 2802
row nunber, X) in colum C of the first deleted instance of val ue nunber V,
i.e., K—top undel (C,J)+1, where J represents the row 5 nunber, in colum C
of the instance }g%%e, of an instance of value nunber V. In f@f,ggﬁggéi, i f
coI umm C of PO sts, then J = DISP[V,(C] is such an instance; otherw se,
J = Vis such an instance. Step E16 tests whether colum prev(C _is VIO
split. If itSRYipu® ¥eRid benEarEeshPMAIngly grepsesrcyhern thes¥Rriuk o 10

t he occurrenggplenalues. ﬁor ﬂ?& s¥siifate @clﬁmﬁ&ﬁhﬁevmoreVo&éEIlXp— 0 lf
' row_nunber" SP.is "

DISP is "f t
r ow nlursrber'l' rf"BPﬂﬂt co ngftﬁe? gg%d Q%taedvan\{:agf?qs&yt Hgﬁdpépf 6?'%8"'9' ?‘E‘-Fn
| oads t he prdpénsdaas dﬁsgrl/@e@hlaelm i.e., VOchainO[prev(C]=K Step E19

then renovgs 15 the dehﬁgggefn%@é@esg‘;ﬁfg tdhends gegs@gu% ag._gpnggg t hen
changes C to the _next columm é nexﬁ% Step EZ1 tests whet her,

col unmns have€BReALIBEBEESSEthe BYes yention 4% tR waybﬁns §P§F?? ngt
colum. If Cibescapliinalitpeiinto ahsalmgm tfied dac tlaviihg @sdeeki on | oops back
to step E5 a 0 t S tes
the whol 6 obf SEFSULEanE Hheovehioud Hutbiifeling ot tHe By s gL iR £fethi:

chai n(O, VO, FPEoaKa¥Plandipr bhese¥ample m @P@r ﬂ'@?EZEnBeE&BSEYcﬁJ-%m in
the dat abq%egsysswrmefggbemtessr&mqwerﬂara [T PAR, i ndeafagdfefanhussorted
queries can be ned ver v of .efficient
standard seaFE&R Sfef‘ébﬂﬁpcgﬁu %h@ycaﬁ%ﬁsa gﬁhﬁﬁxgﬁﬂ‘g *a sinple
bi nary search delivers a worst case tixae 30 perfornance of Clogz n, and
,ag aver age pﬁg,&gﬂgacgngﬁtcrgggg (n/ 2) ot her search techniques can al so be
ed, with the be g_depne nt__on the specif] atj on and
characterlst t g1 SHa) A dontop of
ei ther 3518 pinary midpenat_or hodd UxSut:h tec i ques for
paral |l el i zat fon of se&af ®Woal gor Bvenkr mme . Fu%her

paral | el i zatfon can (3| 8breened roupbreli- 6podd BxrBm&EC 2302 wo
NSQ9/ 15431] Fous of kewatxp ddViex| enpBvenPowerr2ach

00ro333s P olum in

si ze ncont ai § bFavequal KConeder | Ffiendu ¥s oran
i ntegral nul §i §iX The k§e$em t | Sekbst h Y ! boundary

poi nts of these contalners) renoving the5nece55|ty o pel ng sorted
within th@®h Were n equal sthe nunber of processors, entire containers can
t hen besearch¥a8l®8d mani pul ated with the sanme efficiency that sPi§Pdrefs
are operat ed Gﬁmel n single processor environments, while displ aBeH

w thin these e, Asthfuchart
for a query fidtovh|# 1 SNGLASH hSPANISHING Vdl ue fT¥PAR gi vell file
isillustratefl in FRd¥daep? [gincep JDrei he [\EvenSompioisdteo u
field is seafched BgFomyre vgl Guatrqs t hd Byenfowereal uef M}

because tH#e Fol urmd |@ne genefBPEy in 2 or nEy 1 ear}

used (as wel Sidear ch ' 8Chsst /94 Priime o th 1 nat ng
zf was fpund. Bfl Thriee chiTEesal e kfmot Qe ¥nithat jsifepdited in Sfep
223. 20 If a piTwea| ue 1 9PPouNd)] 2 3 blefr) ¢), |

steps 229 and 225 are perfornmed, whi chdeterm ne the rowin the value table
W th matchi ngn\é&g“@:g(ggggeﬂs) and reconstruct the records associated those

rows(step a2 _non-condensed col Uim, ne ‘___O_OA- sociated with the
cel | withthf nmatRewnb]vERGLISH [cEBARISHE { cGERMANI|s AXPMRY above; then
conti guous r @ws r+ S r+ Sfr+2) ..3J r-1, r3], ...) a&fe cheaqed for matching

val ues, andi § additi angl natcheng val uesfare foueq the Rerfordsassoci at ed
with those cqlls are :fso recofidtructedé f The30seafch of écpnti guous rows can
stop in any girecti ond pwen anoddwat chi ngfvalue 13 |fopndsHpr a condensed

col um, the gange of §ﬁstance 54bl er ow nfnbers t24t pointfto the matching
valueis?? i ned Troeihe di spBdce~sent2qabl e. Agq4l N, cf e the mat chi ng
val ue was35f ound at_val ue rlabl e 'r===ﬁ'zi—66_—m7‘f rspl acement Tabl e(r,
c), if in "first rown er" format Fe begi nni n \%the range and .

Di spl acenent Tabl e(r+1%Qb progessgof 58 fgﬁ'fgf ures is
PCT/ US99/ 15431 is the end of the range (unI ess r is the last rowin

t hedi spl acement table, in which case the-eql .of the range is thelast rowin
the instance table for the colum). Step 225then reconstructs, as described
above, the records containing5the cells identified in the instance

tabl e. More conplicated queries, such as (FIELD X = M.AND. (FIELD Y = N),
(FIELD X =M .OR (FIELD Y = N)) and soon, are also efficiently

I npl ement ed using the datastructures described herein. For exanple, an AND
query canl Cbe |rrpl errent ed by finding (as above) aII records ITB.tChI ngFI ELD X

M M Y 1 Y L o




- 64 1 ~ DEC 2002. WD /b3335 PCT/ US99/ 15431 SOL Functions Many SQ
functions may be supported by the data structures in accordance wé IDE[pqg[]Z
present invention with a trivial amount of conputational effort.

exanpl e, the 5 COUNT function) whi ch returns the nunber of records having a
specified val ue for given attribute, is available in const agt, ’ﬂ&,é’GRSEY
accessing the éHPP?@g for that value and the adjacent value in

di spl acenent table. The MA. X and M N functions, which find the records with
t he naxinun1anxasblnin$nbﬁfQE#ue%quHtz#hﬁtv§hea@ﬂPEbaDé PARATEcARNP| d8ent ed

by accessing {QgehORsaBtuRPEt | OFAORlY Tharf HRAGY \t%ysebarhh.e &b!ﬁﬂnﬁm um.
The MEDI AN function, which finds the r org P@h ge vaLue for
a given attri Hhide Ehe 58P %thfgatﬁv X FHELFBrlﬁh%ePBC PABNEBE t he
di spl acenent tanpnbbslohoaehieveﬂfﬁdﬁ tthec ordgdnd 1c *¥PE, andd PARITY ncoadunhe
associ at ed ﬁg{g} s h Lt.h rgest
nunber of ogﬁ rrences ca %e |np nentéghdleq?F%egﬁxgggiéﬁ%b OQQﬁahi

| ar gest d|ffeﬁéﬁéégﬁn°§d?8%%ﬂtr?ﬁ%ﬁﬂ§u§¥ﬁaﬁp the sedurgésnuphErgsPRg t he
correspondi ngchabiifis 2R Theseiéphadenmie @hdl Imétaggéegabnes f upRlisOBpacare

efficient because_the.di c t & A related to the
hi st ogr am of §3v68950ﬁﬁt§8£f%% hé@?!e d%m RN%E ¥r5§ #Egyaﬁﬁ UPDATE
operati ons arQUSﬁppbenQUNa%OEhovﬁPaqﬂhinexéwpl&alhﬁsthetehbodlhbﬁtgiustthese

Oper ati ons 185 desChE Pere aé@mnérmerﬁwe(rﬁvew)baat)l 98 abﬁerﬁ!l!@?OﬁhéthPE&
types of SQ uerles For e anp su ose there are fwo tables, |abe

"PLANT" and " ENBLEfREShing ftoxr \th P35kt es are shown bel ow 30
Phlrl ~T; PLANTcNﬁbGsEté%ﬂbﬁ&hziﬁriWEWUHﬂQ)IDseuore complEbRESNEE: TENPRAYER

(‘\ﬁNE EMPLOYEE ¢ %E manam et‘CPrlme" 1t3§.sAnQ%%%)éar§o'E§e§@gBL:§ Ffs? pr.ﬂ

e nane of ea ger each ;P ant |I's_expresse
1 3 DFC 2D02 rEyeprBoing%aand "gddPrime" In general, C such searches w111

15 be necessary, where C is the cardinality of the first column
of the combination. Counts are also more complicated for
either column involved. More than two columns may be
combined, with similar costs.

20 Hashing
Hashing comprises a known high-speed data storage
and retrieval mechanism that can significantly outperform
logarithmic-time binary searching. Although capable of
delivering low-coefficient constant-time performance when
25 implemented with an efficient hash function on an appropriate
g;) size hash table, the search for high-performance hash
parameters can be complex, difficult and data dependent
(e.g., depending on both the number and distribution of
values). Still more importantly, hashing has major drawbacks
30 -- especially as implemented by state of the art DBMS's.
Hash functions typically fail to return ordered results
rendering them unsuitable for range queries, user requests
for ordered output, such as SQL "sort-by" and "group-by"
gueries, and other queries whose efficient implementation is
35 dependent on sortedness, such as joins.
By supporting an efficient, ordered, reduced-space
representation of multi-dimensional data, the present



PCTI US991 15431 SELECT EMPLOYEE NAME FROM PLANT, EMPLOYEE WHERE MANAGER I D =
EI\/PLOYEE ID 5 If the representations for the two tables are uncoupl ed),

.e.) they each have separate val ue, instance, displacenent) andl dcbucr2i2e
t_abl es, sinple nested | oops can be used to test for equality between val ues
in the MANAGHR éd8assal um of the PLANT dat abase and t he EMPLOMEEUSINs4asium
of 10 the EMPLOYEE dat abase, and, for each match, the correspondi ng

O Ve R b (e (Bha AR Enb el U ot GrBRIAMRE.
poi nt to thewi&hethel unorderedness af sPriPe APERBMS 1Sy EMarenver], Daoyl um,

|5 then, forygaeh HhSRiAGCEEEANL ecaﬂase h@SedNi g NEnditit ;P iiths ULia
col um for both EMPLOYEE™ and PLA| he correspondl ng JEI\/PLOYEE NAME in the
EMPLOYEE t abla® PaKthets Bbﬁdpreﬁﬁnﬁo?‘ﬂg nE1@Rn operation combines two or

nore tabl e to create enei egheplei ofdhashing applbed My aa domkedalvadsenray

each have i nf tign, apgu Ygg% n t rf

det er m ne alf%irbn orrgra |§ﬁ ?ﬁE%@gﬁ %Sﬂaﬁ%iﬁ? EQ.&*{' W&E&i’@g F?‘
order to per t@bAracpBtaAInNE sEhesPasition; ef) 'F‘}elfh’f'(%’él ‘Hfﬁ“!ﬁ!’@’n in ghenyajuer
candi dat e kejtableOWRoSE thestabhesbytés pitoR!yherestingligigiositdyn.s #or

epresentati Sxe8P1En; SsERTCOTBALER hiikbet Spdly (HE 2 Lo MR n" S0, pgen
forei gn keyo tiableomontadusia meanarn’e?etbe h@lrshm@trymtﬂmenagnekeys

need not haveaihig GRBBeCRifFEBaLYbYvREes NSoREATRT 41 P 0 CENtilalsRdonn ant
not be unique. 35 ,Ajoin o eratjon 1s gefl ned as a, suhset qQf an extende

Carte5| an pr SRERiBF 2uBCH tﬁBr o1 Hpetirst capEEiin the
cor d- based vhaskc3deadithgntwoehytes é6ntains 300000 Z0AORA33ANd so

/' Us99/ 154%31 ro‘#lghrtggtfbfséoﬁégéﬁtﬂréhh§ Va2l Jol PN T I %@ﬁ;@nd tabl e.

For exanpl e, rst . tabl ;ows an mms and the second
tabl e had ¥® W&Au ePectitns, thecerbiTestangg  afiuraives GANt@iRdng bhe
rows and N+QagsbrintedAbeadingdtdosbyeet bitapapterncfor sall @Ak poisaible

product that 1e%a§kgst%0ﬂ¥ha§erta»ﬂgs%h PedSPandd %of o Rled Vo Theh'fe

origi nal tables function defines eex end
Carte5| an pr seazcheg, t%aofmﬁoﬁﬁa!‘ab?e% Php2ryrseargh; Heo jfHind m%

(i.e., the Olﬁallu% of risbecbhsecapevat hash . fﬁma&eﬁe&s&s Rviitlﬂ(ﬂheO%a%nt ains a
CcO arlso L1 QN .an a (0] r e ] 0] N el er
pa?}tjl cul a aﬂ Ed&/ﬁgc Il'5t gggghie‘% {/'\All? e %?%ﬁ%“‘é@%%?‘g c}: eer%‘rﬁaﬁé'n[gne

answer set rettwmbwtby oficthei fiixstrhentovwpari son condition specifies a

| ogi cal operator. It 'SAd&QElSKﬁMGﬂlMé&tﬁBR@%EnbSé St rﬁoQ%Ef
nanes in the CTst at enent nost ¢

conpari son c&?\#‘? F8H1F§ éﬂﬂﬁf*ﬁ}gﬁg%ﬁegﬁﬁ??égﬁ naPAge 1 oi PY £XAmP ed to
as an equi - j cipacg0Crhebecsavedi bysstuihpinggetht thet specifiddedwa fartes e
al sopossi bje thmovalaast ‘iﬁ' Qﬂesi?&ihé' eabiae ﬂ&é&eg?seﬁo@ B cal] W 2

conpari son condi t.ion, eC| ol n {I. but ésand co sel ectors. .For
cg)wenl ence 1P8f’n§r R §h§| bPEZggp Er bu’E‘@wFﬁeEacﬂd?hH‘é"aér Fimesdfed in
[ e di scussi dhedeheedeédi tocretenstruot| e leaadingostripped jcﬂ!m Wtsﬂ@rtes

t
SeLEPTLE g DR i, SHESShoklphol BekabL Bhou iRy L e

subdi vided in olrn % orn an out er 10|n - the
join answer Ketwrpes §Ps"—BF3B&FF -th hilﬁvaaYn ehdonef for rexpnprly Ry dHaary

tablte tolgle:@@lrﬁmd Ii?;betnar ha)snondbme rewst?% apprepheaté abdw Mh% t\)&@)ﬁe
exl s nu | (0] LW Se ugl on LN a I Se Sl S

t hose rows tﬁtﬁt’(?l E'F‘ Pnn'b‘& F’g gl‘gf'hég Rgfi]ég?‘ggafv\fmﬁlp? &vaqs‘hﬁ
values in thdmhr mmulm thel v9)r§359neecrbus puenagehpe;mmmrsé:te
consists of tdiyg Jx@lhaﬂ?ﬂyemﬁhaﬁ%d b9 ees! 8Rak QQUEB 951:%%%&&@1&8%&8% enlhe

columm sel ectors s col uhms are - 20D2 03333
PCT/ US9911543hexre Ghﬁéd is, spppoxtede PYs &Peoreaﬁéaroﬁhstrhb\pﬂm of ta
dat abase systpar)icudiaksdatadset.be extrenely costly in storage space and/or

processing tinme, requi it ed dat a .t i i 0 sartedness
or a 5 time intensive yeggég'gl E'\% I g‘:‘:l%é’ %I ? %F@rﬂggsggngb%%g?%ee % ‘%’Wqé i/ of
each attri butte dixedtdybaetyrpopncnarrpwt thel searchc for) an hassogiated do a
two colum join is proportional to the square of the nunber of rows, a

t hree-columm join proportional to the cubed7etc., for tables of equal



10 cardinality and equal to the n-fold product of record counts %fﬁj iﬁﬂl
.The present invention largely elimnates theoverhead associ at ed W P}ﬁ) 4
All attributes can besorted, and union columms can elimnate the need to
mai nt ai n15r edundant copi es of data. Menbership functions can bei npl enent ed
efficiently t‘{) bies3sd he di splacement table, various alternat epdiapssasasrent
tabl es) bit maps, and/ or n-valued logic functions. 20Al ternate D spl acenent
Tabl esCertain E i es f t he union colu I eag tov ri ous nodifications
to the displ al’g 5BFE ¢ of thi uft cI?’hragﬂﬁé'r“F d¥;a Pyt’ﬁge?ﬁ?“Y’Fle“ce
perform ng j otableTheAhyl hdshi fipiciciarethatt metturns hhe)v&hne eelément umm,
rows that Z5ar W
thecorrespondlgnggcggﬁﬁ%log?eﬁhﬁqﬁz\gﬁggnse %\?alel}lamgngl PV\ﬁ'lc"’lecon ae"ﬁt’%}(of a
cel | of the furlugi epemebheFan b useqd faxddisopurpase-i sIfhe BAr TRYber of

the first (ervhage. éteaaaﬂtngsomﬁmﬁtbamm@ye)cﬂfa&t aggecwtédnazamé ance
t abl e300f all hnstaﬂc gsse sing .the corres Ondh 8 ga ue | .t hev l%?
tfRe Rl c

table. 1f a vErGBEP &0 ROV | Y Beanehi Fdali‘ﬁ 1R
entries in thdidp3ptenentntablél e One tsumlorbesipdigdengsands4ikthash table

(al ternativel %zn:ﬁrﬁﬁhﬂﬂéi-s Cehts thd Wﬂ(i‘ié:atta‘?al@“m% Qﬁ”éﬁGHeé‘ﬁéN, pods iDL e
are many nore_val yes3sw t hout t%ﬁn with instances (referred to hereafter as

t he" spar se” cA€@finghtyg bytes tanse taflenanThe s FRRER: 5 ues in
t he di spl amenﬁﬂbpsacamentetabkadmn}'ltezs rte:dtsmmyareGinen 1by DHAN02 WO
00103335 PCTI\@%E&éSé;ﬁ:ri ﬁ@elgé%& e. In the full displacenent

table,in one e i ment e entrles are |n rted order, so thatfor row

nunber J in the instanc nt%bI:Iéa ieps d&er%ma#@cwﬁnsmehwv ni$ hetibl ue
i PI eis tﬂat rfaqtni‘.\hdcbﬁDleE’ﬂ/;ia}bl@ wcaﬂzsaf H‘hktkhbﬁﬁﬂbnapdtﬁﬁﬁ@eﬂl?@?
ic urminte" r { f ast LOw. n rforma
DISP(V-1,1] <® DI@IWI?E ‘”“t"cs';era“agr"sé‘%l c(zfsg‘ L ’I" Fhi cllil\r}te)gf%r t

f ordi spl acéﬁeﬁvot RQFE eBrL#es) (:Ffeffé%qfe&ﬁ dﬂr@lmn&st@hewheoﬁm%em!ih

di spl acenent Eabmrat )mﬁep Ben@wbiﬁcé Qf@”t@fé@i&@%HQXluénaébbélé'%Mlth

di spl acenent ries, havet ar.t DV, the n the

val ue table o%’g Fﬁ héVFﬁ%nfﬁs%Ag?I'g St:ﬂ#l tBE)“st Pﬁ?tfﬁ ing

(al ternat el y, bytdsngpecdfiadnberthat ImoertSltcanoel tthiel bash tabklect Uthe
R e e e G T A L RERL
sort order?2 QO#H}/’CFEJW‘nEHBErug #hz%%d%?ﬁ?m Y I‘?ésltﬁ'é'f"a‘ﬁ tEBIE“’EWéer
correspondi ngnaamwuther s¥archt fer vile evalaid eellesneﬁmuadsasiatédvniﬂl) that K)
via, e.g., Q?gggf gam iaﬁH&hei&@én Kl<=J < DO K+1] (for "fi rst row

nunber " fornma or ast 25row nunber format") DD[K-1] < J <= KL

V = DV[KJ. A condensed dF8gi ﬁb@hﬁﬁt"%oﬂ}fﬁ\ hm%%ﬁﬁoﬁPFﬁﬁﬁygpﬂﬂ‘Baﬁ% ¥Py

saves storagepygpeceieddss mseﬂetwednmaqurnIumlﬁomuef biytetsdgef or

t he presen Is an e I ' n usi ng

& full di spPcengipaks) GEhef BRALRLE hald Mikd BIACERINER"bEREE"LhER thhe

dljpl acement 46rREANI| F?Yttﬁé eagealm Wt iekzed hMePNQFanééx’ atkeXre, a
ther alter gabonl AaEREngl méBRodi Bdy aLREE NHe hiflr35(referred to herein as

"dense" format) permts all m ssingvalues to be found guickly. In this

alternate format, displ acerrent tabl e entries have a bltflag to identify

val ves - 69 ' : $hebaf fablest ances,

and, for thgse values %haagcws&en&févethfn@@p%ﬁﬂf dﬁﬂ&ﬁt’ is a
pointer to theg g ext, val ue wi thout mstqﬁfces (Thé origi,na defi néed

di spl acenent vigual; records| pRgetinked thropalsithe \}Qﬁﬁégcel tableciped 5
to bel ow as " fsole" tbpbnmqy Enenpfetshefsﬁlbmmtcﬁ Wrehadsmantireblasly

Spar se and de S e d I r art,
Cecor d- type, Ganrae TAREITEE] sEdpTBoRbfody X Ba R JHapHieR have

| nt roducti on Wegamésélmﬁemngsmmlmwmthe peiggersofd . eover

(1995)): J35 bntzied) IR QﬂeRQﬁstance table link all the fields i

#I#INAVECI TYO000: J1Sart er Parl t hensQ002: J4Consol eAt heniCDOS: J5RA
| DLondon0004. rﬁ:@g an & g,gj\g e oop w1t each field hav ng a single

#SHP#HI#QT YO0 0 Crp3eNioda0 @ddl aSsR8g e 00heRt SLLREIR,1 ¥ Ghdwin3 RAJ #5600@04: S5P2
J22000005: S5P5J5500 | A006: S5 | P6J2200 Val ue, displ acenent, instance and
occurrence tables for J",~ and SPJ"~ are asagotl ows J"0,,: VALS:




RQM/#J#JNAlSECITYCOOOJlConsoIeAthenstOlJ3EDSLondon0002J4CIIKBIo‘l JEC 2002
1 Q00335RAI DPar i sC004[ J6Sorter - 70 1 3 DEC 2002 WD 00V03335 5~DPSEt

PCTI US991 15431 Row , ~J~JNAMECI TYO000000000I1 11200022230003334b004 ~44

Coi abi ned | nstance/ Occurrence Table: 10

JRow#J, ~JNANECITYOOOO4/CD/11/00002/02/02/OOCOZCY00/03/OOODBSIQ%%Q§QQQSFM1/03
/ 00/ 0 SPJ" oQWom008233S: 20 Row

~S#P, ~J, ~~Y0000S2P2J2Q000001S3P3J52000002S5P45000003P56000004P600050006

DISP: 25 30 8thBe W opS#6y tds A Q8K QA0 GGD btk nienE4- of the

6Cd04600050006 1 1 3 DEC 2002 5 WD 00103335
invention.

A topology, as the term is used in connection with
the present invention, is defined in terms of a graph in
5 which attributes (or other forms of associated data) are
nodes in the graph and links exist between nodes. Such is
clearly the case for the simple ring topology.
Another example of a topology is shown in Fig. 3.
In this topology, the fields are separated into two subsets
10 having exactly one field in common and each subset having a
simple ring topology. The field common to both rings acts as
a "bridge" between them. Complete record reconstruction then
{”) requires traversal around both rings, with the bridge field
joining the record's subrings into a single entity. This
15 topology is particularly useful if the majority of queries
only pertain to the fields in one of the subrings, since that
subring can then be traversed and retrieved without
traversing and retrieving the full record.
As shown in Fig. 4, still another topology is a
20 star, or spur, configuration, wherein each field represents a
doubly-linked spoke radiating from a central hub.
Alternatively, the individual spurs (branches) of the star
may be either a linear or ring topology. In general, any of
the above topologies could be combined (or other topologies
25 used) to optimize record storage and retrieval for specific

‘ ) databases.

- Any defined topology may be either singly or doubly
linked and a topology need not be closed as in the examples
ibove. Also, a topology may be changed between singly and

30 doubly linked at the user's option or automatically by the
database system based on access patterns. A doubly-linked
topology is useful when adjacency of data is important; that
is, when the order of the fields in the record is arranged
such that fields frequently accessed in combination are

35 located topologically close to each other. Singly-linked
topologies are more desirable when full records (or
substantial portions of them) are retrieved, or if a
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| nst ance/ Cccurrence Tabl e: PCTNS99J15431 Raw

, S, P, ~J~QIr'yo0001/ @0/ 20/ 00/ 200011/ 10/ 11/ 00/ 000023/ 01/ 11/ 12/ 0000:32/‘1[5@/ 2&0222
/200040 OO 02/ 01/ 000053/ 11/ 02/ 12/ 100064/ 00/ 33/00/1 To facilitate rapid join
queries on, for exanple, 10 over the J~ attribute of tables J"a, and SPJ"~,
a union coluyan for J~ is created and sparse and dense di spl g§HRI |l e
col ums corr e¥OMERY to the union colum are incorporated E = i nt g"%‘?ﬁ

di spl acenent tables for J"~ and SPJ~d. The J~ union columm for J"od and
SPJ" o~ is as poedominan® fieldr¥efr ¥eyal) st@aridngSpoinbdan@oorder are

, ~J, ~0000JI OOQN&QPO P30 084 20RO 00606 €5 A ey 2P PhIed | B Soldge Of

di spl acenent colunn for each of J"~ and SPJ",~ is_déeterm ned QX conparing
the cardi nal i PfCRPLIeHNDEL [The, StoNadm qf tHhee eNPYidinked sC2%€ ¢ he
correspondi ng colums of the J",~ and SPJ",~ tables. The cardinality of the
J, ~ union cgl um above is 7. The wﬂig@a#ﬁxdfﬁia&g&* colu~an in the J", ~
table is 5. 7Since nearly all val ués] O m al so appear in the
J'~ table, a dense 30 dFigpi atcsrgrifdfialdy iidlusksatest adtepeledwtwherein
attribute. Fopather&Fdrd it abbprided ¥ diwddlsepuratei £6bdingol UM, 2, is

conpared to t | nal j _d ely = LrwkNC J, ~ val ues
are "sparseM Pﬁ"gﬁ%&'@a@éﬂ%&i pﬁéw saﬂd;?g#@ﬁgﬂé'o?ﬁggfﬁﬁém "é'l%‘ , =

col u~an i s COBNGLLSH cais the B5idge fiiedd.cohmmipsthscdi tpbkecthatt col urm for
J"~ and t hgodi 304 BREHEL! 6Ok WIMEdSB1ERY s sHowmS BaBwbel ow. all in one - 72
1 3 DEC 2002 WO AA/Q ahle far | at i on_plrposes: ni_.on and

Di spl acenent {Boun#d ENGIAEH | SPANISHNCERMAN c b ufAZPE [-PARITY }

D col urmOOCDJ n'o‘ *BA5%0002J310pC3J420994J$3Q083T641000P6J ?* 1

PRCTI US99/ 154 3f—r—+He—densesgrspracenpht—eottHm freor—d-f—the—pfteri sks are
lbﬁrflags) indilcatifd (1) Thad J°-~ dk not_rale & refdrd withlt he
correspondi nglf val ud)] and 2% jt hat tHe|val ue 1%

ol owst s a pointer

to the nextsviitue qn . _colgim Wit c in J'od Those
val ues in thejpunioptcolunpi-ch—do—prpt—appe mai nt ai ned

inacircularflinkdd list>/t] the sp%l'se di spl colu or SPJ,~, the
20 entries arp preédnted BA3fthe forrdj DV/ DD3§ jwhg¢re B is a1}

20 The ENGLISH column has two outgoing pointers, one
for each of the subrings. To traverse, for example, the
record starting in row 1 of the ENGLISH column, one of the
outgoing pointers is first followed, for example, the one
pointing to row 1 of the SPANISH column. Row 1 of the

25 SPANISH column points to row 3 of the GERMAN column, which in

. ) turn points back to row 1 of the ENGLISH column. The other
) outgoing pointer is then followed, leading to row 5 of the
TYPE column. Row 5 of the TYPE column in turn points to row
6 of the PARITY column, which again points back to row 1 of
30 the ENGLISH column.

Database Implementation
Described below are implementations of routines for
inputting data to, maintaining, and extracting data from the
35 data structures described above. A person skilled in the art
will recognize that there are many different algorithms for
performing these operations, and the present invention is not
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pointer to a value in the union colum which has instances in the S B
table and the DD pointer is the starting row nunber in the SPJ" 13 DE 2002
i nstance/ occurrence table of the instances of the given val ue. 25 Model |'i ng
Joins Using Bit Maos The J~ union colus;n for the J"~ and SPJ"~ tables may
,al so be supplenented by bit maps. The bit slap will indicatepgfypidnisss

gi ven val ue VO PYE33ni on col umm is contained in the 30 J.oa or SPJ", ~
tables. A procedure for creating such a structure is illustrated bel ow. The
bit map in tRiigigednpPretbenalaenitdmss shayremheried®. 0000 t hr ough 0006, one

for each val ue of J ~ Premetivé rrdﬁawﬁs)rnc.@l lJSIElncEQ@hseEhEY: h¥e
associ ated wt The S set tq I f.the 35§w£rreggond|ng

Value of 3, ~cad15Ackun AT iRStichs), she Rrciiagny 3B oph,
second entrytmse&&tab@ thefdataaaﬁsqnﬂaﬁad:wqmmeaeguven rlecoSRJapd balfifer

and O of herisge iy 1{3ear 2o DE@@QQZ PH2QDIR235 BEFRUSe 134ghe e, {he

J,~~ table |s r epr esent ed ense dj spl acenent co entries
are initiali®&d PatPsPﬁE %ﬂ?ﬁnﬁhﬁﬂqaqﬁu§t£¥9§é§eﬁn°Fh§h&nPBNeBGPGHn are
contained in J"~ ) . Lbkew seructuass S avtordaneer *ieht elebyreseéngpar se

\o/l:;5220:annetr\:]é_%c&:?n?%ogogeb%fgfgéd S egeeld‘pl { @Ioﬁgr‘ st0 0 (since few of the

unnm  ar € pr esent e |n|t|al bit map is
thus as follows: ﬂﬂltN&LSHFtaNBQAUQ.QEQiﬁ-H%ﬁﬁathe columns in sort order

SPJ” 0aD00GY 00001400344 899 (AN 000031/0|1500061/0 The next step is
o construc e fina or od col.um s

present in the J#2 Gn|85gk gﬁ%@%{?fﬁﬁﬂ]éﬁﬁﬁ%f (ﬁoﬁﬁgannﬁgngﬁSﬁ BP?S@RFe
values in its 20 wemwerdﬂspramenmmtthﬁﬂqnnreéﬁmmdnnggcnsumnaﬁepfeﬁhasd)Lhe

cgrrespond' N9 _ent €S piist Ne dedMuINe, tRisdribell pelouGOEBTmhNe 82111 es
fdr the SPJ", od colunn t he DV poi er5120|nt to val ues in _the union

col um whi ch have“@ﬁFP|B§s|ﬁaT?nP oS éﬁdtpﬁeCBSFFégﬁﬁﬂ&Pﬁg entries
in 25 theist napc@ﬂamaeu bb VALS2)Ghe final bit map is as follows: f |

Final Ht Mp g % le:

SPJ". ~000Q1/ 03000820/ N3T5 L FBOEES GBRMEY 1 00051/ 0- 0005 o/ 0 35 N-val ued
Ioglc functions c& nBEEPR}; oPRCwRANAS F*PMt h functions over bit naps.

This technique is illughraheddiséisgion beddWECa?0@Rbodiment having a
ring topology is used, unless otherwise noted. In the ring
20 topology in this embodiment, the functions prev(C) and
next (C), which return the previous and next column,
respectively, are as follows: prev(C) = (C + fcount - 1) mod
fcount, and next(C) = (C + 1) mod fcount, where fcount is the
number of columns and C is a column number ranging from 0 to
25 fcount - 1. An alternate embodiment has column numbers
.o ranging from 1 to fcount, with prev(C) = (C-1)?(C-1):fcount
) (using C language notation), and next(C) = C mod fcount + 1.
More general topologies may be implemented by defining more
complicated prev() and next() functions, and/or by analysis
30 of the topology into simple rings and repeated application of
the functions below on those simple rings.
The number of rows in the uncondensed value table,
and the instance table, is represented as reccount.
Condensed VALS2 columns will have fewer rows, as will the
35 corresponding DISP and DELS structures. Rows are numbered
from 0 to reccount-1 (zero-based); alternate embodiments may
have rows numbered from 1 to reccount (one-based).
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WO 00! A3335 PCT/ US99115431 by the exanple below with reference to prior art
tables S, P, and J (fromC. J. Date, Introduction to Database SysggnBEC 2002
Sixth Edition, inside front cover (1995)): ' S S 10v_1520 . 25'

S, ~SNAMESTATUSCI TYS1Sm t h20LondonS2Jones10Par ~. sS3H ake30Pari sS4Cl ar k20Lond

onS5Adans 3%% PCT/US99/15431

pf PNAMECOL 'YP1Nut Red12LondonP2Bol t G- een17Pari sP3Scr ewBl uel7Rone
i.P4Scr ewRed14LondonP5CanmH uel2Pari sP6Cog ~- Red19London J: | .

J, ~JNAMECI TYJ1Sor t er PatY 49 2R W ANt aFefensatite fhes edfegnagive instance

ensJ5RAI DLonggpié BSEl | @dndendéaperalud aryisie idilstudsied arowel e-atHai vohj 0i n

Is perfornmed on the, ~Cl TYa cql s..of. .1,h e J tahles. .This_entails
finding onl y°f’ﬂ‘6§'é 1‘Eéc‘f)i?]dge':\i/:vho‘}sl/eH]'sé]Cﬁ'I]'\FE Siaﬁsl}"ehéaﬁg’girtserlsn lgxg&lPVno:ﬁeo f 30
,tee S, P) othé imstance Ttab¥¢ havethqih & twalsnanduen @cgurgancel urm for

the QTY cgl UgRSoRENtS: = Fharditheh ﬁzfemﬁ;-rp&esfdiotnﬁm@dsnaxv?% spige second

step is to assocliate with each val ye of 35 ~e yni.on cQlu~sn ree bhits,
cor r espondi n§OLBRRS ARE R?e%ﬁﬁ}?éaéhﬁﬁﬁxaqﬂﬁﬂﬂﬁﬂﬁtféIy? & Bescrirtersfory
(i.e., U ) éekch h@oluﬂrS in th8 BE(taZﬁﬁQ ﬁmeﬂﬁlm.%l&ilePGﬁ/eUBSQI/ tﬁéB&oﬁhﬂ}Y
tehor Se”" SHEE Y0 A SOBEDT S dARAe R (e llieaty prfll
Cl TYSPJAt henSTARR/RIEHADRES CHIGPH 1S Wnigmatien, such as the path of
10 node traversal (i.e., "record topology"), whether the column
has 0-based or l-based numbering, etc.
Column descriptors for each column of the value
,”) table contain configuration information, such as its data
type, size of field, type of permutation/change (e.g. grouped
15 by value, sorted), type of compression (if any), locking
information, type of hashing (if any), and etc.
Other tables also have column descriptors
containing relevant configuration information.
To facilitate the notation of function variables
20 and return values, the following will be used (written in a
pseudo-C/C++ notation):
typedef long Row;
typedef int Column;

class ChainVO { Row chainV{fcount]; Row chainO[fcount];
bool valid;}

If a ChainVO object has been filled in with data
-,) for a valid record, chainV[C] contains the row number of the

record's VALS2 entry in column next(C).

If column C of the instance table is V/O0 split,

30 chainO[C] contains the occurrence number of the value

VALS2[chainV[C], next(C)].

If column C of the instance table is not V/0 split,
chainO[C] contains the row number of the record's cell in
column next(C) of the instance table(s).

25

35
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10For a particular value of the CITY attribute,records wth that val ue

appear in the union join if and only; "',if that value of CITY a %gﬁr‘i 2@;
exactly one of the S, P, andJ tables, i.e., exactly one of the hit
bitmap for theunion colum equals "Y' . One illustrative inplenentation

of 15a function that finds such rows is function f(tenp) coI W,g@gﬁgbped
bel ow. The f WOoR010339S s dOfTB.I n consists of the twovari abl es terrp and

“colum’. The variable '"tenp can beone of three values; 'Y, "N, or 'D.
The variable 'col um' 20i s elther&—'g.ﬁ_rmgm_gml‘.EILEn the return val ue of
function fal so consi stsn A& HREDER RESn & 1 c &F tiid ikt ‘ﬂﬁ@ val ue
of CTY in the union cGaunhfunctlon S an o l:Nteratlvd:% to t bi t

val ues i n eatdptei Hhenf é’é“zﬁﬂsuaar%"lqt“l‘?erﬁa!!r PHBPEI' YA RYALSZ, set to the
bi t Z5val ue ofcht@initng Etﬂie eaitmmL v&tldxe taeebclaeeasmgme&zé hﬁz,espldenf ctfne

revi ous i cati on of func n rt te~u S
P o ; 2% % $?st 3&? rout QEOL? ?ﬁe resu T ﬁ%w P

initializ ef|n |tera|on I's Y, the
val ue appeargetn mmmtm JR)l €olumn 163 ,r determines\V from[R and Gal §tep

does, 30nt apg@Rrgetierminks whe\QQeQe%Q{i%%:ﬁ é RabEe BPOR €481 S mf 3y, The

funct ion f is defjned_as fqllows: Te Ret ur Val ueNNNy NYpND5 yYDDYD
Appl yi ng thi checking Jihe saipmn descr, ﬂEUﬁ? PR bt AP '\‘io’rﬁ) ondi ng to
t he val ue ' Astep V2 Sellsl Y ttee IRAf oldtdwrlwgseesmfta HISE f€able 'SbJunny’ 1)s N )
whi ch equ te[i‘iﬂ o a |

doesnot a%% resent'hg’tu qet i E gofhRe (?gto ?ﬁ% rov('/geL Osl o'

I on J0|n I ng function
yi el dst he foﬂ‘%vﬁ?ub“’?'es"’mstcn@("ﬂrf)( NInyl")a DESP table Gplump éq%a’r's@-r)»st
Hence ' Gsl o' rowhingdberd piamats X atieny wiiee set,t iR step (s, appatie ivalde

49100 100 PG B i QAL G el 946 2842 LALIORGA (e |1 St €P

t he user ol n. Inste alread
represent ed ﬁmm%ziﬂﬂtr l}(,st oks mfm@eﬂr egeﬁtl i Mm% %PFJeSfeonver t ed

into suchgérpgiell £sif NeXils thie et ISP eebqanfowl foRYoldie ¢ Ckedwhose

val ues are payt of . t he | cal,_ expressi ef | the oi n_as bset of
the extended®EAFT¥ %N r‘%’ G 30 %?4?‘;33 £ % v@?’ec el ect ed.
If no col umﬁlmrte-lp%éi e@téliSPt[I’Ve q]0| rwhemer bbpohdtsetfbmm;i fugdt is not

non- ext endedger fS¥h&S| H V0HYs rmderﬁeerqlr 8CONSEIWCid Oth P PGSR D ISP
viastep 238 wi t hout cond| nal gnstral nts |.e., every recordfrogs each
PO

table is conbePle XY HF¥ d of every othertable) .300therw se ste
235 is p perforaed whith dodsimn mc orfortétehamschaaceotalhhevm VA esppik, Ifowso,

those col UMyt o Ghall ecid W] 60 UAD LaLEkngs dbidcye

"conbi nedcol utMms™ descrT ption ove e appropriate_value table un| on
col um doesS‘BﬁB‘Pn&W%‘hoV‘B(t%’te vs’tceﬁ"é::??eﬁ dBt asPpRney [iependent op t

i tsassom at epIsP sphdIMUR inglllemestation aSt ehokn8ihhele f£loWchart Jo£3 DFC

2002 - WD OpRa3zh E&ftqgcﬁg%ll%s%c@gq;“ 95 Fi5,&N0%R i Mo 0 Nes

t hat produ ol nou ‘'usi’n ens ] or -sparse d sp acenent
lists, biZPupass I?h‘%/:ﬁ‘l@ifﬂfog?%l%ctqrorﬁleoF‘OHnyulebﬁ%t nbt i@h Biethem so

as)to mat ch 488oéiPCedfvd Mid))in THY el TNLRRA!, | ARt (C), of VALS2 (and

DISP) and the occurrence number, O, of that value. Step 242
sets variables I' to I and X to zero. Step 243 tests (e.g.,
via column descriptors) whether column next(C) of the DISP

30 table is in "first row" format or “last row" format. If it
is "last row" format, step 244 is performed, which sets I' to
I-1 and X to 1. In either case, step 245 is then performed,
which sets variable O' to O. Step 246 is then performed,
which tests whether column C of the OCCUR table is l-based.

35 If it is, step 247 is performed, which sets O' to 0-1. 1In
either case, step 248 is then performed, which sets Next R,
the row in the next column, to DISP[I',next(C)]+O0’'+X].
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5 conparison condition and join criterion. For exanple, the answer set of

an inner joinis limted to instance table cells corresponding to 9
di spl acenent table rows in which the tables involved have non-nula pggo?“(?
ranges. This can be determ ned, for exanple, fromtheir 10 di spl acenent

table entri ewoﬁfyﬁspondi ng instance cell entries derived fpetus®abazzuch
di spl acenent 'table row (and possi bly one of the adjacent rows, depending on

the inplenentation) proyjde_ the instance tagble.cell ranges for, each table
for all matching recorg#‘ﬂwlg}‘n‘ﬁ\é’l:&seﬁ 3 Jupetion |fir°5:t NESXIAPIt Rose
records) progiecond'shtoppbogyrdata, ireferyed tamemeirsets gélte chaswiRowet s
for other typas LghNEofaN S€asStih m st 0 anpl e, the
di spl acenent &t%ébﬁé}h%ni?gat i onavvi t h"'j’ ﬁe%ﬁﬁ'%ﬁggg{ gjlascl&srstggxabove Z0

enabl es i npl émsteneeokableq FRiF FopeWalks dhrough ithe poinferseycde, . |
FROM ... WeERBEoring'tNBi peihbers nineni ichaio Ragedtar t irrultne poikeer and

thercof . i1 FReLEiongRr ChBRT0VaRla g Mide Bd Ve TORRRKARR s 4o

changes in f setn &ad"felsels are within the scope of the invention) which is
defined by the clains. 180s86p-cY3 instantdRGri@0ZJIGTNRDY) Eo434isVkat hs

claimed is: 1. A corrputer-i ngée nt ed dat abase co rti.S| ng: .a. one Qr nore
sets of datathg GEREFLRRPRINEALRY BT I’ifézoé}% 1A n&"a%&?i BRon in
one of thaootheS*onrrent seli"” othaxh_imlimltdladdmctds tancthe csxartiabueelh.
at |east a f'gz%t 20§, 2 $RCOLEpSEY, Ofnd A RGEE é‘és%?ifi}t%rse%*} eyt @ﬂf‘f‘en& an

el enment havi r{ & poSition in Its respective set of instance elements an
10 i nstance #2lyBn ARJtRechnstance takle pre ghagked thsessddnditnhasoV4R
tribute) cspatietehg.for a first instance element in the ffirst set of

| st | t [ fiLst [ | 0t 5
or more sete of data viF ub g SRR SR BV ST, BEeh g

el ement ' s Yofetrhas the YoY)numkeRgin the dext ealame direatdy by sestdagond
set of instamceochRoepRs, cYM0SSLEOSES i St d e Vg a3 rort 1fadingt ance

elements is different fro e first igsta el epent,’ s _pQsition in,t
first set of %8 éﬁ%ecéfléﬁémsérfﬁaer V%%Qf{&ﬁqﬁ.'geﬁ_fv hEF: ané‘g"t(‘t&?)
el enent' s i ndoafidedyvihecormnespending (nextercalivmreinow yankier ,a Vsedond
associ at ed dyfppsyal pespl eaRAt pENst PEF OflfeP ety Sets of data val ue

clerents >0 oL 0rl LS E5680C|ASLAAS syt A A, Leslots
first instanthechextntotamnbenext{Qpd ¢f AMALSE, DISMd DERIS)amead @ dirhet
| ndependent QfeBeehbbShubBal2PSE ChEEBR ige)V AMe sk, W AYdPRASe el claim
1, wherein the second_instance 35 elenment 1s a next el enment.
INST[R, C] and OCCUR[R, C], respectively. Step G8 then uses
R_from VO(C, V, O) as described above to find the row number,
25 R, in column next(C) of the instance table.
, Processing then reconverges at step G9, where
'<) chainV{€] and chainO[{C] are set to V and O, respectively.
Step G10 then replaces C with next(C), and step Gil checks to
see if processing has returned to the column at which it
30 started (i.e., CO0). If not, processing loops back to step
G3, and repeats as above. If processing has reached the
original starting column, step Gl12 compares the current value
of R to the starting value RO. If equal, the pointer chain
forms a closed loop, indicating that a valid record has been
35 reconstructed and stored in the ChainVO object, and step G14
sets a flag to indicate this. If R is not egual to RO, step
G13 sets a flag to indicate the attempt to reconstruct a

¥

- 44 -



3. The dat abase of clains 1, wherein one of the one or nore sets of data
value elenments is sorted. _ 79 1 3 DEC 2002 r~ WD 0W93335 PCTNSQQ%%D
4. The database of claim 1, wherein one of the one or nore sets .bf 2
val ue elenents is condensed such that the set conprises unique data val ues.
5. The dat abase of claim1, wherein one of the one or nore aﬁ?@gﬁgaﬁata
‘'val ues i's cComx®3®5 such that the set conprises unique data val ues)
sorted. 6. The database of claim 1, wherein all data val ue el enments having
equal data valemsmdha@ig omtt rgsals posat cbosed Nlaoe, ofhidie ionehds nore sets

of data val ue a f the
one or nore se"f%om%' t & vgﬁueln%gﬁgatag ?‘?‘g%h g'}%éoérq hﬂ}ﬁ engygt es a
sequence of umdivates Fhatard valdd sgeardadees Mok Pass rfélrsie’d!%eﬁf@él 4dRo,

position of tdg datyg Wrwt lemboadneesSet ©he dBivertaldit, /ISIHRNGE rifer@nten

by the 15 20 2 osi,tion eval ave in the sey ce if all data

val ues vveresgfé?%ﬁé’(%(f g‘FFt ﬁﬁ?lghb ‘ée%t%ﬁ%%‘é&g?%clléﬁsﬁ\ 2BSFher ei n

the first assimnsdnds d&ted \malméoe'heaenﬂosed Iodhe condensed set of data

val ue el ements and further (GIRT ggbggofargé&?&zfé&ﬁm SRt idh dissphacenent
of data vatf

el enents associ ated with the condensed set ue el enents, each
el enent in t HROTHEERIANe AfnitheeValug; FabLe pHRY (PUPELS (FOTR% Jmaddfent set

and a displ aQﬂimjﬁiv \an . teheadivest. heThereblmmwlﬁmb et ahea lreeotidetent

is further er| v 1o t dat abase
of claim 81 n agif?ﬁ#}gr?e%r?tligr@? ﬁ"%g?i | & ﬁggw&a@i‘a s?;%%f’e

associ at ed elm Hr@ftlh'@dooﬁ@eﬁ@éﬁrébﬁdoilbmh val ue el eaents derived from
its position. The database of claim8 wherein each elenment in the

,dj spl acenent set is associated ngihze% ange o{! el enent s 'icr,lnthe first
"Bstance set, each el enent ' rth the sane data
val ue el enent. The dat dves descrdpiionlaborer £on usingliogt_sbater{) &l ue of

an el enenty 4 N-ddunstreRitaGe FlordelisSBaSkE| 68 & didple PRSIP tUPd1dgY! In
associ ated range of positions.. -
which the next column in the topology depends only on the
current column. The situation may be generalized. The next
column may depend on meta-data, other thanm or in addition to
the current column. For example, the next column might be a
20 function of both the current column and the previous column,
i.e., C=next(C, prev(C)). In addition, the next column in
the topology may depend on data itself, such as the value, V,
of the current cell in the value table, or depend on all of
the above, i.e., C=next(C, prev(C), V).
25
: ) Primitives for Record Modification
’ Primitive functions are now described for one
implementation of record deletion, record insertion, and
record modification. The implementation is referred to
30 herein as the "swap" method. In this method a value in the
value table may have deleted as well as nondeleted ("live")
instances. A data structure, referred to herein as DELS,
stores a count for each value of the number of deleted
instances it has. Thus, DELS has the same number of columns
35 as VALS2 and DISP, and, for any given column, the same number
of rows in that column as VALS2 and DISP. The deleted

instances are regarded as free space in the instance table,
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ase of
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gi ven by 1Pexrecerds |ifyaihdardteate tapdeit thus PE°V#ﬂénﬂa?%5ase of claim

14 wherein t

bﬁpwsandauﬂﬁt Foee pelrEBRRENYS ifdgerveons rpfrieu nob Ngelétioms e of

a 35 displacenent set .ql eqgat 936 cR93RHI 88, | SnBLNEH P! Nent | ESint St ance
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group of associ t ance el enen the, sgcong instapce
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20

columns. The row number written to in column C is obtained
from the prev(C) entries in rec. Put_chain() does not modify
the value or displacement tables.

Step P1 sets the current column number C to the
starting column CO. Step P2 checks the column descriptors
for the instance table at column prev(C) to determine whether

_the previous column is V/O split. If prev(C) is V/O split,

25

30

35

step P3 sets V (the row number in the value and displacement
tables) to chainV[prev(C)] and O (the row number in the
occurrence table) to chainO[prev(C)]. Step P4 sets R (the
row numbex in the instance table) to R_from VO(prev(C),V,0).
If the prev(C) column of the instance table is not
V/O split, step P5 sets R to chainO[prev(C)}. Having now
obtained the row number in column C of the instance table at
which to write, step P6 determines if column C is V/O split.
If it is not, step P7 sets INST{R,C] to chainO[C]. If column
C is V/0 split, step P8 sets INST{R,C] to chainV[C] and
OCCUR[R,C] to chainO[C]}. Processing then moves on to the
next column in step P9 and the count of columns to process is
decremented in step P10. If step P11 determines that no
additional columns are to be written, processing is done,



first instance elenent. 18. The database of claim 17 wherein each

associ ated instance elenents in the group of associ ated elenenta éh@ECZmUZ
derived independently of the first instance la elenent is unique. Y1l

conput er -i npl enent ed dat abase conprising: a. one or nore sets of data val ue

el enment s, ea&%ﬁ&sﬁsval ue elenent having a position in one @gicthiyeypas or
nore sets of val ue el enents and a data 15 value; b. at least a first

and a second set of instance.elegents, q@gh i nst ance el emrent having a

posi tion i n QHREYWASSPrPTESEAPT o1 OPRE {BACK TP TR FLRPLTSRRA Sce val ue)
and each set of instaFEe.ebeisnastPOwcharesodncherfurmetaiomtint bute, c.
wherein for fir.sh.Lasian e [ h ' Qf . i RSt | enent s
(r o i vt Shanfctieli® CaTR6u SRETPRou Rt MIiE mafle f¥e OB THsRARAATTH
val ue el enerkablegs andr PEbErf Eaklehe $Rfhtthakithe cesandmassingddirough, s

QSSOrC]i a]E eds Vgl d]hf‘isf mage Easﬁ?§§etﬁf&@ﬂg [%i\bpbp,_t _alr@%hélri@daﬁae&)g@.!s&%nt

in the first set st.ance el ements,_ an L j si.ngl e second i nstance
el enent fn t%%g‘oﬁhgsg g Pﬁg a %ep%?%r@?ﬁ%“,{gm%si tion in the
second set of instancétepefdnfetches thervecord glatiehefdr rtdte imestoandce

el ement s POSidddihg RnkBaohi IRETRRL, &f 1A6d A0ELinD AT Tndihveenl wed from

the first irfistance elenent's ké;tan e value, and_d. further rein
~ ~ ~ ~c ~odetchegpthesxgc 63 Loy sthe jyecoxd RATFING FhORRY data val ue
el ement iy0 EINSTYR2, @] dwte Sbainvd_zlat aBoth usecdmie st beasdeded ed Wit h

set of I nst 2%?&"’52?%&&%??%3%@?’Em%ﬁ?%ﬁ*?%? 1060 B B dbatlly pa ™
derived fromathe 190Psnaren¥pridide tNcFEeR $hdchsaduest dte first instance
fﬁse”Ent'S VHHEnvo_1.chainV{prev(C)] and ChainVo_2.chainV[{prev(C)] are
' interchanged and the values in ChainV0_1.chainO[prev(C)] and
15 ChainVO_2.chainO[prev(C)] interchanged. The exchanged values
are in the prev(C) column, because that column determines the
row number of column C in the instance table. The
modifications are then written back into the instance table
in step $3 via the calls to put_chain(prev(C), Chainvo_1, 2)
20 and put_chain(prev(C), Chainvo_2, 2). Put_chain() is called
with count 2, since one pass through the put_chain() loop
updates the pointers to the swapped cells, and the second
pass updates the contents of the swapped cells. A success
code is returned in step S4, and processing is complete.
25 FIG. 10 is a flowchart of the function
del_swap(Column C, Row R, Row Rd), which modifies the
~) instance and other tables such that the record through {R, C}
is rerouted to pass through free cell [Rd, C]. This routine
is used, for example, in waintaining segregation of deleted
30 from live instances of a given value.
In step D1, data for the record to be rerouted (at
row R, column C) is placed in the ChainVO object Chainvo r
via a call to get_chain(). If get chain() determines that
the record is not a closed loop (i.e. it is an invalid
35 record), an exception is raised. Step D2 finds the row, Vd,
of the value table associated with the free cell R4, using vd
= get valrec(Rd, C).
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20. A conputer-inpl enented dat abase conprising: 10 a. two or nore attribute
sets conprising data values and instance el enents, each instance el enent
associated with one data val ue and having a position and contents] 3 DEC 2002
connectivity information uniquely associating each 15 instance element with
a specific i ngoavessel enent in at | east one other attribute sedrusyensdIerein
connectivity information far a first instance el enent associated with a
first data value in a first attribute set associates the first 20 instance
el enent with a second i§etRMRE Sreshshithe, soluan, degeriiptorsyfops cqlumn
plurality of ph&taOfrecor! € ninsranacitailad Wol Beterhdned idatia Wsl vgoin a

second attribute,set d. d. . [ Sit}] f e isnst.anc
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21. The dat abae®s ofhainVnChkirdipre€)dokee¥di apdy information for the
first instagCcenhgifvENt. SIPATHO G5fev (19 LAY .S 2 EBIukh' prebiehangev/o

element. 30 22._ The dat abase of . ¢l each data val uetgas a

la 21 erei
posi ti on and FRLiEi SteRs PR £RAIRR£56, REY °§B€§nd Stepi Ba: 8e58t thfe uni que
and sorted. 28caihrenct anasisenf i,aiin 22 manneei clbselycereddtett tobut e set
further corrprhzﬁogi@@ba\c& i el YA gg,egg§gc§§lg?e§5i f:lt ﬁa the instance
ed w

elements int ERcond attribute set that Are associ ) t he second
data val ue. 2BISER¥Abat@base’ ofwhexs VA 25 WHePBANXt e Of AfsPIFP: ABbUEErSEL -

_83f ~ ~ IO%WOZ?GMGJWPGENW 4L af ?mahxr =ccmrﬁgi PESPOGEUrIgSEE
information identifving,the urrrbg_% er,_of the n nst ance
el enent am)ngr?'ﬁs’? %%’g" o?ofﬂgéﬁ'sejbfe(;n a g% vél 8’85?% %g’ﬁggcg’ha%a? ﬂ:lgbute

set and wher ebasede derrementyiX by rf dimitheoprscedinghe fStep Phspuhse
ﬁbterrent f urt hea1 6808 PIMEE SEhd ECHREINVT BSfadt)l @efRlihgn for the first
a

; ; ) ! g .
set. 10 25, acigtettr QLA ) K4 VA PRy BhprBBolE ERReRRTPEEvIE) )
15 to 0d. In either case, step D7 is then performed, which
writes the modified record topology back into the instance
table, via a call to put_chain(prev(C),ChainvO r,2), and
processing is complete.
FIG. 11 is a flowchart of the function
20 top_undel (Column C, Row R). Cell (R,C] of the instance table
has associated value VALS2[V, C], where V = get_valrec(R,C).
If this value has live instances, top_undel() returns the
highest row number (in the instance table column C) for such
live instances; otherwise the routine returns a flag
25 indicating there are no live instances and a number that is
, ) one less than the row number of the first instance of V.

In step T1, the value table row V associated with
instance table row R of column C is found; i.e., V =
get_valrec(R, C). Step T2 sets UP to the highest row number

30 in the instance table of all instances of value V. If DISP
is in *"last row number® format, UP = DISP[V,C]; if DISP is
*first row number* format, UP = DISP[V+1,C] - 1, if
DISP{V+1,C] exists, or, if DISP[V+1,C] does not exist, UP =
reccount + X -1 (where X = 0 for 0-based row numbering, and X

35 = 1 for l-based row numbering). If there is no DISP at all
for column C, a search through the uncondensed value table
column will provide the row numbers of the first and last
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of the first B0 LR Gt tTHeRBRT oS ﬂ?é:aﬂi"ﬁpapyt? FERFER; ip, t‘éﬁ’] i nst ance
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val ue, wherei iu,,gtmé I6ﬂ|w vetels TT fdldowdl, URethehengSTOCaRdEE Fldd

particul ar |ns nce 10 i_s derived .usi nallty
store. 25 30. AN} Js'f% o?é n?%?nmf’%géa Jee%ela%et ﬁe& £ f‘ancggsﬁg Z%%i‘t he
connecti vi29Q st@efrélries nbellpwed ney step TR ,nwhAch ﬁ\étlﬂenﬁl bbengealre@omw
froma conpregsgBes? dat abase t he dat abase havi ng been conpressed by

SLoring, {nformt Ton 1 eagrd! ngh AU "l atts o cRS BRERRBAS 1

met hod conpr i 3i mgve hepatepspbist (Column C, Row V), which swaps pointers in
the instance table, so as to move a free cell from DELS(V+1,

25 €]} to DELS[V, C] while maintaining the segregation of live

l,) from deleted instances. '

i Step Ul checks whether there exists a value in row
number V+1 in column C of VALS2. If there is no such value
in row number V+1 (i.e., index V+1 is out of bounds), an

30 error is reported at step U2 and function is done.
Otherwise, step U3 tests whether value row V+1 of column C of
VALS2 has any deleted instances (one of which will be moved
by this routine). If it has none, step U4 reports an error
(no spaces to move}, and processing terminates. If deleted

35 instances are found, step U5 tests whether value row V+1 has
any live instances by calculating J = top_undel(C, K) (where
K, the row number of the first instance of value number V+1,
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20 FIG. 14 is a flowchart of Row inst_count(Column C,
Row V), which gets the total instance count (live + deleted)
for the value at VALS2([V, C}, where V is a row number in the
VALS2 array and C is the column number.
Step Cl determines if column C of DISP exists. If
25 it does not, entries of the required value in the uncondensed
’;) values column are counted directly in step C2, and processing
is complete. If column C of DISP does exist, step C3
determines if the DISP column is in "first row number®
format. If it is not, processing continues with step C4. If
30 the DISP column is in "first row number"™ format, processing
continues with step C8. Step C4 determines how to set the
variable BO?: if V is the lowest allowed index for DISP, then
step C5 sets BOT = -1 for O-based row numbering, or sets
BOT = 0 for l-based row numbering. If on the other hand V-1
35 is a valid index for DISP, step C6 sets BOT = DISP[V-1,C].
Step €7 then finds the total instance count as DISP[V,C] -
BOT, and processing is complete. If step C3 determines that
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-1G H | if they exist) to accommodate the new value. This function
PRl A7) @9 1150/%%43 _o]h@ %"@ﬁ?‘ é&m%”}:@ﬂ@‘i/i@f Qﬁel @QQ@&% (t)a'hjl'%?)is not
5 V/O split.

Step IVl tests whether the value at the insertion
point (row V) has any live instances; i.e., whether
top_undel(R,C) returns a flag indicating that there are no
live instances (R here is the INST row number of any instance

10 of value number V; if column C of DISP exists, R = DISP(V,C]
is such an instance; if DISP has no column C, R = V is such
an instance. If there are no live instances of the value at

. row V, step IV2 is performed, which overwrites the old value

with the new value, and processing is complete. If there is
15 a live instance, a search is performed for the closest value
having no live instances. Step IV3 initializes an index J to
1. Step IV4 determines whether both V+J and V-J are out of
bounds. If they are, meaning that no further searching is
possible and no free value slots have been found, step IVS5 is
20 performed which allocates additional space, for one or more
additional slots, in column C of VALS2, DISP and DELS. Step
IV6é tests whether V+J is in bounds, and whether the value at
row V+J has any live instances (via top_undel(R',C), where R'
is the INST row number of any instance of value nuwber V+J;

. 25 if column C of DISP exists, R'= DISP(V+J,C] is such an

!\) instance; if DISP has no column C, R' = V+J is such an

instance. If V+J is in bounds and value V+J has no live
instances, then the branch starting with step IV7 is
executed; otherwise, step IV10 is executed.

30 The branch starting with step IV7 is a loop which
shifts the values in rows V to V+J-1 in VALS2 to the next
higher row, thus opening an unused row at row V of VALS2,
Step IV7 adds the deleted instances of value number V+J to
value number V+J-1, e.g., if DELS has a column C, then

35 DELS[V+J-1,C) is set to DELS[V+J-1,C] + DELS[V+J,C}. Step
IV8 shifts the values at row V+J-1 of VALS2, (and DELS and
DISP, if they exist) to row V+J of VALS2, DELS and DISP,
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above). A permutation list giving the added VALS2 row

numbers in sort order is updated by insertion of the new
indexes at their proper sort positions. The permutation list
is used to access the new part of the VALS2 column in sort

5 order (e.g., by a binary search algorithm). A search for a
value in the VALS2 column would first search the original,
sorted part of the value list and, if no match was found, a
second binary search would use the permutation list to search
among the new values.

10 Other means can be utilized to avoid otherwise
unnecessary searching of the appended new value list. These
include, but are not limited to, the following: (1) The

!”) original sorted value list together with any instance table
values for V/O splitting may be re-organized in the

15 background or overnight to keep the appended new value list
as short as possible; (2) A bit flag embedded in the value
list or associated displacement list or standing alone
identifies when new values have or have not been appended
between a given old value and a contiguous old value to avoid

20 unnecessary searching of the appended new value list when no
new values fall within that range; (3) A pointer mechanism,
possibly associated with an existing hash function or with a
hash function used expressly for this purpose narrows the
range of the appended new value list that needs to be

25 searched.

‘ ) The insert_vov routine is used by the "Insert new
) record*® and "Update existing record" routines.
Step VOV1 gets, from the column descriptors for
column C, h_val, the highest VALS2 slot number already used

30 in column C, and h_ptr, the highest instance table row number
already used. In step VOV2, h val and h_ptr are incremented
to point to the first available empty slots in column C of
VALS2 and the instance table, respectively, if such empty
slots exist. Step VOV25 determines if h_val is in range and,

35 if it is not in range, step VOV26 allocates additional space,
for one or more additional slots, in column C of VALS2, DISP
and DELS. Step VOV27 then determines if h_ptr is in range
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and, if it is not, step VOV28 allocates additional space, for
one or more additional slots, in column C of INST.
In step VOV3, the VALS2 slot is filled in with the
new value (so that h_val once again indicates the highest
5 used slot number); i.e., VALS2[h val,C] is set to new value.
In step VOV4, the new value's proper sort order position is
found within the set of new appended values, and the value
h_val is inserted at that position in the permutation list.
In step VOV5, the DISP and DELS structures are updated;

10 DISP[h_val,C} is set to h_ptr, and DELS[h_val,C] is set to 1,
since incrementing h_ptr by one has in effect allocated space
for one record, which is not yet a "live" record, and is thus

f") part of the DELS pool. Finally, in step VOV6, row V, which
is equal to the sort position of the new value) is changed to

15 h_val for proper inclusion into the ChainVO object used in
the routine calling insert_vov() (specifically,
chainV{prev(C)] must point to the actual location of the new
value, i.e. h_val).

FIG. 18 is a flowchart of insert_c(Chainvo VO,

20 Column C). This routine checks if there is a deleted
instance of the column C value specified by VO and, if not,
migrates a deleted instance from the nearest value having
one. The row number of the first deleted instance of the
value is then stored in VO.chain0 (either as offset or row

25 number, depending on V/O splitting).

< ) Step ICl sets V to the VALS2 row number in column C
for the value whose first deleted instance is to be written
into VO.chainO[prev(C)} (i.e., V=VO.chainV(prev(C)). Step
IC2 determines whether this value has a deleted instance

30 (i.e., whether DELS[V,C]>0, or by direct count of tombstoned,
flagged, cells in those embodiments in which deleted cells
are marked by a flag). If this value has no deleted
instances, step IC3 is performed, which does an iterative
search for the closest value with a deleted instance (similar

35 to the search done in "insert_v()" above) to determine
whether there is a deleted instance for any value. If no
deleted instance is found, step IC4 allocates additional
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A count of records with, for example, TYPE =

30 "prime” is now obtained from column TYPE of DISP as 6 - 3
(difference of row 4 entry and row 3 entry), indicating that
there are three such records; however, the DELETES structure
indicates that one of those records is deleted, hence the
true total is 6 - 3 - 1 = 2. The number of records with

35 PARITY = "0dd" is obtained similarly. DISP shows the value 4
in row 2 of the PARITY column. Hence, rows 4 through 6 (last
row) of INST are associated with "0dd", three records in all.
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column if it exists, otherwise by counting tombstones). If it
does not, step IR10 is performed, which provides a deleted
instance for the value via a call to insert_c(VO,C) (updating
5 VO.chainO[prev(C)] in the process).

If there is already a deleted instance, the branch
starting with step IR11 is performed. In step IR11, the row
number, K, in the instance table of the first deleted
instance is found via a call to top_undel(C,J)+1, where J

10 represents the row number, in column C of the instance table,
of an instance of value number V. In particular, if column C
of DISP exists, then J = DISP[V,C] is such an instance. 1In
fﬂ) the absence of column C of DISP, J = V is such an instance.
) Step IR12 then determines whether column prev(C) of the
15 instance table is V/O split. If prev(C) is V/O split, then
step IR13 sets VO.chainO[prev(C)] to the appropriate
occurrence number, i.e., K-DISP[V',C]-X, where V' = V and X =
0 if DISP is in "first row number" format, or V' = V-1 and X
= 1 if DISP is "last row number" format). If prev(C) is not
20 V/O split, step IR14 loads the row number of the deleted
instance, K, into VO.chainO[prev(C)].

In either case, step IR15 then deducts the deleted
instance from the deletes count for row V of VALS2. Step
IR16 then moves on to the next column, setting C to next(C).

25 Step IR17 then determines whether all columns have been
-~) processed (i.e., whether C equals column 0) and, if not,
loops back to step IR3. Otherwise, step IR18 writes the
whole object VO back into the instance table (via a call to
put_chain(o, Vo, fcount), where fcount is the number of
30 fields in the record)}, and processing is complete.

Record Updates
Updating an existing record is illustrated in FIG.
21. In step El, the user chooses a record to be updated and,
- 35 in step E2, the record is loaded into a ChainVO object VO and
in a temporary buffer. Any cell of the record may be selected
as a starting point for loading VO. In step E3, the user
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and step E20 is performed, which advances C to the next
column, by setting C to next(C).

If the column € value has changed, step E6 is
performed, which deletes the formerly live instance of the
record's old value, via a call to "Delete pointer(s) cell
[R,C]Y, described above. Step E7 then searches the value
table (using, e.g., a binary search) for the value specified
as the new record's column C value, and returns the sort
position of the value, whether matched or not. When prev(C)
is V/0 split, the search of the value table is done in two
parts; first, the original, sorted value list is searched and
then, if no match is found, the appended listed of added
values is searched through the permutation list (as described
above). Step E8 tests whether the new value was already in
VALS2. If it was, the branch starting with step E12 is
performed; otherwise the branch starting with step E9 is
pexrformed.

Step E9 determines whether the column prev(C) is V/O
split. If it is V/O split, step El1l1 inserts the new value into
VALS2, DISP, and DELS via a call to insert_vov(V,C,*new value);
otherwise, step E10 inserts the new value via a call to
insert v(V,C,*new value). Step E12 builds the chainV of the new
record, one element at each pass, setting VO.chainV[prev(C) )=V,
where V is either the sort position found in step E7, if column
prev(C) is not V/O split, or h_val found in "insert_vov() ," if
column prev(C) is V/O split. Step E13 determines whether the
value at row V has deleted instances by looking in the DELS
table, or counting tombstones if DELS has no corresponding
column. If the value has no deleted instances, the branch
starting at step E14 is executed. Step E1l4 provides a deleted
instance for the value, via a call to insert c¢(vo,C), and
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best one being dependent on the specific situation and
characteristics of the data.

Parallelization can be implemented on top of either
35 a binary midpoint or interpolation search. Such techniques
for parallelization of search algorithms are known in the
art. Further parallelization can be obtained by grouping
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rows of sorted data elements from each column in size n
containers, where n equals either the number of processors or
an integral multiple thereof. The system tracks the upper
and lower boundary points of these containers, removing the
necessity of data being sorted within them. Where n equals
the number of processors, entire containers can then be
searched and manipulatea with the same efficiency that single
rows are operated upon in single processor environments,
while displacements within these containers become
inconsequential.

As an example, a flowchart for a gquery for all
records having a chosen value for a given field is
illustrated in Figure 22. 1In step 221, the value table for a
particular field is searched for the values matching the
chosen value, M. Again, because the columns are generally in
sorted order, a binary search can be used (as well as other
search techniques). Step 222 tests whether a matching value
was found. If a matching value is not found, that is
reported in step 223.

If a matching value is found, for example at
Value_Table(r, c), steps 224 and 225 are performed, which
determine the row in the value table with matching values
(step 224) and reconstruct the records associated those rows
{step 225). For a non-condensed column, the record
associated with the cell with the matching value is
reconstructed as discussed above; then contiguous rows (r+1,
r+2, ..., r-1, r-2, ...) are checked for matching values, and
if additional matching values are found the records
associated with those cells are also reconstructed. The
search of contiguous rows can stop in any direction when a
non-matching value is found.

For a condensed column, the range of instance table
row numbers that point to the matching value is obtained from
the displacement table. Again, where the matching value was
found at Value Table(r, c), the contents of
Displacement_wablé(r, c), if in "first row number" format, is
the beginning of the range and Displacement Table(r+i, c) - 1
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3(10% & ()30(10%& ()-: 3pX<(10(109% & ()-; 3(10% & ()-; (10% & ()-;
3(10% & ()-; (GO () - gsX7( 10 di 5" 109 & () - (10% & ()-:3(10% & () -
(10% & ()-;3 ! MaME INOPBAMT JUMBERS & MaNaRERL QY & () et )& O-(
f&10% & ()-10%- 10*10* OMLOY & ()~ (.|| vU4( av< WLO% & ()- S10%& ()-

1£109%8& ()- 110% & ()-m| 10% & ()- 10% & ()-.568:; =2sW4( v< MO% & ()-v<
MLO% & () Ly it ek 5bY< N80 € RS VO, Lv<
MLO% & () - v< .

35

A query, for example, to find the name of each manager of
each plant is expressed in SQL as follows:
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T-)10%*N& () -Z T SELBOF & ()EMPROYEB(NBNR' ()-Z g -) 10%KKk) K& () - Z( CFy X7(
gég/;@&&k§)%é0P[: Xg%& 'Q%lO%%}ﬁﬁ (m%l‘%/?f&éﬁ( 10(&?3‘%2% 3& g?L T-#1090' & ()
y ! - ! ! -
- #1096 & () - abore AdER btLovEE 15
10% & ()-310% & () - 310@8&f() 310@8&f() 310% & ()-3 | (nMO0W & ()-zZ: yX7(
10% & () - 31%%& () - 3100@% éﬂe%%é%é%ﬁgépoﬁé‘ far 3él’!e two tables are
uncoupled, i.e., they each have separate value, instance,
displacement, and occurrence tables, simple nested loops can
be used to test for equality between values in the MANAGER_ID
column of the PLANT database and the EMPLOYEE ID column of

10 the EMPLOYEE database, and, for each match, the corresponding

EMPLOYEE NAME in the EMPLOYEE database can be found.
If the instance, displacement, and occurrence
fr) tables of the EMPLOYEE and PLANT databases point to the sane
value table with a single MANAGER_ ID/EMPLOYEE_ID column,

15 then, for each displacement table that has an entry for a
particular column for both EMPLOYEE and PLANT, the
corresponding EMPLOYEE NAME in the EMPLOYEE table can be
found.

20 Joins
A join operation combines two or more tables to
create a single joined table. For example, two tables may
each have information about EMPLOYEES and a join might be
performed to determine all information in both tables about
25 each EMPLOYEE.
~‘) In order to perform a join, tables are typically
linked through a primary or candidate key in one of the
tables. The primary or candidate key is an attribute or
attribute combination that is unique. A redundant
30 representation of this same attribute or attribute
combination, called a foreign key, is contained in one or
more other tables. The foreign keys need not have the same
cardinality as the primary or candidate key and need not be
unique.
35 A join operation is defined as a subset of an
extended Cartesian product of two or more tables. A
Cartesian product of two record-based tables combines each
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$V\XYXX@110M ' () - $1 Y(1098& () - $(1 Y(L1098& () - $I Y( L0IRE

x<410|vp M Y( HOSERHOA Bn WiHED HnBver- SEY( 060ERe (Joifl Y( 10988 () - $I Y( 10%8& () -
$H

SWA10M M Y( 10%&& () - 31 07k B rsCPYRRasesryS e A 5% |t\?( f(fb/&&' ()-
$

extremely costly in storage space and/or processing t
ABXX@10M M | YéchoPBing ) e ENErl Qs ihfiekel YA 0B (ﬁaﬂilt\é(ﬁo%t(e)dnﬂs%EW%lW

l?é}géﬁ,ﬁf‘fr@f? Y‘( og@gi@ sear(clio nvos.luﬁél Ylg Of/p e assleY :Loq;)éqgf&thé $9:3

| 4@10% & () - e 0SRR’ ¢ - dhy (atdxddute- that 1DsRseing Si(dﬁ(eﬁ)(y&&r()b!‘& P
/ 4'@1‘6%é0(|) 1PWext )case 1 RS thie ko’@B%% &tde - EdBumr Goihl i's prdP¥bci%rar
to the square of the number of rows, a three-column join
proportional to the cube, etc., for tables of equal
10 cardinality and eqgual to the n-fold product of record counts
otherwise.
The present invention largely eliminates the
{‘) overhead associated with joins. All attributes can be
sorted, and union columns can eliminate the need to maintain
15 redundant copies of data. Membership functions can be
implemented efficiently through the displacement table,
various alternate displacement tables, bit maps, and/or n-
valued logic functions.

20 Alternate Displacement Tables

Certain properties of the union column lead to
various modifications to the displacement table columns,
which are particularly useful in performing joins. The
*full® displacement structure has, for each column, rows that

25 are in one-to-one correspondence with the rows of the

«\) corresponding column of the (condensed) value table. The

contents of a cell of the full displacement table, in one
embodiment, is the row number of the first (or last,
depending on the embodiment) instance in the instance table

30 of all instances possessing the corresponding value in the
value table. If a value in the value table has no instances
at all, identical entries in the displacement table in the
corresponding and next (alternatively, previous) cells will
indicate this. Consequently, if there are many more values

35 without than with instances (referred to hereafter as the
"sparse" case), there are many more repeated than different
values in the displacement structure, leading to redundancy
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35, AR)

Row #

J#

JNAME

CITY

]

0000

0

0001

0002

2
3
4

5 F o003
0004

SN0

BlIWINI= O

Combined Instance/Occurrence Table:

J#

JNAME

CITY

Enow#
10 0000

4/0

0/1

1/0

§ 0001

2/0

2/0

2/0

0/0

0/0

3/0

3/0

1/0

4/0

0002
. 0003

0004

1/0

3/0

o/0 |

SPJ, 42
15 vaLs:

S#

P#

J#

QTY

Row #
0000

S2

P2

J2

100

0001

53

P3

J5

200

0002

S5

P4

500

0003

P5

600

20 || 0004

P6

0005

0006

DISP:

Row #

#

J#

QTY

0000

25 o001

WO

0002

0003

N O

0004

albjwli=|oliv

0005

0006
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S# P# J# QTY N
1/0 0/2 0/0 0/2
1/1 0/1 1/0 0/0
3/0 1/1 1/1 2/0

5 f o003 2/0 0/4 1/2 2/2 4|
looo4 0/0 0/0 2/0 1/0
0005 3/1 1/0 2/1 2/1
0006 4/0 0/3 3/0 0/1

To facilitate rapid join queries on, for example,
10 over the J# attribute of tables J,, and SPJ,,, a union column
for J# is created and sparse and dense displacement table
columns corresponding to the union column are incorporated
{ﬁ) into the displacement tables for J,, and SPJ,,. The J# union
column for J,,, and SPJ,., is as follows:
15 J# union for J,. and SPJ,.:

Row # J#
0000 Jl
0001 J2
0002 J3
0003 J4
20 § 0004 JS
0005 J6
0006 J7

The appropriate type of displacement column for each of J,.

and SPJ,., is determined by comparing the cardinality of the

union column to the cardinalities of the corresponding

t,) columns of the J,, and SPJ,, tables. The cardinality of the
J# union column above is 7. The cardinality for the J#
column in the J,, table is 5. Since nearly all values in the

25

union column also appear in the J,., table, a dense
displacement column is constructed for that attribute. For
the SPJ, table, the cardinality of its J# column, 2, is
compared to the cardinality of the union column, 7. Since
the J# values are “sparse" in this case, a sparse
displacerment column for the SPJ, ., column is constructed. The
J# union column, the displacement column for J,, and the
displacement column for SPJ, ., are shown below, all in one

30

35
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PNAME COLOR [ WEIGHT CITY
Nut Red 12 London
Bolt Green 17 Paris
15 I Screw Blue 17 Rome
Screw Red 14 London
Cam Blue 12 Paris
Coqg Red 19 ‘London
2 0 e
JNAME CITY I
Sorter Paris i
Display Rome i
OCR Athens i
console Athens I
RAID London i
25 JﬁDS Oslo “
-”) Tape London |

In this example a union join is performed on the "CITY"
columns of the S, P, and J tables. This entails finding only
those records whose "CITY"™ value appears in exactly one of

30 the S, P, or J tables.

The first step is to construct a union column for
the CITY columns of S, P, and J, if one does not already
exist.

The second step is to associate with each value of

35 the union column three bits, corresponding to the S, P, and J

tables, respectively. A bit is set to 'Y' (i.e., '1') if the
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&'10%1'10%+&' e- N ) ? Y Y i

In 110% +:; -n|10%+& )-anI 0+ & ()-Nn TI0% +7 & () - NUOUH; )
&'10%\ F10% +: & ()-N)

CIn110% +: & () - N PPYR: &a(z TS Y ofn oS T P REBERY
&I 10%0° ! 10% +r&c9yd§| pth tha value appear in the union join if and only

nO‘I) 10% :)-O & §¥-that 10%.d'e Sof ) ety difear X i) edactiPYomnedof) thkOS, P, ana
& 10%° ! 10% +:
“1n110% +: & ¥) t%%{l?ioo/éﬁ&' (FIFEI RS- K Pankifsodn the Pikpapfor the

&I 10%1 1 1096 +ugioh- fplomn equals '¥'. One illustrative implementation of

In 110% +: & §) shRct 1080 that (210 'SR v )isNFuhieYon: &(ttadUOkbliumn)

& 10%° 1'10% +:; &
i I?O% +: 3?: ?s%iyﬁ%%‘?rl%?’ () -Te 1 SRRGELQD' (5 Senainoepnsists. Rfothe two

&l 10%n" ! 10% +v&riabhes?'temp' and 'column'. The variable 'temp' can be

o 10 0% 5 & ChaNor! 40064 Safled 40N G ML LOM Saclabld’ +LOLuRS
&' 10%‘1 110% +:, & (

“In 1 10% +28 &%- ththi%)% J¥! o) 1N 1 eRERLYy (Bhengetyny, vague) ofpfupgkion £
& 10% " CLO%X&16dp- cGROEVEXR ¢F -the | TR/ ¥R yes IVIYU/ | TN1Q%Y0x&* ) < VN

| T) 109 & MIT 10% ‘3%1;
BClOt)J/QQg() ()- O~ C10%Q08! ) l?o /@@( é:]@%m }O e uglon colunn,
C10%QQ&' () - Clﬁwe’l C}ﬁo Jé:lepw%l)y to the bit values in each

of the three columns: the variable 'column' is set to the bit
25 value of the current column, and 'temp' is assigned the

: ) result of the previous application of the function f. For
the first column, S, 'temp' is initialized to 'N'. After the
final iteration, if the result is 'Y', the value appears in
the union join; if the result is 'N' or 'D', the value does

30 not appear.

35



B- CLO%QQ& () -, CLO%Q& () -, hL, ; CLO%Q& () -, CLO%Q () -,
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Bh® &) 10% +& ()- L&) 10% *& () - CLO%QQ& ()-,' B- CLO%QQ () -, c1ovs (3 -0EC 2002

6=>?@NVUAC | 10986-& ()- | & 10986-& ()-10 +10_+010 + |: MLO% +& () -

Uc™ &y) 109 & (WO o#P3¥y) 1094 & () - YzbBvWAC PCT/US99/15431

I Fn"10984-& () - &n" 10984-& () - &n" 10984& () - &n" 10%86+& ()-& | 10%84-& () -

| @0%We-& ()-UWOVUAC  The function f is defined as follows:

Fn" 10986-& () -&)122) Ra& () - &EN" 10004 & (). &FENn" 1008 & L

9vu4AC |

Fn" 10986-& () §& 22) Fn" 10986-& () - &FN" 10986-& () - &n" 109

ovWw4C j N Y

Fn" 10986-& (5) [B 22) Fn"10%6-& () - &N 10006-&' () - &Fn" 100’ () - &Fn" 10904 & mii&Y

=vWU4AC ; b4 b4

Fn" 10996-& () #& 22FEn" 10996-& () - &F 15100/%&' ()-&Fn"10%4® () -&Fn"10We& () -
D

Y=vU4C { R —

Fn" 109868 ()-&) : & () - &n" 109868 () - &Fn" 10996-& () - &Fn" 10984 &
Y=vU4C . . . . .

Fn" 10006-€ () - &) 22Fn" 105888 192 &P 3 WA (S & Phend < Z8En ToiBse: () - &
# YOvUW4C Union Table, corresponding to the value 'Athens’, yields the
Fn" 1090680 £&123Fing 0BBARLE ) - &EQE (OPBRE, (V)P Q0§ ,( WhiTh' 2aWAE’ () - &

'‘D*. Hence ‘Athens', which appears twice in the row, does

{ﬁ) not appear in the Union Join.
hE Applying function f to the row for 'Oslo! yields
the following result: f£(f(f('N','N'),'N'),'Y'), which equals
15 'Y*. Hence ‘'Oslo', which appears exactly once in the row,
does appear in the union join.

FIG. 23 is a flowchart that illustrates a join
operation. In step 231, the user picks tables to join. In
step 232, any tables not already represented in the data

20 structures of the present invention are converted into such
structures. Next, in step 233, columns, if any, are picked
whose values are part of the logical expression defining the
join as a subset of the extended Cartesian product. Step 234
tests if any columns were selected. If no columns were

(:) 25 selected, the join corresponds to the full non-extended

Cartesian product, and record reconstruction proceeds via
step 238 without conditional constraints (i.e., every record
from each table is combined with every record of every other
table).

30 Otherwise step 235 is performed which tests if more
than one column was selected. If so, those columns are
conbined into a combined column (such as in the “combined
columns® description above).

If the appropriate value table union column does

35 not already exist, step 237 creates it, together with its

associated displacement table columns. Step 238 then
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1.

A computer-implemented database comprising:

one or more sets of data value elements, each data

value element having a position in one of the one

or more sets of data value elements and a data

value;

at least a first and a second set of instance

elements, each instance element having a position

in its respective set of instance elements and an

instance value, and each set of instance elements
corresponding to an attribute,

wherein for a first instance element in the first
set of instance elements

(1)

(ii)

a first associated data value element in the
one or more sets of data value elements is
derived from the first instance element's
position, and

a single second instance element in the second
set of instance elements, whose position in
the second set of instance elements is
different from the first instance element's
position in the first set of instance
elements, is derived from the first instance
element's instance value, and

further wherein

(1)

(ii)

a second associated data value element in the
one or more sets of data value elements is
associated with the second instance element
and at least one other element in the second
set of instance elements, and

the first instance element can be derived from
the second instance element independent of the
first instance element's value.

The database of claim 1, wherein the second instance
element is a next element.

The database of claims 1, wherein one of the one or more

sets of data value elements is sorted.
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15 value,

b. an occurrence set of occurrence elements associated
with the first set of instance elements, each
occurrence element having a position in the
occurrence set and an occurrence value, and

20 c. wherein
(i) the second instance element is further derived
from the displacement set and the occurrence
set, and
(1i) the second associated data value element is
] 25 derived from the first instance element's
iu) instance value.

15. The database of claim 14 wherein the second instance
element is derived from a displacement set element whose
position is given by the first instance element's

30 instance value and an occurrence set element vhose
position is given by the first instance element's
position.

16. The database of claim 14 wherein the second instance
element is derived from summing the value of a

35 displacement set element whose position is given by the
first instance element's instance value and the value of
an occurrence list element whose position is given by
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instance elements in the group of associated elements
that is derived independently of the first instance
10 element is unique.
19. A computer-implemented database comprising:
a. one or more sets of data value elements, each data
{’) value element having a position in one of the one
) or more sets of data value elements and a data
15 value;

b. at least a first and a second set of instance
elements, each instance element having a position
in its respective set of instance elements and an
instance value, and each set of instance elements

20 corresponding to an attribute,

c. wherein for a first instance element in the first
set of instance elements
(i) a first associated data value element in the

one or more sets of data value elements,
25 derived from the first instance element's
’ ) position, is associated with the first
- instance element and at least one other
element in the first set of instance elements,
and
30 (ii) a single second instance element in the second
set of instance elements, whose position in
the second set of instance elements is
different from the first instance element's
position in the first set of instance
35 elements, is derived from the first instance
element'’s instance value, and
a. further wherein
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20. A computer-implemented database comprising:
10 a. two or more attribute sets comprising data values
and instance elements, each instance element
associated with one data value and having a
position and contents;

{T) b. connectivity information uniquely associating each
15 instance element with a specific instance element
in at least one other attribute set;
c. wherein connectivity information for a first

instance element associated with a first data value
in a first attribute set associates the first
20 instance element with a second instance element
that is a specific one of a plurality of instance
elements associated with a second data value in a
second attribute set and
d. wherein the position of the second instance element

25 is independent of the position of the first
. instance element. _
L.) 21. The database of claim 20 wherein the connectivity

information for the first instance element comprises the
contents of the first instance element.

30 22. The database of claim 21 wherein each data value has a
position and wherein the data values in the second
attribute set are unique and sorted.

23. The database of claim 22 wherein the second attribute
set further comprises displacement information that

35 identifies the instance elements in the second attribute
set that are associated with the second data value.

24. The database of claim 23 wherein the first attribute set
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- cardinality element is updated each time the number of
15 instances changes and wherein at least one instance
indicates at least one other instance corresponding to a

value of a second attribute and the second attribute is
different from the first attribute.

20 26. A system for storing and retrieving tuples comprising: a
collection of a number of instances corresponding to a
value of a first attribute; a cardinality element
corresponding to the number of instances; wherein the
value can be derived from the cardinality element and

25 wherein at least one instance indicates at least one

,~) other instance corresponding to a value of a second

attribute and the second attribute is different from the
first attribute.

30 27. A system for storing a Plurality of tuples, each tuple
comprising at least a first attribute having a first
attribute value and a second attribute having a second
attribute value, the system comprising:

- for at least two tuples having identical first
35 attribute values and identical second attribute
values, a single instance element that identifies
the first attribute value and the second attribute
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value, and a cardinality element comprising
information regarding the number of tuples having
the identical first and second attribute values.

The system of claim 27 wherein the instance element

comprises the cardinality element.

A system for storing a plurality of tuples, each tuple
comprising at least a first attribute having a first
attribute value and a second attribute having a second
attribute value, the system comprising:

a value store storing the values of the first and
second attributes of the plurality tuples;

an instance store identifying instances of the
values in the value store associated with each
tuple;

a connectivity store storing information regarding
relationships among instances; and

a cardinality store storing information
representing frequencies of occurrence of
instances of equal value, wherein a particular
value in the value store associated with a
particular instance in the instance store is
derived using the cardinality store.

The system of claim 29 wherein the instance store and

the connectivity store are not distinct;

A method of retrieving a record from a compressed

database, the database having been compressed by storing
information regarding distinct values of an attribute
and information regarding the number of occurrences of
distinct values; the method comprising the steps of:

retrieving information regarding the number of
occurrences of a given value;

determining an instance element based on
information regarding the number of occurrences of
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the given value;

c. determining a connectivity element based on the
instance elerment;

4a. determining a record from the connectivity element.

A method for storing instances of a plurality of values,

comprising the steps of:

a. storing information regarding the position of a
value in an ordering of distinct values;

b. updating the information regarding the position of
the value each time the position of the value in
the ordering of distinct values changes;

c. storing information regarding the number of
instances of the value;

4. updating the information regarding the number of
instances of the value each time the number of
instances of the value changes;

e. storing information regarding the position of a
collection of one or more instances of the value in
an ordering of instances of the plurality of
values; and

£. updating the information regarding the position of
the collection each time the position of the
collection changes.

-~ 86 -



