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DATABASE APPARATUS FI ELD OF THE | NVENTI ON Thi s invention r @ @QeBERR@002

dat abasesy@@éighgt abase managenent systens. BACKGROUND OF ThietiiNydddbhON As
is well known, a database systemis a collection of interrelated data
files, indexes and a set of prograns that allow one or nore user s, Lo add
data retrieve and nodify the data stoded in these files. The fundaréfit al
concept of a database systemis to provide users with a so caj

"abstract” and sinplified viMTaBASE ARReRAMGerred to al Soamj@@wmml

or conceptual structure) which exenpts a conventional user fro
with details such as how the data is physically organized and ed.
Sone of the well known data nodels (i.e. the "Hierarchical mm&m\w@wmrk
nodel ", "Rel ational nodel"” and "(Object Rel ational Model" wll

briefly reviewed. A nore detailed discussion can be found for exatphl®*in:
Henry F. Korth, Abraham Sil berschatz, "Database System Concepts",

Me GRAW Hi | FIXhDeOH T Bdn AN VEINTIORE, 1986 (or the 3rd edition ( 1997)).,
Chapters 3-5 pp. 45-172 Cenerally speaking, all_ the nodels to be discussed
bel ow havelhisdoventionpeiaies to/ddtabashsiand datgbasepnatapementsystémat i ty" as a
"record" having one or nore "fields" each being indicative of a given
attribute of the entity (e.Q a record of a given book may have the
following fields "BOOK I D', "BOOK NAME "TITLE"). Nornally one or nore
attributes constitute a "key" " i.e. it identifies the record. In the
latter a cRAGKGREBUCKDIQEF THENENVENBIQNy . The varicus nodels are

di stingui shed one fromthe other inter alia in the way,: that these records
are organi zed iAsds avetbkeowag apfatrbase sysedmarie-a, collection 20fOmEERERLsd002 WO

991 38094 PCTI 1199100038 Rel ati onal Model - The rel ati onal nodel introduced by
Codd is a Yaindies indexes gad @ sgt 6f proggamg dhaiallow @ae or aperentsers 9 adsl at i onal

datatar caradanioR by” RARREL fF 3l Bihge§h A0S B BRE e e
col umms r e&ﬁﬁ:%?ﬂbf h *Z'ﬁtz{l)ﬂia@é §§stéﬂldi|srt8"i5“roi’/ﬁl€ﬁf‘s§f‘s”§vﬁt%1h§ 56 RaREESabstPR"

associ ation between tables is only conceptual. Is not a part of the

dat abase daid sintplified view ¢fathkelata Gofdpred topllicas dataansdelicktcedcépuahe fact
t hat they have one or nore colums whose val ues are taken fromthe same set

of val ues fteuatpiey whickraxempts aeomyentionalayses fiom dealing withydetads peghat i onal
nodel are high |evel apetrat.ors that.operate on tables (i.e., both their
par anetersa%*ﬁ%?”ﬁﬁ%ﬁ?fﬁégafl)é“ﬁ%@?(85%%?@%’3%8??@% ve d<(51ta | anguages (now
called 4th ge | S i ' Gir§:] t wt he
required reguln%gﬂ%at herea‘tg}%gn ow Fﬁédg@%ésﬁpt%éScﬁ?eﬂ%ﬁg%m%@olggggld’. Such

non- pr ocedf¥etworkngodel s "R Satiosilr model! exhdA@bject Regatkgr) Mad€l”beilbme an
industry standard. Furthernore, the relational nodel sugl%tests a very high
| evel of deew bedwisdiydesidewedhdy dneigodetdiledtdisausaion edif det found Her pr ogr ans

Stor :ejﬁ,”di fﬂm@t RS I ot . KRRl BPaioh ibrseroe ”3225?%@@%%2 Syt ??[‘éze"’
Cand rel at ORGHED: RAPGREW R ko BRE Etidorsl (988 (dF bl 0 4 ED) oo 1 1

di stincti 0(19“9'753(,@}{%1@&8-55&. Rywerk nodel data are represented as a
col l ection of records whereas rel ationship between the records {data) are

represent ed asaLink r rd q r del i im)ar to an
"entity" in thgeg%?f@% %?g‘t%%f q'lg Qgé E@P?@%W’olrf?egalsﬂ‘séfz@sgeéggh%ﬁg?cﬁ" ng one
type of d i i i VA fi o) not
necessari ﬁs; a-smggibg{%}fs. At g%yﬁgfé??%dg\ég Hrééx%t;&y‘ggs gngffct% F}cgbﬂrléevlugf iH%%
t her ebet weenmog $fi¢lts!t €xhabebng irelidation offa gvéphgribute of the entity (e.g. a

record of a given book may have the following fields "BOOK ID", "BOOX

NAME", "TITLE"). Normally one or more attributes constitute a "kev" i.e. it

identifies the record. In the latter example "BOOK-ID" serves as a key. The
varicus models arz distinguished cne from the other. inter cliz, in the way

that these records are crganized into a more complex socmirs:



22 OCTOBER 2002 WD 99138094 PCTJI L99100038 -, Hierarchical Model - The

Hi er archi acal Mbdel resenbles the network nodel in the nman?@OCTRRRR 2982 a and
rel ati onsvdes/mgpen data are Heated, i.e. as records and | i nkECT/HOMe&3B, in
distinction fromthe network nodel, the records and the rel ati ons between
them constitute a collection of trees rather than of arbitrary graphs. The
structure of the Hierarchical Mdel Ts Sinple and straightforward
particularly in the case that the data that needs to be organized in a

dat abase aReimibaizhifydent Thicersfatinat alodeltinreducBdebh Coiddr &ha ¢aldntdel has
sonme inherent shortcomings, e.g. in many real |ife scenarios data cannot be
easi | y ar riantpedhistorii ofr dﬂt@hﬁl&?age‘fﬁmﬁnt- NBrrelabional detehasds amubstray be

organi zed in hierarghical nner, it may reguire |arger volunes as conpared
to ot her d‘é‘?%ﬁ%éﬂsng%} QK(@W@d@?COF@Pge@?a‘ﬂ%ﬁcb tg‘ekfgégés EFRIEISREeERY)| oy ee”
with the f i r.di PN S e rya. apd " Enpl oyee
At t endancel DI e R 3B Fe RlERsS L L Wil o s KBNS FePRRCBY s Bolgs

" Enpl oyee JveSre t tRERb@e. Exits". In this scenario the data is of

i nher ent hfﬁgﬂrgdrvgﬁegg%gg%attﬁure and there fore should preferably be organized
in the hierarcheassoettioh.bebrasi tables i onlesamebrial alisisanakiparvdfahe "
"Enpl oyee" is assigned to several "Projects" and the tinme he/she spends

("Ti me Spedatabaserdedmitiorpr djvex tabiles aan he dmpboitly asseciatest bytheibetithat bot h t he

"Enpl oyee" .and "Projects" entities., Such,arrangenenj of data cannqt be
eas! |y or gHiFY ZeioRe Gram A AEIRS SKPONSHIES A Taha. %egsm ¥oiehdon is to

duplicate e ] R nt" and hold it separately in the hierarchies

of "Enpl oy%@”eéaﬁgﬂl%r@‘jg@%&i Thi s approach is cunbersonme and error prone in

the sense that it is now required t%gassure that the two instances of "Tine
S

Spent" are kepOtherefencepts dntrafdyced theopplatipnaly imeded qasgodigh lgvel
h i | ti d.in . Object Lent ed del i d
Deston " saiaelt A et ey & sBfen R bofly et RBEmerels e St ck. Baai
VAR ot . I T
b ect  Eadi) ARF GoplARNORIOE, Al MRS AP ROORT L ol denBillivh ! € @

associ at ed|aRubesdy iarwhith eriésspecifids WEAOBRRIROAJUNE] A25ABDAANEERAR L99/ 00038
~i T To enable encapsul ation Bone tile fields are private, accessible only

t o et hods how thase resalésanettol ke produeed. abechonin-procgdurad danguegen(SQIL - Thus
"Joe Sm th' belon to the class of, persons, For that, c s,, the privata
fields agesgélﬁmﬁ?égéé‘fsw %‘?g%ﬁfg‘?%bg‘ﬁ’én%% “Mﬁ@&%?@%@@f sto the
obj ect Joe i 0, ls i

sub- ol assolbauforRn AR Sufps VR RiNOROLORYAR, UG, There | o
Thus, for ex&iR!ft HehdhyesEEEYEE thd pEScrams wetteeln Bedeaanguieheiass of the
person class. In additiion one nmay define additional fields and nethods to
t he subcl ashangesus,th¢ neanmepldetecars oigasiged.osidreds impdexed andsertdared. fThel d, and
t he gat4e raj se ) et hod. Obj ec el ati opal .Model allows an object view
on rel at i oRRIAUQL m@éba%lh?%@mfmﬁ%ﬁ%é@@;ﬁ%f@‘g@%@ygﬁe on the data as
if it is organized as objects and at the sane tinme, support the relational
approach. Metwerk Mualed- Imthelreldtomeboiodg!, ddtat (andoeletisnship between date)
conceptual or logical |level of data representation and "hide" details such

as how t he atrategarded asraysollention of lahlegeln distinetionethesefromria the neyork
characteristi re normally dealt with b so-cal l ed data e file
nmanagenent & e IPAE a5 i 80%?85@%&00&@%@?{%&&?@85@8@ cal
structure @J er Erg;ge : a structure, pertinent
operati ons%gﬁﬁé“g‘otggir 4%@@%2%%8 o é&ga a structure includes index and

data records. Therdcpaein @RMRLWErIEROESSs RimMAr teRGatenflf tiiqhd sdme tiegor ds by a
key. In the context of search, the termsearch key is used. Database file

managenent isigstaiestionbiifiphdsfeack hbiding enatypeawt date Thetlmksenay bs so as to
acconpl i sh enhanced performance in terns of time (i.e. fromthe user's

st andpoi nt effestively spewedprefenably (bt aotirgcgbisidy) assprintspacd qolleetion o ni ni mi ze
the storage volune that is allpcated for the databgse files). As is well
known in tﬁgr”a(iqug ?Rf? W&ITFfP,UOP gx@%p@veé?ntc,ogatémgqsfa ‘Hgf‘?%'@ﬂo? DbSne and space
requi renents. The performance of the database depends on the efficiency of
the data structures that are used to represent the data and how efficiently
the system can operate on these data A 22 OCTOBER 2002 WO 991 38094

PCT/ 1199100038 _ j_ detailed discussion on conventional file and nmanagenent
systens is given for exanple in Chapters 7 (file systemstructure) and 3
(indexing ) in "Database System Concepts", ibid Known database file
managenent systens typically utilize the follow ng indexi ng schenes, which
fall into the following main categories that include: Milti-way trees

i ndexes and others. Miulti-way trees indexes- These techni ques can be used

. o o Y v o o o o o v




WO 991 38094 PCT/1L99100038 - L constant and i "1 is the total nunbers of
records This neans that the performance sl ows down | ogarit HIGCAPBER 2092t he
nunber o{vor@g?ggqs increases. It is possible, of course, topggRL00038

conbi nation of the above or other techniques, e.g. an indexing schene which
is inplenmented in accordance with two or nore of the above techniques. One
of the significant drawbacks of the-aferenentioned popul ar B-tree indexing
schenme is that the keys are not only held as part of the data records, but

al so as pagt,. of .t.he i X Halssresult s, ef;.course, in the undesi.red

inflati onﬁlg%‘ ?‘ﬁé’sﬁ'cﬁd@ggi zfﬂgr{a eﬁiéeﬂlﬁgtl\t/ @F‘eﬁ?ﬁm&é ¥I§ OV Pl 48gr avat ed
when i nde i biiddsZedwlel 2 l-at i rge
nunber of ﬁﬁﬁ?gﬁ@r&gaﬁr%ga %frgepé essent [ E%%taﬁdéﬁﬁ;@%t&%ﬁg' %%245%)5452 approach
to cope widnH lidkiss Huvedle|nid distiactorpfiont thdaefivirk model) iOreehRhd An
exanple of the latter is the trie discussed in G Wederhold, "File

or gani zat ithe: relatiobs t etween dbeingeonstifuigraneobiettion bd37eesprathe?7than 2013, or in

Comary it s 50 Bt B S S Ll 3 i
soner e B SR B i 25,

has the 9qRef #rabidelist %ﬁnﬁ&reg_t hicefcHRET Rhthrd "Bhe RRMABhicS! Jgﬁg@ﬂh&”

partitioning the search according to search key portions (e.g. search key
digit or hicije inherent shortcoxvmgy, €. dnmmodeedl rlifehechdricy ddislenms He | e
represents an of fset of the search key and the link to any one of its

chi | dren raapilesarangetihin bicraechical 'manngrue Mereoguerl eehsHt datZhmay rbe
structure affaqrds. efficient data structure jn terns of the nmenory space
that is al(rSeqiged 1 &c,al §1an0er, 1L may Jeayire dyggieyelumes @ Cogwarsh- key i s

not hel d, in jnternal nodes and hence the duplication that is
exhi bi ted t?o%p?eé%q%ge#rﬂoc{eﬂé B free indexing technique is avoided. In a
specific variant of the tri such as.the.trje descrjbed in "File,

organi zati on f%?n%ragﬁsﬁx%B gf besis antity Jieplovees widhithe dollawinged 22

OCTOBER 2Q I i&,ﬁp,p i e pf~r esponse
time a trlsglgf)%%%ﬂé%%%ééghﬁéﬁh ggéé;-(%w t%@@@@f‘ieﬁg‘#% |eg“| c (or bits)
fromthe sgaechkeulsunbvd Raboidieud® HitridRes Blee ! n%lb&éé)'Erfﬁfies‘-" hg,pear ch
space in obtained, or 1n other words so as to acconplish a tree which is as

bal anced aEmpleyed| ExitsThirs thib cvenaeio, the elgtd isesf mhprent hierdrchichbdgercof t he
data records of the trie and i elcconpl i shed at the penalty of obtaining an

S \
unsorted citdathempfarn shouldyrrefzahly| be orgamizad i s thes hiosarshicab apedel. 1 i s
not ewort hy~that if. sorted, data is. o a_bal anced structure, can not
be guar ant(é‘gla“é?fe.rfo’i' ]ex?rﬁglree%l %%‘%‘?Wgét %"‘%‘W 8P q@ﬁ‘éﬂféé&é%ﬁmk he data
records Of"I‘rBJ;éc{s""ﬁxd {He filRUWdsiRespealie ¢ Tihad Sﬂéﬁt"ZFiﬁ(éa&h ‘S;E'ojkéﬂ R fpes not
support sequential sub-range processing. Wen conSidering a | arge anount of
data, it isttributpdidtiic indudédipobath tive"Employieet ahd "Brajects aéntiibsbShenced

structure of the tree index in order to avoid |ong paths for accessing a
gi ven dat sarrangsment of dataeannebbe gasily exganived) indhe hisgarchical modebandbci at ed

with the sought data record. The specifjed. B-tree indexjn h

constit ut e%“egﬂoﬁﬁ f‘e’rﬁ?\llunﬁﬁl 'énff’egu?ﬁ%ages £ ultemy ef e%’i‘tg?f(tiwm¢ ee has
been subje p . ] i rf: hal entially
bal anced) g#?‘f???lgr"g%g }g%%'gan%ﬁt gﬁg%,np EA(}%S\/%B 8 %e s :Qg?gf)éfebécg%%ve, at
the penal t yufibers@hleatldNGrddfo@ i @Rtsensd tHab & BInBWKRqhited REadsiREhaNd,
consequently, unduly increasing the file size that holds the index,

par ti cul arthg tivosasancesof "dige Spew’s avhikept idaititabad 411 imde of data records
are concerned. The large volune of the files adversely affects the

P Of MBNCPy Rl {Dfe R MEAAISACmBHEERIVE Nk iR ol BeCTal pCesses

(and conseq y rn terns of accesSing tine storage nmediumin
order to re@bfcACtRingt MiRictingemdr Desigh? Clanés Rimbaush, MidtdesBishd, Tur ni ng
now to the " “others" category of index schemes it includes for exanple the
so cal | ed Bkilfarh Ps¢menateix Frodrickikxdi and Wilianrlbodnsdnzed data structure |t
.consists of levels, the lowernost |level, level Q, consist_of a |ist of all
records or der edThy obisct-caiestecharnigach viswvs #lhentitierse obfectsefarh pojest = o,

., h) chpgses;, wt robabi | it whet her to.be.a representative of
evel 1 11060RES 8l eant st He%s BVR'4E astidinte el R REAES ©) ever
-1. These 22 OCTOBER 2002 WO 991 38094 PC T/1L99100038 O representatives
too are organized as an ordered |ist Level h+l is the first enpty |evel.
Havi ng di scussed the maj or drawbacks of hitherto known index schenes i.e.
inflated data volunes (e.g. B-tree and variants thereof) and susceptibility
to unbal anced structure (e.g. trie), there follows a discussion in another

. s .




I nsof ar as B-tree indexing schene is concerned, in order to su 8ort t he
subordination of data in the manner specified, several sepé?é@g BERRO2 i | es
are requincesasesy foll ows: Books index file, accessible viarbwakedabosey;
Borrowers index file, accessible via borrower Id key; Transactions via
borrowers, accessible via the conposite key (borrower-1d book Id).
Accordingly, the index schene includeg-here three index files. This

obvi ously poses undesired overhead insofar as data vol umes and additi onal

integrity ’fBaie%Sf%a@gg%%ﬂ#fgﬁe%ﬁrig@gth@rﬁgﬁ?g&iﬁreg;eigate TQH@ESS{Q?% rﬁ%ﬂz;@)l ©

removal of” a grven book urrées - a pr test to
inquire [ [ VRilé Behdpo o ; ki i! v di scussed
t he drawbvwggéktggg‘? Otkt;itttﬁﬁe(:?z%sg wkﬁl(l)%m techni%ggpﬁggeg?lggeg)sEg'ugﬂglrlg?ng?igon of data
records ar&mtohtéehards totthe clasberfsoeson 22F OCHEBERsS, 002 pr@a2d fidRI394

PC r/1L99100038 - 9 representation and manner of operation thereof becones
even wort lageoeasi der dafnedpAppbringtthenelasy method o1pda kedawead) itodiheensi onal
data records Reverti ng now to the | at tlﬁ% exagpl e, the tables Books and

bor r ower s Qjectndae r B4l abangss hisir age.qilkensnghedologp| allowsnioc Hiegme be

reached fro everal ,views. Thus, .in di.t.ion he ove nentioned ’
borrovver-9“566%55\‘7%‘00[1@0%%0%?0%0‘“8 08&?‘5‘,\@%@ %?ﬁ% SUPCi-fiiPEnent ed by
an i ndex - L l.d support
the alternatl vgw?%%@%r%%g § thgﬁéiﬁgﬁaﬁg&gﬁ%wgﬁéﬁ Cwhi ch
requires, pérsourdass. Ia additidizend hayaddfienaiditienat GRbdSan® mefyods to
(book-borrower). In the Btree representation, it is accordingly required to
add anot hetheisnbelase. iThusathecsmp bbyed classheoudd sppirt & sledya X v diekd, lacd
borrower-1d), giving rise tog a total of four index files. The pertinent

dr awbacks @ﬁ@%‘é_l}aéﬁﬁl(dnmeﬂiqd‘and becone even worth for n di mensional
tables (n >2). There is accordingly a need in the art to reduce the

drawbacks of data processing systens that exploit hitherto known database
file managener@bfegst elelmpumli | Mol tallowes | sam nebjectn wimvaront o provide

U111 21 oy TP O GO e T80 196 A SrERETSL, 0t DI CVAGROT LIS ot
further nesahieiie dided AnhPiledtn PORE rdibtiGnd[BRRAGIERNT System

. g |
that utiliz& anin erently bel'ng not susceptirble to unbal anced

structure in tAg piaivned IR ded fdre%oiﬁg,o&aanﬂwsedéas}vﬁﬂi the doneéptaal sreed in the
art to provide for an index which inherently supports representation of

mul ti pl e tlpgesl tdvetiaf datagepresetitation and Gfideladetallesushds hamdthsrdata are

muf ti-di mensi ons, GLOSSARY .OF TERMS.. ., For clarity, of expl anati,o t here
Tol 1 one. o B ATEes And A ROToL o laHk oA g BRRBABABEAL ¢ he

descriptiof. t he i _ ternms are conventional and
ot hers havg’“ﬁfrei’gfnag‘?)‘f’%@egfg‘_%g‘i@e@?w%ﬁp W 38094 PCTI | L991 00038 - 10
Bl ock - a storpge dthbasehikhmenfedife@CERRNE AP the TopRLE strh&uePgiat i on. A
bl ock may contain data arranged 1n any desired manner, e.g. nodes arranged
as a tree tenmspddatdbaye model)to aadatznstaxters] pettinantraperatitins aadipossiklymay resi de
in min (referred to also as internal) or secondary (referred.to also as
external ) @ther dgta. Thedata gryplarg me §d’ﬂ@€3€/\ﬁ{1‘él¢af%r%40€'#‘ér{b‘?rﬂft"§exor

consi sts of %lroot nade |inked. by, nmeans of a %tyd TF 0 ﬁ‘b oi nters éPr | i nks)
to d di sj ofPRPIGS BeRESURE| BHR s THEOTPH Y. 2 $HE S CUreFHR subt r ees
are referr ' f L 0 H,%gg, L nodes of
t he subtregéérétgé&%éési@e#l%gﬁpkﬁggggsegf D{affhg)a%uoggg _n??gﬁeenglgyﬂ.'{?gﬁlggg? rees of
which are ﬁféfér_ﬁblrfoﬁ&h{ee&; thd aah reestds Fhasnedfgompliéhenkidred theeforar e not

| eaves are designated as internal nodes. In the context of the invention,

| eaf nodesnmnee & samoodftmen@e. fom Hesuser'atseahdpbinb fath respoasotide ofNodes and

trees should be construed in _a broad, sense. Thus, the definition of tree
enconpassethesdatabase),rand spach(ice ke TUABRIZE theslormgsopiurae fatils atlesated bl ock. In

can be accB35n defce Al sk el Cinuftufir e B mormAliGrPere i 88 r ot or
al'so to { NEaPRaky Qo TN ich€! AR SBHcA MqiRetfitts. The fettcmBfide oneher o "Data

structures efr -al gorrt
database depends on the efficiency of the data stuctures that are used to

D=

represent the data and how efficiently the syster: can cperate on these data.



It should be noted that the association (e.g. |link) between |eaf node and
data record enconpasses any realization, which enables to a2te@cBER?2602
records {ypiydseaf nodes. Thus, by way of exanple, a data reepflygigsde
accessed directly (i.e. through pointer) fromthe | eaf node. By another
non-limting exanple, the |eaf node points to data structure, (e.g. a
table) which, in turn, enables to accgss data records. O her variants are
of course, also feasible. Depth o, f an index - is defined as the maxi num

nunber of placks . froma root block.tg a Bl ock associated with a _data
record. Eﬁiéé'l‘qéﬁéﬁs@ﬁd@ %‘@@7@%9@5 ﬁﬁamaﬁ"ggir@%@é’ Stems| ISgHFamERd | ndex -
An i ndex i I ' | S ych hat~the nunber of
accesses ﬁ%&%‘i’é‘g E}g%’?lgg%ﬁg Zg@%d%%§éﬁﬁ@9@8&g{‘é rglﬁ)lg?"@%h g’grP?t“\‘Rﬁeere nis

the nunbersyatern €iceptst pidhe structure. Obtaining a bal anced tree
enconpasses, applying bal anci ng techni que, post factum (on an unbal anced
structure), brKngwndlatabasd fike hahzgeosmt systerns typcallyrytilife e foHewingapp! yi ng

t he bal ancing technique on the fly, sg as to maintain, a bal‘anced' bal anced
st ruct ur e.indgag schemes; vdich fallintadhe folkpvingmainsatagores thajindede: of novi ng
froma nog\?}o anot her, node wi.thjn a block or to another block usually,

al t hough f‘tﬁé’(%’s%%?i"f’g",ex‘ﬁsr?ng St o reach sought data records. Navigating
is considered as accessing data records, usually (although not

necessarily), in order to collect themin an ordered manner by their key.
Sear ch sChfHi JBR RS iideRes! IHesé eBHnidiesi Gan kS BidaiEerewd A AR dndex t hat
is used for accessing a given data record by key; infra-block search schene
meani ng t hnoed guoess paths i{edfeirsd s eldoi assiedreht raths) todke tane alnte sedond. a gi ven
data record or another block. The data record is not necessarily
accommodatEte sfarph (pathy B acnultcwddreadis BrRim disedvantagesharecthabih key of a

bl K i he | f. f,all k f the d d b
acoessed TEaMEnaoteoRkany aflebfdieys 3 ing are FHOARE HOWER W part or
all of th%&&m&*xcggyddmafn Ql%d/eﬁhaeﬁas@brgweél w%éﬂé&vkpﬁn B@&&E teafBARH

transactions - transaction consisting o er rnserting a new data

record, or(seeldefinftibnabelew) Siccag idatrecsrdcioraiided ana/dirfdeleted aNogaRYj Ng dat a
record orrtgortion thereof . Vertical orientated trie structure -
convent i orthe natureof the indexihgdcheme s wielasithowoluow ofithe detakedd imtheni | | be

exenmplified below, it js not, al s obligatory to, maintain all the |inks
ot en noles st she SRginch Hecsses (el Seregning oyid 56 W8I ned 1 n
greater d i i i Y. Wo) i is
Scaent i bi upfiatelblcfipasdte Sab Hetord b LAINHYorlhun WAL b BB 1 i
be descri bgdt Bed Qe6rap® MHediBos hadér contddatdbibs s ekfethal Ménfdef OBRR 2002 WO

99! 3809d PCTIIL99/00038 - 12 construction of index over the keys of the
dat a recormignbér of iaecaseessisi ¢flicasivelyr thecaumber ofilkd accdsees. Wy iwibrheal

oriented trie struycture.- having h |leyels of verfical orientated.trie
structuresem?@ﬂegﬂ??&‘?‘f’f%cﬂ 8Fcks 4 dhe starage tmréi_uerﬁpfeﬂog%‘% of & Sand the h
th | evel slt %Bgd?{ﬁof e:)g]}eﬁ’?%towernost | evel (constituting the trie that is

suscepti bl S ‘d structure) which is nornally associated with
data records, vafl '@g@s 0P PR Gndexaig chEREK Habehéen dEVelbp¥®!but0 @ bl ock
inthei + 1 st 8€éel ccording to a tonmon eﬂf {c/aill%tjee 0 thg bl ock. In
various enisiendiBi)aa indedife impleamntaion 8mor@scosily thanethe xpeeified diifeat gr eat er
detail below, the h upper levels constitute a representative index over the
common keyaccess tihdexihgcteshniquehe Qndheroathet daad, ttrege indsxarggallavesli um - Any
medi um t hat may .be useq to store data., including either or. both of
i nternal a¥fduentiaangd s £5 Prosessingal One abthe most v Q?)ﬁé‘s%‘i Hf the

fol | ow ng: neti.c .tapg, i C . Ais tical. (dis r 0 r

physi cal n%égﬁ%g}ﬁsu Secfh?oﬁ'tg{%giﬁﬁgérdz;{%‘%? n?%gl%%qu?ngﬁéisggﬁy known
mai N Menor jd | A%s ¥ @S I : t Qy@p@' torage
medi um t ha%fnglgﬁ/égg%{s&ﬁ ﬁternalrgﬁenfgrfagr%. ﬁgﬁ%rutlav?tlug yt1-19(lér:‘32§eatr}re tgha%so as
near | i nk)balahtdtkirbabehetarekartbthedowest looelepaintay thegddth étsyld] Wetniléd node b
in the sanme bl ock such that the keys of the data records that include node
b on thei rexperatiomaf tht B-éree hadexingeschenme lsefoundsirt ['Databasd &ygteti nk -
(referred to also as far |ink) a I'ﬁjk bet ween a_node v in bl ock B of Ievel
i to bl ockCencemts| ebé pp- 276r2&% AheaRympe Gfdl/ racpessss OBfiife 12 and the
| abel of the link.is k,  then the value of-the co n_key of, bl ock.B or the
key of t hegl&é‘(flg“-mé'cﬁrﬁféﬁssorkﬂgt-‘?%ds Ft‘l Sh- - rfig LF%E%

TSRS SAOFt- T nk or a
far link is also referred as the value or direction of the link. Split |ink
- If a black overflows and a split process is performed such that if node a
is linked to node b. and after the split node b and its descendent 22
OCTOBER 2002



WO 991 38094 PCT/1L99/00038 - 13 nodes are acconmpdated in a different

bl ock- bl ock B-then the |ink between node a and node b is a ZY0GTOBER 602
After th i the split link is the |link between node a@:i(}l B
(that i sag@(l)j%dati ng node b). A split link is a |labeled Ii nk.me’ﬁ&gsever al

i npl enentations such as PAIF maintaining the split link fromnode a to to
the bl ock B where node b resides i s-opti onal since one can access block B
through the layered index. Direct link- a link between node v in block B of
l evel i to block B. EL.I eveltit -1, _that jngLuﬂgs a]aﬂr;ode v' such that nodes
v and v (RDEEHEREARE 1Y dffietols THTDES ¥ RSt o T aRED iR a key K
i ncl udes b it NEH o f. inks then it
shoul d coﬁ)?g@rqﬁ?ﬁéeg%?%?Paﬁlﬁﬁ%%&gﬁglﬁx%ﬂ{e ler(?i?rfectr"g?zg%g érsegén ‘ Label .
There fol | ows Jaiglpsgsiblel bPBolREY tPasé ai einbdatibe dfethesakbirl bEatied node and
copi ed node that are utilized in the block split procedure. Thus, if a node
v' has valteshniquesge.gah ndexingyschemedwhach ¢t ampleraented shdogofdameev' and its
| abel ed |'inks agree on sitions Q,...,k-1. If a node v is created such
that it hé@iﬂat%pum%aeg 3beve ReChUqUss- of node v' and all data records

ible f d i.ts. abeked,|ink ibl e f de v' and it
Fober ed |1 nks OB pERE iR mRRcAEYpabR e Hsta REGESZioe1 POSTROE Gt ea node.
Do el s . ( , oo noce
node & aEHAE Scherd'ls theh s Al iy K44 HEBRLANRE Hara LD ' 021 ©
DESCRI PTI @it @50 bislpatt\d{EhF ifdex22 OCTOBER 2002 PCTI! 199100038 There fol | ows

a discussion in various additional terns and tqrocedures that are used in
t he descri pti ofhismtstltse of Icaiuse, imtherundesiredsinflationt bf ther erlentsizenareht i on.

Data records consist as,a rule of several fields, some_of which are

desi gnat e&gﬁsla@%fygmvgﬁﬁktﬁsnggﬁlcﬁea%%‘@t% vl éﬁ@%ﬁéopﬁ)ial’gﬁesl%ﬁ afthe keys,
called th Il gas ey. . An i I hdex hene) over. the keys of data
recor ds oﬁltg\;gﬁlr% Bﬁ%bﬂeéqtf‘{%gg E‘éégé)ﬁ?#’@g 9%@5‘3 gfrle%wlﬁci ﬁororlcpfq%%]uég ter see
bel ow) istﬁ?ﬁ@)@\ structure that facilitates search by one or nore of the
keys. Exanples’‘of index are any of the specified Milti-way tree index
schemes. An i rOsx passitsie dippepach tbhmpenwithy thisrproblenbés ewegploitthedhy usi ng
nore than one index schenme. The index may be stored in a file or files that

resi de paripdeting schemet jAr| sxamplenef jthe daker iscther friedisgiseschdn Genory. In
accordanc i t.ne,d.nvention.t her el royi ded,. i ndex..t.h i ncl udes a
partiti ongw\i\%‘#glé‘?gaa %g@pgu&fé?ré%g@aﬁap%ee&mg%a %Wgh@egé}yh PBy key, and
is partitippedyynt oc fephid C t @l Jsve key.
The repr esenfg%?j\]ieeﬁte]i?s ggﬂﬁ%ﬁg‘g‘gsuﬁ% c‘?gﬁ?ﬁt gbﬁﬁlr%e{ ﬁ*e% ock associ ated
Wi th a rechddisoh-aBeslkePulslishing Cohtpangal 218, oy 4814500068 26891 s) . Havi ng

| ocated the block, the data record nay easily be retrieved. The

represent at i veGensyallyispeaking.ndsetinindearing seaempranables 4 yrapid s¢recibl ock.
O] e O BCor feys B A o i By e B 1

tree technique. The trie indexing scheme has the general structure of a tree

wherein the search is based on partitioning the search according to search key
portions (e.g. search key digit or bit). Thus, for example each node in the trie
indexing file represents an offset of ﬁxe search key and the link to any one of
its children represents the character’s value at said offset. The trie structure
affords efficient data structure in terms of the memory space that is allocated
therefor, since, as specified before, the search-key is not held, as a whole, in
internal nodes and hence the duplication that is exhibited for example in the B
~tree indexing technique is avoided.

In a specific variant of the trie such as the wie described in "Fil

(g

organization fcr Database design" ibid, in order to achieve erhanced



of the primary key. The index |eads the search to the bl ock containing the
key. To allow searches by a key that is not the primary key22aCtm®eRi20¢620ned
index is ted such that for each record the 22 CCT, WO

991 38094 @%?’&@%&]00038 - 1~ partitioned i ndex contains its%ﬁ“é&g(%ists
link. These pairs are ordered by non-decreasi ng value of the key. The index
| eads to the bl ock containing the addriess of the desired record. 2. Atrie
arranged in blocks. 3. Qther types of index schenes that neet the provision
of partitigned.inde itloned i eSS QLG of . records
is called gé}b%gaé.gbg:} fo onitefci'tsr ﬁ%f\% ugg’cdigﬁgéﬁgr%gn egtdﬁfen%g&éﬁ %,ggﬁ{ Thi s
partiti onesklédg@xthel Afits PECBITE) frofr tal aneddikey Rush dhat e He'stsﬁosisﬂaléo_n"e | ong
search paths. To search the partitioned index efficiently, anh additional

i ndex | ayepartition iofitteexsdaaghespace il ohtaizgil, onimsbivet vadrdoso adexjccbmplish

constructed over the representative keys of 1o, If |, is also a_ partitioned
i ndex t hend drfeawyiiah énas b@i%@gl as IPQ§SI%|§- gg‘(‘r%t howewsr, goqyireshe priori
representativ eys .af e bl ogkscof 1. . .This proces be repeated

nti 1 or eaknotiieded s Aqth eted P e e apd it aoodRaicHiR el e iGek P BE 1
ful'ly cont giQg Lk b kaal ' C '91?51‘0" + ecessarily
a partiti o%ﬁ%ﬁ%%ﬁ@efaye gﬁ@%&%ﬂﬁ%ﬁ%éﬁs 1 ustlgélll ggﬁlélg. i ndex) is
the col | ecitii9RoRhwdrthy that ifsorteld data is ﬂnand@t@ﬁfk,ta balaicéd Stuctire! @6 not
representative index.” To search a record by key k, the latter is searched
in 1 h (andbe puarmeadheeen iifi there is sufficientmd peitid ksowledgs )of the dataler to
find the block B of Ih-1, Ieacii ng to@é . This process i s repeated until
reachi ng t FREOBIsglicheftrie It shauld beqnated that the spqoitied Big deqsrRptiippotkey k (i f

one exi sts%. To.ilns%rt 8, New I grd r with key k, a search is perforned as
above to fPYCPHRA HPOFAREBPIOEN My found Binlo, r is added to B . If B

(inlo ) overfl L4 ch | d tard _ﬂrﬂ
representative o¥ E ?%m?érﬁg%%Tﬂ%@gh%ﬁoécﬁ%&?g%f%f ent g‘?lﬁ{/@g%oﬁ@?ﬁe new
bl ocks. 2 iRk afAER s 208 Red\Ba BHCES fdctBfeTbf RO difex inlérddhe ewxidf | ow of

block B, inl, entails a splitting of B, and the representative of B, in I,
i s repl acelprgypathe forpcasssinga ginen data rpeordefioml thekeootmede 1t thédeall ock of

In overflows an additional Jayer |,,+, s, created d adde t he | ayered
i ndex. It SASUMhALS %Pé’&t%&éﬁ’aﬁhé Sousht data @Pafdea'ﬂ%‘g/ SB%Clg%‘i FiFhed
according t e ' : j ' S [ triggered
when bl ngtu?dse&_ %gﬁg{eycfc’ 1':8 S?Ft.l@%u??%@%&%@E&Q%%B%O%%Edrﬁérove?? | ow

occurs whethewbt 0@k besn duibjeesé updhte iarksactions. . Theliahéent bslasdad (oar to
insertion, and m ght involve nerging-reverse process of splitting. The

updat e or theentiplly toalmmeddh struettrd is aecamplishede bowvaver and ahexplinedbut may
be del ayed (i.e. perfornmed post factum. It s | d ,be noted that the
constructi GgoYﬁ’ at el"ﬁ?&%éa?i‘ﬂ @kn%hbqné‘?‘ﬁﬁq‘ qug#’gﬁh‘gglﬁ Hbﬁ‘&r%"eeda’? dex. It
shoul d be i gm : -4 ndex. ficient,
and in songgéieggé%etbeﬁuﬁﬁgﬁf %{/gg[?% | nﬁzs}? %a?ﬂéﬁ{%ctﬁg lﬂ)Krélgj(éisac‘)ljft X%P%P_ tively
shal | Vol URRsoff- 43 [afPRrd28 vAsieR Mot Bl Guide S (dutPrecBtlsi 4ré k¥ndefndd) Thient er nal
menory) the "bal anced structure” requirenent may be exenpted. In accordance
with a firdargesyslatmeodf tthe files eadviessely i affdetss the eperformadcd fodt thiehdatanher ent

limtations of a basic partitioned_index (e,g. tri e% that is susceptible to
an unbal andeinagemest gy stehnyn temes OEumbes ofy agressesd(ang eonseaeallyaiid, nore

ificall d j.nd i, Lh ified. E i
kel e, i e G ersae FRELL He SORSEaS RrupHG teans SriatBrat’l ndex
. g. i ' is j i I dd d h h
(e.g. tri eé_e?dﬁ, e&ﬁ?‘éﬁ%ﬁdgﬁmﬁﬁe&ccesm ng sel ecte ata records throug

the | ayere nore efficient than the accessing the

sane data recorgfnide @i lo 3Ré BotHer$? catBgbrieoideschethed teintimdesfdéron, "nore
efficient” neans that the nunber of accésSes to the storage nedi umthrough
the | ayer ecéth?w the sor dalted oShipr fior inden: Wpdkipe list dnsacdridomited gatai nsert,
delete or nodify) on a data record or access data record is smaller

conpar ed t strupireidiicensisss of devels dbe dovenmeoss leyelglevelli aonsishelbu bt ethe basi c

partitioned f ndex. OBER

22 2002
all records ordered by non—decrggsmg order. Each node of level i (i =0,...,h)

o=

chooses, with probability p, whether to be a representative of level i +1. The

representatives cf level i constitute the nodes of level i+1. These



WD 9913809. 1 PCTI 1 L99100038 - 17 Nunber of accesses shoul d be construed
such that in each access a block is handled (e.g. |oaded or2PCoeeE 83 from
t he storagedmgijoym There may be exceptional scenarios wherect/iesloasiser
"nore efficient” provision does not apply e.g. in the case of very smal

file having only few bl ocks, where agp§§sing a data record through the
basic partitioned index may require thé same or even | ess operations than
through said | ayered index. In order to inplenent partitioned index as a
trie - therepossehtainEsotomfara drgarerestias aaeraeiedntis. bagtichiplais thei Brsed i ndex
which is a trie, requires sone further considerations. Thus, each key is
regar ded a8mRtelearhct er or bit string. Moreover, if the trie cannot be

o aeract & Sl eo\ ! | Aok th
cach bl ook confar i Aafwgre e bbb R bRy JRIET WK Ve oy of
the block gg, LT if0ate8 S@h Acttme 1(B.gl MB-tFe@OindQeBaE thBRoty bdi n the

bl ock, i.e., the sequence of |abels of tthe path fromthe root of the trie
of I; to tkescepabiliey t6 hebalaneedstradtarebleqr Hrie))shérs follewgantisaissibayrr ed i ndex
schene, the representative keys of |; are the keys of |;+, . To search a

key k in | another oagpestamdtiels perfainhéo | yagews pcbatagtekisties tineludingcks of i +1°
Fecor o' ent aRbEdERiATS AIaRESIE AR m O el £ eI o he Lt e of | a
nto typical |y IHG PrRTSt chsfliie, U7 HhE U b BrlistoieleR® wh: ' cach

 and | to DuDjeriies MACHPEL. Books ahd RERADY Bill SemgressodlizcaBupeny @ node
anot her bl eedpeciiVeuniepedeyntat bumowey isatlentifechbyvBokanter_Idsaraidstank iso 1, . As

in the general |ayered index schene, this process is continued to
Ly, |, , identifiedHey Basitcldh dn tealildn seenagige sushs aninca ppblic Hbeary.rone isi ke

rovever . ISreeisRRRAbIbDE YATEY Sh6BIR BFe o RBen bOROBErN LS sau| ns
affect the ypaNelndhBidllicsRninifics SABCIIMMIANCLT Bhibtbeotdd, SiER SOSBKsCSSed

h i
tries usualTy only nodes of ‘degree greater than or equal to tivo are

mai nt ai ned ard ubdiAiRed €6 “boirokveiaedn Rlelb®) ARBIVEOhEPFRGS 666 shauld, the
search mght termnate at sonme record r, and we have to check whether k is

equal to tlappleywofqueries|+ onkefokdhe berrovdirfinremtionhand asgher far thoes not
contain a record with key k . The,.effect of this strate on the | ayered

i ndex scher?@oﬁégﬁ’ﬂﬂ"e@ﬁéymﬁ%ofﬁm&{ HROMRASItE key o @%?W@d"qrh t he i ndex.
To enabl e seargh,_| ' [ of I, to
bl ock of 1; h&t‘ﬁg??%&r@gz&&@gg&ﬁé&ig %Cnlgi%@hgggﬁgrgﬁggg?@? and are
taken when hBerdRRIGPHT 348 iRIBE HiadAePdpecifeds sVl depiratioider Mlesigeee with
any one of the directions of the node. Suppose the Search reaches bl ock B;
_, of t;_, requihessas felpowesient ati ve key k; _, is not a prefix of k . (If k;_,
is not recorded explicitly in B, " an reach any data record r

accessi bl e fo oRoBks ind ’%ﬁ\%&‘i"@ﬁ@%‘“ﬁ%oéﬁé@bﬁne k; , .) To continue the
search, we conpare k andki-d,, o . he _position j of the first

char act er m%?@%%ﬂﬁﬁ&é&ﬁ%é%%&#@ﬁﬂ%Rgrﬁ%m%-fa’?k Fock B; until finding a
node v with a di q’oﬂF $sES oryigQ Josite TRey search
conti nued fr‘gm J@gléaéo ;?@p’gﬁ?&gﬁ ht%&;?@("lﬁl& v&?rg?é& ‘{O?an?.Sl?I f€¥10 such
node exi sts, mrggwgﬁjgb_gok.i]ﬂ;tt bl ock of the index I; , .) Thus, in the

worse case, each layer mght require one extra access. This )
not wi t hst andi ng, Aecatdirglyy the ihdexsschentierinclules lneve threk aydexfiles.dhduf ficient to

address billions of records, and usually | ayers can be intained in the
i nt er nal WMYPQSWEPdO%@mPEQ&%ﬁ@F%Y@WS p@:ﬁé(ﬂgo re than two
|/ O accesses,to.. the .exter na%lbds(t:or e ediumin der .t o _access the bl ock

S

associ at ed HfSHTA AHRLEDARES A1F CoRpeRed s B fOrfXampbi o comodat e
direct lin : : i .y, Consists
of bl ock B!(r%o %92?@&?‘5@‘? ﬁﬁp@g%&%&&é%@%g cligmacdisst o, FDos) Gooss
- 19 Overf'i@lﬁﬁiré%étﬁeﬁpleﬂ'dﬂstsiiﬁtt@ebbﬁ@WeBbgokQMéxﬁilm'- Bl ock B, has now to
contain links to all its descendent blocks in I, , . This can be

acconpl i shed byHahmgf distussed ghe drawbanksiofghithertonkmeren teobnidues insoder t he
representative key of B, _,', this key is inserted to T - the conpressed
trie of B, asosthidinationsedl chateo reprdReyise ofcoaearBethdeht s CYbEISOIEe [ paches
B; ,', and the search for the descendents of B; , reaches B, , . A
non-limting nmethod to acconplishing split process is as follows: 1. at

| east one short |ink anong the short |inks of a node (hereon split node)




in the block is deleted (hereon split link) in a way that at |east two .
tries exist in the block. 2. each of the sub-trees is noved2QSTRBERHREat e

bl ock. 9f9 ~kfdg Plock of B; does not exist, B; is createdpapfy gl €d
node of t e Spl'i't node is created in B; . 4. 1f the bl ock of B; exists and
a copied node of the split node does not exist in B, , then a copied node
of the split node is created in B; and—connected to the trie of B, such
that B; ,' (at the end of the split process) is accessible in a search path
t hat Inclﬂeg@@ehta@lohocahdnqﬁ&mea Bf opetatibe ctfa@e@td bRedednevéd Swhahel ed |inks
accordin o the representative key of B; . If the copi ed node has no
di rect IlMsm&drhgamblemhtduamk of rtbmsohaucadamuézd-dzmdaszbnaltdm bdooeds B, _, . 6.
Add a fax link fromthe copied node to the block B, ,' or if the copied

node has a sthvemnng%ttaﬂmattarWﬁnm@H@blm Beekiand borrowersae |ink, the
far Iink can be reBI ace node to bl ock B;

. I'n the BP¥FEEdE Et' %ﬁg}pns fai n?N l‘gélgfgn%{:%ef‘?%m‘?éjfm%@’evegalperfor med,
Sueh Lhalyich’ SR éhoggaui)ﬁfto' khe) 380% hltforla! BEE0WERD! B Aigs Of 2

OCTOBER 28 split no es that reside in differen

PCTJI L99M%ofﬁﬁﬁécﬂb Qoﬁowa(samtﬂaﬂmpwméméms agnadex bher fHevent i on
provides for in a storage nedi um used gasg dat abase file managenent system

execut ed bmdweabpobomnpmﬂgt&ksy,eﬂnp datd shquirt tsupport lthe dltechatives: a
| ayered i ndex o, , arranged in, bl ocks; the_ layered index includes a
basi ¢ par YieW @ﬁb@l‘rpﬁ@é&thaé boreovedsa givenchoalds), which mauirescebe@ise,t he basi c

Keys,  andibeiis G EPBeE PR A B R RPatGIdt ure of bl ocke: eaid
o) e SRS RIS SRR ity o Ko
index file accessible via the composite key (book-Id borrower-Id), giving rise

to a total of four index files.

The pertinent drawbacks are self explanatory and become even worth
for n dimensional tables (n >2).

There is accordingly a need in the art to reduce the drawbacks of data
processing systems that exploit hitherto known database file management
system. Specifically, there is a need in the art to provide for a data processing
system that exhibits database performance by utilizing an efficient database
file management system.

There is yet further need in the art to provide for a database file
management system that utilizes an index which inherently being not
susceptible to unbalanced structure in the manner specified above.

There is still further need in the art to provide for an index which
inherently supports representation of multiple types of data, subordination

of data records and/or multi-dimensions.

GLOSSARY OF TERMS:
For clarity of explanation, there follows a glossary of additional terms
used frequently throughout the description and the appended claims. Some of

the terms are conventional and others have been coined:



The invention further provides for, in a storage nmedi umused by a database
file managenent system executed on data processing system 22 QCROBERROA2Ct ure
that includes: an index arranged in blocks and being constructed over the
keys of §¥P@89388brds; the index includes a basic partitioneRFVHISR0BRBat is
associated wth the data records; the basic partitioned i ndex enabl es
accessing or updating the data recordpyhby key or keys, and being
susceptible to an unbal anced structure of bl ocks; said index enabl es
accessing or updating the data records by key or keys_and constitutes an
essent i al IBjogfat #hs@mags pattwkichgganybe ageessegd %w a ﬁmgi/m&/:Q opgeationvént i on

Becut od dtiatioGerSneis EpudE I By ARl PBRE0 .4 ol AERRET. o
| ndex arr t%ﬁgaeﬂeé Ap! ﬁ&%ﬁ:&?%’sobﬁh@t&ﬁg‘tt%f Ut GEcORE! Al @Bct&ﬁr%?%gés&g?;a

records; e 1 ndex i'nc es a triet IS assocl ated w

records; tiiemhalrd gréfeakleto atwessi inﬂerﬂa?tmdééddiﬂaf}h%rﬁ&&édrﬁﬁﬁls‘és ay key or
keys, and being susceptible to an unbal anced structure of bl ocks; said

i ndex enatExésnabstesigag or updating the data records by key or keys and
constitutes an essentially balanced structure of blocks. Still further, the.
invention provides for is a database file nmanagenment 22 OCTOBER 2002 WO
99| 38094 ¢ 11a. dma GooeRire whiely & either empiy o6 sonsigfs dfnaortnodedinked bei ng

AT S, B AR L SIS BT W 1 S SR
T L e BB S TSR AR, O

bllocks; a Bt Hede bEthE BRE! AtF hbah &f thRYRibaded ﬁféedesk%z%entnodes bt @1 anged i n

bl ocks) conprising the steps of-. (a) providing sai asi c partioned index
| o; (b) cavst.rAisiodealbthecsubazenbfiwhich aredemptyv ds calqt esfaj aody eThkeys of
said basic partitioned index; said |ayered index enabl es accessing or
updat i ng tnfsegin the wemthat argnatdsavss akegesignatedamimrarnal sedesn essential ly

bal anced structure of blocks. .The .1 nventi on further ovides for in a
dat abase file SRBIFX Q@Fe‘m’?‘bti%i‘iaéé@aﬁﬁaf&é@fi &Bd bei ng

execut ed i stem the data records are associated with a
Qi%tv, Lt%gﬁ{/{r?llgﬁﬁ& raforak:

basic partitiione ex arranged in bl ocks and being stored in a storage

medi um the bagbdedanti fre€NeHouldddy enRuesd ACaCERalJsdise UML) e t he data
records by key or keys and being susceptible to an unbal anced structure of

bl ocks; a definithon fafr treonetcompasses alsoi adese of dilotkse wheyein o¢achheodeat a

ds, the i.nd i d in blqcks, i Si th t f-.
ecords, e Lager B0 Sy onget L b geks, compsgg e plens of-. (@
repr esent gy e IENe. fla; 38 GeDRBLGATHI WOPRRI TP tior AR AR P! oS
accessing ‘or updatihg the data records by key or keys and constitutes an

essenti al |"'yreoal AiTELdIsht foUHelbSolo T deineak b.elsBrsdf CAIIIRARRL, Vbrt hetiteandvent i on
there is further provided in a database file managenent system for

accessi ng Ideneberg ¢Datsstarduiesiand thoiealgoathmsi’. dat a processi ng system the
data records are associated with a trie arranged in bl ocks and being stared

in a storage neldishapldibenated ghat fhgpssgciation éegnkinkorbeteaen lea§nodeandt a

records bydalEa(,a yregcr)r %%%o%%gss%gl Qrgy Srlégﬁzeﬁfdn?lv%hltc?l éarrllables to access data

records from leaf nodes. Thus, by way of example, a data record may be
accessed directiy (i.e. through pointer) from the leaf node. By another
non-limiting example, the leaf node points to data structure, (e.g. a table)
which, in turn, enables to access data records. Other variants are of course,
also feasible.

Depth of an index - is defined as the maximum number of blocks from a root

block to a block associated with a data record.



WO 991 38094 - 22 unbal anced structure of blocks; 22 OCTOBER 2002
PCTI 1 L99/ 00038 a nethod for constructing an i ndex over the Rz9STapERRDE dat a

records, Wwamosgsex being arranged in bl ocks, conprising thep&tgiysoedis(a)
providing a tries (b) constructing an index over representative keys of

said tries said index enables accessin? or updating the data records by key
or keys and constitutes an essentiaH ¥l bal anced structure of bl ocks. The
i ndex, according to the invention is preferably, although not necessarily

construct egy By QN Rk -"RhSnAEx {9 8alAEeX iNGeRCEETRS E@ﬁs?&ﬁte? S\ﬁéhogilam]? ti - vay

specified 1 ndex schenmes. Typical, yet not exclusive, exanples o

trees i ndethemuipghdtoft fercBrds meededdoxiench anyelae r&vrdne acmeddi fea) sai d
basic partitioned search schene being a trie that is constitut ed by a

di gital trwheme # i the danserdifsetamssdn the sttuctirpat ent no. 5, 49a609. By anot her
enbodi nent said trie is constituted by a so called Probabilistic Access
| ndexi ng File (@htamyingThus balapcadsgeas fencoamassesperpplitinge balagingi ded in a

ot ocossi naCelRRy PTG OB AP R EURLreY, UrGHBRE AP riobabl 1 St o
eave noder afd iihRuics o) M RAER, FpByHE thé SR RILAME bAME: ' M org
accessi bl efly osos 8 HaRtaiAPR bubac@bahnoet aM@nF:. wher ei n at | east portion of
said data record constitutes at | east one search-key; selected nodes in
sai d Pl AF r epréamnting émah indexgivould ¢ Earsidenéd as a paseziss bEynguang fiom wi t hi n
said inset search key; links) aoriginated fromeach gi ven node from anong
said sel ect a@dﬁw@w%séppé@ éwtf}meaabi@pk@rdﬁiaq»@ﬁwvahlqgc vsuallyi, dlheuglch key
porti ot g BLAEIRY LGk f8 ) 88RE el RlBfies being arranged. each, in a
Navigating is considered as accessing data records, usually (although
not necessarily), in order to collect them in an ordered manner by their key.
Search scheme: meaning the algorithm that is associated with an
index that is used for accessing a given data record by key; intra-block
search scheme meaning the algorithm that is used inside the block for
accessing a given data record or another block. The data record is not
necessarily accommodated within said block.
Common key of a block — The common key of a block is the longest
prefix of all keys of the data records that can be accessed from the block by
the relevant search scheme. If desired, part or all of the common key may be
held explicitly in the block.
Update transactions - transaction consisting of either inserting a new
data record, or deleting an existing data record or modifying an existing data
record or portion thereof .
Vertical orientated trie structure - conventional orientation of digital
tree from root to leaves. As will be exemplified below, it is not always
obligatory to maintain all the links between nodes and/or blocks in the vertical
trie. As will be explained in greater detail below, in an index of the invention,

the trie that is susceptible to an unbalanced structure constitutes a vertical

tree. As will be described below, in some specific embodiments, the



22 OCTOBER 2002 WO 991 38094 PCTI 1L99100038 said data base fil e nmanagenent
systemis further capable of arranging said bl ocks an esserRiO4TPHEDOANced
struct ur gyQbeMegeks. The invention further provides a methog+Mlg@8iagi Ni ng
an essenti al ?y al anced PAIF index; the PAIF including blocks each
accomodating a plurality of nodes and |inks originated from sai d nodes;

| eaf nodes from anong sai d nodes are Hssociated with data records; the

met hod conprising executing the following steps as many tinmes as requiresl:
a) replaci cke - i 1 r C b i t wo
split bl occ{égssugLO?} E’gtlﬁg%\‘?vto? %gtr%hé;qrr%e gS:J (?E{eh%ng gs}egg Fdssap’glttgglaﬁt'?dsgﬁg%k are
accomodatygin] bileftcdneie®f said split bl ocks and the remaining nodes from
anong the nodes of said split block are accormbdated within other split

bl ocks; b) copyHogzaital enidntaherizodruthupen anhaginghé todés of veetidlr epl aced
block into a b Lock sucht hat s aid at | east two split b |ocks being

chi | dren Hirienkaied e soncturest Wshdbe dist lewel standing;for $oupperroshdevsdi t hat
sai d sel ected, no , Whi | st eferably includjng only. a given offset, this
o ot a A Jobieyal Sanding BoF B Webmost |sEl fbndBiing e 418 thsdee. oy

i ncl ude ot ' ' | - Qf : er

it or mat  cscog ISl BL PR e RRuRE b RASs lorhfly SEUH BRH W BT o
embodl menirecdidg, hid BlBRs1E bvé Morkl bidekAR thene 1evPXs AdblReR AL S
constituted a search schene substantially identical to that of the PAF
trie. Bef arelpiewsteaticogdiagytof ardtdemont keghoaluk o thet bldck hain fvariomsnveni ence
of description only the invention is described mainly with reference to
trie as a emabodimeats of jthe daventinn, anthas evilk bseexplaingd dnagreatgr) detpibadi | y
appr eci at hat .t he inveg}tif)n iS.. no_neans, bound, by trie and accordingly
any basi c QY theoh SBPFTIFYS sicsor%ﬁ.ﬁ? adEPeserighye ‘%ded%?‘éﬁf GO anagenent
systemt hqzﬁﬁrgfltﬁdé/glogkg GYﬁ{quchﬂﬂ8§t 18%ert i nvention is advantageous, in
terns of enhanced perto

_ _ _ rmance as conpare to hitherto known techni ques

i nter ali aS@whdednieithe Aﬁ?'lﬁj&ﬁﬁm th&thakagche used it6 Sstore dataOirlcRiig 2002 23a
The data are held mherentai/ in sorted formaccording to search key.

Nanel y, Omgithezorbath gfingerinal amd exteoml igernpry . di:demabmenimrykogy befonehe dat a

o nexe o GE Ao e . Bt Sk 3L aRAS b phYcs | no
titut t . i i tati

of i gi ¢ OPPLRBTNEN I Shed 1 OB, i 0GR ALY Ticl (i SBE" 211 DS

contents Ofndvag n@élﬁ%ﬁé’tﬁ@g/ iMehedifg catie AN 45 WallaRcal bi@ephydcaial anced

| ayered index is retained and thée depth of the layeredindex is relatively
smal |, t hestetagemediomzthagserheaninttrenl memergesses (normally 22 OCTOBER
2002 WO 99] 38094 PCT/ (1.99/00038 - ?4 ao /O opgr ations) that are

required terédingnirg or3lap a5 8eal fink) a diskelabelgd obstiesh @ nodedr ding to

nmbodi t: ticall . | I ti
Cconsti tut PRgneHEF B onbd8dfin (g B ISEl RER shatdPe 8P ob Ble ORE T "
data recorgchtAMUAIAGult 'dddens diatikif ﬁ@@e’sgﬁtaatﬁ heaveHRMNAIRR # Bikefur t her
provides for I1n a conputer system having a storage nedium of at |east an

i nternal npogitign Fhat ranges between 10 to 20 M byte or nore, and an
external nenory; a data structure that includes an index over the keys of

the data r dosgdink + Geefemetbso alsomsyfandel) aiink befsen auntde nan blapk Bne
billion datg, records substantjal]y no nore,than t ccesses to said

ext er nal r@ﬁ’tﬁ”? arte blg iﬁ'e‘b‘t‘eNeL?’/déPrtt%aa‘ll?ééﬁccg\(qgl’g\i&‘aﬁ H’éf“‘i §28soci at ed
ith any o S aj o) d jr Cli ize of the
\ll<mey of gai gl%d@{)gél %@%ﬁlﬁk issﬁitﬂ?hﬁﬁ%?%g{e, éﬁﬂg {S(ﬁ@arﬁ) |%¥f8fi8\l/éég§sb’s:‘ogr in a

conput er syt El@t@reggﬁ[gg@agw'iﬁl@ﬂgf at |east an internal nmenory that
ranges betweelﬁd?L to 20 Mbyte or nore, and an external nmenory; a data

structure that Thellasitofa stoorplinksmda fardénk G elsotrbferketlyas tife valae kol | i on
data records; the index is arranged in blocks such that in a search that
does not rduettien 6fthedindat a record, substantially no nore than one access
to said external nenory is required in order to access a block that is
associated wth a searched data record irrespective of the size of each of

the keys o .y bizkLi r i i icdes for
e ke SRk kb B ASRORHEs ST IRNEOR M B prdes T

i ncl udes apoddige) RYESd taolieVs @fd daéatiesplidtodd eahddexdéstendérnged in a
bal anced structure of blocks and enables to perform sequential operations

on said data records; the index size is essentially not affected fromthe
size of said keys.




It should be noted that the data records nmay reside in the bl ocks of the

| ayered index. or may reside in separate data files (one or22RFEPERRY2t he
latter enfgdi t, the data records should be associated, ofpEPM RRB03RC the
oy BB D D 661 9805- 1 PCTI 1 199100095 - 2= PSR ed
index. As will further be clarified with reference to the description of
speci fic enbodi nent bel ow, a given datla-record nmay accommbdat e nore than
one search key. The index, according to the invention is preferably,

al t hough eses [ t t LT 1 i.pdexi,ng schenes
sel ected %r%gt%g %%ré)lglh%f)gg&?nie% ?éﬁfgée}\ré}ggrbq%%l (I:Eg(?& %t ttﬁ%f t@?(gl)l‘( ive,
exanpl es deréd hodey dndesdd 5 dex splibknla oA e tR- SP1R Sthe e ik i§‘i}ﬂ§m9- There
follows now a discussion that pertains to the second aspect of the

i nvent i on.linkhbetweenr medd g atet blocknBi(thtas ivhccanoradiatiof meleebpl A tsplies (e. g.
in the exampl e above hooks and borrowers). The type of the record

det er ni nediik is fg’éb@k}d(lﬁﬂ@ri butes) and its keys. In a conventional system

e.g. of t Ki nd .enpl.oying .a B-tree_i , the type pf e Hllj": i s not kept
with the :leé‘c%er"&r%%n Nsﬁle %ﬁ@&e?"bc 3%%& “t%tal{éﬁg ‘gﬁépﬁfg #‘mknows" t he
type of t e ref t f) fiot . 1.ec nd their
s Fuct ur o. TOASCE g, to RECHIORETS R Ac b Tespiep is affioRal SrcElRle Saf'y
proposed addedslFoeRB tippiigatHe lakaedd ihdee of key is assigned with a
designator-a string of bits, e.g_ a series of one or nore characters which,

normal |y but not necessarily, (is) are added as a prefix to all keys of
this type. A designated key is a key, \rlglt r\(its desjgnator. The designator is
8¢

treated asPpgetlink—admkbstweenmads ) ia Brfdexellioblask) B' ghleveher ef or e

i t of.the,ipd h Th i gnat les to,obtain t
o opert | ost ob PAETEIES B0 S EF PR RES R KE RIS e B oo ng ot
the desi ontPieith (phth k6 YlanPReopllAi S kd)P kAR URIGNPBEP dopd rdeduce the

type of the record, one need not know the record type a priori.

records i ninshidehariyhef iteysaraae] fadirdaahen ibslwouldicoathinehd dirattclinidas a
records. A designated index is an index that enables search on designated
dat a r ecorlleck Bhededirestilinkshas npelabel.pti on which exenplified the use of
designators in accordance with the invention. Thus, consider a class C
such that ail data records of this class have a key field (or fields) k, (

other mon key 11 Bradollpgs a¥sghption it riflany S B UPIRI  Z2ar

Let the desidpidéopitd koddthab arButitigel fiotheltloslesploeeddae gets the key
AFI AT. To access a record with R k, =FI AT, the designated index is searched

for the key AFIBius, s nnde aédasiviebit & thenddkihgrkaysofideta recerdst here fol | ows a

description of .anot her fegture acgording to the second aspect subordination
of data re%‘i?Fﬂ%gfé P18 vV @p étsrléE%Fa?ﬁ%s\ﬁgﬁ?%ﬂRQ?“@? Ogne rdcord R2 with a

conposite key sisting of the ordered pair of keys Kl , K?. (In this case,
t he desi gnat edcﬁgaynB € Si°§eattﬁ§ SHS‘HE%@‘E ag & valug e\é}‘?{g' to,tﬁﬁh"@&lée Rg

consi sts ' f.i i r el i : idered the
desi gnat o?ﬁ%é&%@ai %Féiagaggléeéﬁg?%cl n e%,ﬂgﬁfegc%é?sltesl géflealﬁgg§§g§rchi ng
the key KladcessibRYfrbith Mbddvi had #89aBE18d UnkB] v i8ednsSideRd a Biph¥aggar chi ng
the sane index by the key Kl'K2'-the concatenation of Ki' and K2' where K?
i s the keynd of tw. | Asdusiscapedhinmde DRainitains b dlircas $ink2to thes bhwkdthaat ed to
K1. The subordination relationship is extended also to records. If K2 is
subor di nat @gludss mode vt.{a dyplirgisdinodeds also refarrqbasaenpiedsodesi gnat or of R2
is also D2 (or D1, D2). If R2 is subordinated to R1, the key of R2 is
conposed by concatenating K2' to KL . Note that in K2', . D2 is prefixed to
K2. In the ERD nodel, the type of record RL and the type of record R2 may
stand in a one-to-many rel ationship, nmeaning that several records of type
R2 may be related to a single record of type RL. Such a relation can be

i npl emented by the subordination relation: several records of type R2 wil
be subordinated to a single record of type (e.g., several books can be
borrowed by the sane borrower). In particular, if this relationship is
one-to-one (e.g. one to one is the relationship where only one book can be
borrowed by each borrower) then the key K1' D2, where D2 is the designator
of R2, is sufficient to locate R2. I n a designated index the search path to
K 1'K2" includes the search path to K 1'. (This does not preclude the
possibility of reaching the record R? via another path.) The latter
characteristic exhibits another inportant feature according to the second



22 OCTOBER 2002 WO 991 38094 PCTI 1 L9911 00038 aspect, i.e. inherent

mai nt enance of data integrity. Thus, the insertion of a red3 ¥ TRRE:ERey is
K1' K2' (Qgoldzddd) can only be performed if the record whosepdgil.obBoosd'

exi sts. In the exanpl e above, an insertion of a transaction of a borrower
(Borrower 1d = 111111) who borrowed a book (book Id = 2222) should result
in insertion of a record R2 whose deslidgnated key is A111111B2222 (hereon
borrower - book record) only if the specified borrower {data record RL with
K1=111111) exists (in the above exanple, the designator of the borrower is
A and the designator_of the r di nai rrower - book data record is B).
Data int e&ENﬁé@WWi@ "ﬁﬁ[ﬁ&%ﬁ‘ﬂ L@ head since the path in
the index to the borrower-book record includes sufficient information to
det erm ne whether the borrower exists. If the borrower does not exist, the

th to th i e key will not . through the b Jhis will b
ut omat i cal 1y doees FalpTha diausniOh i NBRops alitlonat ruBland fEbcediisd, di ng (o

a h ! ‘ £ MEE i ' if f t
i 11 S B el SR WPSRATIE e SBHALOT M B LT

t he Borr owgvedgogk i ndex file, a separate check nust be perfornmed in the
Borrower index file in order to ascertain whether the specified borrower
(record R1, keyDdtt)reenrdst sondistuas paslengf aentnel bekdsheante dfowhidtharte t he
subordinatjon rel ati

nis not limted to,just two ] evels, fhe subordinated
record carfiesizgated 3 Sag‘)&%ﬂﬂe%ﬂk?oﬁﬁp ug QTGCTQJ ‘é)ﬁd’nﬁdhff)ﬁhéi]??gﬁ:y n | evel
of subordingtiign may be acconpl i shed. For ex | &, .caonsi der a.bapking
dat abase, Eﬁigh? RE t Kg’cl&dégqgf gugeefb%c?%ﬁétoev&rgﬁe ?(ﬁgs Bfaﬁ@h records,
and deposi C I { : ! t he
muf ti-di rrg%%l)rgﬁ egtéﬁl?ée%%g%ﬁggqﬁﬁg t fgr g‘@%%‘%&‘%@@%@t‘ﬁ% %\é\}enti on,
l et R be del@episth Hhalsthectirdethiat ficiiitabes seatdheby ohe torandiRysf tht leyd. K2. Then,
t he designatored i ndex should contain two search paths to R, one by the

desi gnat edExamypled 'of andiexoaee byy fdhdspeeifigd eMulteywapotree hodaxr stihagiey., R

constitutes a pufti-dinensional record. A mufti.-dingensional finder includes
the desi grisR SISk RESRTEIAG LoHBS InvensioR mapBR RsHiliesl 5y ssegmore

mul ti-di ”Pdh%iiﬁ&@)ts record{s). PC f/t L99/00038 Consider a first

enbodi ment wher & nul'ti-'di nensi onal index does not apply to subordi nated
data records. TS inded nfya bRl foredofishdfife ar qilas shit resitlthpafiiallyadd data
records of this class havé two key fields k, -the car nodel-and k,-its

| i cense pleaitieelytinitize intenchl poerotyl 9r edemabinemorykey fiel ds. Let R be a data
record of class C, where Rk, =FIAT and R k, =127. Let the designator of Kk,
be A and that dn fecosdange mithydag dpvenitony therg st proyidsde 2pcindex Hialkeys AFI AT

and B 127.. These_extended ;keys are,] t I singl S| ted i ndex.
To access lgc&gesl)?é’q}\‘ﬁpﬁ”ﬁflIé’,’ge:xFTﬁ'lq})ntqﬁgEéi:agq 5@%@% T Hgagxa?liog‘%sgearc ed for
the key ARfATe@andndoisehsititioped euRbd blbdi, Redch J2 4vhiche coaminsdesi gnat ed
index is séarched for B 127. The above di scussi on and exanpl e considered a
muf ti - di meepiesealativedey. \ilee eeprésentitive kesshdaldibe sofficientetostind the exhi bi t

subordi nation relationship. The nultidinensional index may optionally
appl i ed altdeck @ssomiatedi withed reeemd whose dey equals thensearchckes (feone banki ng

dat abase, where .the deposits, ar ubordj nated to both .accounts and

dopost t of XISk HANBE ABCREH e PIPeIfdBe oty Fofsd dReL.casilh DRCEHIES. (by ¢ he
desi gnat e ' ~ i : i.gnat or ed key
e Qopos T epesenBlfR Ky HERE! feogsCarliapel g sloaly i g SIRRANT 21 3¢
possi bl e, of course, to use different designators for the k, when it is
subordinated to k2 and to k2 when it is subordinated to k, .) The

desi gnat orExdmplesof partitioredsindez lare:ecor d depends on the desi gnator of the

key used to search or update the record. Thus, the designator of a car
record (FIAT, 127) is A when searching or updating the record by the key
AFlI AT, and |s when accessing, it vig, the license plate,nunber B |127. In
addi t] on t olt hEhGiSEaraRcE AtoFks pf 2 s eiderss Finerapsing ey e~ The
met a- dat a i n¢leuges [We} ; dj r gnt r nction of
their type. ?KUQE f#ﬂéé&gg%gégr?% élgﬁtk%égtﬁ% 5é§?§n§fégéa§lc§s a result
the 22 OCTCBRRIAAOINVRePITEEAM RGH s 39 10REBtat i Hot inefiriEyi on on the
record is avail able; for exanple a description of the various fields, keys,
subor di nat i okeyy & partiticiakimtex. is Muasyvated sushithate forreacharedesi teat ed i ndex
is oblivious to the neta-data. It locates the record, identifies the

desi gnator (for exanple the designator can be prefixed to the record) and
construct the (conposite) designated key. There is thus provided in
accordance with a second aspect of the invention, in a storage nedi um used
by a database file managenent system executed on data processing system a

. o,



an index over the keys of data records; the data records being of at |east
two types where data records of the second type are subor di 2#0&@BER 2003e
data. resaemigodathe first type. Still further in accordan®eTmiedoondse
second aspect there is provided in a storage nediumused by a database file
managenent system executed on data processing system a data structure that
i ncludes: a designated index over dedidgnated keys of data records; the data
records, constituting designated data records, being of at |east two types
wher e desigggﬂé{ne1 ACY or di ed to the
desi gnat ed dat aﬂﬁgg%rﬁg{s'of rl???ggétls'trl{g? atﬁgggq%?g’g?ﬂér%‘%t I:gieg&gifzond aspect
various advéeit agasdevreasane aahld sfiche ikeg] Tlienigde? 14 @ntige Hlsdkct ure that

i ncl udes designated i ndex and desi gnated data can naintain the rel ations
bet ween di f feanéainingmthe dddsess. ofdhadesisrd record.uct ure that incl udes desi gnat ed
i ndex and qesi nat ed datg.cs link logically related items. a The data
structure thatfitReaHegedds g‘?fétsed i ndex and desi gnated data can support

several data S,.Si a sl effjciently. o The data structure

t hat i ncl ugés@gg{ gWi’teggblkn g‘)%%arsiéh%[elgsl g ét ell&% attge aPTOURRIOR; g?ﬁ ef ficiency
in_maintai nifgrgahad iddedgrity. 22 OCTOBBR 2002 WO 991 38094 PCTI 1199100038
- 30 o The 'data structure that includes designated i ndex and desi gnated
data allows high efficiency in retrieving relating data. A detailed

di scussion as regards the various advantages offered by the database file
nmanagenent systepegitianed indexastqveh theskeyisvalidataeresardsiis kaled arbenize t o

speci fic enbqodi nents, It shqul e noted that the data records may

const i tutB“Hétl“?”‘?él”ﬂ%aPﬁﬁ:,ge‘b&eW Bfeloin one or nore separate data

files. In the |Latter enbodi.nent the .data records shoul d be. linked, of
course, to the ﬁlﬁ Pé@ﬁ&madggmwgk‘%%mq n%g’ﬁﬁ%ﬁ"@dbg“@l SVITERE with

ref erence IRt of specific enbodi nent bel ow, a given data
record mflég%lklgﬁﬂﬂggggcﬁ%rag&f han one search key. It would al so be presented
how conpl ex datpy, sddrble the Pﬁrtﬁﬂﬁhed%&ei ermdibane ﬁ%&?ﬁoﬁﬂﬁﬂﬁ%ﬁv T@e*?y a new

uni form and sinple technology. It would al so“be presente n i ndex
st ruct ur e(amindex dhyar 131 démoied Sn shornalsodimdex)di g constiited i gder ahet he keys.

All of the above nentioned advantages are supported inherently by the
i nvent i onreprebentativekeys ef ilyvilfiak \is alsosi partifivned sndex thee adaddditionat. key
range i s unknown, nunber of records is unknown, random physical |ocation of
dat a recomndex J, ansyedcanstiustedorver thy reprieséntainat keys af flecblacke dfnvent i on
provides in a storage nedi um used by a database file managenment system
execut ed dp .dHia prosesssuiaygbe yepasted antihicreatinguant indext Fat(hemetnafies:

root index) which preferably is fully contained within a single block. The

root index I, is not necessarily a partitioned index. The layered index

(which constitutes also an index) is the collection of I,....1, .

I,....,I, constitute a so called representative index.

To search arecord by key k, the latter is searched in I, (and in some
cases in [, to I, and data record(s)) in otder to find the block Bof
I, leading to k. This process is repeated until reaching the block of 7,

that is associated with the record with key % (if one exists).
To insert a new record r with key k, a search is performed as above

to find the block B . Having found B in I, r is added to B.
If B(in I,) overflows, it is split into two (or more) blocks and the

representative of Bin7, is replaced by the representatives of the new blocks.



an index being stored in the storage nmedi um and constructed over the keys
of said data records that are stored in blocks; the index bR&GEJOBER 2088ed i n
bl ocks w eaf bl ocks being linked to data records by | i nks;
sai d ingg(&?ééﬂg%tr acterized in that at | east one of said Iipr(i{ﬁﬁpim@ %r ed by
at least two data records stored in the same bl ock. By one enbodi nent, the
i ndex being constituted by a trie. Sygll further, the invention provides
for, in a storage nmedi um used 22 OCTOBER 2002 WO 99/38a94 PCi ' 111L99/00038
- -31 by a database file rrana%emsnt system execut ed on _data processing
system albat averthayet of ebloslat Bi ni) ubesentails | & gwtitiieg ngf sBar el ithea st or age
medi um and constr uct eg over the keys qf, sajd data records that are stored

i n bl ocksTERTAEHRING OhePndh abar Bnksd qea W&bﬁsremeﬁﬁnt@ﬁm «xff thsl BRWs bei ng

thar at 1| BREASSE of te,blpckiatd, PLectlalitn Bgabioraibter ko Beitaatedcor ds
o' ol ai m P 2GR e eraiingeisols Shobld e bt AacTOusron HEa (o said
access: ngriY. B Emad, 4Ehr g8 35, e AP Yon PRl bR ote "basea
bl ook of [RE SaTY iReEREd whER BRIt Sifudyrof SO PR 3! Syl BTAE, 178 i o

i ndex a sknbodirmenr cverflohesrzutowhdatadbloelc iy at leadthalfisizk .k by reading a
series of n blocks (n > 0) starting fromthe first block and a data record
r' that is ass&ileien iswintilag tp dsserdpacandomighteinyelvesmerging—+myersel ock is a

| eaf bl ack of sa(iag i ndex; inp the,case that .keg 4( of r' it . different from
k , the sEEPHS §P§8t|‘@-tjlrgev'z¥i’ C ofr ¢ ‘ﬂgﬂf Réed ot pecessyilyi B8 a first

bl ock of ri -l e : [ ating step b

i th o neRehBitopd dnihe ly, BUPES Hellia/B( S REk b4 paf/alRREL | 19 o PP

the key k doesnaohoftd e indbtédi tat Qﬂ@xcoJﬁﬁlcEi%HeBFi&@ Wypel! hdedes for a

met hod for inserting a data record r by its key k to a conpressed tree
based i ndpxefesatily retaitea balapeedtindexaned i nto bl ocks conprising: (a) using a
root block of the said index as a first block of a series;

It should be noted that in some embodiments the balanced index is

sufficient, and in some cases where the layered index (without 1) is of

relatively small volume (e.g. may be accommodated mostly or entirely in the
internal memory) the “balanced structure” requirement may be exempted.

In accordance with a first aspect of the invention, it has been found
that the inherent limitations of a basic partitioned index (e.g. trie) that is
susceptible to an unbalanced structure may be coped with by providing an
index and, more specifically, a layered index in the manner specified.

Focusing, for example, in the layered index as compared to the basic
partitioned index (e.g. trie), it readily arises that accessing selected data
records through the layered index is substantially more efficient than the
accessing the same data records through said trie.

In the context of the invention, “more efficient” means that the
number of accesses to the storage medium through the layered index in
order to perform an update transaction (e.g. insert, delete or modify) on a
data record or access data record is smaller compared to the number of

accesses to the storage medium through the basic partitioned index.



(b) searching in said index using a search schene for a target |eaf block
that needs to be updated by a key k and a link to r by readtRFT&BEREPRs of

n bl ocks“(@.;;ﬂﬁg“ starting froma first block and a data regheboodddgt s
associated wth a last block of the series; said |last b Lock is a Leaf

block o f s aid index; in the case t hat s aid leaf 22 OCTOBER 2002 31la
bl ock is not the target block) the s4grch considers the value of a key k'
in order to find a first block of a new series of blocks that may lead to

the t bl ock; {4 t i 1,h first b until
Feachi ng. OHETBE gfACEhsseSBRBM e iRyl dp FBh peftis BhREKE key K and
| ncl udi ngﬁphgﬂgg%?@&ﬁ%rﬁéﬁgﬂ 26 the sforagd Medppent i on further

provi des uter sy ng a storage medi um a data structure

that includes aherddey Y etcephionkbyznafiosathers geolatter “aRA6 ifisieh™d | ndexed
keys; the index is arranged in an essentially bal anced structure of b

| ocks; t hpravidiex dees ot apply segitinghe gaspof wérysmeadl file havingeonlyAewof sai d

keys; said_index enables to perform a process of, searching for data record
r by its ﬂds;cké, wherel 26628 HEs 2| Gafégdr@&wg%gﬂm besie paxtdtigeed, indeXor ds ¢ hat

are associ ated fr.omJl eaf bl ocks: 1 d _nr S es, not Ji nclude readi ng data
records adBBtilSI¥EF Fl?%ﬁf‘%n?ﬁ eeiF“3?%5&8‘?‘%??“;&5?@@%8?@ Falxgrq%ivent I on
provi des figge@ conpressed, tree-based index partitioned into blocks, a

met hod using a search schene, for searching a key k, constituting a

sear ched key, tlhajrdéstosingsiemene ganitioned inddeas gde d thoophstaidtion ¢fa) readi ng
a root block of said index; said root block being a first block; (b))

readi ng a slkyered indedfrooks basigrartitiondd tlextwhich 1padeie, gmhizeddotieonal 0 or
nore bl ocks; a last block of the said series is a |eaf block of said index;
('c) readi ré“'@ﬁ%c‘?ﬂs“?ﬁﬁ%o%ﬁata records constituting accessed data records

associ ated w t hyt he S 0 ) d ; . e e.search
process if the%{;’ 8#&{ &@pgsc%égg&ecf%aéjgh%%ﬁe&géggg{@d %@ggﬁ%&éfée: (e)
addi ng i nfipe Rkl Qihnbt B8 fcoR¥nOfatedanas GaEAE bifar 2it M8 GRrfisiohed il search
schene and said schene being able to deci de between the follow ng:

blocks, such that each block contains a single subtree of the trie. The

representative key of the block is the string associated with the root node of

the trie in the block, i.e., the sequence of labels of the path from the root of

the trie of I, to the root of the trie of the block. As in the general layered
index scheme, the representative keys of 7; are the keys of I,,,. To search a
key k in I, one searches for the longest prefix k in the blocks of I,,, and
from there moves to the appropriate block of I,.

The insertion of a record entails adding its key to I,, i.e., adding a
value to the trie of I,. If as a result a block overflows, the block is split—ft
is partitioned into typically two (in some implementations more) blocks,
such that each block contains a (connected) trie. To accomplish this a link
between a node xand its child v is severed, and the subtree rooted atv is
moved to another block. The representative key of the new block, is added
to I,. As in the general layered index scheme, this process is continued to
Lyl

If the basic partitioned index is a compressed trie like Patricia or

PAIJF, only part of the keys are saved, this saves index space. However,



22 OCTOBER 2002 31b ( 1 ) the searched key does not exist in the said index
whereby the search is ternminated or; ( 2 ) backtracking t &2&@PeEk2d0A s
aid series fromwhich a new search could initi ate; said bl Og}_‘r/?@;%goﬁ first
bl ock andwpe"t"’af“??i“ng to step B. The invention further provid a

conput er system having a storage nedium a data structure that includes an
i ndex over keys of data records; each;@f the said keys includes a
designator. Still further, the invention provides for a conputer system

havi ng a storage nmedi um a}data structyre that includes an index over keys
of desi gnahese savings adisetithe manger de gyieh theseasel is pertormedhim suele cl ass:

d ds_of d d ds of
it roront crabestdluiG el €73 17 pRRG, £ esh‘?"fﬁ%ﬁbm@%t @?L@if? the
| nventi on peqyhiiesndd AFTRY SEArCNGLCR (RY NN K]

structure that mcf‘udes an 1 ndex 3’\3/er desi gnat ed eys E)y keys of t he

same type dwaveh flightseiRindes agsaherecdrd A,aindavé havdes cl@aikewtzéththms nvention
provi des a storage medi um used by a database file nmanagenment system

execut ed oequidta the keeofirndf thyskeyn arg differens thenctherteietdues notcboés: an
i ndex over designated keys of data records; the data records being of at
| east two 2 {G508d 3UERKeh&t the key of one type is a prefix of the key of the

hvent i on and 06 ARG AL A ieeY oy FREIYBRR ndbrichEng B MRS o7y
embodi ment of ' nieht 5t He ﬁ?@esehtéd%%h@findl?@‘ﬂd EﬁéHlé‘%e@rEH'm'sﬁcle y, with

ref erence ?O t he accofmpanyl ng dr aw ngs In shows a

gener al i zecasek ackirdtit #gk fromfnoales yé bbooks w1 o biock @[«’:11! gh&ednfrodecedanagenent
system 22 OCTOBER 2002 31c Fig. 2 shows a sanple dat abase structure

represent efhese Haksaol ﬁcyt hived ai destion didagreatnkerRvhen ahél appropiriage f or
illustrative purposes; ﬁ 3 shows the database of Fi 2, represented as
tabl es i n positionafdhe weatchtkey de¢smotoagiee avitthamy oek ofithe [direstinng abl e

hol di ng fevi/le atd% occurrences;

Suppose the search reaches block B, of 7,_,, whose representative

key k,_, is not a prefix of & . (If k,_,is not recorded explicitly in B, ,, we can

i-1?

reach any data record r accessible from B,_,, and from #’s key determine
k,_,.) To continue the search, we compare k andk,_, to find the position j of
the first character where they differ, search up the trie of block B, until
finding a node v with a direct link and value less than or equal to j. The
search continued from block of 7, pointed at by that direct link. (If no
such node exists, we go to the first block of the index I, ,.) Thus, in the

worse case, each layer might require one extra access. This notwithstanding,
and as will be explained below, 3 layers are sufficient to address billions of
records and usually 2 layers can be maintained in the internal memory of a
computer. Thus it is possible to have no more than two I/O accesses to the
external storage medium in order to access the block associated with a data
record.

The split process also has to accommodate direct links. Suppose that

the access path to block B,, of I._, consists of block B; of layer I, B,



Fig. 4 shows the "CLIENT" table of Fig. 3, in accordance with file
managenent system enpl oyi ng conventional B+ tree index schePQCTEBER 2802shows

the "CLI @I}l;l’;%#g%e of Fig. 3, in accordance with file nanaq,%%%ﬁbél\ﬁ_p

enpl oyi ng €O ional trie index schene; Figs. 6A-6C show't

table of Fig. 3, in accordance with file managenent system enploying a PAIF
i ndex schene; 22 OCTOBER 2002 WD 99438094 PCTIIL99/00038 -a~_ Figs. 7A-7H
show schematic illustrations exenplifying construction of a |ayered index,
according to one enbodi nent of the invention; Figs. 8A-B show schematic

i |1 ustrat peefloayeapti tsysplif dvasklogks i &n éﬂdaBLéy%(l@@k iBdBas revcdedi ng to
yet anot her enbodi ment of the invention; Figs. 9A-G show schematic

i |1 ustrat con@irekinkpto fajl itg desneadenicbliosks 8t /a,- Thisyandt acrpoxpliskedor ding to
yet anot her enbodi nent of the invention; Figs. 10A-B show schematic

i |1 ustr at byrike élbowging gomymitngtedviq¥t of a | ayered index, according to

anot her enbodi gent of the inventjon; .Fig.. 11,shows a schematic_illustration
exenpl i fyi ng cgﬁétkr—dcl??g}?@r?ep Fé‘(?yi%rfdéx,’ 'gl,s\é\gqyd‘isﬁﬁsqr%%s i iyet

anot her enbodi ment of the Jinvention;, Fig. 12 sho a hematic illustration
f or exerrpﬁ)ff gompressed grie oL gmse Hrat thes reéé%ﬁ%\r@xﬁ Pﬁgeseepﬂelaé@& dance

w th one enbodi nent of the jnventi gn; Fig. 13A-E show five schematic

i 11 ust r at iBnsrerehes Berprnd jhascarenionthe descengdsnisiaiabi.oreashesidl a- records in

a designated index in accordance with one enbodi ment of the invention; Fig.
14 shows a schénBendimitingmethadda ascomplaling spiit pracssreit asxteHewWst yi ng

fti-di i d di di t t he invention; Fig. 15
Shovs a sdnakifsbont poed TER &n0t S HocTHG L Poheibutn A9 " anot her
hous. a s¢ _ ration : ot 0 anc
e nginf hB%IbON G0 bkREed (Heeorl SIS 1A £ HAGTRAL & lehdi tRld dfckon Tor

exist in the block.

2. each of the sub-trees is moved to a separate block.

3. If the block of B, does not exist, B, is created and a copied node of the
split node is created in B;.

4, If the block of B, exists and a copied node of the split node does not
exist in B;, then a copied node of the split node is created in B; and
connected to the trie of B; such that B, ' (at the end of the split process)
is accessible in a search path that includes the root node in B, and the
copied node and its labeled links according to the representative key of
B.,'.

5. If the copied node has no direct link, add a direct link from the copied
node to the block B, .

6. Add a far link from the copied node to the block B ' or if the copied

node has a short link to a child node in the direction of the far link, the
far link can be replaced by a direct link from the child node to block
B.'.

In the above implementation, a split of a block in 7,, k>0 is

performed such that the split links (of 7,) are links between copied nodes of



rel ati ons anong data records provided in accordance with one enbodi nent of
the invention; Fig. 17A-B show a schematic illustration of 228RTHEERLEeR
represent ali,Qo, 8k, | i Nks to data records in accordance w t hp@pnf o6Ra4l1 ment
of the invention; Fig. 18A-D show four benchmark graphs denonstrating the
enhanced performance, in terns of response tine and file size, of a

dat abase utilizing a file managenent ®ystem of the invention vs.
comercially avail able Ciree based database; and 22 OCTOBER 2002 WO

9913809d PCL. lit'ﬁ%ﬁésoﬁ)\%?’?esidgeiﬁdi 190 1i94:D show four benchmark graphs _
denonstratimg the enhanced pertformance, in terns of response tine and file

si ze, of a dat apaserditidly,iid ab@rdarict Wethrahieageeee e iBYSitRIA Rbvideefdrnvent i on vs.
comercially avail abl e Btree based dat abase. DETAI LED DESCRI PTI ON OF A
PREFERRED EivBOBIokETmAdiuahseshby ¢ database file managementriygtent ex¢amdchg a
generalized bl.ock diagramof a teme B\% in dat abase fil e managenent
syst em of tﬂ‘éd?tﬁ\}’éﬂ‘qu%ﬂ.g S’fﬁﬁ%‘:agx‘%esﬁgfggg }/H}?gé(%éorrputer |, e.g. a

per sonal conpute ; | @y4 / i ! 3 commercially
Dvai bl e from | neb el L. el RER bR e E R Rlesh P C' O

W ndows NT' Parétighed indgx loghat isassagiated witly aatRireqosdso fhe banic patitighedl, | whi ch
communi cates with 8{egcessor 3 and, contyrols the overaHﬁy&E ration of

conputer 1. ln;d_egeng rACRESP NG RIRASHDE dhe daty {ﬁfaqujtli/y Yap#Md cati on
programs of ks ABklelifa6 Gnfatafb@itubthee BEAREELT VOl v are shown. The user
application pr8grans are executed by processor under the control of
operating syst egi® layefediinder\enables aseessingrerypdatidg ahe damsponsis\tg t o user

i nput fed through keyboard I3 by the internediary of I/O port 15 and the
operating skex enkeys andeopfiftesghesseatially Ralanasd siHeurewf blegks. conmuni cate with
monitor 16 for djsplayi. -t hecinger rary. of. 1/ t 17 and
operating syst eﬂ’%.‘"%g%gs@?thgrpgﬁ(’é%%i %)Irtl’ {&Sﬁ‘g'lr’%gé crg%&gré‘cgssé?oé%taa stored in
a dat abase B¥tabRRNElOMmatadcnias SysRMAgItatdd o) SdaiNpiddudifg 29stedl)@

general i zed dat abase nmanagenent system as depicted generally in fig. 1,

i ncl udes hi dataisgveturerthabiiehdes: syst em 22 which views, as a rule, the

underlying data in "l oqgi cal.” ner and s responsive, .to the user

appl i cation profft érf‘ffeﬁyarﬁglgﬁ lﬂr@?ﬁﬂm pae"rda%%n's lfgﬁgggc?ecgf)&?f d§dfeylﬂa?§
Definition gad £8ddsMABIid:@incides anasiegRrtifdedainde:PMak is A clhdddabase
managenent systemtypically exploits, in a known per se nmanner, a data

di ctionary ¥tht the datactagdeds; the basiat partihordd nedort anabdes acensp@ei oh on t he
under | yi ng data. 22 OCTOBER 2002 WD 99] 3809 CT/119910QQ038 - 34 The
under | yi ng é‘?&%&’tguﬂbe ga; W@o'glﬁtlgyi yg%rvg?Weaa Eﬁ'élga%lggﬁpqaﬁ? gorr%rhagemsnt
system 26 Whhg{lah&dduSRak@beBlodkd;h the index schene and actual data records
28. The "high-level" logical instructions (e.g. SQ comuands) received and
processed by t hsaithiigéex enabllesnagrassimg ne updaiingritz2data acowdy byt pnto "I ower
| evel " co nds that access or update the data records that are stored in
the dat abase®¥§ frekgonstiiies an esmeatially dalepeedddualveesef bidcke nanagenent system
considers the agfilid; i Hieli b Fodrad t dat ds. The
"“high level" anghul ow %réglgllm%(g@? ff)éﬁ\énﬁg%“fo?hfed zg£at{) gt{%gs({ei&%l? e&r?gn 8({ement
system can dotbusd fild manhgamngh sysfenpexequésd sa dyiplprocdssiay SYs@gr,aaner s
Interface (APl), e.g. the Mcrosoft open database connectivity (ODBC)
interface cém&fﬁﬁl%mﬂdﬁﬂ e fromMcrosoft. The utilization of the

CDBC enables "high Level " I f the .dat | n?ipa system or
application pro MVOWQ%%Qgérbg‘?ﬁlﬁgymgoﬁ%ﬁﬁiccg@ %ytl r?%8$ egg’ﬁ?gfdat abase
file manage@mit rebedsethe ihded ifdhARArs thbetheDBC asiRad dvitil hRe tdkd™s access
or update of data records used herein enconpass all kind of data

mani pul at i omedandd; (te mige 'thabids' accessisg or 'updades dhedatandcondn diyf key dat a
record(s), and the pertinent, co nds ich afford the construction,
modi fi cat i ofC¥h@ne PEBS Sé‘ﬁce@f‘b% aﬂé@%ﬁ%‘é‘?aﬂhﬂ‘&?“rﬁ Ofﬁ)?i‘lqlfér shows,

schematical ly, -.gt. i i ] j r dgqﬁo dul e 29
(e.g. 16 Mega b%lg %ﬁ%@g%ﬁﬁ%@egﬂﬁ ggiu 85‘?‘ fg}:éhg&trgreljr%géry S bl-z‘%%ggl e) and an
ext er nal- nekeyyandcadsdnd ar( esgentdalgi gabyriced . stfypiucaldfybloeks.er nal nmenory
29' is accessed through an external, relatively slow conmmunication bus (not
shown), wher eas StiHdfurther thrainveatigs pravidesdora pylagabases SlegmplageigRs of a-
faster internal bus (not shown). Normally, by virtue of the relatively
smal |l size of the internal nmenory, only those applications (or portions
thereof | that are currently executed are | oaded fromthe external nenory
into the internal nenory. By the sane token, for |arge databases that
cannot be acconmpdated in their entirety in the internal nmenory, a ngjor
portion thereof is stored in the external nenory. Thus, in response to an
application generated query that seeks for one or nore data records in the

o, o NN O NNT NN NN NN VAN NN A NSNS L rSNo~NT a P - - T



Computer 1 may serve as a workstation formng part of a LAN Local Area

Net wor k (LAN) (not shown) which enpl oys a server having al szaogg@%l;ﬁgoghy

t he sane swomspeme of Fig. 1. To the extent that the wor ksPariligli®oEad t he
server enploy client-server based protocols a predom nant portion of said
nodul es (including the database records thenselves 28) reside in the
server. Those versed in the art will—-R2éadily appreciate that the foregoing
enbodi ments described with reference to of Fig. 1 are only two out of many
possi bl e vakjgethSor Heb&sinBydat@ Yeddrd and [Heffigh exguexatn! data ippscdddhabase may
be an on-line database residing in an Internet VWb site. The invention is,
of course, mystej rthe ethta gecdrds Ave cashoedategawitht # dyastst partitidnednindexnal nenory

and |l arge externa) .nenpry. Thus,. for_ ex le, by a nodified enbadi nent a
| arge i %t er ﬁgla“%‘?add ‘%x%#ﬁalmae%?gegmﬁer@q@n%lSgg/ré%eafH W’yg}c gbﬁ%fher
modi fi ed e"‘Paﬂlitm%ea_im@ﬂeﬂm&ra@&ssﬁ@ef Yiplidtirnhk Qi4esl redokdSBP iegl ope furt her

noted that for clarity of explanation systeml is illustrated in a
sinplified &eys grehbeing susedptitlate an unbaleneeddwrugture of blasksissi on of dat abase

file management systeps and in particul.ar of the varioqus conponents that
are normal |y ac@d%ﬂﬁ‘ﬂg‘?’%@"sﬁucg'ﬁgé%%‘@éei'P‘i’eé‘q?ran'aﬂgﬁw WBIOEkSns can be found,
e.g. in Cha r-f: Of " se System 22 OCTOBER 2002 WD 991 38094 - 36
Concept s" |E|B§1pné‘e%/ql?_§g§%%g38 Havi ng descri bed the general structure of a
system of the i(aymotidiag saidbasiopartionedindexds;di rected to Fig. 2 showing a
sanpl e dat abase structure represented as Entity Rel ationship D agram (ERD),
and serving for illustrative purposes. Thus, the ERD 30 of Fig. 2 consists
of the enti t (lsonstiuctingra represgpigtiveimtenigver regreserfativelkeysef said bagict o ni

"DEPCSI T" 36 T glaatibhdtshdeX; sdidliagarel ek BAdbles Ac¥igdriphting e dRY RcBREE than
one account an% E% H](e san% toFep a |vertl ﬁ’cc?unt rr@/ be owned by nore than
one client. AsPY¥KBGLATKSYRANLHINSHtes ansergatialy Ralanqed sigfdya etRodks: r i but es
(fields): "Client 1d" 38 being a key attribute that uniquely identifies
each client, " ". 39 st andi -thecsclient! Tecand.." s" 40
standi ng for tmﬁ‘&ﬁ?“"%‘ zgaryghgsé&%%eg gogrt he d%%w\ﬂ@ &%‘%&?ol | owi ng
attributes (héeidfor: accésigNdata 42cdr@é Rgd iy epddutddd h eddtd Prodensifige! y

identifies each account, and "Bal ance" 43 hol ding the bal ance of the
account . Theystemat thond4ta recapee Tasseefateds withop basiq pagitiquedsindext he

" CLI ENT" and AC%OJNT eptities,. su a‘#n L s .ngdi.cati-ve of
parti cul ar ACRBER lgmhlé’ﬁ@nyangpg?:'flgi g"}a(r:ﬂﬁ}ﬁtg urag?n[élelri]%vq}’t g{cFi%ta%lX& there
is shown a databkaed iafefbgabled, adcepigs enupdatisy therdea tadocdsbpkey ot and 52
corresponding to the relational data npdel, 32, 34 and 36, respectively,

I ,

with each t&isyeandbeinggusceptibledaan usbalansedsaictys of blacksi r ati ve pur poses.
It should be noted that- the : e | +Clien iy of the
"CLI ENT" tabl e flsm%ﬁla?gf? Qqns\tg,ﬁgtﬁﬂggg I“i‘"l&eé}l %J%S%“h‘?f %&Sﬁ]f(emgé%}&f :ree‘%(gd% "Acc | D)
of the "ACCRhMNhdek ¥l drfaned it0blosks, Eompeisingrthe &tapy 6f: hol ds 5 dat a
occurrences 55-59, the account table holds 2 data occurrences 65, 66 and

t he deposit tabi® hptaiidifg said Hasie partitionedinde®; 72. I n accordance with prior
art techniques, for each table there is, as a rule, a different index file
by the pri maff) oRBstructing an ingexpverraprqsqatafivekeys absaishensiq RAtignechiads ng file of
the "CLIENT" table of &idindsk eriabiedGesssding@eupdatifg el RtdvRBGEEPERLy Y St em

enpl oyi ng the gonventional B- tree.indexin chene. As 22 OCTOBER 2002 WO
991 38094 PCT 13‘5?}?%@@5‘3“%’?"‘" Sﬁﬁ?\%‘?"@?"ﬁé@%’u%‘}'?%e ?iN%k80 consists of three

bl ocks 80a-c, standing for a root block and two | eaf bl ocks respectively.
The data records are organi zed randomy in a separate file 81 holding the

five data recorgs 83-87. Eagh,hbl. LSt: i air of
fields (e.g. sziﬂﬁc%ﬂﬁ Mt th ?\%‘ﬁ%“c‘@%gﬁ%‘glﬁﬁfﬁgg ﬁ&%g?@&l%ga@arsgt field
stands for &8 cthfit Y¥Aldde fenscdebdns AapNEtchide! dhdsbeindexéaitedohi nk such
as nunber that i1dentifies the next block to search, or in the case of a

| eaf bl ock adati processingheystbamn;athe glety tecotdshara sissocintgrbwrithi alees atgngsd t he data
record. The Jatter realjzation.forma non limti enbodi ment . of

associ ati ng & kéaﬂég’ﬁl"é stsed ihf §t9rass W@W@‘éé“e@%‘?‘@ getfft‘?(‘}‘&?rsﬁr@lﬂrtorof Fig. 4,
a search for A h o v are
directed frof d?iggé qﬁ? \éngt&?égca&t&% bb’l ggie%gggﬁTﬁﬁgybegﬁ%ég%gﬁ% g‘r %a%?ecor d
whose key is 12355 (82a) starts in root block 80a and is directed by the
link 82b to block 80b. In block 80b, the search key 12355 (86a) is
associated wth Iink 86b indicating the address of the data record
identified by this search key in the data file 81. Put differently the data
record that is identified by search key "123 5 5" (57 in Fig. 3) is the
forth in order in data file 81. The tables "ACCOUNT" and "DEPCSI T" are

| i kew se arranged in two separate B-trees tree indexing files,

- "~ p— -, M




shortcom ngs of this approach in that the keys (i.e. search ke 53 are
duplicated, i.e, they are held both in the internal blocks ??Qé.' BER 2097e

i ndex scManey3sand in the data records associated with the BPCTRIg/ADIIdeX.
Thus, for exanple, the search key of data record 57 (in Fig. 3) is not only
held as an integral part of the data_t_égc_:_ord 86 in file 81 but also in block
80b (search key 86a) and sonetines in“parent bl ocks such as 80a (search key
82). This being the case, one readily notices that for large files (which

i s the casmbaiancedgtruetire bf bbocksenari os) the duplication of the search keys
(and particularly for. long keys) results in inflated index which :
necessitate aa metodiareanstiustingen ndesrovardhe deysofdhy datd eesosds, he
per f or mancge. . 2%?CETCBER 2002 991 38094. PCT/1199100038 - 38 Fig. S

i |lustrat géegldgpcf Qg AFrang %?Hgg?g(éh‘é‘?@pﬂfmg CSEPFRNT" table of Fig. 3, in

accordance w a fil ement system enploying a known trie indexing
schene. Thus, t(§5ri8‘t()|‘)r'1éiit g?d@fi |l e 90 includes plurality of nodes and I|i nks

wher ei n eachbyeatstrattagt ihaéx arereéfreséntam Ryodf 34id tidi8aldiifdexadmaBbrs for a
value at this offset. our cglggrms. The first columm indicates.

Tabl & 91 has, f .
which digit pofP{aeaiRgicL updatipg tﬁ%gat,a rerds By SRy oL YsARdiaeestidiese aY ¢ hat
digit. A digitessentiallytsatdriced atractufcofdstyckisnt o two subsets. Col umms three and
four direct the search procedure to the next step. In order to |ocate a

gi ven search key, e.qg. 12355.. a digit .at the positjon,indjicated by the root
(position "5" ﬁ?‘lﬁ Eréf&é‘d 45Goring gbgf,‘e gRYFRan &3 Wﬁ%@%ly’s@it‘gw Oin the
first lin i l: 1] a second
‘col um of ‘ﬁte égségﬁée?ﬁ%uct@apggaﬁéwi%%%gf etgélalﬁs%‘a@g%@ﬁﬁgﬁogelﬁﬂgq he trie

i ndex) . Sifre thé gpekified deRaheines. Typical hpetsRMOBECISRRE CokAfEesl 8855 1S
indeed 5, control is transferred to Iine 2 (as indicated by the third

col urm of nultiewdy tees itdesepbgingNbg B-treq ndtixgig schienposi tion 3 of the sought
search key (9 al so the value of the first col umm of

c in the tree, bein
the second |i %é’ pRe t"ﬁ‘ﬁ?%ﬂ@fns spid Basio paggionsd: sparchyseheme bemgka 831, bei ng

al so the o . [ S8C. [ t he | e ). Since match
ccour s contiar SHSutERLPY, 4 e BARRE SEIRE A0 MEIBRI & F5 et RED e
digit at gogistéen 4 of the sought search key does not natch the val ue
specified at the second colum of line three (i.e. "5" vs. "4") and

accor di ngl y as Byndinotherdembotlimenbsaid tdel ismoondtitutedl &y94 £J' matlekqual ") a
link to the sought data record 57 (86 in fig. 4) is obtained. The tables
ACCOUNT ak#obabeltatis) ecess dndexingtle (gﬁlghged in two separate trie indexing
files, respectiyely. In contrasf to t B-t.ree i.ndexing file of. Fig. 4, the
one shown Fig. L‘?‘“ao aﬁBF&ﬁgceégé?é'gqeéﬁgﬁf ilggfquﬁecﬁlpq%tgras%eamgwugby_ Put
different hifed @) ¥ datsbRE BR! rahAgeineat IsySény BubiGfiedh A9fa bﬁﬁeﬁi‘ﬁgar e keys
are held in thé trie (90). In thr's sensé it constitutes an advantage over
the B- tesystemya.datioyeevetore drad imcludeeat lbastchnet frebatilpvie dcces indexdnsoci at ed
W th sonme shortcomngs: it retains an even distribution of the data at the
cost of kilba(BALF) hryingorphealigpebnedssaoddadss PCTI 11.99100038 - 39 a priori

th t ent f ot dat ab t.l it i th

o obtaln bal albclFeyt ROBRPESTR RN e Py atod Bk Y FeRr B¢ L aat abase
Lo obts N 5 . i i f th
i nd_descrt SR AERRbEA SR beBrnicdion Brondnt Al Ghe MR EATARRIES, 71 1"

dat abase f sfill @ateecHRYCAISHONES a0RAR ARCRURIEKepeni or clients close
accounts, new clients are registered as co-owners of existing accounts etc.

Anot her dr awbasdlectedirvelesmsaid PEEF repiebatt, idachcegiveatoffsegppbat sequenti al
processing. Navigating in the tree would result in accessing the data by
the fol | offaseh key@ortign within spid igset sgarchrkey; dinkén) originated fram eaghder of “t he
key. Having sho known trige index,schenme (with reference to Fig. 5),
Chore ol ERER updrBer St ot 3elicisd BOdRD Gabtserts et tiauealae ; no

i nventi on i L oel Lc partitioned i ndex and which cope with the
drawbacksoglgéslggf%‘[e&g' 1%’;111*‘3'3\?/()eljgfl?)?11’connecti on with hitherto known techni ques.
Speci fical ly thgs PIAF Havhy S1enst tvdidf-PIAR Eﬁﬁg%fﬁﬁgkd,oéachhﬁld ndex in the
formof layered i ndex, and preferred enbodi nent 6f baSic partitioned i ndex
in the form of blacgke. These exanples are by no neans binding. Before turning
to the explanation of the various enbodi nents there is described, with
reference also to Fig. 6A-C, a new trie index schene designated PAIF. As

wi |l be showmn below, the PAIF is not confined to a tree structure. On the
basis of the PAIF, various enbodinents of |ayered index are described, with
reference to FIG 7-9, which include representative index constructed over
the representati ve keys of the PAIF. By the enbodi nents of Figs. 7 to 9,
the index scheme of the representative index and that of the basic

. .= o o ~ AL - AN 2 1 . -



Turning at the onset to Fig. 6A, there, is shown the Cient's data record
103 (56 in table Cient of Fig. 3) having search key "1234%2OCTORER 2902 .

5- byt e- | ongoseatesh key). The PAIF of Fig. 6A ( 100) is, ofpcgausomaesst rivi al
and consists of a single node 101 (standing for both the root node and the
| eaf node) |inked by neans of a long link 102 to data record 103. The node
100 represents an offset 0 in said sé&arch key and the link 102 represents a
value "1" of the search key portion (being by this particular enbodi nent

1- byte-1ong) atf; b T § l; QM I 3inBA, the data
record 103 is a%%%??%?%gbElfﬁlag%%généﬁfﬁpggﬁ?ggit%é%a urlu ?pztl 2iatnf‘.’ém}:”onsi sts of a
node 101 af@d&lackskan gssetialybalpessddaiclre ks and a pertinent search key
portion value that conforns to the correspondi ng search key portion val ue

at that pamel inntion HirftRe provideli 41 MdiodS RRIoBRHIRY aRfesbiftiafPESibidAdp ARt 2
of the gne-byte search-key-portion at

record. Mire specifically, e val ye ) ]
of fset 0 \f\ﬁ'f%i ﬁ‘es%é'l C'HCIR%S}Q 'tb[fkf@ga&] acqofwpadgtingra miyralily 9bRodes F'Ffbl.?"'@B- 1
there i s giigivated flo daid ORieaf leafrnddhe frb@ramaongtsaidmodbs ared$668R8d With ba@nsact i on

in whicht M . I "12445" 107 has been inserted
(dat a occdggoé%?ier%ég&ﬁ% goélﬂ?' \é"‘% f(%l‘lt(ﬁg?‘elﬁg%)s. PR "%aé'éi}'@ﬁs R&{RAUEEd: gat a
records 1Q3 asgladify adldekdddnbliti@ng 5 Rpthcadblock,Wwittha k4t rib byt e (of fset 2),
i.e. "3" and "4" respectively. The unit defined by root node 101 and the
link 102 is Sebt blecksisueh hat feyfrom amoagthoppdepefaidaplitidpdg094 PCTI 1 L991 00038

-41 di stinguj re ' t he val ue of the
| - byte sear (ﬁékgg@ﬁ??ﬁa&é@%f ?@%ﬁ%oéa?(grs%ggtql]& gtgddpg@eords is "1 ". Hence,
node 104 i ndemaing hddes | foome smongfthetnodbs ehsadd sphinblotishes bet ween the two

records and |inks 105 and 106 indicate on the respective |I-byte search key
portion "3" a&ﬁ‘&‘mﬂdat%fjtwﬁhlpé’éttefﬂ?“t_l ?Cgﬁoul d be noted that the realization of
the PAIF by 2yl 4nadP¥nd Aot hitofie BATRESSE dald wiaba ed In the drawi ngs
and various inplehfentation thereof may apply, depending upon the particul ar
appl i cat i on.blddkusto 4 blockxmuipllmt s Fdgs | 3Bt 2o apldt bABEI3 beidgust rat e ot her two
options of regli zi the PAIF of Fig. 6B-1, where in Fig. 6B-2 the full key
is representcg’gd’ieﬂb@%@-%ﬂef’ = (e.g. all the digits of the record 12445 are
specified in the l'inks commencing fromthe root node and ending at the data
record). The | & iter comexti @BPASR it showld beengied dhat saibisdlested apdésci ent in

terns of space, as npayed to the.spar real.ization of Fig..6B-3 where
onl v the NOREEPrERbARE s Pl Lo B i BRLAVA R nesrsiEe. o her
vari ants gecaQf THaN! Sfe o Rk GH¥aki n&Rhsy TRIUADo®er IffolRafn, Pe a
procedure of i1 nserting a new data record to an existing database it should
be bor ne isactriangottiais dhehehkgyseand/dreothed mfommation, tatli & fedhired hed smal l er is
the offset indicated thereby (e.g. in the PAIF of Fig. 6B, node 101 is
hi.gher t h@APMPEA104 and accordingly it is assigned with snmaller offset -
"0" vs. "2"). nerally s i: er gl d f fnserting a
new data recor g‘eﬁcﬂf‘gn%r%oe% S |lﬁgd ngpﬁdﬁ{r}c tu&%fﬂﬁfﬁgggge%ﬁeog% t he
f-ol | owi ng ppe&nRBe ihde 3018dn@ iaomginited &fyed eateh Relidine subseacialg from t he
root node anc’[ ending at a data record associated to a | eaf node (referred
to as "refidendivabtothatofitbe ¥AJE)trici n each node in the reference path,
advanci ng al on | i nk originated.fr sald no (f. 4 he val ue represented
eforeptopte s Bt OGP IR b Folniifict

by the link equ: . -1"on ey portron the of fset
speci fi ed JpMcs@iglidiodfly the ikantase defidibeti Bainfly 6ath BReGIkIBEN the node
is beyond any corresponding key portion in the ke%, or if there is no link
Wi th sai d asal basjic patvitinoed gndaxord@osmvensd i theyarpatith reaslilyrgppresiate ence dat a

record 2 OBER 2002 WO 991 38094 PCT/ 11.99/ Q0038 ~-4%ii. conparing the
sear ch ke;'ﬁ%if ?H@V%@@ﬂ&%ﬂ%&?%@i&?@? é“f’ Brordingty, aiy g’ﬁfn'g record for
det er mi ni 3 t.oliksqE. of the search key portion that discerns the
t wo (hereiq%a t?(gnre§1 |§%§r§nﬁpﬁgl offset). iii. proceed to one of the follow ng

steps (iii.O-(Thius3) daabssedfilegnapenmeesyseinthad Empluys di lsyeedindgxof f set :
iii.0if the data records are equal .t hen terrg’(ﬁiﬂate; or iii.1 if the
di scer ni n@fothesinventgn: iz advARABIGUSe {0 (S Af CHnRETImRRCE ASdes in the

ref erence gkl A0 ARSI Rnolik o Bkl dc] HATLET hORAIARE. and assi on

to said |lin of the search key portion at the discerning offset

t aken frorchhfetesigaeéch key of the new data record; or iii.2 if the
di scerning offset is larger than that indicated by the | eaf node that is
|l i nked, by neans of a link, to the reference data record: iii.2.1

di sconnect the fuck fromthe reference data record (i.e. it remains
tenporarily "loose") and nove the link to a new node; the new node is
assigned with a value of the discerning offset; iii.2.2 connect the
reference data record and the new node (which now becones a | eaf node) and

o b o o o o o - o,



iii.2.3 connect by nmeans of a link the new data record and the new node and
assign to the link (long Iink} a value of the search-key- porZicomostr 2dog

di scerning offset taken fromthe search key of the new data record; or
iti.3 if conditions iii.O,iii.l and iii.2 are not met, there exists, in the
reference search path, a father node and a child node thereof such that the
discerning offset is, at the sanme tine, larger than 22 OCTOBER 2002 WO
99/3809a - ~3 PCTII L99100038 the offset assigned to the father node and
smal l er than the offset assigned to thgachild node -(- considered case A),
or all the nodes in the reference search path have a value greater than the
di scerning offset - (-- considered case B); accordingly, apply the

fol |l ow - ~ Helldl -; i adRte e e and assign
t he nodreww% ﬁ%p@%lﬂtﬂdoéhérgflgi ollliqscr eﬁ‘i %S&oghf(?é?@%f%)?séé}g&%%ﬂonl y -

di sconnect Khgely, nd camravigdiatihdic redebyt the brlee lvflthe kegte ofahd shift the
link to a new internal node (i.e. the child node remains tenporarily

"] oose"); idata3r&ords. cHwe layered Bndeonimheremly nsupporist sequential (| ong | nk)
t he new data record @gd“said ngM/ufgﬁrnal node, é@e val ue gssigned to the
link is thadPesatione likeargst. REXE p#d i"8At AreyiQus'y; W &his; gPes Z‘lé , as taken

f h h f . tod dek o 3. . d B,
connect by HopReetfafbrad FAPRbRUANES AR Raviinas gbet g BRRiGRETC P
node, for c&ggg@%{g&dﬂmmgfgﬁer{thﬁgm (t)mgngyvtrggqle beconmes for case A - a

new father n case a new root "node), and the value assigned to
said |ink Thetdis margaireent fmrihiadvasde kiavietiges of tiendintattedf the t he new
node, taken fromthe search key of the reference data record. UUH It should
be noted t rdataliase, in atider & maintaigthatanced ipdexh a di fferent PAIF may be

obt ai ned. For a better understandin t af orenentioned,'insert data
record” ®pé¥ g‘%l%‘FFWVFmgéngﬁ'&&e@?"&% %“‘Q‘g’ﬁlJeég‘ phthedayessd IdeX &S pal F of Fi g.

6B, each ti with a di I e t ' he three
aistinet scebesBefl, R wRTh BT TR fuitber b oSBT RdrialhtR
resulting in three PAIF illustrated in Figs. 6C1 to 6C 3, respectively. In
the first exanple the CLIENT data record having Cient Id (or 22 OCTOBER
2002 WO 991 38094 PCTI I L99/00038 - 44 search key) "1le46" (59 in table
Client of Fig. 3) is inserted to the PAIF of Fig. 6B. As stipulated in step
(i), a nove is made along the reference path commencing fromthe root 101
and ending, for exanple, at data record 103 which stands for the "reference
data record”. This being inplenented by advancing from node 101 al ong link
102 (where in offset "0' of the inserted data record the value of the 1
long digit is ~ 1') and thereafter since at offset "2' (as specified by
node 104) none of the values of links 105 and 106 (4 and 3 respectively)

mat ches the value of the inserted key at offset 2 (' S ) advance is nade
at arbitrary path (by this particular enbodi nent through link 106) to the
reference data record 103. The conpari son operation stipulated in step (ii)
results in that the search key of the new data record in distinguished from
the search key of the reference data record ( 103) at offsets 2 (" 5" vs.
"3") and 4 ("6" vs. "5"). The smuallest offset ("discerning offset”) is
therefore 2. Turning nowto step (iii), the condition of step iii.l is net
since the discerning offset is equal to that assigned to node 104.
Accordingly, and as is shown in Fig. 6C1, newlink 111 connects node 104
to the new data record 112. The value assigned to link 111 is 5, being the
byte value at position 2 in the search key of the new data record 112. PAIF
110 of Fig. 6C | is therefore the result of inserting the data record | 12
into the PAIF 108 of Fig. fiB-1. Moving now to the second exanple, the

CLI ENT data record having Client 1d (or search key) "12355" (57 in table
Client of Fig. 3) is inserted into the PAIF of Fig. 6B-1. Steps i and ii,
stipul ated above result in a reference path starting at node 101 and endi ng
at data record 103. Turning now to step (iii), the condition of step iii.2
is met since the



di scerning offset 3 is larger than the offset 2 of | eaf nod&&Qé E@?_&OQe
reference search path. Accordingly, in conpliance with step il 5 and a
is shown i WORWI8OBsSUlting PAIF 120 of Fig. 6C 2, the |ink PO®/1L%9/00038

di sconnected fromreference data record 103 and is connected to a new node
121. The new node 22 OCTOBER 2002 _\/\945_9_9I 38094 - 45 PCTIIl L99100038 is
assigned with the discerning offset 37" Next, in conpliance with step
iii.?.2, the reference data record 103 and the new node 121 are connected
by means of newslawKOrLoperatipps) feaf ars Frauired £ peidorse updath trangactionuer 4 (bei ng

the digit value _at the discerning offset 3 taken fromthe search key
"1234S" of the PEFET @ereﬁg'idélm?cé: %ﬁ% i"oé‘}e eﬁlﬁa‘?ﬁ%l ?‘?‘,’mﬁ@s‘?'}epﬂpat ed in
step iii.2. 3, tlgdeo\ded hah@GTD) @R rdtRn (ERRERIRE dik RIS alldssPy means of
i nk 124 which ihs assigned with the val ueq"S" (bei'ng th(em?i git gt t he

di scerni ng of f se¢quiretddk enddr toaceehea gven datakiegord fxss Rinomy hilensdatadat a
record 123). PAIF 120 of Fig. 6C2 s, therefore, the result of inserting
the data record™ ‘nto the PAIF |08 of Fig. 6B-1. The third and | ast

exanpl e concer ns i j HEP[E ¢ : i i £F d (or
sea?gh key) "1132{'8@%?%@@% t%lgﬁugh er‘{Elﬁ g?o éﬁ%go%ﬂﬁﬂsggttcﬁeﬁ%%ilof(ﬁ g.
6B- 1. Appl yistwagdmedivar efrenicasirandn&tiap memarn dhdtiranges Wetwedn B0vaPGi ng from

node 101 to _data record 103 (in Ff'[g. 6B) and establishing that the
di scer ni ng dYlfbyts orrore, andpsexternak MEMORY;  the condition of step iii.3 is

met. Accordingly, } j | Pk - i hown in the
resulting PAIF 1%031%‘? %%{ag“fggﬁ’g mf&‘@"’ﬂ“ﬁk“%ﬁ Oﬁggstﬁél]g&egi c{thhg %&v i nt er nal
node 131. Thecdi@y inet mdeR!is natmgddlinitlodssisoaednm fdr &Me bNfbi ata (bei ng the
di scerning offset). As stipulated in step iii.3.2, the new data record 132
and node 13Ireenrds sibstantially cormertetthan o apsessss & saidaxleimndl m@Bory Bre val ue
assigned to |link 133 ids %P bei ng bhh%@\iz}\f;it at t%g djtécerni ng offset 1 taken
fromthe sedFEH e\ 9tds I 85C5F 2HeE" BaF207E6 4 M 39Y ot hal 1y, in
conpl i ance WillidnHaBiPrebbids Sir@spdttive ofttie iRl dtahe ROFST dadll dhé rebdtigd t o node
104 by means of link 134 assigned with the value 2 (being the digit at the
di scerni ng of f seStill furthey, Shecinventiom nroddeser dh alcempuier 3ygemdfavirgea r ef er ence
data record 103). ALt hough the PAlF describe bove with re ence to Fig.
5 6C may. betREH Rt SRR o heah ket fnf I debaeh AT o1 26l e
separate bemgmg&?;{nmﬂeﬁgﬂhﬁn&ﬁ@@gds" such that data records are
grouped in a distinct file qr files. | Vi £ hi roach to.the PAIF of
2o PeC o Bl bl gh 2 BRIt g RBIGREee Bulelcintag i o

t he gener at reznrdsf the Inelexl it asrangesbin dlotckd eudidhatiimg sedreh that deetsndt Bich addse | 07.
Links 133, 448 r@&%,ﬂsgsstmwfﬁq mg_re lﬂgfyﬁﬁfacdeeyg éawgﬁemgmemu.gl ¥ redufredn

insert procedure results in finding that the data record to be inserted
al ready exi Erdeno preespahockthal jpaEpriptet &t gsarahed dalgaeryd iremspestiv@ of o t he
procedur e t hatsiderdr ek@of kel s 6Bdald ilkeM@alrecbidsshoul d be noted that in the
| atter exanpl es is assuned .t hat t.ae g?r}t re PAIF resides in a single

o]

bl ock. Obvi ously MGSHVERAY R§9Y9eS & computarsSysteny hgying 3 | owi ng t he

foregoing "i acedure” a bl ock overflow may occur, which necessitates
(as will be s@%@a‘.“ﬁ"@ 'n greater detail below) invoking "split block"

procedur e, anthtd frncaat ties indludes andedbedventhedesn obdita rédoedss tiegihtlesbl ock and
performthe insert procedure in the manner specifjed above. Having
descri bed a i$ yasranged "inna ebalanged astaictire off blooky; adl epablettpi BIFEYMYat a

record” tr a@%&&énitigp o;%rlltlion%eonn E’Xi’d‘iﬁ%c{éc&%?; th-le_:hﬁ%ﬁex fs% ifs ie%iein'ﬁgllf1 ng?t a record

affected from the size of said keys.

It should be noted that the data records may reside in the blocks of the
layered index, or may reside in separate data files (one or more). In the latter

embodiment the data records should be associated, of course, to the corre-



by a given search key (hereinafter the sought data record) in an existing
PAIF, the follow ng steps should be executed: i. advance al@fTQ@BER2G0EN
pat h conmencing fromthe root node and ending at a data record linked to a
| eaf noddVO8MBPHr each node in the search path (hereinaft &CTIRAYPWEH

node") performthe follow ng sub-steps: i.l for each link originated from
the current node: conpare the search-key-portion of the sought data record
at the offset defined by the cun:ent e value to a value assigned to said

link; in case of a match advance along said Iink and return to step i. |
i.2. if nependihgtiagetcdnisgenr g wall eirtheo Betdigrifed want r@ﬁ?&c@%cﬂﬁs t he
sear ch- key- portlon of the sought data record, return "NOT FOUND' and
ter mi nat e deberiftiond gff spedifice cmbaliment ko, raacgnvekn datneaedted @hsr ei nafter

"reference data record” ) corrpare e search key of the sought data 22
OCTOBER 2@@9010190@91%1999@1 SE9; 38 47 record as a whole, to the key
of the refere a recor retu " FOUND' nd in case of
"Retrieve" xs actcﬂé‘%gﬁt éﬁ%dpger} 101 ds Cgref(}ﬁ%bly eﬂ“ﬁ%‘?&ég Bffe find

Cerm nat o tEéSS?“ﬁfd%g*r‘oc K OB or Rt B SiEnlesh ol
procedur e fidrh|thb §paeifiedeidex Wchiémes. OT?xbleaISB%@ infot @xaﬁhﬁe,?tﬁﬁgmglceggg gegl \6/1 i ng
rise to "found" and "not found", results respectively
find dat a meltiewdy lisces éndaxes Ib@wg* the B Aree(ihdexdng selidme.
There follows now a discussion that pertains to the second aspect of
the invention.
Thus, normally data consists of records of several fypes (e.g. in the
example above books and borrowers). The type of the record determines its
Slelds (attributes) and its keys. In a conventional system e.g. of the kind
employing a B-tree index, the type of each key is not kept with the record
and not considered part of the key. The program “knows” the type of the
record, and therefrom the fields of the data records and their structure.
According to the second aspect of the invention there is proposed a
different approach. Each type of key is assigned with a designator—a string
of bits, e.g. a series of one or more characters which, normally but not
necessarily, (is) are added as a prefix to all keys of this type. A designated
key is a key with its designator. The désignator is treated as part of the key
(for search or update purposes), and therefore is part of the index scheme.
The designator enables to obtain the properties of the data record as
a function of the type. Thus by looking at the designator of the key, one
obtains the designator hence can deduce the type of the record, one need not
know the record type a priori. Data records in which the keys are designated
are called designated data records. A designated index is an index that
enables search on designated data records.
There follows a description which exemplified the use of designators

in accordance with the invention. Thus, consider a class C, such that all

data records of this class have a key field (or fields) k,, and possibly several



sought data record). According to step i.1 the value of the digit "1" at
the of fset assigned to the root node (offset 0) of the sougl’k OCEB&ER 20@@cor d
i s conpar t he one assigned to link 102 (being the sole_lipk originated
from node‘gﬁﬁ%g?“géi nce a match is found, control is shifted ?%T)ﬂb%?@’“’i 1.
Again according to step i.l the value of the digit ("2") at the offset
assigned to node 131 (offset 1) of the.sought data record is conpared to
the one assigned to link 134. Here also a match is found so control is
shifted to node 104. Next, according to step i.l, the value of the digit
"4" at theotber sen-keyfigjded.atoR rude daeaecofd ebelagy (hfwhére RayugHlAdata record
is conpared for each link originating fromnode 104. The conparison results
in a mat chLétothel designazer ahdk, be dor dbngddingothter desigratenione egkts dhelkes record
107. According to step i.3 the search key of the sought data record and
that of dafAHIAEcoFe awesnree rewpavitt S =FldcE shewedesignated dudex as" FOUND"
result is returned (step i.3.1 ). Turning now to a second exanpl e, consi der
the case witarcheddos digikey 441AT.r ecord has a search key "12463". The

ﬁéﬁéﬁgi” ot Cot optiRvng et 3b ek diondEnti RSt Gl na dieseuBhan gtngdagt .
107 i i E ; 9] 4 - 4
aocor di ng ??‘Zﬁ‘%‘si&%‘.‘% ga’&@g;ﬂ%e%@u@%?@éﬁ’? n’é%/f}%’g&fﬁgaq 99! 00038

A general rdopldt eChasideRac @édhrd t RENG@ht hokeyV K1, RAW RROFETE? i Wl aThus, as
a first stage a "Find data record"” transaction is applied to the PA'IF. In
case of " NOIFE keyoonsigting of theorderad pairsafolgeysi K1y KR2u(hethis easd)e
procedure that invoked the "Del ete" command. Alternatively, the sought data
record is heulegignaed keyof R2 isrthe gomposite keydK1ike' ; whees éﬂ' genyistdure, the

foll ow I ' d d:dh f i s |linked h
ought - datOf (e ey, ek Epp A SERES T 02 i boiahen the eSieneiy of 1 ho
Larget nodgr k.)1R1LALAEndiEd A Bne esﬁeagggﬁg;bgg HAHinh Ml oy KpLT Nk that

connects the predecess target "'node to t I'sr fred to as

the " predegesksyr Ki with ardddsignatomB1( aad sedecteRD shyt Bearchigetheggd@et 0 a
child node thereof (or to a data record other than the sought data record)
i s referremdes bysthehkey Kalr'Ke@t—ithe) koncatenationgof K i< andnkat mdtene K2'nisni nd, t he

foll ow ng steps e executed: i..delete the ught data record and the Link
that |i nksa‘f’ﬁ%ytlgi&‘ttﬁ(ﬁégés@%ﬁoé;&' IPiﬂ.“SiCPS?%& \%lf#é@‘? iggtegitalslt hat remain
in the target n IS, . , n_t e Lon
procedure term ﬁ%eee%@quﬁ{ngs{)?w%ﬁoﬁ%}gs g?%;é}egﬁgﬁ(?}&{]ﬁ)emﬁgﬁ%sgrhg#éllisnks t hat
remain in fRrlmatet td'RUAS tHeSd @ atidYoPRE’ {§ D2 athe! d¥siififatdd HKR2 ikhen: iii.
I "bypass" the target node by connecting the predecessor |ink fromthe

pr edecessoalsa®ik(dard)$aD2).diiRdissutierdinated o R I shekeyr obRA)is cantpased. ? del et e

t he target, node and the_target Il&nk; terni_nating the deletion procedure.
by concatenating K2’ to K1 . Note that in K2', D2 is prefixed to K2.

In the ERD model, the type of record R1 and the typé of record R2

may stand in a one-to-many relationship, meaning that several records of
type R2 may be related to a single record of type R1. Such a relation can be
implemented by the subordination relation: several records of type R2 will
be subordinated to a single record of type (e.g., several books can be
borrowed by the same borrower). In particular, if this relationship is
one-to-one (e.g. one to one is the relationship where only one book can be
borrowed by each borrower) then the key KI1'D2, where D2 is the
designator of R2, is sufficient to locate R2. In a designated index the search
path to K1'K2’ includes the search path to K 1'. (This does not preclude the
possibility of reaching the record R2 via another path.) The latter

characteristic exhibits another important feature according to the second



It should be noted that the current step is nore of "prudent nenor
managenment” step in order to rel ease the space occupi ed by 22RET® 2 node
and link, so as to enable allocation thereof to other node ' in
the bl ocNO 9¥3%%0ul d be further noted that said step (iii )%Fg‘ﬂg%‘{’é"ﬁgl.

22 OCTOBER 2002 WO 991 38094 PCT/ 1L99/00038 - 49 For a better understanding
the foregoing "del ete data record” pr, cedure will be applied to the
specific PAIF of Fig. 6C 3. Thus, r’éggo'hsi ve to a conmand "del ete record
havi ng search key = " 11346", the latter record is searched in the PAF
accor di ng akedthge PindeRMi maidesantbed dabo wetegtiyy iTiost the dnddméoatfa recor d
132 and in conpliance with step i_above, the data record_as well as the
link 133 Ireastidnghodeckeyt ts Bl EDdenKddD2) ean odyi brepefprmaed dhthe igeot del et i ng
step, the target node 131 reg;ai ns onll%/1 \Mbth t he. sol e taﬁgeit link 134, step
iii and i whosedesy is Khsariste c b Hisgidmp la @by et BSeEon PhR tigsatiiihsses
target node 131 and is§ directty.lj t | =104. Next,
.in conpl iogr?cgowoﬁ‘?réégﬁrq“?&-zt,yt alrgféﬁq%ovgtéa T’S’i&g%éép ? Wag%ﬁke—f) cli nk 134 are
del et ed t *ﬁfz%%h%}m@k&hngi& R eRAE oTNOWeedrl KD Ovh&R desibnateldekeyEianpl e is
given with ' reference to the PAIF of Fig. 6C-1. Thus, responsive to a

comand " dgj Bt IIEXond (hénsong beemvwar-Hook retdrdB46hly tife thet specifiesor d i s
searched in the PAIF according to_the procedure described above. Having
found t he tatewer(datal racoed dh with Kohiph i1dAd) existn(ia; s abaysoeamplge dat a

record as wel] as the ]Jink 111 ) | ead;j hereto a bot,h del eted. Since,
as stipul a[-b@dieﬂg“éf%ppfji the Pé\‘é"oWGﬁ‘b%f'l %ﬁd ﬁﬁ’n‘kﬁl@}?&‘ef Péﬁh‘i ﬁ“‘?‘?{g{‘}? 4 ar get
node 104 i.s two (i.6. Jjn d : i (o} ure

t'er mi nat esborﬁ?]%eé'hg% flﬁt?gl%g?@?? @éga?%)i?ﬁgh%ést gﬁ%&v\ﬁb ﬁ%ﬂﬁqg@ﬂlg g Anot her
common pridhih RetfeadN§inc/REE fpatieXihSthenmddRt@ RCBoOwee-tbokcrrdge t he home
address of an existing client.” The "Mddify" primtive is normally realized
by sel ect ineludestsuffictemoinforenaticor endsterminedvhethar thie/esrrower e&is@cifi ng a
"Modi fy" command one shoul d distingui sh between the foll owilng cases: 1. The

"nodi fy"  aiusl berwower tlpes ast ey thenBath: etheogompoxiss; key. will AoGiRayS ¢ he
address of _a cl,ient havin ient,! =" ~Cy' ). o i t he
nodi fy pr o%’éﬁ‘b%tb%é‘? %F?Wﬁﬂvﬂ‘\fe‘gﬂé b%%amag%gﬁ%tq%eﬁ tf%g}f %3‘&%?‘3 avi ng
Aient Id No s XapXdsn ' Olanthet oS QHY Pécdtas aff @iERiréht fypes ol d
address is ré:gf%?gld yt)aé"rfék&\%vbg‘%é‘g ?. 'thﬁgrmdlgf ; applies to aﬁy?ear ch key
field (e.gwethaRgsiaad awithudiffere®? indeROBKR. IDERre\EnSGtiag0a mew Jiata PCT |

L99100038 no. from "x, c.~cxxxx" to "yyyyyy"). Thi s.corm?[}d is realized as a
sequence ofecond (wither cpmposite kex) in the Bamiostes-Brala indexofile, fa88PRERALE Account

No" ="xxxx,~. <" and thergafter. ipsest data.record havi P . No"
="yyyyyy" , ek, must beheLfo i’t'j‘u@\e;égrr%vcﬁﬂ?g?’f %é‘&t?@gr ﬁé\%&g%%g?st of
bot h cases,, .l p | hpse Yexists! BRIsep641hed as a
series of B’}’teglsetrgtﬁlg %%%gwﬁgﬁgﬁgﬁgﬁggg?c §io%(rgcgQﬁtﬁe‘:ﬁilss’perf%?msdgby
partitioni adtdevefeich-key into search key portions each consisting of at

| east one byte. Those versed in the art wll readily appreci aiéaeihat byt es
are not the onl Wqtedlsitithe subprdinatinnatalafionis notshimitel RSt THREVE S

1o hnd 0 e akberdeN Key@{?;gp@aae SBERChRYs auipore stopbibis iy ifgRE" estf
it (i o Pogorpingly o feyel Dt EBRIBROOR it b ckrifipaa; For SRakkple,"p of one
certal N SCREALIES, ke iatRbdsc PRNEREIERRobEochRR, drebisRiinatedan

identical for a es I1nthe PAIF. It should be further noted that
di fferent Ihébganch récdiily eimdRivposimyedoedsasi sybectiinatel] teeacatmtkey- porti ons of

different feng r']l'u(’j:'flinlgorTc?w 6;3 t;[le ?)’ILIIIGI'-SdpiIen%tn.iS‘i\é?‘l feature according to the second
aspect of the invention, let R be a record that is identified by either of two
keys K1 and K2. Then, the designatored index should contain two search
paths to R, one by the designated key K1’ and one by the designated key
K2'. Accordingly, R constitutes a multi-dimensional record. A

multi-dimensional index includes the designated index and the



search-key-portion is known the correspondi ng node. As is clearly evident
fromthe various PAIF of Figs. 6A-6C, the data records are ¥P@OBRREW0Z0rt ed
formaccording to search key. Navigating , for exanple, in the PAl F %f Fi g.
63- C (froWPr%’éH?"“to left) brings about the ordered series "Y¢34B»00038;3 5"
and "12445". This characteristics constitutes yet another advantage which
ease data mani pul ati on as conpared to éhe tree of Fig. 5 where the data
records are not sorted. As specified‘g fore, a node in the PAIF is not
necessarily classified uniquely. Thus, for exanple, in the PAIF i20 of Fig.

6C- ?, nodemifdimentiohhledsanecdrd(®. a | eaf node (linked, by neans of a |ong
Link 10~ to data record 107) and an internal node (linked by neans of a
short |ink 106 €onsidgeafirst gmbodisaentweiere anilbi-dineensianahindex dasinop

e o T i DM S e By R el 20
L s b

tr ang acti or_ﬁ'gaﬁlp—p%dt g’e —a—lgo hggrﬁeeg Fdltié\ ]&&;ﬁ%ro %l?dt §§§§i‘§2{t ?cbvr?_ra AEOW!kICY be

X o0 e 05,4 080t BRI, BRI ST ippc gne

the Pal F (Fraetsldld it £ PRRITMALE 1 BE ARG HBUEEE A Coraing

to the i i , i i i PAI F
o the invgnt gﬁfgtmmy@m?neaﬁ& BIhgWTh ;S@%tgﬁ&& kgsgfa&ehﬁé cfir?]lédga

i ndex schene I ncfudes a PAIF tree sic p Itione X) .

Tur ni ng nosingle ddsfgnatéd bhdeikhToeactess & havond Sette Rt =FIAIT, whé H@:_f.i%r,ﬂz!it%d of a
| ayered i ndex constructed in response to a succession of split block

oper at i onsindegd9keirefed forohe keyLARIATNand to bélect Mvevard oith Byt der, for
exanple a block 140 in Fig. 7A (in the basic partitioned index) which

overfl ows ihe dagtg@designaredinidexsisaearchdthifor Be2%g t he case a "split bl ock"

procedure is invoked which results in a |ayered index 142 of Fig. 7B

consi sting of rdbe ahayekdisaussigiy and examplatconsiderrs A mplisdimensicrad t o | eaf
S_and

bl ock 146 by, means of ,direct |ink 1 by nmeans qf..long li,nk 147 to a
Ceaf bl ockIMES. WhETe Hhe daTa ool nGGkesafly | FBitPURQIALRR c1 od o
be link 14 L O A t y ey b K ot uf Ll nodes
A B, ED an%léﬁ?%hﬁéwﬁgﬁ g@ l‘("&&d}g{%ﬁgmﬁggggéx&%&r c%)t &Bﬁﬂg%pﬁép Oﬁl{kﬂ(’i‘%gw bl ock
| 48. The sghbidrdiriatdd dstapeedrds aBbyexmhpie] eohsiderad Baikih@ dacbas®)| wisdte an
essentially even distribution of nodes and |inks between the new bl ocks
(e.g. the Hiezdepdsitsheres aubgrdirated Hatbothsachounts and algpositai. ahdingle i s

tially th inth t hat fath bl qck i st,
Fathor bl oleSiBhasa bidex: PrOYiRG Hoceys 0. Arcalinty (ot Hics drammeliat dnode A (
1SS f .t i A 1 < int t . i d d f
spl it )nogekf rggcm(i%%r%%ﬁ%z sp‘%)i t %pg))l%ltf)issnpr@g'i ?\Z@lgd Bgégégqlr?g‘?&g: fgggy Pgsiedg
0 the fat heucBhagl ddde) APtSBEB0Si 6PBbEMK 2 An8 T BERIAAG R0 38094

j7 _ PCTII
of course, to use different designators for the & when it is subordinated to

k, and to k, when it is subordinated to k, .)

The designator of a multi-dimensional record depends on the
designator of the key used to search or update the record. Thus, the
designator of a car record (FIAT, 127) is A when searching or updating the
record by the key AFIAT, and is B when accessing it via the license plate
number B127.

In addition to the data records it is needed to maintain meta-data.
The meta-data includes information on the different records as a function of

their type. Thus, it is needed to identify the designator and as a result the



to the latter block (marked A') and the connection between A" (155) node
and the block in which Aresides ( 146) is inplenmented by ngafeTAHER280(
direct link 145. The split link 149 (being originally a shqr i t ween
A and C V9 ¥38M aced by long link 147 between A and the %F&@p%&maﬁi ch C
resides. Optionally nodes A and C ( 156, | 53 respectively), may al so be

| i nked by nmeans of split |ink mar ked,7 s dashed line 150. The net effect is
that in Fig. 7B there ~i s provided a-Fayered i ndex constituted by bl ocks
144, and the bl ocks of the trie are 146 and 148. Those versed in the art
Wil readidffrpié® Gnatie té&di & a@aimw,pm_sextahgnéca deSRFRicH oPRRAt e data
records not through the trie (i.e. commencing fromnode A 156 ), but rather
t hr ough t Waribusy/Beldd, keybe suordenatiospmnord sigefete. hheomtarol schdfie. inlthet hi s
connection it should be.noted.that link 147 has {he same value as |ink 150,
which in flgsignagd tgexy i L@?B‘FO‘& itgi e mqtﬁﬂa&m{tgfeqﬂi@_ they reegits der i ng
now t hat blo 1 rfl i n 4 m. ] ar. hlioc iyt cedure
Fasul | ngrietificy i 3¥STeha@ el pHBEREIRE HCSigbloR cal e Rel i R T | T
is short Ld ‘P?ﬁ hidt i dRthAanepasiinetyd Regles C and H reside in bl ock
148A of FI{-%c’blf génesglls&nod‘gs G, K,f and J regiljde in block 148B. The node
from whi ch the spifherd isntkusprgiided és a¢cardende withd s¥cohil aspa@d)ofithe dupl i cat ed
{yielding a duplicated node 153a of Fig. 7C) and placed in block 140 marked
C . As beimweatiodj ires sstaragk maliumonsedchys a datbas fidel mapdgergenti§dtemo t he

bl ock 148A of the original split node 3 whilst the |ink 155 is a far link
to the spPRECUEGHER di‘@BU%’ﬁﬁP‘BﬁéyﬁﬁF‘ué Strctyre that %‘cl%l%?he original val ue

of link 152. 0 . ' n Fig. 7C,
't he Iayergé l&‘ﬁ%‘e\,\@%%gﬁé)ggsc%% I%ng{sbgﬁ té}a@@?&aﬁ% ﬁ%ﬂ'é pﬁcﬁ%%dé“smb'%)ocks 141,
148A and WRER difia hBciad ol QK sddoridhitgPe bfd SBbdRRIERF Healdtye i ndex
over the common keys of the trie. It shoul'd be noted that in Fig. 7C node A
in block tébrdnedfthedistQypn. bl ock 148A are optionally di sconnected and

| i kewi se node C of 148A and node G of 148B are optional |y disconnected. As
is clearly shown, Sidusther in agrerdancg witleigrieeerdiaspechibseads providedf or m a
(connected) trie and (ill.t is 5)2 GéT%ER f?oz WO 991 38094 J PCT{‘J{ L99/ 00038
accor di ngi% 23$eegs mediym, used by database fils magagamARLRYsem £x§cWelect 1 nk
156; bl oc ' e i idak 1 ~4; and bl ock 148B

t hr ough n?gé%@ﬁp?&gﬁﬁ%ﬁg?ﬁ?@égdaﬁﬁk 155%Ia§ﬁ|{céﬁdnécg)f eworthy that the val ue
of the link betdesgnfeddadék oved designiatedbkeysk of 4@atd sedoids)t iheadatao t he

original value between nodes A and C (see link 149 in Fig. 7A). As is

cl early seaecdrds, Rapstittinghdesigrated datp respedsepeingdek atoleasti twa &pes bal anced
structure of, bl ocks ther kKeepi n he ind depth to 1 N and
consequent Wh&EE Hﬁﬁ*ﬁ%‘ﬁg ‘f‘ﬁ% r?ﬁﬂ‘?@%f)go‘&'eégﬁ%tggéw‘f A6t Fﬁéhqré-‘,n%%t %&h not
necessari | ] j I equired in order to find, insert or
delete a g?ﬂ\?gl,é@g?@%ﬁag%ég? ) ? tﬁé?ﬁ%r ég now that in order to access data
record the |ayered index maintains substantially logarithmc function that
depends on the nunb%?c&;rd de%hetﬁ%oh@yﬁﬁ;%ét'@ﬂ%ﬁls' Sadﬁﬁxﬁt@g@sffar@' ent in
terms of nunber of /O operations required for access a giveén data record
as conpar edcomplistedinohdingf |/ O operations required to access a data

record through the trie. Thus, for exanple, for accessing data record that
is associated with node J through the layered index , it is required at

It
L o
L OHE L Pt o k0T ROl Lt LR . narel y

141, bl ock 148%“0 a recoro own there are few

particul ar d NHeadas Stlibfire the: incliRics dedingtedf indek 9RH dRighateraaasi ng dat a
record associated with node A), however, the larger the 1rie (i.e.
constituted bycamlitk Rigiedlly)reldted items. ef ficient is the access through the
i ndex of the |ayered index. By the particular enbodinent of Fig. 7, the

r epr esent atd vidiei datastaetire tbat pickudes (designaied BBy dindedasignrtgh data
partitioned i ngex qp%g |C¥’Fl\fg;£@Qﬁg%@ﬁg{@ﬁkﬁpéﬂﬁéﬁgﬁﬁgﬁ%hSChems i.e. the
PAIF. By "subs ‘here are sone

di ff i) | ' ' i, : h

consi dor at 1 bri (e STRRRE ARt Mol e NIHFRRS Rk B d A anAl® |

the | ayered in f i it rence to 22 OCTOBER
5002 Vel/) 991380%lgdﬂy§§%h dfichaky iih skt diatikeEatye

—




PCT// L99/ 00038 additional exanples depicted in Figs. 7D to 7H. Thus,

Consi der the | ayered index of Fig. 7D where block split is B&CTB8PEREPI?n
link 400. The resulting layered index is illustrated in Fig. 7E, where

bl ock 4030 sy/isp®at ed node 401 is copies to higher |evel bl d&REIYBYr i ng
part of the |layered index schene) and the original |ink between nodes B and
E is optionally retained (through dashed Iink 403). Through node B it is
now possible to access the two bl ock80ef the trie (40~ and 406), by neans
of links 407 and 408, respectively. Next, should it now be required to

lit bl ' 4 - is i
bl ock 402 of Thp gt sttt HachEhd BERMN S bhi M mAREBRZ TC0 10 o
and 1" (410 argloﬁs]h;)ghierfﬁgle%yhﬂ%eviﬁgog&aﬁﬁg dsaobvi ously a duplicated node

of the split node I i'n block 405. However, node A is also copied
consi dering that RothtailedeéscBsgiohas regandsithe vaaous Bdvarstagegpoiferet byesi di ng in
bl ock 402) a,nd I (whose |I' is now dupljcated tqQ bl ock 402) are descendent

nodes of Ahe Ndatabasepllenganagematsysteanektheoinvisatian ds givenebelvamith | and
thus a (conEéect edé tri.ﬁ i s .f r.rredtsi n bl ock 402. The val ue associated with
short | i nECFIoRCERRs CEPH??%%‘“&“ and B in block 402) is of the sane val ue.

as link 412 (bet I af. .t i 415

(bet ween nodes A}Megﬁ%ﬁpﬁéd{lﬁtegpg?kﬁgglf@?cgfﬁqﬁ’lea@dn{gn\ggf:Lf;ebﬁals)ft at of link
413 whi ch FRIRI Gratesy freside Niid@nd on idie épeatel daangieedid ehaclagss node B.

The internal structure of block 402 is such that it allows a search to the
r epr esent anbeliment thoolata 4080rd4 houldd bgolinkerh eofiicourse, Itonthe ddme- 417 of

nodes 422 and 411 are optignally retaineq since it is possible to nove
-al ong di r épendipgiP Al %%ﬁ&eﬁhﬁo@ clé@@?&gvmaqfeme tg the [deseHRttai ned i n

t he access path to both nodes,422 and 411. Fij 7G shows the resulting

| ayered i ifePesfic Eﬁ(hlﬂelnigﬁ?&l%’o%ﬁwgﬁfﬁgaf regopd may EFEPIMERAtE YOS, hy Fi g.
7H shows t j ayered index after splitting block 402 (in the |ink
bet ween notggg[)ﬁé%aéﬁgﬂl%c*. The resulting layered index in Fig. 7H has, as

Shawn t hree | gy&rsuldt BBof bé Sresemtsl dbiwn@ofiplék addta Adfichires &L dath
consi sting of blocks 402 and 408 and the trie consisting of blocks 405,

407, 426 aethtivd$can besumeoreEdsy 200w updogs | aedaimplRaechndogp0038 - 55 Those

versed in the art will| readily appreciate that the manner_.of realjzing

opl 1t bl ock 1 4t epld alsodse Rssta B oBGAT idcictuelts 28 o o£f quiniBel o 7

Havi ng de i YeJoll : ucting a layered index by split
processessﬁéésﬁefi%% F[_l Sllltl e s%égé%@g:kg §'of insert transaction (wth
reference to Figl of)fthe hbovd Menﬁenam&v@ﬁtagésedretdi@poﬁb_e istpently by piocedur e,
i.e. "Delete block"” is activated when a data record is deleted |eaving only
one node iinventidmowkthbayanmopreliminar cossidexations vodhedath (ikekewwrange iThose

versed in the art will readily, understand that the | red i ndex descri bed
wi th ref er@iaewng numper ot recgis,is oY, g ynﬁﬁ‘ﬁgﬁlﬁﬁcé“@éﬂ? f or
realize the | ayer in e the representative index arid the basic
partiti oneﬁcP%éig%megFﬁdbﬂ@ﬁti ally the sane. The utilization of a PAIF
in the manner speqi_:,;,i §ill Cathérl Wspsct atheashyantRge de$ Oife aOfstdrlge hi t hert o
known tries in the Sense that the so acconplished | ayered i ndex has a

bal anced smedininesedf bip| ® addatabise piileemanegément shstent aetuted perdaz may

possi bly be unbal anced. Attention is now directed to Figs. 8A-BB show ng

r espect i vebrogessing sigstem & data struchpeithatiingludss: appl i cation of the techni que
of the invention to a according t ot her enbqdi nent, of fhe i.nvention.
Thus. Fi g BA 11 i s being fOmdiniRe sbftek Mt 2t prsbeg Aver
orientatiof (i.8&. 9L Lt | tj re iLGh 1S

unbal ancedﬁ\e. %‘?}%t ﬂf%gﬁi)f%%kgé%é%t E%Efégagt%f Q%QY%% ng%?%\q%l'l%%ks dept h
(260 and 284angelinf BRkS! Rt thd Ra@WhHRES Hb‘iﬁ%QiriHeﬁttoedﬁhate@bﬂE bhe search
schenme of the Specified vertical tree but enphasizes only those aspects

whi ch are megns oflinksy obtai n bal anced | ayered index. It should neverthel ess

be noted that the nodes in trie structure 260, ;@gnify offsets.in a half
byte size. (The notidd indexids chrmachrized incthat @t deashdmnd phisakkprks dat at i on)

f the dat d - k) that .in Fig. .. It should b ted
Chat an oxBrticd P kitorar a0 SiBedim e e biickcis ™ (o three 110
operations) in ordﬁ& po} e?ﬁﬁ@&igqéi’lﬂttﬁc ERfS rtgeié%ggnﬁﬁg@rﬁ%trﬁfpne bl ock (or

one |/ O operation) to access data recor epl g. 22 OCTOBER
2002 WO 99/ 38094 - Sffi fuRRd, lthé RR/ANOBBrEAded B, fifa kRGBS CIakdasmhakanced. In
sone real -life scenarios this does not necessarily require applying the
techni que of the invention in order to bring about exactly the same nunber
of 1/0O operations. O course, further insertions of data records may
generate hi gher "unbal ance" degree, which, if not handl ed by the technique

o b1 . - - v Y S Y




shown, a representative index that consists of one bl ock ] h) is
constructed with the result that horizontal bal anced treez%zgcg%?%%ogg
having a root block 270 from which all the blocks of the Jquer,leyel
vertical YPé¥{Phe Iatter constitutes the unbal anced trie) are accessed

t hrough one 110 operation. As shown, the actual access to the blocks in the
first vertical tree (being the trie)é are achi eved by neans of the common
key val ue of each bl ock. Before pro ée"di ng any further the term conmon key
w |l be exenplified with reference to Fig. 8 The common key of bl ock Z60
(i n hexadelsy sahtabegy fieemsmigeoenosysteg Exenpted omidat) prosessiy, sysikim,and Ox 3,
where Ox4 stands for the npst signficant bits of the byte of the character
A and Ox| afHAgEuetyre WALINCRGEY significant bits of the Character A and Ox
3 stands for the nRShgS) gélla%'sﬁﬁéﬁinbh%ﬁa e tnR8iveh Ahd ChBtBuctdd Gib" €si de in
offset 2 of the data records. It should be noted that all data records that
can be acceeslesstdf suidatd emiordd6ihats heer stordik i diloaks; ithey ipdeaf baingpeci fi ed
above. 22 OCTOBER 2002 WO 99/ 38#?%;1 PCT‘%~'~99/ifaio‘}038 7 _In tge sane
manner, t harranged dwitlecksapyith thenleat | blacks; heingd ﬁ@e‘iat%fre“é&% ¥l ock: BLOCK
.| COMVON KEY(%)?& 260 261 269 - 264 Ox4, Ox 1, Ox3 x4, Oxl, Ox3, Ox3,
x3, 3, TEEWESo3 o4, oxl, x3, 3, X3, X3, X3, X3, X3, X3,
Ox3, X3, Ox3 x4 gafdindes chiddderigdBin Mad, at Qedst ddedoOsdd| linkshiul d be not ed
that bl ock 261 can accommpdate a root node with value 8, thus, the comon
key, her easlitaged by atfleast éwpdataiecards spedjadhe sameblogh; oxl, o3, o3, O3,
Ox3, Ox3, Ox3, i.e..Jdt consi . Of i I kS . th
representative of smdolgge’%Wﬁhﬂpgas‘%%‘%?%ﬁ'ﬁdecxc 5{)1%%2’ %@gfr{r(ljitlhg dy. In a a

different pgpkcoraid@bdsRipartidined aiteg e linkéd ® said @id rdcerds. even i f the root
node with the value 8 does not exist. The index over the common keys is

acconplished in the representative index (copsisting of. block 27 such
That Tt odhdet el 25phs oMt PIEVEEs 4 e Ackesyed grq Rl e oy
vertical wécdal r bipits kbpk i aacgohpeessed teedmsed mdek, nehidl aidex isepwtitthngd idme
follows n g)% 290, link 291 to node 292. Then, one advances with the direct

link 293 ﬁ%?@??"ﬁ'@g‘, which is associated with data record g. The

resul ti ng aybsagarepidlockof tha stiftivdex asa Hpdblacked agpricse, for the specific

case of trye, : RV ' omon key.

General ly ngeg%?ﬁléﬁﬁﬁ?%gﬁﬁ%#{nﬁﬁ?ﬁghgf@%ﬁgr%b(fﬁgg?%ﬁ%est prefix of all
keys of the day @srkegot dy tehdingcanerins @fCeebloeks {4 50) tdartilk ock by the

rel evant index scheme. For the PAIF, the specified pref x size (calcul ated
in 1-bit-| onfgomthe &yst bingk aad andaty gaeged of thtagé,ﬂ gspetiatadadth m t he bl ock (which

of bi to, thent RatoPLa, st g el bR LG Ik BloER debeeld P S 0C Ol ol e
by the 1-bi tindeqdn thalcae. that a key &' of r' it different from & , the search
: considers the value of the key &' in order to find a first block of a
new series of blocks that may lead to r;
c) repeating step b with a new first block until reaching the data

record r or deciding that the key k& does not exist in said index.

The invention also provides for a method for inserting a data record r by its key k to a
compressed tree based index, said index is partitioned into blocks comprising:

(a) using a root block of the said index as a first block of a secies;

(b) searching in said index using a search scheme for a target leaf

block that needs to be updated by a key & and a link to r by
reading a series of n blocks (n > 0) starting from a first block and a

data record r* that is associated with a last block of the series; said

last block is a leaf block of said index; in the case that said | eaf



22 OCTOBER 2002 WD 991 38094 PCT/iL99100038 _ ~8 There follows now a
description of yet another enbodi ment of constructing a | ay2rRdOBFRIZHR2 of
the invention with reference to Figs. 9A-9G Accordingly, attention is now
directed to Figs. 9A-9G showi ng a succession of nodify (insert) transaction
on a PAIF tree (constituting a trie that is susceptible to an unbal anced
structure) and the so obtained | ayered i ndex. For conveni ence of
presentation, the data records are own as formng part of the trie. As
speci fied above, the actual manner 7t which the data records are associ ated
to the trie maybleek is e lendigegblopkthe bearglacdistictsathe aplpt o€akewn. |1 n the

followng figures, a |ayered ind i.s constructed by inserting successively
the fol | owi ng ufisByPEeF {v?aff‘%}j?ﬁﬁﬁﬁ%d%?éﬂ BGWiSeHes of blegksibat mave of
presentation fofeRy RAhE tzggcttdﬂ&kl?' ocks): The data string is presented as a
series of bits where the 1-bit portion stands for 1: A01000011 B=110011100
C=011011111 (-0 1epeatig ster€h)Owoh G aew Hiegt1blodkl adtil deachtime thfei tagget st ep (Fi g.

9A), record A i[§l (i:nserted whereafter Bl ock 300, includes node 301 having

of fset 0, being 3sl§oci ated to first record A through link 302, having the
val ue 0. At (&hi apddtiagahe kdrgett 5166k 69Nké KEF Mndﬁhélﬁhin%oaoliﬁl@‘ﬁioﬂg only one
node. The index schene dictates that the search path to data record Ais
det er ni ned accohgigigetidookdpue 0 at offset 0 as depicted on |ink 302 and
node 301, respectively. Thereafter (Fig. 9B), data record Bis inserted, in
whi ch, as can be clearly seen and distingui shed frocr~ data record A in
of f set zeThe, indenborifasthargirauidiess Sorka anputed systerdhadhg/a storagk ndldiim, eads to data
record B and assigned with the value 1. Théreafter (Fig. 9C), data record C
is inserted, andatda stalahget thet éofluday an 2Me@CICBERe2KH2 MOd&9/ 3809. 1 - 59
PCT/1 L99/ 00038 offset |) .serves foy distingyishing it fromrecord A Links
303 and 304 cHhAE cﬂ%’é‘z%‘ ‘gﬁxﬁﬂd#‘ﬂ'ﬁ’. fth? @H‘?’ge‘f %""ﬁBdt'ﬁeagpeci fied data
records C andefedtRHpasaldnéed ¥ rustiRCSr ok t BY thRg B meatSsiapdes 301 and
30~, it is not required, as yet, to split the black. Next, data record Dis
i nserted, andnatiéfested fromuthe soe of lseidtieyesk fol | owi ng the insert operation is
shown in Fig. 9D.. i.r}fe, h@}é\evter ethe gat actél oogk ecag{not facﬁgcl'rm)date nor e

t han two nodes ( Fe 9w BRE rg)l,b M & H8W quiPEdi% %rp # Bi ock 300.
Fig. 9E il uskectiashy ite Keyge said poedseinaluley réaflnist Blb&l@- anihga | i nk 306 is
the split link with the notivation that approxi mately the contents of a
hal f bl ock wifesorpe thastase megpciatedsfigak lddlogksd seidepreesss edes not t he renai ni ng
hal f bl ock w. . - se, other links could
be |ikewise s‘le‘+l%@‘tgﬁégg%gqﬁzé‘q?ﬁ{e}%s%ﬁ?‘g{e?(r\ﬁ'{g’.“?ig“‘ée blogks. S age, bl ock 300 in
lo is replaced with two bl ocks 300 and 310. The nodes 0,1 (designated as
311 and Blaotheeagpect thedhventiemperovitles @ad aompressadls trée-hastdBndexeartiéiveeéched i n t he
splittin r standji ng in
this parﬁoghllggérg' g%ﬁ%ﬂ%ﬁ?ﬁlﬁ&% orggét#ﬁ‘eg?hee?rrgeit' g?rngggaﬁ(g‘@s?,kgg%ég%%@%ﬂ?? bl ock
310. Acc#amhegikey. thats asaesiatedwith A drigiecerd ertentisifg: Fi g. 9E consi sts now of
two bl ocks 300 and 310 (which in fact constitute the unbal anced trie).

Ther eaf t(ad, séadoe 4 doet blodckf wfid Bdix;dnekronbbloelk beihg aiftrstibdoak;; eat ed, and,
accordingly, block 312 i rovi ded. The |lit node (313) .is copied to the
b1 ook (38"t S5 bR sorvaseh i FE M Pdau AgorkELr °F e
duplicat ed BoRBrelddds; A BasEHBAEEE @€ shi SBRETS aQéafId RIS shidffdex} 6 t 0 Dbl ock
300, and the duplicated node 314 is |inked by nmeans of a far Link 318, to

t he bl odk)310cadifigi end ar nhoralkdatae pécmcdss corsétubimng giacadsed platat rdcorde 306 that is
marked in Fig. 9E . in dashed |lipe. The value of the far link 318 is the
same as thea%g?‘ﬁt@da‘f“htath‘é?@bﬁofkPF?‘?R(.‘ “’%ﬁﬁs, the representative index

(consti ) ed chyipiRhRg hS3ddakeh phdcR¥Sift meﬂ@grsmt@cs&eﬁb@giamst e comon keys
of the basic partitioned index. It should be noted that there are no

const r ai nt ssaasched kehet ¢les: t he split 22 OCTOBER 2002 WD 9913809J

(e) adding mformation from a key of the accessed data records to the search

=

scheme and said scheme being able to decide between the following:



- 60 PCT/i L99100038 |ink should be deleted or retained. As show n, the so
obt ai ned horizontal tree that constitutes the |ayered i ndexX2PENRER g
here on bl ocks 312, 300 and 310, of which 312 belongs to the representative
index) is balanced. Next, data record E is inserted. In this case advancing
in the horizontal tree (belng one formof the layered index) fromthe first
node 314 of block 312 (having a value3®) is not possible by neans of the
far link 318 since it represents dlrectlon 1 fromnode 314 (having a 1)

val ue, and a Jlink in |rect i |red Ther ef or.e_advanci ng by neans
of the direct™ink 3t SSarB ke% s"’“ﬁh‘é1 E\eo‘?ﬂl‘?t‘ﬁ%ﬁx needs to be
associated with m@rﬁg%@%ﬁcﬁgq&mnhédf&und In the same way data record F
is inserted resulting in a tree structure shown in Fig. 9F. Next, if a
split betweerf2iode 3Zu@cktratkimgde 8Rlockfinlslagbkerd@0frorm wplsich ar med, node 320 is

copied to block 312 Fi since it can not be

li nked to node 314 Sgarﬁﬁéﬁgﬁgg ?2%( §?‘ﬂ§é°°|k?be\}\?3%ﬁﬁ%t lockiandn ¢ he correct

i nta-bl ock |inksratmidpaoregas) - node 311 of block 300 is also copied to
block 3 12 (designated 322 in Fig 9G in order to create a (connected) trie
that enables to search by the search schene to bl ocks 300, 326, 310

accor di niretiBvanfien fustharprovidsastopp comautsr system haying A siaragesmediubeadgided t hat

i nst ead snhcthm/thagnmdee@h indeR loserfkepsrofdata Ropds;Ctadh deMe 33id kayLindddesOf bl ock
312 in Fi it would be sufficient to have one such direct link fromthe
copi ed o 9{‘35’2) to block 300. A far link 324 fromnnode 323 is set to

bl ock 126 in the direction of the link before the split {the direction of

ink 31§t@fm.ﬁteg BE kvt RUR rof 1@&@&!&%}«]&% 'tahd oPREGL IRk DI 90K 326,

it woul represente ock con rom node 323 by
link ind#a @aﬁmth@t ﬁalvd%garamdw@@r kwsnK degignated data recogdsg said regordsi nk t o

bl ock  B;pefon F!ogﬁloregﬂ'taﬁ 8nd cRAsBaath| dedtidtdt thidlsanfe BRBEY HA0S $hd!@ngBnners of
realizin ﬁ ck mechani smthat naintains the bal ance structure of

the inv QBﬁobﬁa'éd?@o{‘fﬁ.thdiﬁﬁ?“éc'P%ﬁ/@véd'fﬁeFﬁTéS!es'gﬁ?@’ flexibility in adopting
anot her non-limting varlant is shown e.g. in flg 8B where the near 1ink
271 and Zlﬁ‘t@ICBER 2 WO 99/ 38094 -61 PCTItI 10 038 di rg){ link 272
are reprBeys§ APUBY $°BFC KMERIOR r?ﬁ?vlgéa‘a 1 5°U8<HRE ayﬁ?'ﬁ PPt S ction as
of | i nk r@édiumendata |stngctmmul$atmwﬂsie3i6 inded wueradesignhted dbys, wheretpigyseofbodi nent s
are con Efx% ue of the invention confers to the so
obt ai negﬁgba an tgégﬁ o?bggﬁﬁzﬁgﬁ%@t ed digital tree (being one formof the
| ayered i ndex structure) a so called "probabilistic access "

char act g4 yéttd ffther Hpéct, Wﬁ@ﬁﬁeﬁtbﬁtpr@l&@%rﬁ&ag@ nfeamafs*euw aMdidbas® filenput dat a
record gﬁ’ '1%9 search for a data dlfferegt dat a

R
record e@eﬂoa@t%e?xﬁc'{tﬁ‘ser%' idéta Brop%ﬁwgt gysﬁ% di 8%‘&? Bi5tusg 48k i ped by

t he i ndeachglebene and nmay require to appl y "correction" in order to

event uaIIy cess .t he ta rec For a el el Mnder tandi ng of the
f or egoi 11 %‘%ﬁﬁvﬁﬁ?eS‘@Ségg‘gﬁﬁd@mﬁecﬁr 9 ed%r{gcotﬁ%r YT Qtdlﬁiﬁ%e that a

sear ch taiiRs ki thitSheldY dfede typeli@plefix OF €@ HePGEheQbcdnddypedE Wi th the
sought data record L=111011110 The search path will follow node 314 and

i nk 31SR{DFDESCRIPTION OF THEDBRAWENGS: and then at of fset “6' (root node
of bl ock 310) through link 319 (value "1') to data record C. The latter

exanpl e exerplorddrds undestpnd tebinvésionanddarset howat aclydrd sirfie of t he so
O ieaie b ot oSk il S e ISR by gy Lt ' rer the of ze
non-limiting example only, with reference to the accompanying drawings, in
which:
Fig. 1 shows a generalized block diagram of a system employing a

database file management system;



of the key of the sought data record and the key of the data record is

cal cul ated. The common key of the block (310) is the prefi %2 BoIEEBYs the
key of the actual data record C. Thus, the size of the conmon prefix is
zero. Next, clinb up the tree to the node in the access path that has a

val ue equal to or less than the common prefix size that has a direct link
If the latter requirenent is not net, i.e. all the nodes have a val ue
greater than the cal cul ated prefix s#%é, then fromthe first node in the
access path that has a direct link (which should point to the first block
of the index 1, ,). Now, fromthe node 311 nove by means of direct link 316
to the | ower Fégel sows @akamopleedatabaser seugture reprosérgdrasl an, Entyd

t herefromgconti nue the se pat h as. prescri bed by the i ndex schene. 22
OCTOBER 2 tQes W@M@@%Q% W@&%BQIEWPWSFS anot her scenari o,

o T R SARAE S L
o TSR U SENARSgMR ey bt <

direct lin vanci ng a conparison to the
conmon key (i fFigvai dhadsetheo'CLIENIET 2abile coft By, 35S SsigCactopdhnitiet withofiles (i f
avai l abl e) can Tead to a decision as to whether or not to advance by the

i ndex schdnanagement system entpdoying edeventionahBditree dnddxi sthemet; shoul d be not ed
that the commn key is not necessarily pqggjcally attached to the data

records. Reve®igng shevwshdeprledENE" salilemnteliss ight acsardancecwith file and
associateq data re %ég:C of fhﬁ. QE%.%T tpﬁ.cornnn kﬁg.of bl ock 310 (being
a 1011) P%%FWF&f m GiRlQYiAE seRventional fiig IdeX SehFMS access data record
C. Thus, si . foi ‘ . f th
bl ock 1 5 0 o BABTBPHE CLIBNE RN, &, RIRCORACEWTARIEY o the

record C. pfwlodinet sAeerR@RthI6yinaaPeSIF ndex dah@néecord in the manner
speci fied has,” of course, the aavantage of inproving performance. The

criterion to know that the sought data record does not reside in the tree
is that the size of the common key prefix of the sought data record and the
common key of the block is greater than the value of the split node. In the
| atter exanple, the value of the split node is 1 (of node 313), thus bl ock
310 is not the block that accommpdates record L (if such record exists).
Therefore, the search for record L is continued fromnode 314 and Link 316.
This procedure applies to all nodify transactions. Insofar as insert
transaction is concerned, block 300 is found in the nmanner specified above
and is associated with the new data record L. The latter exanple referred
to a specific exanple of |ayered index. Those versed in the art wl|
readily appreciate that the |latter pj~obabilistic access characteristics
applies nmutatis nutandis to other types of |ayered index that utilize a
basic partitioned i ndex. The probabilistic search characteristics which

| eads to "‘'errors" stens 22 OCTOBER 2002 WO 99138094 - 63 PCI/ |

L99/ 00038 fromthe fact that not necessarily the conplete conmon key of a

block in layer 1,, , is known fromt'he values of the node that reside on
the search path up to the block inI,, , . Thus, it is necessary to know
t he common key of the block in Ih_, in order to verify if the search path

to the specified block nmatches the search path according to the key of the
sought data record. If the common key is not nmaintained in the block, it

m ght be needed to advance in the index to a data record in order to know

t he common key val ue. The inherent error prone characteristics of the

| ayered i ndex and the manner of handling it has been exenplified with
reference to Fig. 9 above, and nay be described nore generally as foll ows:
to search a record by key k , the latter is searched in Ih (and in sone
cases in lh_, tol, or to data record(s)) in order to find the bl ock B of
|~ , leading to k . This process is repeated until reaching the block of lo
that is associated with the data record with key k (if one exists). The
description in Figs. 7 to 9 exenplified a | ayered index utilizing a PAIF
based i ndexi ng schene as the basic partitioned index and the representative
index . Those versed in the art will readily appreciate that the |ayered

i ndex of the invention is not bound only to PIAF. Thus, for exanple, U S
5,495,609 illustrates a different trie. Consider, for exanple, the trie of
Fig. 10A in accordance with the specified 609 patent, and assum ng t hat
the trie consists of a block that accommobdates nodes 11, 12, 13 and 14.
Should it now be required to split the bl ock subsequent to the insertion of
new nodes to the tree, a possible approach of splitting the block in
accordance with prior art techniques, would be, far exanple, to break the

LR T TR - Y A~ I ) M I T S [ T o



WD 99/3809d - 64 PCTIIL99100038 operation is required. If, on the other
hand, record 20 is of interest, a first I/O operation is reguPCHBERI20020r der
to access the new block (i.e. the one accommobdati ng node 14), and therefrom
anot her (Wo@9/3g69¢ond) 110 operation is required, in order tBCEE988038ecord
20. It is accordingly appreciated that the split block gave rise to an

unbal anced tree. Subsequent insert transactions may adversely affect the
unbal anced characteristic of the tree32i.e, necessitate nultiple I/4
accesses which is obviously undesired. Applying the technique of the

rosul i ng | ayoFEs 7AGCE SO PR TR oo At e ntion of " 11

represent at | i [ ' .the representative
keys of tﬁ%la&r%fée ?éﬁ’s%ctsg%@%tigﬁ%%g?égkﬁ%g) fgﬁ%ﬁfgé@q, Here al so, the |ink
bet ween node I1RjsaNGALR shewcsuhehmeicdilustranstexenpiifyinbohbieustton sese, 159D
(being replication of node 12) is copied into a new Bl ock desi gnated as

159A. Now, layeredriddex,tascamdiest® yat anotheg emdmodimentafdh@mventiensame nunber of
| /O operations_is required, and in iglhi s particular case, 2. As the size of
the trie growsFigsedfAobeshom schicaatici iWustsationscaxemplifying constrietjes efiai ndex.

The | i f Fig...10B bri b - 1 hus, bal d f

I L2 bl oShOB. RRRPSRr  SRERRGES 1100 01
ired t At - i d i

oSy e OB, AU MR LI Rt P o

the art wll y appreciate tha efera

oper at i onsa |4yeped ek ddeBiding thaddther SABEdIIdM oF BRInVERidNDer of data
records and a’?,he nunber of Iiénks ori gi nat ed fror% a bpogtg'}d?ll"rlhus, for exanpl e,

if 1000 far |iRig kI sigpwaneschematia iHustediornexemplifihd odestrudtion & 4evel s
al l ows access to 1,000, 000,000 data records. For a better understanding of
t he foregolaygrediindex acepndingtotinkystanothex smyadimeatafithaipventionevery bl ock

has 1000 far |ipks. uming that the sjze of each far link is 4 hytes it
readily arises ‘rgatlﬁ%‘qﬂsz% ﬁg@‘ﬂ@ﬁt‘? oﬁfuﬁgﬁ‘i‘%%eﬁ’fi PRI Y5enRE i s 4000
byt es. Assyug: rs : -Re i - WL bl ock
ovcupy ancrpupaitihbleieited RRCRAHRRBREALS BESS, Hpilnltd HinEo

991 38094 - inf¥entibl;T/ | L99/ 00038 size is less than 10,000 bytes. For salve of
di scussi on assum ng that each block size is 20,000 bytes. Considering now a
| ayered index tKFig. 13dndi stawv five saberbhte ilystrationd farcdxeinplifyyingFfegturd B) as

i ndex | ayer and assurtn'fing that, i.it is |inked to a thousand bl ocks in the

I ) .
| ayer 10 (8fsupardmatian pf dow rsrrdRdn pAssignateander i agcordancs Witlyong) , the
| ayer ed |ng§§0§ﬁ%ﬁg}?ﬁ%€{2@? -(g&,al of 1001 bl ocks each having a size of

20, 000 byte ‘total space that should be allocated for
hol di ng fine blpgks 1af shhws! 2y SéimatideNlusEagROUSE 20 AR ShdedNi s or der

of size can be easily accomopdated in the internal nmenory of say, for
exanpl e, aexanplifyalg enultivdisrensidasrevond) avourdihgtto eac lenfbodirkent off the
associated, wth one thousand data records, the net effect is that by
utilizing Wvealieied i ndex of the invention (according to the latter

nmbodi t) whigh i | | ted.i he i.nt I . i1l

dat a1 ocor ds cafibd3oas L A Ctestiqnieda deyPhdied Bled AoRinGccessi ng

billions of, ér%?nl?@&im%ﬁﬁ%ﬁqﬂ%rﬁﬁrf-;cal |y one nore index |ayer which may
ne

require an additional o
Fig. 16 shows a schematic illustration for exemplifying feature of

relations among data records provided in accordance with one embodiment of
the invention;
Fig. 17A-B show a schematic illustration of compressed representation
of links to data records in accordance with one embodiment of the invention;
Fig. 18A-D show four benchmark graphs demonstrating the enhanced
performance, in terms of response time and file size, of a database utilizing a
file management system of the invention vs. commercially available Ctree

based database; and



operation. For a better understanding of the foregoing consider for exanple
the inplenmentation of the layered index in Figs. 6B-1 or 6B2BO¢TRER 2DG2dex

schene) . keys of data records 103 and 107 been | onggfyArbebdag (for
exanpl e |%®B@$‘§“| ong), this would have not changed the si zg o/¥ t he PAIF.

Anot her non limting exanple can be shown in Fig. 8B - the size and the
structure of the layered index woul & Bibt- be changed if the size of the key
of data records a-k addressed by the index would be 200 bytes Long. As can

be seen, it i gpgl sshober ' ' [ .and to.,refrjeve the
data a-k accor dfg’hggf;gﬂ t %té or (?tél? b%?‘ X*xﬂ%ﬁfgﬂ&ﬁh#ﬁ?gloggtm ﬁ]eeeglhgﬁée or m of
sequent i alpe@RRAALES N tAinS BOYESpohfetimesatdl fild%ite e hethAde htifibinki 0. 10B

i ncludes two trees having vertical orientation i.e. the first tree

struct ur e filenmasigengertfsylsteme kof the2RvOTT@BER 26fitherEaRP 13A0le-BGee PCT/ |
L99/ 00038 159B and 159C (being one formof the basic partitioned index |~ )
and second’%sﬁ‘ééaﬁhﬁ%g one bl ock 159A (being one formof the basic
partitioned index I, ). The so acconplished horizontal tree of bl ocks
(being one formof the | ayered index) is bal anced, i. root block i 59A

whi ch, t hrﬁE%ﬁEfD' ?@Wmﬁo(ﬁc mﬁ@}ﬁ,ﬁ#% gjl\?g%i%m@gxdat a records.

Further insertions o ata records I'C al splits in
the blocks of o, will require, of course, updating the layer index I, .
When the nunmber of nodes in block 159A of. |, exceeds a given nunber, block

| 59A is split Atemtiah isdirsbdireeted po Fig. leshiosing mgenibmlized dlackdhiagraint h whi ch
t he techni%gg of the inpvention is of_concern, is not confined to the search
tree discl avstem; ¢reploying gdatzhase fHie| managament systera<of theHaventippes of

trees as | ai ned _abgve. |t shqoul e.noted _that the infra-bl structure
i s not ne?ggl?ar? I %e'%éﬁaﬁggﬁoss Fglgl.pﬂhegdé’s S&1s 2d°HPBR CQF&’“ﬁ‘Ht (l?rg;essari ly
arranged i ; ; L dotid hoaiBhARR %ﬁg dr awback,
t hose verse ﬁﬁozﬁiﬁgqﬁl@ﬁfﬁ#fe@ P%kglz%rem a%lfe&%l a’%l‘??l'?d? I mp |g%lt%} ons on

t he overal Cogpat Bifige hey faor ropeesting Gyvtenrt unbdilei Hsigpi fWamds NTS stens
fromthe fact that infra-block search schene is nornally perfornmed in the
fast i nter¢punmercidly avhilable frompMisrosofs lieon UM Aoppihiaid commurscates r a- bl ock
search schene, the aryangenent. of a blpck within a | ayered index is

r et ai ned i‘H{@pﬁ%‘Peéﬁ?f a PM@F%’%%%@QP?%@OH%@WH el ocks in a search

th i | it Ang ' 1A . Of d d
ot lects thor a5  TRbE Ao odRe A BRI of D RS p L B0 T
operation wmchmm? thrdee?,e9tand 51, onbpeotivelydare diowhather usiesipptidatidock to the

internal nmenory. In this connection those versed in the art ' will readily

appr eci at egrogtams aiecexpeetsd by provessof dunder thg cootrokafepdratingisystenaSgi ven

physi cal reali,zation. Thus, for ag}ﬁa I i nsof ar as search ,sche is of
reta

concern why aknoya ipeF 15§- HRBRES sﬁe{sagﬂ%‘é%ﬁenlsgem t BYOUdb| yvi ng t he
techni que jalonb0& 13 Y9 A2/iffPReakty PUFTE andtl bpdrdddd Wibn s.57

The user application programs further communicate with monitor 16 for

displaying data, by the intermediary of I/O port 17 and operating system 5.
The user application programs can access data stored in a database by means
of database management system module 20. The generalized database
management system, as depicted generally in fig. 1, includes high level
management system 22 which views, as a rule, the underlying data in a
"logical" manner and is responsive, to the user application program by means
known per se such as, e.g., SQL Data Definition and Data Manipulation
language (DDL and DML). The database management system typically
exploits, in a known per se manner, a data dictionary 24 that includes

meta-data which maintains information on the underlying data.



invention this applies to the |ogical concept of e.g. advancing in the

| ayered i ndex according to offsets and val ues of offset. THeOCAPBER20§ener al
concept may be realized in nmany nmanners all of which are enconpasses by the
t echni queW&f9938@4i nvention. Thus, for exanple, the offset sPEEIPOIB, g of
nunbers of bits) that is accommpdated within each node nmay be altered, the
manner of realizing enpty pointers (i, e. pointers that point to null -
having no children) and others. The agt"er physi cal realization flexibility
applies also to the inter-black portion. The | ayered i ndex described with
reference to. TFhgsunderlyind Gtatturer ef aher dass dnt gdleyed gy dambasadily scheme
for both the trie and the representative index scheme , (except for the
error handinanggethenttsystom Bé wehicbus assoeidtedneith dbe sxkekraghameandeastuals t hr ough
t he i ndex, .as expl.ained_ in de

il wth ref [ 0G ab . Th
retention @#tarReondsds Hiene ‘ﬁ‘l‘éYd)l‘)Mé‘%gﬂ}célﬁ@setgﬁ?‘iqg@%ékg-gt{:@ﬁeCQPEaE‘gl\?/ﬂ%gxt i Iee
i nd ' t obligat j I : i fii Lt h f Fig. 11.
g 11 i Rsetic B0 RS, iy, e EMeis! Rlbelbletd bR ool b o
P10 BA (1 ofnvedhlitd *Ibivel il chrinahastial deceks uP bdard dieau@NetGRa B (ree

as a representative I ndex aver the representative keys o e unbal anced

trie. The #mntaly Gofeeldinhthe idaibasd fite(s)emidad thislead teel database fikymagagel ndex)
i ncl udes bl ocks 272 at the upper level (index layer 1Z ), 270 and 271 at a

| oner | evement riystent sgomsiders the ractudh estaiciuge nand iwrganizatim oifethgnéath anced
tical ori d f Fig,, 8A.af the | t. (bl 60,2b 1,262, 264) -
! hdex 1 ayereoog:  rits “highekyil: 480 ctown frvefgottions. o das. daiahaRe THF rhe

Yo ive | . . j ol di vl

inbat anceatiBgtRERt sisted dan"CORIRCald efifet? A nchin RAF'Se AppiGgBY' o' @

represent aPW%WHn@ﬁc@%ﬂﬂ%.ﬁ.%e%i@ﬂsdﬁ‘@ﬁé‘n ldadaBhsd connethifitgiat abase

file managenent system of the invention not only copes wth the drawbacks
of the con(@DBONaiterfadeccaimaexcially hivaitablbeifroal Micrdsbir The BRUIZGFOBER 2002 WO
99/ 3809a bg PCT/1 199100038 ot her benefits which facilitate and inprove

dat a acces&hePIREr enghles Caieholevel gpdules ofrbs datahase Hile mpnagementl anced

structure of .bl ocks ilicmt ai ned assures tha on t he. aver a emﬁehe nunber of

sl ow 1/ O of&HER; o application progiar [0, 41}53?569&8&%‘1{“0??%‘.” LNkt £ i ci ent

result is e§fai i FhRs hat ' @ﬂ?ﬁ i f | titude
of bl ocks a?éeta%%‘rélgglregg{ggh%%ﬂ %Zar sed ?ﬁ tgﬁpeﬁdg fﬁevm F'zéa%#%raégg?eci ate
that whi | sterpiseiceeabnupdage 60datarrecdrds nsedf hérainedmeadnipade ull &ipd yf datas! ow 1/ 0
operations, e.g. for mnimzing the nunber of accesses to slow external

g, th :
st or age nediampulatien imcledingdiinds, hipsert), idelets” land Nthaddfy"rdata peesrd(skd st or age
medi um Thus, for exa t he stor.age. iU ith which the esent
i nvent i on Agd QW?@&S@%CW%%%?%%F% cy%c&pn, glptfcgﬁgp
particul ar I J inhg t evier g4 eas| i pt er nal
raror | o5 wAd(EERRRIRERAHRNT | e 1S el PR SBholfBcdtly, 2,
required ekforagemlediif @5 thecfonin off intdmnal hmdrﬁoﬂ%rerab&imeQ%@cgz néi Mg?‘i bytehe
invention. There follows a description of the second aspect of the
i nvent i on. aAdr passiblgnemplayiog 2xgdche amiemory t sub-medule) andeant externdle
invention will be described with reference to the PAIF index (constituting
a desi gnat Semeyeodule 29 (6 &at (ﬁ‘\gqbé/tegygfﬂ@l‘??ﬂé(n§xmﬂdm®%ﬁ gé)skﬁeci fic

vent | on’ dnare ol Xt PLARAR ol SrRUAREESE buS i PRy 2 ngt ¢

i ndex. whereas the internal memory is normally accessed by means of a faster

internal bus (not shown). Normally, by virtue of the relatively small size of
the internal memory, only those applications (or portions thereof) that are
currently executed are loaded from the external memory into the internal
memory, By the same token, for large databases that cannot be
accommodated in their entirety in the internal memory, a major portion
thereof is stored in the external memory. Thus, in response to an application

generated query that seeks for one or more data records in the database, the



In order to better distinguish between data records of different t ges t hat
are addressed by the same PAIF index, each data record bel oﬁ‘?gﬂCﬁ@B@% 082 gi ven
type is associated with a given designator. The latter for t t he
key of t WO WaB#4 ecord constituting a designator key. The g@?ﬁﬁ%‘l" %8 is
uni que for every type of data. Thus, for exanple, the key of data records
that belong to the entity "Borrower" js prefixed with the designator 'A",
whereas all the keys of data records ¥nat bel ong to the entity "Book" are
prefixed with the designator 'B . The new key of the data records that

bel ong t o dBtibassveianag@MmeQCTERER AD2s WPt 3BORem RovicECHild. L91/0P038
becones a desi gnated key that consists now of the concatenation of 'A and
the ori gi eREration) dn oeder Wwwad, trgugly thenextemab conieunication hesy adesomgnat ed key

Sg B andRIBFRY pﬁQﬁ%ak56518?1%%\%%53%%3%&%%&%@&%@&“@5Cs%ﬁéﬁ‘éfﬁ”Iaf o
desr pti oaiiEPHY s Hou PP FERR AR incls ARRiSAI ) bBpbTHR (e °"° °

i nventi 0”1rc§hi?éiﬁ‘mﬂitﬁé%@@ﬂ[ﬁﬂaﬁ@ie@bﬂs%e tRf@edata i nformation, which
provi des information on the data records as a function of the type of the

records. Thus,It showlddbe noted: that fer simipdicity aaff pieséritation, thededtmia) aml ntai n a
designator, to be able to identify the designator and by using the

met a- dat a SxErBalnmemory medules 3% ﬁi@eiséﬁﬁﬁt%ﬁ@m thervarious maedidesi8si gnat ed
key as wel he search schene

s.pther inpformatjon such as the record size.
of the i ncje 3 %P’ogﬁi vﬁgﬁ%ﬁ)ﬁ’o& Fik tsgl-oa‘ﬁ’eat.hel yariglisamodufeso(QPSEE £ r om t he

desi gnat or, i 1 i h - ghat h ta-data is
required tsgﬁfégnﬁgl?rﬁm% %‘ﬁ% dég%ﬁ%fgis‘%ﬁg? @%@t%? ‘;e@‘a d,gm{)e ng ﬁﬁee record

I's retriewxternld nfh & ther arrm@lgt eRscudéd ?@ﬁic’ir&cﬁfedloa-ﬁ'éﬂ_sto by exanpl e,
having retrieved the data record of book the designator -B- is identified,

and i nf or natermal membhe record designated B is available fromthe nesa-data.
For exanple the size of the book record, its fields and the fields that are
the key fiel d€Computerdemay s§6¢S ahatveerkaatian fosmingspars of g LAN hecab only one

type, but h nefenab| hap.qne tvpe may be treated,by the

desi gnat ed&"l%édg?“&ﬁﬂ( z@% Ka%g%ﬁﬁ)a%%l t?é‘i‘%\%’m ﬁe?ﬁf)o}}aa%tailﬁ%

relati onsfasgentm;%evymes!str@&ﬁ@r@h Fig 40 m%ek&nkﬁ&%é%&kﬁ%&s data of
different types are typically held i'n several files (and is addressed by
several i rmexheiskeser engrlopictientgsereersbaded phateeolyanmedomirians peitesn of i | i zing a
designated index of the invention, data records of different types may be
addr essed Saibmodulese (inghding desc databasehrgosds themnelest 23t resids ivelhe of data
records that belong to different types (and are addressed by the sane

desi gnat edgepﬁeﬁex) do 22 OCTOBER 2002 WO 99! 3809d PCT/ 1199100038 - 70 not
necessarily h h < . whliu r +hORS] -layered
ndoxwhi ol | oo PerSgCin BIPaR vl ibadlly) SFBRCRIE MACHE ieafint)

partiti onesinbedintends devdeibedwittheefisence tepf Bigd are drlg tw8Aut Biengiyze of the
key of the records that belong to the "Borrower" entity is 6 bytes Long,
wher eas t Hosgiblevarantsel sy by wayhef nasclimdting azample| atabasendytowk” entity

is ~ bytes lonqg. Inserting bpoks to the desigpated_index of fi,g. 8A with
the desi grf&t BP'q ga%{’%sfl “ﬁ% 1B em@gf}#’ggmtet CHHIVENUQL dot @k e of fig.
12 that i e i i . ad SS 2. of dat ecords -
dat a recop;gJélij %_,E’xo%ﬂﬁﬂé(g?(gttgggb gﬁggdhgﬁ ?{l@hg%ﬁgﬁqlg}?&%@gﬁﬁw (Hgd%l(g records
W X Wwhi ch |afR 888 i ' . ng)%g hitd el ow, the
terms recor dg% oﬁﬁgg%ﬁdrg‘%ﬁﬁﬁaﬁéﬂg’%ﬁ? gcgigkgge tgﬁ%@sdc[ra?%eg a record
havi ng a detirgalased] ek@ynandetioeiesest gngiloyed anX byWiet siothéierodified exanpl e

illustrated one manner of realizing designated data (i.e, pre-pending as
prefix a ciabediment oslyrintrynarmemprnisemeploped.bits) to the key of the data

record, those versed..n the art will readily appreciate that thjs is only
one out of rran;jt Bﬁg'glfjbl?ee qraﬁﬂté\& thay t?)é(?tl"‘,‘g‘ﬁ'h&pﬁ’f; ArAtH Wé&%ﬁat‘%r may be
realized i; n royy d t i gnat or _di $i.1-n0ui shes
bet ween dilpygt?ae/tﬁ# ggha%@g%g, 9%@ e%%’eegilgggdpg&atﬂg?‘ tR% 'Elg)r/éj cglér%ﬁl%ﬁer efore
forms partdisduskion Seafatdbasd Mie! MhhBFentdrtt SFRMs %B'inegmfcﬁﬁﬁ‘r@ﬁ @gs of
whet her the designator: (i) fornms part of 'the data record (or key portion),
(ii) bei ngvastomsesorippaelnsr ¢hateary. nonmallyli Aé@membdatetiaistdatabageefile or (iii)
it my be defined el sewhere, or even defined otherw se. An exanple of the
latter is Managementraystemecathhe foundisegcimChapierthofidDatabesoSysteat | of t he
sane type (for exanple, all are designated with a character A ). Cbviously,
by this exanple, it is not required to physically attach the designator to
the instances of the data records, seeing that the designator is conmon to
all records. However if data record is accessed it is needed to identify

e b A 21 o o o - v



PCTlIi L99100038 WD 991 38094 - 71For exanple, consider Fig. 12, data record d
is accessed fromnode 266 by |ink 270. The first character #¥OJ&BBRE®ord d
is A- the designator. For a better understandi ng of the subordination

rel ati onSMPPE38MP4ention is directed to Fig. 13A-13E. Fig. 1BATALYP88ates a
designated index 800 (in the formof PAIF) with four data records 802, 804,
806 and 808 (of which only the designator keys are shown) associ ated
thereto. The data records are all of Xhe sane type as readily arises from
the designator A that is prepended to each of the data records. Turning
now to Fi ggp L ﬁ;;g_re is shown the PAIF 800 with new data record (812)
with a conposite key A12355B940201333333 (the designator 'of record 81 is
B). The new dHagingedesdtibies thebgenkralstencttire détasysemr of 806 invepsionkey is
A12355. According to the PAIF index, node 814 indicated that the discerning
of f set | sagentivh thanow hlirecsdd.do B'igi Ak shewingawasampler da@base sawétarg t he val ue
B at offset 6). Seeing_.that recard, 806 _has no at offset 6, it is .
assi gned ¥eRresepfed (a3 Kafitye Relaponship) Diggram smgetaqdn KrdBe o det er ni ne

t he di scekni .offset vis-d-Vi tfer or. ccordingl.y , then
Link g1s ALsHRVE, RFPaTess S, é?%’g %ﬁﬂf.rp%' g:‘}.j C%]%Sﬁ ohde ﬁglé%est he PAIF
800 in whireh1@Qq ey 1@t ACCORNITEEA dsSwhll %8 dif th tP‘iﬁ‘a"Dmngﬁ g whi ch
represents another 1 nstance of B type data record that is subordinated to A
type dat ar¢letionship $Qdirating ithatea gecent clidnihen®Aliave Theredihan s agoahf set is 11
(the value of the new node 822) and the |ink_ values thereof are "0 and °

1' to dat and dyyothtssamne taken spgiveneageount mayy be @wned Bypnpre thar enes t he

PAI F 800, ere a different types of records are subordinated to record
806. DataH&ord of type "D (824) being subordinated to data record of

type A is link op.N 8 it ' t u As

recal l ed, t heAgA?r&)‘Iéllrl’r @&‘3@%?@%% 3%? gﬁgefégp%sﬁggir?éfégd& §E%\m‘er e the

latter is"guegy M‘n@tseéeﬁfg hhReyl aitRibURS Phat dﬁﬁBLﬁ[ya‘id‘éhtﬂiesAéh&Xéﬁé}{t,e of the
B' type subordinated to~ A type is itens ( B') stored by suBplier ("A)

and (D) "Nape" S@ostandingt fod the cliet's) namge ahd it dudréssD)d Osstanditg fpr thee suppl i er

(TA). 22 OCTOBER 2002 PCTI !'L99§q3§ﬂ?r8" WO 991 38094 Turning now'to Fig.

13E, t her €hpat'ssadslapssadbe gafite ' drastthe feldqwing atftyites dsldsin| enent ed

slightly qQifferentlhy. .l n _parti.cul . r.di d data records 812, 830
and 824 ar g‘cF Peé" n %ﬁg&ﬁ%yn%%‘glé 'r(iléagh‘ﬁ“&“ﬁg lg%ﬂq?‘(%i qagﬁ\ﬂcgwﬁﬁt ar{q:ei r key
prefl-c thhidnget Ng3 d%ﬁﬁ@-t Yhe kBMaRée tHE theCGREGuROOTRE - ﬁenaﬁ&%hgi ef i xed
key A1235 I1s omtted). el accessing, for exanple, data record 812 the

i nf or mat i SDRROGSITbLensiits @f pdiss ofkeydaf aha C'CUIENT' tnd 'RECOOEINITat or B
allows to extract the followng . information; (i) identify that part of the
key is ni $8titigs, uch) thamachepdF ds gndicadve pfopartisilas racoudt puEsd dbydesi gnat ed
A that can_be ac%elsﬁ?led fromnode with value 6 (814) and by a link with

val ue nul FPEEESCHCR s it is possible to access data record 806 and

construct the elqg:m & Sdwn laf ét%}?ds : ! ered

i ndex, it m ght eﬁﬁ?&%(g&' %‘}Ij&rgﬂ% 822 raedS| e Fﬁlfgil?%rrgﬁf%lt%%ks and

the accesssphice thblek 59, Blloaid 53 sotiespcding td the fdatiorfhl iddtalmedel) @2, i ncl ude
node 814. In that case, a link fromthe subordinated records (links 826,

8ﬁ8 ﬁnd 839 an(b3?emspdct3@dy,avgitbv@0hdgbbgw¢n%a afeWedﬁﬁrt] oceasenned feonst r uct
Rt ; . . .
dupl i oai 3 ReraBier BERses. | Oh ol e Rapg iasodia e e koo deld ESefi "
" i ' . i Fi g.
150 e S ERF BiEHEn O et bR il RGPS Bl e 3ORBLC, s 513

820 and 8Zyyd Seaﬁ%xe "'?gf R " KECPURM"XaMletih 63digit§‘.k'[ﬁ€’&li§ﬂt\/ﬁb§aqﬂﬁ@s (if the

size of the p rger than the represéntation of the |ink) and

al | ows to adsassccihenc@cdI-G9t et atdutins vdhie Giolds 2 datar etquinencen6§y 6hout
necessitating a separate search. Fig. 13D, 13E illustrate that the
subor nat i candrtb¢ depasittable hdlds dataéa pecuirerces70+TR i nvention is not linmited to
any specific realization. The subordination_relati nsﬂi} p of the jnvention

¢ 0D

gnabl es, thus,IngaGC@éng%‘F Bf;%‘farrﬂ‘? tqu_teﬁequ(ﬁ}f: e A ATHE on O]::I
Can bo: acohtitsre ok AR eSSy €6, A Rid D GRS RS yhoalifES (I ox

as conpar eppr LN (e f - Ojpt j atith il S
o oo by L ond I e 4100 oyt e Wik

management system employing the conventional B- tree indexing scheme. As



- 73 PCT/I L99/00038 may of course be applications according to the

i nvention, where nore the one index file is utilized. Cbvi o&&P§TOBEREEO20f

t he suborgj records 8|2, 820, 824 can have records subgrdinaidehst o it.
Mor eover,‘gpﬁg{sgﬁgre sone ot her advantages that are brought ggg}t}it:@hs?jrﬁg t he
proposed technique of the invention, e.g. maintaining data integrity.

Consi der, for exanple, an insert tra__n§17gti on that is applied to the PAIF
800 of Fig. 13E, of data record designated B with a conposite key
A123.15B930101123456 subordi nated to data record 806 (having designated key
Al z355) . TFhewsethecindesiagsfileBhernsig of thrpe blagks 80atc, Repdisigf foeta root of t he

[ ted dat d i t.h 12 4 d, Th ch k f

ooor d- 815Gk 00 bacieel R FERT Y e ATE. ARG bty Boer8raoM nk 526)
d the i L AN t legt @4l ld b

ot cd ¢ hat iRt ppFaR N STURIUREIES SR b R O B 0 Darat e

search_ f ofconge@r6f S8fcdersioh’ of pedyof fielisdels. 80atoaid 830-b ih Hicol 80gHnce. Thus
t he mai ntenance of data integrity is nore eff cient. Perform ng the sane

dat a i nt ednidagh glagictheuSish gielcdhstangde €oif & sehreh kepevaluedand thepdecend dbdi der abl e
overhead since it is required two tgha,se gperation. At first, a search is

appl i ed t stangs fonadinkosuchasnumbes; gt wenti{igsthemext plagkderseatshs ppén dat a

d wh key is,l 2355, Onl finding it d of 1 B b
| eorted i gase ok et biosl adk pRBS dalaHEpRE et acisafer WBRGARET chi ng
data, th t i 3 i fi 8 : [ ti
from t ho A8 rhelit, TheClautet GelD/atiBh Bl o 'fth, fiithe SHUARARRE of DU [ 10

record. Faisseoiatity @ ddtd réednd af blook! pthe/spesific @tbbdifnt dfdigesosd from
type Bis an invoice, it is usually needed to access the invorce details

with the cestobnfor reeords Iveith Ttkeylthakequalsnl 27% onsmaller value hree dredtedrer
obvi at es separate lé()earch Lé)r e custoner details. 22 OCTOBER 2002 WO
991 38094 Iregbblegl 3 to plockdb. 5o obt ai ned desi gnated i ndex of the

i nvention brings abau h i An, that nawi ion in
the index for _ngglsoﬁﬁf:fgré:ﬁir}%agé‘ﬁdﬁg&%%ﬁ%%zgg;??éﬁ@a&mdﬁF?g‘ftblgaéxarrpl e,
the PAIF ofpafadit isjdgi-:ecté’éf‘ ¢hd fink 82686 Hl6GISOR In'bidcK SO thékéartiRkay r ecor ds
in an ascending order. Thus, It is possible to navigate 1n the PAIF (known
al so as self355t (86a) dpersaddiaey with lddt 86bandicdting@Re aBares8eA, thel dat820, 824,
and 808 are retrieved according to the order of the designator key. If only

records ofregeid identifiod by this ssachdeey indhe datadiled I Pt diftesertdy tie dafpe A one
| d igate jn,the,i in th . i L.st' avoi di th
of nodos. dREORLHBH G eriRd & satn SRLATRSSL IR A b AL 555 5ac a

record 806,44 nd it can be predicted that the data records that
can be ac&[ggfagp@%%ﬁ%o € 814 by its |links and descendent nodes are
subor di nat ed tTh¢ epdésd SCCOUNE" elyd ADHEPDSIIT " lard) Kke W38 anBRged imtwdi s
exanpl e only records 802, 804,806 _and 808 are retrieved. In the same manner,
one woul d sepatate Betraes,tzearingaying fis.ggspactivelyl.y records of type A and B are

gf?ﬂei val e 6ThRids o) ReRis i 20 tF:ié 4 Pyt ok o %, et a”‘r’Sigrd
51 4 7ol aciORRpeY T s PARbaLE o (RACHRE K50, S NaRIE R 480 814 1o

node 812 cauplRatddly ild1qhepldré Heldboth fintthe inpkhdl Blbels (ReSinntle Fgegt, for
exanple in fig. 7F one needs to use the link 421 of node B (422) when it

i s needed gohear)andeinttiie|datk retofds associatabwith(the B- tree gz, Ehps2é)y . Havi ng
exenplified the subordination relationship with referenc to&{ he specific
enbodi nent exampegthel garet ke of dlafa freord @dsdn iFag. Snlstrmwlﬁ\érh@ A% Ao t he

nmuf ti - di mensi onal characteri sti cordifng, to .the C spe f the

i nventi on. m%ﬁrﬁf%fﬂg%% ﬁﬁirﬁ‘?oréﬁc ’t“hﬁge  putalioum éﬁggﬁghgts?%% |k?¥lst ration
of a desig [ : ro 1& ' i nvention. The

i ndex contgai@égggpis@%%é{angér\sg ﬂég%}ﬁsm‘tg% ongﬁﬁg%%géghgg}/tgbﬁecord (" DEPCSI T"
data This being the case, one readily notices that for large files (which is the

case in many real-life scenarios) the duplication of the search keys (and
particularly for long keys) results in inflated index which necessitate a large

storage volume, which also adversely affects the performance.



22 OCTOBER 2002 WD 99138094 7J PCT/1L99100038 record) such that the
deposit can be accessed by each of the two conposite keys -220{O8ERRRed
key that includes the key fields account nunber, date and clie er and
a second‘%‘gg?’wgf ed key that includes the key fields cli entp(lﬁrtﬂﬁ%%lp%ggate
and account nunber. Reverting to the above exanple, the account data record
has a desi gnated key ' A133333" (1201),, Updating a deposit for the account
(deposit subordinated to account) cglr;’D e i npl enented by nmeans of desi gnated
record 203 subordinated to designated record 201. The PAIF would allow to
access recor dFig0s illxogtéy pdifficrdnt @AZxing schewe2dahe BCLIBN Bambld oken, dat a
record 204, represents a deposit. of a client. The key of record 202 is B
133333. Updgt+-rig accardsgse witipa file management system smpleying s lerawn 86 by t he

rocor d- 20AMsing xEndeds Hhit i 14dehind BP0 ULERRE sl doRadRan 51
i 346D0i 01 I3 ' idd dfifhe
hupl i c:ate ﬂlkﬁ recg@ﬁ%&c&é@&%ﬁfﬂfé@?%ﬁ&%}%&gﬂl ona q?ﬁ?éﬁaﬁn& ?%r?a;ﬁch as

the date amfud hetssaffsehi Table 9 1ahaso bur asduthavigs frathésIimie fididdtes N an
undue inflated file. This drawback may be overcone by reFresentl ng a single-

DEPCSI T r axhichl digit positibuiisitoesusedn thesseoontl edlomnDihe aa thabdigitf Bi g. 14) is
ndex 200 ABR SPBIBASON BIdka BHARYP KB Columas g ddoE dFesecor di ng
ot 1t e Patieh pfdedits fOBEAIRENED. O (TRC®, eor d tepends on the key
that is being ‘ﬁ@%ﬁeﬂ&ﬁo@ﬁfem C'gﬁeﬁ@@ar'bﬁ%% éég #%35'5?3‘3??&& ﬂié‘rjﬁolsn%gnd from

that node to the designator of record e Informati o

net a- dat a iadicatedi ygtheordob €pekitog N3t dididatal bypwedé 908 0bsihg utdo theefirse! evant
structure. For exanple construct a data structure that includes the key k,
. by |inks @l@nninshe éicstrline oDtabln A1 pis xompared tetheedilae specifiediat thet he dat e

| ndex by ISecPuhgentl REdRe suBeLing (b Shanditaid A% AAInk 598 SRR 2002
WD 99J380 R - j D, , .
i nformati g(?]i € lﬁa%’#é%ﬁrﬂe‘?%ﬁggg glggtc r ﬁ%[g%? %Ppﬁesﬁjggli g%%{’cgrlg%oé??%%s to

construct ijhlged §) edtiFdl i iransfedied. toflitle 2YANMRUR A HCthiRd BaluthrSdf UCt ur e
that includes the key k2. As shown, the search pat’h defined by the search

keys of rduwr Hoftable 8d)Next, theedigitrat positiohd af thetsaughtysearenkeae (9& (whi ch
is the desi gpator according to,se h ke , ). The third field points to
data r ecorlﬂglgﬁﬁee;r‘l’@ngégi?n%efv@@%edoaf 5 tj(iﬁé‘iﬂliw@né)f\ﬁ& gecong line Wﬂa@ﬁ: is the
desi gnat orq &G i £ [y re 210 is
accessi bl e9l§y§§é&p§ﬁec{)t§tt§8%1§.[k *@%@%eb%"%ggﬂﬁgegg@ﬁ%zmﬁﬁ #éecor d 204.
The fourt hebbfd fnBas tife fabo HOStte At 8L tantt6IGe bdndfédred!th IinRi3s manner
the record DEPCSIT represents subordi nation of both account and client,
whi | st avdndhegdatlapln tas step thé digieaf peditden dcsfothatspught smarcidkeéye deesd sum |t
shoul d be noted that the data el enents account and client are accessed by

means of |nQtknatshithe vahiegnesiicdatdhe seeandscqlomn eldinethrge Gt “Shersr est  of
the data (date and sum) exist.s.onlyv. once within data el ement..210.

Cbvi ousl y, q‘gitaé‘%réw Q@Oaééﬂdicﬁ uﬁ’e&lﬁ \#‘yxﬁ? icatgn &hﬁ%@én&ﬂ% is by no
nmeans bou ] i 8{(]% E%falk_zpl% i - nanner of realizing
dat a reco@%ﬁagalgi%@%é?e I'n |gc?§ﬁ?'§ on%;ﬁ%%gxlso{)ﬁtso rany possibl e
variants. The TheThdlesofACCOUNTIanAYDEPOSIT Akilledisc arridgedrefvexpl ai ned
above with reference also to Fig. 13E, if the sought data Tecord is AXxxX
(i.e. the separatotrie indexingXilés,pespestiyelyt necontrast &i thp Brtreoirdexing fike | ndex
with a search key of 'Axxxx' _to any of it's subordinated records and access

the recor dfolfig: ¢ptheonsyshaven Figé d9asiat mecessiiatesluplication of theisaasch ecor d of
type A . Such r..exanple link 21 f ft 4. Ot her inpl nt at.ion are of
cour se feigqyblﬁéﬂ(cg&ée%i r‘?lnkf ﬁf%aﬁa&? iaﬁggtpﬁ]lf%v?lHﬁ%QnagmﬁeNtESre& 8, all as
required SO HORY ih%?t&@@(ﬁp Ciid %sﬁﬁsﬁiﬁﬂﬂt&'hd’%\%ﬁlt eo(y‘{/éil?ﬁetm (and
in the general case at [east t'wo) search paths to one physical occurrence
of data reBngdﬁn@a_Sti tutes the nulti-di mensional data structure which is a
desi gnated index that contains at |east two search paths to one data record
(cal l ed nmufti -Howewer, cmd asosperifiede|the i abovanwieg idassocédtedrewits sonfé g. t ~
illustrates another feature of 32 OBER 2002 WD 99138094 7' _

PCTI | L99/ OHhosigomings: alkeiing Al eyerpdisgriutionqtihe datarmt the eett @l &nowmg | “dat a
record A (a book data record) has C, F, J, Kand L data records

subordi nated thereto. The realization of this hierarchy was illustrated
above. According to the present relationship feature, one-to-one and
one-to-many relations rnay easily be realized. Consider, for exanple, that

oy o . S



i npl enented by a designated (conposite) key of two conponents: the first is
t he designated key of its subordinating record and the secoRdO¢EOBER&002

desi gnat oygfys4de@ subordinated record (since it is a one-topOrre.vebassi on
there is no need to use the key field of the subordinated record). Wereas
a one-to-many relationship is inplenented by a designator (conposite) key
whose first conponent is the designatd®—-key of the subordinating record,
and whose second conponent consists of the designator and key of the

book and 14 2riafs Hhe gotiBats WEkEXAIAE: oI EoRGLERNS Ml it He REWSR" 2
where AxxXsd g5 t18beGs! m&@@ls&ameé. Knowihg h*}&igﬁsitﬂ@%ﬁfen@; of g key of

record L. The one-to-many relation between a book and a category iIs

mai nt ai nedddybadefis obnguslyeurkdssired ak it podes uiidux lopyptrainh sineeAlatabasss t he
designated key of A L_is the designator of the key and yyy are the key
fields) ofoltbededad descritedensiig, dviise 96w dynastie mapieon.g Kok thsesnesifis to

anot her feature a(ﬁﬁgrd' ng to Ihﬁt second aspect .of {.ﬂhe i&Tventi on t hat
pertains tStARASEiQfiges, TRW CHEDE: QREDALCONRS A JTHPTSHRIES \FQSE 395PUN S at ur e,
and as w | . |.al i ter r nore of the

fol |l owi ng éeaﬁgh%géﬁéo‘%gg&?ﬁ%% %ﬁgﬁg]egﬁﬁ%“h%g@r%pgp 8§§ﬁﬁt§d by the specified
desi gnat ed i ndgXeothReBFfaSwaek ioTdhé shoVel thudk A @Sesthot Buppbrt seqRaghl
designated index The relational nodel considers all data as consisting of
tabl es. Eoprocessihige Navigatatgsimther wenmwimldfesulteinsanvessing wht dat by dhd ed

tupl es. Suppose, the 22 OCTOBER 5082 \{\D 991 38094 PCT/ 1199100038 _ ~$ _
tupl es conillowing ordest-3, B0, 884 8a (He-4) epd RoLby. the ordepof thekeyey. 11 key F2

[ bor di nat e,,t 0. k F d k E3 bardinate.to k 2
casi 'y const r cHEvinhehos b Bt B sy yheme (I rersthasii B odSi gna or

of key F | mcflGoligqind RescriphRh BAYArivas WhniRidifiedss 6P 'dCMideReofietignat or of
F2, and in e Same manner ‘continue to . Each such triple defines a tuple

of the tabjinfenfOByIHERIiRELHEN Badit attttuhedaimidex ‘andowhidid capé wilte tigai rs of
values of F 1 and F2 for which there exists a value of F3 in the table, we

term nat e diavbmeks descaibed rabovodassannectidh withFzithertee khowni teghninuesor oj ect i on
of (FZ, F3), m.ght be expensive, since jt requires seafching all values of F
1 first. émgﬁeﬂx there, Pl HseSHioM o Prafered wBTPock Rkl g Red if fox shoul d
al so mai nt g I D : w

desi gnat or ?dé‘gl n{’f;@?’ ?@akug@exgg}@g f%pg%ﬂbﬁam%v&tgggaé\% m%%ﬁ%‘d%?gr t the

addi ti onal tHeabhs dﬂrié.hﬂxdéeékﬂﬁﬁle%(irégjdﬁé-méﬂﬂbfbixﬁﬁﬁg. record can be reached
via both paths and constitute nulti-di nension record. Additional nodels on

t he nul ti - nodeBefiweitgmatgth thedexplaritionddshe vatious embedireestsitheret o r epr esent
addi ti onal . data nodel s, incl udi igg . rFeI 2&%0@& dat abase, an_ object oriented
system ank desaribedyr with aaferengestlse do - u*bélﬁa’nmeamcg‘?xrﬁhﬂﬁlca is

mut 1< modch SR EREALh: Prial ik sRb b B! RERAR' o BRRnBl S T %),
data as Obhee%%?cgﬁ@rdn% Basis BEHRNBADE, Ovadidis atthodients Selageddnes its

structure and nmet hods (functions) can be applied to if. The cl asses
are organi hefgxi ar@ déseribed; hwith rreforevivec o sFIGct+0e amdictet inethdeay be
inherited. The object-oriented approach is epheneral -an object exists only
whi | e the pepseseatativedndey eonsmcted qusr the repecsegtive keys REthaBAEF t 0 be

supported f.or | onger. period. of..ti ,.ar fined as,persi nt. These

ObjngtS ar eﬁ)ét'gf:e ﬁd‘f’i}ﬁg‘tﬁji k are- gfe WQv iﬁg‘ﬁl’é‘%f% SC@?‘E@% 2002 WO

991 38094 P 0038 .- i ). ) fti-nodel

fos o008 cafertbebn B ORI Ala BPYr (RHASE' pAtioRCAONRITY blifig MU 1! -rode
substantially the same PAIF.

<
=

In Fig. 10 there is described yet another embodiment of the layered
index, with a different trie. As will be shown, in the embodiment of Fig. 10,
the representative index and the trie are also substantially the same. This,
however, is not obligatory and as is exemplified, e.g. with reference to Fig.

11, where the trie and the representative index are different.



easily support such object. Since their structure is uniformy encoded with
the aid of designators, later incarnations of the program %?so‘%QPFRégozot her
progranms can access these persistent objects. Note that at time a
persi st e WO BBp¥Et can al so be part of a relational table. ?ﬁiﬁ%@?@ﬁ’o need
to duplicate data. Consider, for exanple, the data structure 220 of fig.

16. Data records 223, 224, 225, and 6 are subordinated to data record 221
and together with record 221 are considered as an object. It is possible to
search efficiently in the index for all data records with a key prefix
equal s to theTdaghgmatet Fays. 6A-Cotherd i23hownar siedessioy ofeachzmatand
retrieve the entire object. If only part of the object's data is needed
such as t fildustratippe of abor (CIIFENThdaklghelr Highat.elm srqopdancecwithgthe Hlgain a

partial key search is done for data,r }(,q%is ith key . prefix that is equal
to the dedMaPIgEBENY SYSGM r%&"éﬂ‘{%lggeiﬁ r 'é¥a o Jpnsackion t?féd

desi gnat or,e B _as I | npl enenti ng obj ect-relational by
mufti - nodef)p?fés?rbn%?éggﬁln&égc Z""I&ggéobg%osed to the object-oriented approach,
the rel ati Onag agpRr aegéﬁsﬁmsib@m ehk1 basit acemmniflse svhidth usnable idatadi ffi cul t
to integrate %J_ queries in an object-oriented programm ng | anguage (C++ or
Java) . Thenifipsiation ¢h ahé PAdF wplhrbearcviqweryiidesngent neweddtacecard tochver t

tables to objects. The interface requires the ug@er to sp,gﬁify t he

rel at i onsMAIF) Eindetata reserd i} BAJE, andidelste axigting data reenrde Jhose versed:

attributes thensel yes are, tabl es eed,tq all rel ati.onal . ebra

oper at i ondndhe arexil pe doubt %@C%?(?B%E?@F'&n@@%e &Yt ﬁL/ t he

applicatiaon proar T qad i Bl ey o !  queri es.

The. deo! B OPHlpd P e 1Al Bpttalitns FE: ST By B RALIZEE 1o an

i deal int erfacﬁlrﬁ?l?’\ﬁﬁrthé hensebiteCFigar 6Anttheteaiplshewhi tre Mlizatandatnd t he
e

data structures. application programs queries are 22 OCTOBER 2002 WO
99/ 38094 RedFérd 1039(TB0nLB bl (CidnsitafFign 3) daningy searels ikepit 'd@3HaY {ie.sd t he

dat abase can optim ze the guery t . _Th t.abase retur.ns, desi gnat ed
keys, whi chbytedopgjsearchdeyentldg I;é&‘;ﬁaf’ggilg & &’@r‘é’n‘? %ﬂ?r'?eezlaﬂai/a’ﬁ‘iocess by
t he object-orjented methodol ogy: . i t e search
path to t h‘é’“éﬁfseefa(féq%F rﬂo(ragsﬁ?llt QJ%?%@Q %gﬁgﬁ} g(ee gigogi %t %@ ﬂﬁ)leégri ous
fields all ' sk I0ZA18H e BnRA02Tb datd Re6td/ 800! ynor phi sm of the
met hod cal 59%&35%@@22?%er?§‘§é’§aa§d%esses all relating data. For exanple
assuning that Thénod®10@sepreseass an ddfset @ in saiduearaif keynandchther limle 02 onpany
where records of type A are custoners, records of fype B, are cusfoners

cl ai ms andrepezsentdsa ofluey pE' of the seasalokey Posondberis by this paticplas, |y

shown, all the data records .are address by a single index structure. Now,
one is abl g% Bd‘&q“it(’!Tq@?ﬁﬁl‘}n@@(g&%s%qc?ﬁ?%gﬁ%%] ect instances since the index

al lows to navi gat e AL thd r a% assoctdted REtaAd
paynents. At t‘ﬁ‘g@%’{‘r@o@@g‘?‘eﬁgﬁ%ﬁfﬂ? Pgtan%\k/:iagg?ggon ?Shoe i ndex structure
ef fi ci ent | yeagi pafhf Béihgtd anitubhoooisistavfe ablie 104! et nilads 162 whichr ds of

type A), custoner clains table (the collections of records, of- type A and B)
and cust ondefingsaynafiitet and b pertinens scaichdsyipontion valiedhaisconfames ©thesi nce t he

data structure does not inpose physical clysterin f the data. 4if data is
shared anofgrrespppdingnse n%@)’sf,"?rppnc‘éﬂu%é‘t Eﬁ?ti Bi“@ﬂf‘ﬁ? %‘%teés"g byt he

Fecord. 1 nsekis ke e spBlified Uita Rotehd " Hibrd SERHCAS, dVabe R RTD T, |
cust omer 0%&%&@%&%}@{1&@5&% aPbesét GReHRI feardh ey 812343¢ istindeddur ed as

for exanple In ucture 210). The object-oriented approach all ows
users to adgr user-defined types (UDT) and user-defined functions (UDF). For
exanpl e one could add the photos of accidents to the insurance cqnmpany

dat abase. In tHardrgnpow, ta Fgw (Redi girteets shownr acBAIE slbraficsated to t he

o2 oo § e B VR A el ORI
S| ol ST, R, MRS

PCTI 1 L991 on between the photo data to the claimis
handl ed in sm'm er TRg ¥édrkh kbykt of M4 atsesisand3 r&ldatlioinare The new
UDT can be C‘bﬂaézl(ta onl‘iirgge —rrgl at ed (byylgubordi nation) to any other data
type. Now, dMtirduished daBj mtat eldrd risies (offf$ee 23ipd. "84 and 4 traspedtiMeliat e to the

new UDT fromthe defined classes from which t he. new UDT caa j.nherent

met hods and ot Ade yribgefingdeby rpat node &Qhapd dhe Wnknl Hats @(&tﬁlﬁéc‘?ﬂt the i ndex,
one would navigate to a claimfromwhich one could reach the photo as well
as any other part of the claims data. Network and |3ierarchical Mdels:

| mpl enenting nerivork and hierarchical nodels by nufti-nodel designated

i ndex The network and hi erarchical nodels have been replaced by the

o o, . . o o - o o o o N - o




custoner has an address and several |oans, while each |oan is taken by one
or nore custoners. In the network nodel, each custoner is r@pPETeBHRAd0DyY a
node cont aj ni n% |ink to the custonmer and |inks to nodes repr&igwi@%the
| oans t ak¥® B3 e custoner. A node representing a loan is I 8% nked
to the nodes of the customers that took that |oan. Thus given a | oan one
can easily access of the custoners th ﬁ took the |loan and get their hone
addresses. The B-tree inplenmentation, 'fequires us to maintain rivo trees:
one of the custonmers and hone addresses, and the second of |oans and
" cust oner s. diftinguibh\Hebgeere tataaeeerds HO3datdal @7, andeothe, vdlbe ofahed -bftet he
custoners that WO 991 38094 - s~ éé %CBER 2002 PCT/1 L99/ 00038 took the
| oan are a$earelier porigon ahalfseid fonbethedaia secosds ihgbpdirnsst nede 184 sear ch

is required for each custoper. In;the.pronosed. nufti,-npdel designated i ndex
(such as fm&%a)g%srr&eel%?g’% ngetlwhbc,h (ﬁﬁ@i@p@&%ﬁﬁ%ﬁ:@h %qﬁ’&%%%ﬁégaﬁu ng the

| oan , oney; i : i : tdEbdH | Gyt rs that

took that [AGn17Ed 06 idiete CRahaRapRttlC oy A ko A 2 ek

access is rfeodi bffled 9 Ratouklibe aiveed tiEheathe regloatdn ol the HATENS| myral

desi gnated index has the advantages of -the network nodel, w thout its

di sadvant abesad Wy Itke tspecifiet exarkples didlustratedt isd theaclrawongs seavariaisy, and

was susceptible to |ong search paths, the nufti-podel ,designated index
treats alllBBlemenatiosy }'Fogr%ﬁ}t wtl}'edf‘gmg@gthgmitw@%&wlmnm-obam y

| ogarithm g, such that the .base. gf,t I is_the. block,.size.,. Thus, in
practice, S’sg réﬁaIF‘BEﬁmél‘ég' gﬁé% n%ﬁ(a ekgggléhgg%gsgthFﬁﬁWgwgﬂpﬁﬂﬁ of
server-cli iziRAdk PATR o PPice6B- DRiRRE ¢ FRASE j Liagex The
client-ser \?ée]&rhzrrd’deb enab?fe)isjlggfs?i cient i rer%nentz?t&i: glnlgﬁ fgpﬁg%rig{ﬁa&tqi onal
model . Accéd dieBAIP (ko allnthe digitsadf thehrecatdt H2448sardaspecified iaaheriiksconput er
(called the server), and the application prograns run at other conputers
(cal | ed cl commsencing fronartheppoti nedd and cadug afathg, data reeord)l Bhedatter SQU

query, which js sent by the.client to.the server. .The server evaluates the
query and F?EIWHQHE%@OF%W(?{"I‘?@ &b %ﬁpg:nf Hitezms of spacey as compareddPer f ace

between € ey PLLeOL ARG POl 8.4 SWhbk8 o AR E S PR Sl Glkfy Unaver e

of the intérn ( Structur and code e applicatron. “client and
the server ngasSaryUspehirAtie 6@cCDtlidh arians arqloftherst alphteabled their
attributes. In the object-oriented approach this nodel breaks down. Since
each data it emBeformmovingain totdescrales & proogdure ¢fdnsexting aafew datairacerdnal

tructure. Thi obl em.i in the, . | hi
et hode. © Ti A8 SHAURE HAbaBE TRl bE DOME k] GRE ti BERFEREAGHE S of ¢ he

ti I J 2 P 80038 Th
S a0 W s SR AR OB TSP ™
obj ect - ori ‘PW%QSB,&}MCQW 168 higHRk @idnomatic M04aha -acE&ﬂi%wmh Assipfed RaGh an

attribute, the application programsends the path keys and | ink

desi gnat or suiatlarloffgett-d'0f'lva. '3 red node to the server. Based on this data
the server can fulfill the_request w thout any know edge of the data
structure of tKeengsly epeakang, thefirs eﬁhﬁro@Fﬂ‘é"ﬁtf%ﬂésQl%Bgs%W@# da®oul d

agree on t Qgcor}a hto a%f exis ?ng]c PATF haciltls the execution of the following steps:

i. advancing along a reference path commencing from the root node and
ending at a data record associated to a leaf node (referred to as
"reference data record"); in each node in the reference path, advancing
along a link originated from said node if the value represented by the
link equals the value of the l-bit-long key portion at the offset specified
by said node; in the case that the offset specified in the node is
beyond any corresponding key portion in the key, or if there is no link

with said value, advancing along an arbitrary path to any reference

data record ;



their designators. The server need not be aware of the type of data of each
such field, and its semantic content. According to yet anotRroCIopertoopf
the invent,i it is proposed to further conpress the repres i f the
i ndex the%b&glr"g%er it nore efficient. Hereon there is an e P‘{r’ra‘r%%"?u@%&of t he
space required by a trie and methods to reduce the space requirenments. If
the trie is a Layered index the analyzing of the trie index structure wll
concentrate on the last layer (la): Storage requirenents for primary key
index of atrie One of the nost inportant features of a trie based data
structure ii.s tkenpadiagt thei seardf key of thep refeesicat dabm reciird tBAhRt Hbthexanpl e
mai nt ai ns even snaller size than a conventional trie because of it's
conpressed repreasestata reserd for detggpinigg e smallest abfiet-of e searelhkayns a trie
with links that int, to,.other trie nodes in {.he sanme _blqck, and Iinks that
point to recor d%é.) 1oBtha iSeariy the (W0 e‘fﬁnq’ééetfé{‘%‘;fn?lﬂg CHat abase. The i ndex
contains exactly N pointers to these records, |f each pointer requires 4
byt es, theliisi z@roessdeio ong of the filoviag steps @M Onijit Dsdependingiipomhe each

poi nter has a directi.gn; .( 1 byte) thus the total is SN bytes. Now consi der
t he space requiYaéHePgﬁ\ead‘g%rP“{gr?%ﬁett'Si nce N pointers emanate fromthe index-

and each trie h j re at nost 22 OCTOBER
2002 WO 99| BSOQEHEU@E%B?%?&M%ag{é%gﬁﬁ{ﬁnréeglﬁ%@éégso? Let d denote the
average nunber gf | chif @eefis@mmgt 6ffRt Raehd @R d¥fset iNicad by one BENCe in
practice d 2, n N . Each trié node has a |evel nunber (1 byte). Since

each trie node has athermedesoite theceferenge tpatle, addlenpothbe dimkaordgmiatingst n -1
trie links, each trie link has a |abel, which is a single character and an
i nfra-bl ock pointer from ggidepne tnpds and; assign ¢@ sgid b;xketg.e vilee ofithe he wor st
case it is needed 3h _+ <- 7N. byt il the worst case. And between 4N -and
6N bytes in practi ce.seaﬁé}FNFSY RP#@OI{%?%MCWS)@?%‘ ﬁ?@&?‘ﬁﬁfﬁrﬁ r angl e:
Consi der two pointer ﬂ{&c}l te fromnode v of level k . Let
x| be a key reachabl geﬂ)gm p&’gﬁéﬁ%"‘gﬂg@ reachable fromp2 . Then x| and
X., share the f{ii3t f tht diScrampesfket inlabgé HanshatUiaditated BRehe fag of these
characters is represented at nost once. In the B-tree representation it is
needed to explicitl| ynodpthatdntlinked, by rmeards ofiarldt, do thé refarbndecgata The
savings in the PAIF are twofold: First every character of is stored at nost
once on each level, E{f®™%econd, not ail characters need be represented.

Furt her i ndex conpr eiif.bﬂndgslcgnﬁgﬁ L@%m{?tﬁ%ﬁw‘gﬁéfgﬂgmé@gﬁ rgé?rtg(kﬁesi?ace i's

required for the pointérs 10 recor € NnowW presen a et hod
that allows to save point ggmaRRGempdiagilyeldoge! ) sndiasesitRNik loonhérg sever al
links to records to share the same pointer. Suppose, first, that the
records have fixed size. hbdehéhd newmodads assigneth withsd dalueroftthe disane bl ock,
then it is possible to keep a single foil sized pointer for the first
pointer to a block, and i RSHBEBEOHFe,keeping a pointer for each of the

i ni t goi | L. to that.bl ock ti t.hei v .displ t, i.e.,
[ the first two rectio? FEubed il Sdents Tk reutofid a4 T OREr ccor
in block 70D0 it i i : i i ;
7000(h) - The savi ngs woul dCLE AR veravEs pIfathsdatiasddtitbe ik, o

out goi ng |inks paint all (lnghéinkpnevhhecks the seaseickeypoliopaitnheto 22
OCTOBER 2002 WO 991 38094 PCTI1 L99/00038 a bl ock, then the 4B of the

poi nter are divided anpngdisterning efsetdaken Hiom the seapelt key of theithferssi ng each

record is reduced to 4/k bxteg trz)il us the space for the direction ( 1 byte).
For k > 4 this means t hatleRdR3TEdly requires 2 bytes in the index. For

vari abl e sized records,ly J [ i i t wthin
t he bl ock, for exanpFlé’.z'zzﬁﬁﬁ?g‘g%?el%&%gfam((ﬁﬁ gﬁagp.eé&g:@?g@@of

mai ntaining a full pointeg ' e A i ngle
byte is maintai ned. Thus, n?‘é‘fnghaezﬁ{df%gﬁgbit%g?gkxg)ggggﬁqtab‘{/a?%&?%rhéi ts share
in the pointer, 1 byte fokeideh-kéyrsiitioomt theddidcdiiing 6ffkett takenlifsgrthacenent ;

a total ~of 3 bytes per record.
the search key of the new data record; or
iii.3 if conditions iii.0,iii.]1 and iii.2 are not met, there exists, in the
reference search path, a father node and a child node thereof

such that the discerning offset is, at the same time, larger than



Looki ng at the exanple of fig. 17, fig. 17A shows a node 2000 of a trie
with the Links 2010, 2011, 2012 (values 5,9, A respecti vel y)22t0§30BERI2N02ss 3
data records - 2002, 2004, 2006 at di sk address 3000, 5000, 7000

respect i Wb 99/38090he si ze needed to represent the |ink val ueRCYILPYBRABE f or
each link) and the pointers (4 bytes) to the data is 1 ~ bytes. Turning now
to fig. 17B where node 2000 mai ntainsyq_shared link (2010) to three data
records (2002, 2004, 2006). The information that represent the link is the
address to block 2020 (4 bytes) and the |ink values to the data records
2002, 2004, 2006 t hathereffietiassignadie the fathey nadendesmallergham thd offseval ue) .
The size needed to represent the inter to the data blo § and. t he val ue of
the links is only 7 BW%?d-to(gﬁoﬁﬁg‘i §ods —(mfpuside Eﬁ‘seté afteldhgat a

record 2004 one can clgllg?c?uf %gr%%;%ﬁggﬁéﬁﬁigﬁgawa@Cdlglregéj_gat%[_ tﬁaﬂg{‘gata bl ock

+ the di spl acenent wh epen Sl ze dassum ng t he
-records in the data ms@_ggﬁh@g ofiki —qt- eansildleretiZRise B); gco y’ewlﬁl ned,
node 200b can include links to other data records or data blocks (such as
link 2024 to data bl dekfolld2dngsemsteapdat i ng data record 2008). Preferably,
t he database file management system of- the invention 22 OCTOBER 2002 WO
99J3%$094 - 86 PCT// iLd/ doumse hand &8, SEcate 3 SV and 35sigtothe nede se

concurrency andlor distributed capabilities so.as enable a plurality of

users to access virtuall y"‘él tvéﬁ'éeo?flsﬁafz&ﬁl?cﬁ’i‘g‘%%{fgeﬁase. The dat abase may

be located in a central | Eb&nﬁgﬁh}f" -gé&%&dm@nﬁﬂg ) ﬂl{? £ remote
-D, t enc

| ocations. Turning now to Figs. ere are shown Tour mar k
graphs denonstrating the qgianeethedehfldérmamiicandishiftethesliak toegpmape tine
and file size of database utilizing a file managenent systemthat enploys a
system of the invention vsateommadei éle. ythechildabode @meinsbeagoraidy abase.
The inserts are realized through Uniface .a%i&ati on runnj ﬁg in Wndows
(for workgroup) operating £ofn The bertkvarier sasgidy andghk, copeestns

measuring the time in mnyte } } Lnc i er of a
priori sorted data recor di’yt%'eé&f’fgs'f‘ﬁ{@gg%mx*}% névby iﬁ%\%&fqﬁ%{{g 18A,
the larger number of inserhyy AQR iflefidll HodeStHe N\l REPYRIPRY the ik ™ Of
response tine of the database file nanagenent systemof the invention. Thus
inserting 1 mllion recor drattcfithe sedrobikeggriionat the discarhing@iffses abased

dat abase as conpared to only 65 mnutes jn the systemof the invention.
Moreover, the response ti rgkemiremdbeisearchdtey b thgmew datadiecerd; t he i nventi on

i ncreases by only a sng| xt ent ,as e nunber, of recor.ds inagr es, as
opposed o 4i i1 cantirib8heed A° S SOHBRGY meass Br b i B b
system according to the prjQf ngdd and 16 ERRCAMBGLK BidFidle, FGBedst Ipist rat es
the file size in nega bytes as a function of nunber of data records in the
file (0-1,000,000). As shaheroot todg. (i.e8the hdve nbde becomusrbar cazé A eaords t he

greater is the inprovenent in terns of file size in the database file
managenent system of the inevefathemnodesder ease B —d new spof neds)dand the il e

i f O based file i bout 15 byt d to.only 22
byte in the database filec VRGN & SEa & 6 FRURREFGRONEAMNS 160
and 18D are simlar to thqﬁg & 1¥‘”iingaaﬂ:'dg§y tﬁ@'Ax’er%o&gBtﬂ:Qﬁr?o@rﬁ’l@ t he fact

18D) & dat ’ e

that in the fornmer ( 18C an records are€ I nser random y

whereas in the latter ( 18Bamhcke}SdDthe fefeftcad dagaetad. W¥Ha WO 991 38094 -
g7 22 OCTOBF~~~$2 PCTI1L99 priofi sorted according to search key. As shown

the resul ts are Jashddfl beamotedethat for asdiffesnt oéfetdnee ipathea tifterentd Addr e
efficient in terns of both response tine and file size. ' Figs. 19A-D
i |1 ustrat ednay benbtaimeedk graphs of a system of the invention (operating

d DCOS t. t ' i adl il .e B b dat ab
oncer O oper a9 Syt S ks, SOITERS ALl Y LANE B Rl ot avace
ef ficient 'dbeEa‘?f&ﬁBw?lfl bRYUBCLSRRRNAFplidd R Afddsdel{ff AT of Fig. 6B, each

time with a different data record so as to exemplify the three distinct scenarios

/)

stipulated in steps iii.l - iii.3. above, thereby resulting in three PAIF

illustrated in Figs. 6C-1 to 6C-3, respectively.
In the first example the CLIENT data record having Client_Id (or



| Those versed in the art will appreciate that al phabetic and ronman -
characters designating .claimsteps are made for conveni enc® WGTOBKpPARAat i on

only and ‘ggggléﬁmgy no means construes as inposing order of ﬁ(éﬁﬂiwm&fshow

many tine tep is executed vis-a-vis other steps of t nethod. The
present invention has been described with a certain degree of
particularity, but those versed in thg,art will appreciate that various
nodi fications and alterations may be | emented wit hout departing fromthe
scope and spirit of the following clains: =~ 22 OCTOBER 2002 88 CLAIMS: 1.

I n a st or agerakekidy)nilIs4a” b39 i tablebdicat df Fig.nriageserted toythedPdBxefut ed on
data processing system, 6 a . data structure that .includes: a |ayered index '~
S PO Fig B b StpiIated eston ks AAVRYRE MAde:along Fieferenoagath
partitioned index. lo.th [ | ated- W %%t reconds; the iC
partiti one%?fﬁ_l?}aﬂ%‘ﬂgn%%ff‘g‘i‘eJ@S@Z@fﬁégc@gﬁgﬂi&ﬁ ] “?IHS’ g%\ij%tarrgggrddz by key or
keys, and QRiROAHIS SO 1! Geferidt HARARBME] FhisUsdilg 1e@bﬁgéaswsa' d ‘
| ayered i ndex enabl es accessing or updating the data“records by Key or keys

and const i ddvaasingnfresmsssdel b01 wldngllinkc £0D swheretinraffset ‘01 of Kee inderted’he dat a
structure of Claiml, wherein said basic partitioned index being a trie. 3 -

. I'n a st odatyeecardithenvabisdofiheal lnngadigids {1 1)eandethergafien sinegat kecut ed on
dat [ t t that i : ' d
' bl boke. 2ndapueratabh i1 B4 hour of e velifs a5t 13 D and | niex

i nel ud o i . i . g

ocords: + hEAERAL el RS o, DEAGH o irsBn P RRPREMERGS ™ S LR " e it
records byjskRydeht K&Yﬁary% @9} fifls puARaRir Ao diReANthrHRa ﬁﬂkeld)éztté ucture of
bl ocks; said i ndex enabl'és accessing or updating the data records by key or
keys and cthestferericesdatareeonkib®3.al | y bal anced structure of blocks. 4 . In a

storage nedi um used by a_database file managenent system executed on data
processi ng syst &hf compargont PRAFANQM: stipwlatadnm steps(il)aresniisidr that dhgjed i n

bl ocks andse%?ci:hnﬂe)(r: OF fle i CraCrébrd irﬁedilsftﬁ}/gsuis(ﬂceddnaérg & gga{rgﬁ ;kegfhoef the
reference data record (103) at offsets 2 ("5" vs. “3") and 4 ("6" vs. "5"). The
smallest offset ("discerning offset") is therefore 2.

Turning now to step (iii), the condition of step iii.l is met since the
discerning offset is equal to that assigned to node 104. Accordingly, and as is
shown in Fig. 6C-1, new link 111 connects node 104 to the new data
record 112. The value assigned to link 111 is 5, being the byte value at
position 2 in the search key of the new data record 112. PAIF 110 of
Fig. 6C-1 is therefore the result of inserting the data record 112 into the PAIF
108 of Fig. 6B-1.

Moving now to the second example, the CLIENT data record having
Client_Id (or search key) "12355" (57 in table Client of Fig. 3) is inserted into
the PAIF of Fig. 6B-1. Steps i and ii, stipulated above result in a reference
path starting at node 101 and ending at data record 103.

Turning now to step (iii), the condition of step 1ii.2 is met since the
discerning offset 3 is larger than the offset 2 of leaf node 104 in the reference
search path. Accordingly, in compliance with step iii.2.1 and as is shown in
the resulting PAIF 120 of Fig. 6C-2, the link 106 is disconnected from

reference data record 103 and is connected to a new node 121. The new node



i ndex includes a trie that is associated wth the data records; the trie
enabl es accessing or updating the data records by key or ke¥&CTAPRR 2962 ng
susceptible to an unbal anced structure of bl ocks; said index enabl es
accessi nqv@py380etat i ng t he data records by key or keys and RETHPYO08% an
essentially bal anced structure of blocks. 5 . The data structure of C ains
| or 2, wherein said storage nedi um being an external nenory. 6 . The data
structure of Clains 1, 2 or 5 wherddi-n said storage nedi um bei ng an

i nternal nenory. 22 OCTOBER 2002 89 7 . The data structure of Caim 2,

wher ei n 53 ldd EiRThOGiERMT oSS, Nex TR HADRuRL WL Ui fifo Ay one of

d ai ns eréTn the basit pa and a

repr esenhatéféfenchdata Rlcof® 03 lapy ehiedewnddy 12¢i4te cornhsdtad byahkanst he same
i ndex schenmes. 9 . The data structure of any one of Clains 1, 2, 5, 6 or 7,

}/\/ner ei 3 Qﬂraevbélgkcll’da(r;ﬂ}e; me:mdmlq Wassigned] withr ﬁpr@emtﬁa{hemg tlrmléngltof said
10, T
aiéﬁﬁ di nx'%a”wegﬁmttié %ﬁ#m’a OTtSeh 31 aken Jiata e peaieh Kvqlot e ohe ;\:\Et  ee
1 T ,
said | oy el g gt R)P b Sl A ORI, b s, B 23, ffne " Se Gt
Struct urgy é‘f[i-ﬁ&frg%% §Oc c&!?ﬁtd’ho%al” ¥ means it Hnl@3124c ?tﬁi & of

supporting standard. 13 at'a structure o, according to

any one &Eﬁﬁbdlvﬁm the #alub "tso (beingathopligis anthie distE&mnims aﬂ’satll \tgkenndex | h _
constructe such t hat an{ I s constructed over the representative keys “of
| ~ - ~ .from theTssarchatkeyst 23660 ref thehnew -date seeatidnt2i)o R]KEE rh'Zﬂlsof wherein | h

B SN I R T R
Claim 1 M?Q§8FF?§5§% gtorage medi um bei ng an internal rrermry 17. The i

data str 3, wherein said storage nedi um being an internal

memory. 18 . Tﬁ'@tkﬂﬁfﬁlcﬁarsﬁéiﬂﬁ eROACHS TBeftmeTheICLIBENT dabteBof Supporting
the ODBC standard. 19 . The data structure off U aim4, wherein said storage

medi um bleavigg @hieak ié I(madearummw "1 345" (57 lretaikde €lisht tmE:Eugr 8) ofto @eai m 19,
e el Y o Rl T Applying 0% Prementionad Stops Pand it resat i 2002 90
advancing from node 101 to data record 103 (in Fig. 6B) and establishing that
the discerning offset is 1.
Thus in step iii, the condition of step iii.3 is met. Accordingly, in
compliance with step iii.3.1 and as is shown in the resulting PAIF 130 of Fig.
6C-3, the link 102 is shifted to a new internal node 131. The new internal
node 131 is assigned with the value 1 (being the discerning offset). As
stipulated in step iii.3.2, the new data record 132 and node 131 are directly
connected by means of new link 133. The value assigned to link 133 is 1
(being the digit at the discerning offset 1 taken from the search key "11346"
of the new data record 132), and finally, in compliance with step iii.3.3 the
new internal node 131 is linked to node 104 by means of link 134 assigned
with the value 2 (being the digit at the discerning offset (1) taken from the
search key “12345" of the reference data record 103).
Although the PAIF described above with reference to Fig. 6A-6C may
be accommodated within one block it is nevertheless preferable to separate

between "nodes" and "data records" such that data records are grouped in a

distinct file or files. Applying this approach to the PAIF of Fig. 6C-3. results



21. The data structure of Claim4, wherein said storage nmedi um being an
internal nmenory. 2 2 . The data structure according to C ai a2 dcTaRRpabd2e of
supporting the ODBC standard. 2 3 . In a database file managenent system
for acceswongigiaga records and bei ng executed on data proceBETAPIIYEIBem
the data records are associated with a basic partitioned index arranged in
bl ocks and being stored in a storag‘g medi um the basic partitioned index
enabl es accessing or updating the™ ﬁé records by key or keys and being
susceptible to an unbal anced structure of blocks; a nmethod for constructing
a | ayer dd thedexetation-of-the dutarecordefifei holdingcthe, recordsr 132, NP3, HA7st eps of 1 a)
providing said basic partitioned jndex |lo; h) constructing a representative
i ndex oveinks 4 Ba)] 106 pnéd 8hbscome, /kgarss, leng Hnksisi ¢ partitioned index; said

oys. and con@pTigteg, ifprogeeh Profauy bRRLl iy afidsd: bRtk 2 & | e
ys a PPYANE, HrPoIah PR pardr i BEHE SRS, 2 4. The
" na a2 B MR, AR RS BTPATE PR bl aREe AT BRaBR . o bei ng

execut e@eﬁﬂn@&i@t}ﬁrﬁﬁ&iﬁwﬂlﬁm&d&ﬂ thdhséiticonimand ds are associated with a
basic partitioned index arranged in bl ocks and being stored in a storage

medi um the bishoulhbe inotethéutiindbr letterbéxmmples it 4¢ agsumedipiatthag t he data
records by, key or keys, and, beig IS(Ué%epti | e to an. unbal anced structure of
bl ocks; efitiFg resides g singée Fg%j aoviosly when additiopal datarreeards dat a

ds, the i i ng. d i | L Si th f:
brovi d feaategagy doheting: hEREekaitk e TrahedTREL & ek AR over
representg 'o‘é@mk‘?%fﬁicﬂf eE@ésta{égs(% vﬂﬁg}é %}%ﬁ%ﬁ@d'iﬂ ater Qefail Mg%?enabl €s
accessi ng or upda |ng"t € data records ey or keys and constitutes an

essenti ajnkikind! "epEeBlotk” picédere) hndtetksfterdt & neddedao davakrse the | e

managenent system for accessing data records and being executed on data
pr ocessi saughy bloekyant fperfdandhe éasertdyoeedure &3 the mapdensipepifiwdtabore.ar r anged i n

bl ocks and bejng stored, ip a sto e nmpdium the trie enables 22 OCTOBER
2002 91 accesgﬁwg‘gdgesﬁ'ﬂ ?rﬁjp’c%@.gﬁ‘?’é LREER GO, R réQd&Pr %@Vé""@ud bei ng

suscepti t 0_ah, unbal.an t . X t.h onstructing
an i ndexg%tgé?éofﬁeuﬁlésfg{@? &ﬁﬁg%dgthgh?%g@%gsﬂ%éﬁ f ﬁgcelf%‘ébaeﬁ?%%igéorr %nged in
bl ocks, @9Rrdivd9edrR 1&yC@ferSihafter the sought data record) in an existing

PAIF, the following steps should be executed:

1. advance along a search path commencing from the root node
and ending at a data record linked to a leaf node, and for each
node in the search path (hereinafter "current node") perform the
following sub-steps:

i.1  for each link originated from the current node: compare
the search-key-portion of the sought data record at the
offset defined by the current node value to a value
assigned to said link; in case of a match advance along
said link and return to step i.1;

i.2.  if none of the links originated from the current node
matches the search-key-portion of the sought data
record, return "NOT FOUND" and terminate the find
procedure;

i.3  if a data record is reached (hereinafter "reference data

record"), compare the search key of the sought data



(a) providing the tries (b) constructing an index over representative keys
of said tries said index enables accessing or updating the 8E0BER20ds by
key or keys and constitutes an essentially bal anced structure of bl ocks.

27. The MQMsBOB C ai m 23, wherein said storage nedi um beifsg/A4A%03%r nal
menory. 2 8 . The nethod of Clains 23, 24 or 27, wherein said storage
medi um being an internal nmenory. 2 9 . The nethod of Caim24, wherein said
trie being a PAIF trie. 3 0 . The-dét-hod of Clains 23 or 24 or 27 or 28,
wherein the basic partitioned i ndex and the representative index being

substantial |y the same odax,scheiRte &mdliey B hAg Rf Ol ga,23, or 24 or

27 or 28, wherein the basic partitioned i ndex”and the representtaative i ndex
being different index sekmdes. 3 2 . The nethod of Clainms 29 or 31, wherein
the representative index being a Btree index schene. 3 3 . The net hod
according to Claims 29 or 30,3.Whdnedase; reume QIR a(andein caterotbei ng a PAIF
i ndex schene. 3 4 . The nethod of any one of Caing 23, 24 and 27 to 33,
capabl e of supporting the ODBC st Mé?%ﬁ » Zeym alsQethgedisg dgfa t§-ai m 25,

wherein said storage nedi um bein xt er nal no, 3 6, . The nmethod of
Cl ai m 35, wherein said storage neg‘iﬂ%%i%ﬁ@%e fé'?{q\BTocﬁﬂ%rQr. 37 . The
met hod of Cl aims 25, 35 or :ﬁ@_ocaqaam‘g Gke s%fpg‘gig&{a&gl te §tandard. 3 8
: clar nd 2

The net hod of any one of alnms 23, 24 a to 34, erein said index

supports sequential operations. FQUNICTGdRe2002at0 2hd%ind Thiecaret hod of
Clainms 25, 35, 36 or 37, wherein said index supports sequential operations.
4 0 . The nethod of O aim 26, whe®WEn sai d i ndex supports sequenti al

Che Gt a s r §Fa betiar Uadsrsgineliag i i PRGN W18 HEGioDUeICHHER) i ng: a)
222" N 0 i Sl OAL RS 57 i, o S gt VS, T
results respectively.

Thus, consider a find data record by search key "12445" (herein after
sought data record). According to step i.1 the value of the digit "1" at the
offset assigned to the root node (offset 0) of the sought data record is
compared to the one assigned to link 102 (being the sole link originated from
node 101). Since a match is found, control is shified to node 131. Again
according to step i.1 the value of the digit ("2") at the offset assigned to node
131 (offset 1) of the sought data record is compared to the one assigned to
link 134. Here also a match is found so control is shifted to node 104. Next,
according to step i.1, the value of the digit "4" at the offset assigned to
node 104 (offset 2) of the sought data record is compared for each link
originating from mode 104. The comparison results in a match for link 105
and accordingly control is shifted to data record 107.

According to step i.3 the search key of the sought data record and that
of data record 107 are compared and since a match is found a "FOUND"
result is returned (step i.3.1).

Turning now to a second example, consider the case when the sought
data record has a search key "12463". The procedure described with reference
to the previous example is repeated, however at step i.3 the comparison

between the sought data record and data record 107 results in a mismatch, and



b) repeating step (a) until reaching the block of to that is associated
with the data record with key k , if such record with key k22REEIBER2002 = A
met hod for inserting a data record r by key k in the data structure of any
one of CIWOP9/380942 and S to 14, conprising: a) searching k PATAR09038¢
where h > k > 0 and in the case k is not found in the key of a data
record in order to find the block of Ih , leading to k ; b) repeating step
( a) until reaching the block B of- #®that is to be associated with the
data record with key k. c) associating r to B. 4 3 . A nethod for deleting

a data rRegfding t(p!{t_egﬁ}ﬁ.i(ai"NOTFGt%JE“%ﬁdlﬂs%ﬁlrﬁéd., any one of Clains 1, 2
and 5 to 14 ,conprisSing: a) searching k in lh to Ik where h > k > 0 and

in the case KAigerm@hl "Delete Data RRechad! trinsactieh avilleaowdbé weserited. t o find the
block of h_, leading to k . b) repeating steg (a) until reaching the bl ock
B of to T a5 ¢ farss Gtagsta Findtdata Frsorl ansastion iswnphieddg the PATF. such record

W th key k exist s Wng k from B and di sconnectin fromB . 44 . A
net hod ﬁ&ﬁ%?&%é?‘%?@@g@%m ARRIOPURE, FTOr BIFSsagy 1R rFWrngi- t‘aéﬁ% structure
of C ai LGh -Debng '} i nde o afT ~hbh = t hod
conpri S{Brfézce(g’?ég%%ﬁgﬁlﬁr‘\g&%i r?ﬁl%l%t gbﬁgn%r}éh z>1t_1v 1y>tflk(§og%%gq¢8rt1£r$he case k -
is not freupfll s féied. KBy @farﬂy@@gﬂﬁf@ioﬁ bf the dPelcte pideddiuree thé ock of Ih_,
| eading to k ; 22 OCTOBER 2002 93 b) repeating step (a) until reaching

t he bl odbllofvihgnohenclaums sorintodictd be with the data record with key k ,

I f such record with key k exists. 4 . A nmethod for inserting a data
record r by kEhe IleafrnQC%ethéhtSal“ﬂ?qu@ttg? sopghtcdata ggoord dpredferredits apei ng a

et e 95ecs o et YOI R R RO L L
55010 el A e ROl ol TR 10 510
; ﬁgo; gs\(l)wgf%it ilfﬁ)gelris irgfdgefdu@%rﬁedpﬁbdﬁbédsokﬁnkkaﬁdﬂ&tﬁmk that wpdlaédtng B by k
the target node to a child node thereof (or to a data record other than the
sought data record) is referred to as the ‘“target link". Bearing this
nomenclature in mind, the following steps are executed:
i. delete the sought data record and the link that links the
target node thereto;
ii. if the number of links that remain in the target node is
larger than or equal to 2, then the deletion procedure
terminates;
ii. if, on the other hand, the number of links that remain in
the target node is exactly one (i.e. one target link), then:
iii.] "bypass" the target node by connecting the
predecessor link from the predecessor node to
said child node (or to a data record); and
iii.2 delete the target node and the target link; termi-
nating the deletion procedure.
It should be noted that the current step is more of "prudent memory
management" step in order to release the space occupied by the target node
and link, so as to enable allocation thereof to other nodes and links in the

block. It should be further noted that said step (iii) is optional.



4 6 . Anethod for deleting a data record r by key k in the data structure

of Cdaim3, said index being a Iayered index ~ ~ ~ ~ ~ " ZEWQTWHW&
corrpr|3|\8, 2 searching k in I" to Ik where h >k > 0 in the c Kk
is not folRPHB%he key of a data record in order to find tﬁ%T’Hr98’<S’R°36f I" ~

leading to k ; b) repeating step (a) until reaching the block B of to that
is associated with the data record_gj)t_h key k , if such record with key k
exists; c¢) renoving k from B and di stconnecting r fronB . 47 . The method of
any one of clainms 23, 24 and 27 to 34, 38, wherein said constructing step
(b) includes:Fap afbéftasckndeistanding- deefolegoing Iﬂdel@tespdiata reapdt wo or nore

bl ocks and the re resentative of B, I re ed by the representatives
of the rRERFEIHERY Qﬂanﬁlleéﬁe%?mlﬂi%%ﬁ PEFEg 26305 bl ock and it overfl owsi

an additional r E{;Eg R ed i ndex; the
representati 'ghg%yrses%(?nsphe §%%‘oc S mal g"%?edf%"%?é‘tagﬁﬁafl k?ﬂ(Vayer "+~ . 4
8 . The myihgd ﬁQQQﬁé’H 380 disGedtdied {n REPADF E&Sbr& I%t‘&@chf: ?éocéﬁu?e The

met hod according to Claim 47, performed post factu OCTOBER 2002 94 5

0 . The dattibdd abol &l Having6iouadythe dataofectidai 3% add in Tonipliadée with wher ei n
said index being a |ayered index ~ ~ ~ ~"1" and said constructing step (b)

i ncl udesstep) abpve the date recovéas veslkas thei links p33 deading thergto(ase beth e) bl ocks
now bl ocllbtefy int S hsdaterh detkiing SBoy e b et ST Femas e Can |
ddi ti t th
Fepr esentid B Gols Hree Jck! £4°0BIH ARESEL| oty Cad SUEESRulA e |20 | piie
51. Thﬁeﬂ@éé&@@r AAR 0D Bgpdsesladgdt e PHI ARM i@ direeuy Im@kédi Mo the - The

nmet hod according to Caimb50 , performed post jactum” 5 . The net hod

accor di nchildbnofle amreoﬁQOQfN@kalmecoZtha&Qe vaith s&P.ii. %mgetmddmel&bnst ructing
step (b) inpcludes: a) at |east one short |ink, constituting a split link,

among t handsthsr targatdink bi4 arendeleted dhereby pbialmggahe PAIF showa imFigl ock ~-~ is

Oo ee R0 Milorhd® Fé@lﬁ@[ﬂ? R kvl refrtisedd e BATE BERRELSCY oach O the
XISt Iy SRS @lodiuthl deiA0dSors nSARL A 1By = Hlagysl Tuct ure in

the bl oc e a connected trie~over t represehtatlve keys

of the bﬂndh&eme&is lsh#earchedrmtﬁtePAl[Eakcchmgrtolthdpﬂg:eﬂh& despribednt at i ve
keys of the respective separate bl ocks; said split node is represented in
the tri eal@gveBHagmg found the d@'@rrsg@,fdnlé@r andh m%mnbyngp withetes babovee managenent

oYL o SRS O ol BT SEEe Ng. A) Tihg BBlY B, L U0
plurali tguﬁt‘:, ROdESuRNY i K5 ii, the number of links that remain in the target

node 104 is two (i.e. links 105 and 106), then the deletion procedure termi-

nates. The resulting PAIF is again the one shown in Fig. 6B-1.

Another common primitive is the "Modify existing data record", e.g.
change the home address of an existing client. The "Modify" primitive is
normally realized by selectively utilizing the aforementioned primitives. For
executing a "Modify" command one should distinguish between the foliowing
cases:

1. The "modify" applies to fields other than the search key (e.g. modify
the address of a client having Client Id No ="xxxxx") - in this case the
modify procedure simply involves a "Find" operation (data record having
Client Id No ="xxxxx"). Having found the sought data record, the old
address is replaced by a new one.

2. The "modify" applies to a search key field (e.g. change an account



the | eaf nodes of said PAIF are associated each with at |east one data
record and wherein at |east portion of said data record cor3PFIQREEL0%%
| east one search-key; 22 OCTOBER 2002 95 sel ected nodes in ag'ézoniF
represenVO WA8M4 5 given of fset of a search key portion wi PATA-E84%W%ear ch
key; links) originated fromeach given node from anong said sel ected nodes,
represent, each, a unique value of 5§)ald search key portion; the PAIF having
at |east two sub-PAIF s being arranged, each, in a block; said data base
file managenment systemis further capable of arranging said blocks as an
essent i abl frobal"sxcesk " sor'yyyyye o his eurmang is IGaITIZhg adat seqenae oiir e

according to daim54, wherein at |east, sane,data records that are

associ at¥e qterprimitrvess ‘-‘?réifi%‘eéﬁ&“ W@PY)& heving Sglt‘moﬁ@ Sep&rEXe file. 56 .
The dat t t . C i i, ms ) in at J.east one | eaf
IS asso%f’éttégﬁﬁ%ﬁ lﬁsc??tea{]%a%%_g%(g h%’ﬁ‘g r%g(%bP E’E—Igc? J,‘6\‘9§%)_?)hgdanroér'l(&?nfserti ng a
new dat %efﬁ‘?g?ll?}gbﬁél? a%oﬁ%&%dxﬁﬂctﬂﬂiﬁaﬁ?bi;ﬁ%ﬁ%&ﬁ%@i&! ng to Claims 54 or

55 or 56 1In i ng”the execution of t | ow ng steps: a) advanci ng
along a reference Ipathb previvesaxamplepsadihsearclokepdsaeprdestodiasga at a
reference data record associated to a | eaf node In each node in the

r ef er enseripntdf, bytbsannd naccardinglya the nseassh girpegdage fisoperfarmaedioble i f t he
val ue represented by the link equals the value of the .l-bit-1long key
portion p&fﬂqwsﬁh%éﬂgbm W@d‘gﬁﬁ‘f@‘ﬁyc?%ﬂ%ﬁ 64“1% "corﬁ’é‘sg&gé’t{qlié‘fas he of f set
speci fi %Slpiﬂ}téhe node i s beyond any corresponding key portion in the key,
or if there”is no link with said value, advancing along an arbitrary path

to any referenfedfdrded RE Hedart Will ﬁ@anyrdpgae&ae theabyles k@Y it thde reference
data record to that of the new data record for determ ning the small est

of f set, ondypbidiblei rRpresentation ofiangandhf leet. Thos, fdrexamplea eayclpkey i on t hat
discerns the twoi c) proceed to one of the following steps (iii.0-iii.3)
dependi regnisorepresented| inebinaryt fosmgl i §ca safiesgobl's aad.0's and acgor 2002 96

iii.0 if the dat d | then termjnate; iii. ] if th

di scer nithe SERCBATORRHIER & PEHETER Dy parfitioniae dhe BiAtihdesrinkdseathies i n the
; . AL ey q ;

o sai o veyporpal SarTEBhySing bEne MRS Lol hR ce g o By DG of st

t aken frie® ity sndasthérskeln edrtdifh scareaadaitanag aasltibe ahe ichse thalt fthé he

di scerning offset is larger than that indicated by the |eaf node that is
| i nked, grisancg idéntwal forlall the nodes inthePdEe data record: iii.2. |

new node: 1 halt bR RITCA SO BT ARECR! (a8 P ATE G PRg Of f sot -
iii.2.2 ; : : [
the' i né SR yab Sl BREFBORIGR) G SRERE R o R R o1 Pt

t aken frgea}&,hge)&?aﬁm i ®notin thbeoﬁeélﬁﬁﬂmfnguﬁ_a record; iii.2.3 connect by
nmeans of a linkK the new data record and the new node and assign to the link

a val ue of thAsdsaleatlyladenirfrorarthatvatioas dfiAdteoinkigg. 6AFGES @ fromthe
search key of the new data re¥cord; or jii.3 if cgndi tions .iili fO iii.l and
iii.2 ariécads aretheld e acsastedstarm pecording, tor searth ke Na¥Igahagh, 10k f at her

came ¢ rininle B AT EFdriel 83°C (RimanBht ! REAT hPReS 4Bk fiy Srl e/
than heoRbhe! sl 9194450 1No3ab" | dnaodaoaqdr. orifls! dRaAkidimRs Y, or all

t he node he reference 'search path have a val ue greater than the

di scer ni gghseitdtest yet (amothansddenexgec asleicB) case cddtdi mgdnipulapiphy athe
foll ow ng sub-steps: iii.3. | for case A and B, create a new node and
assi gn t¢mmpatedntodthenired of Haigy &l whers thaydatadiesoednaregnof seded. Asr case A

P RS e BT ARk AL, L L
ass! gnedl A RE SRpmbiedn g AR 128 WEREACE, AT oR B deSuilccr i ng
of fset, amet RUEIF SR NIHRRAS BF BBakeYf AflohB il W05 ab alaiLc8SHd 107)
and an internal node (linked by means of a short link 106 to node 121).
Those versed in the art will readily understand that the "Insert",

"Delete” "Find" and "Modify" procedures described herein are only one out



22 OCTOBER 2002 97 ii1i.3.3 for case A and B, connect by neans of a new |link
the new node and for case A - the child node, for case B - t23©®CTOBER 2002le,
and the value assigned to said link is that of the search-key-portion at

t he offsegv(???@sagét ed by the new node, taken fromthe sear chp}ééé})“%*“"f’??e
reference data record. 5 8 . A nethod for obtaining an essentially bal anced
PAI F i ndex; the PAIF including bl ockf each accommodating a plurality of
nodes and |inks originated from sai &! modes; |eaf nodes from anmong said
nodes are associated with data records; the nethod conprising executing the
fol | owi ngf ftaBPoRSIbIRRYribhRERr asalififiyithesd prcelarlsatidthed BhAcke
constituting a replaced block, with at Ieast two split blfocks such that few
f r om anmomgdtiked, redt@s refjuired damplappraprodk dependingo nponlahedpastittiian one of
said spljt blocks, and the remaining nodes from anong the nodes of said
split bl BeMementatioBormodat ed within other split blocks; b) copying at |east

one node fro ng.. -N0 | aced block i nto a | ock such t
hat s aid a ﬁ@émﬁlé%?ﬁ?f\)%scgfgjf:? te %ﬂhé{-g{é&%@aﬁ ofyi?PAVI? B8R hereof . 5 9
In a cy aAX s (G PheS LS 1398 d 75 9 t 4 aternal
menory th;ﬁ{ﬂbﬁlgﬁggﬁagﬁgeﬁs%ﬁ 2}?% by{ﬁg%gém&nﬁé%?ﬂgkgﬁgnap@&%gnal menory;,
a d ata thet fatte radsactions in fetepbRrkacontextndascessitgtes ttohaideeys @y f the d ata
records; t he index is _arranged in_blocks; such that for one billion data
records $ngpatiethwhichaye imclepant inthe intieobleck opsrationo sai d external nenory are

required in ofder to gccess,.a block th IS oci,ated with any one of said
billion data ﬁéﬁ‘&gd?fp apeds e STYELs Q%Ihg‘esip?a%om%h k@ folpPWEat d dat a

records. : 0 : g ium of .at |east an
ot or nai Soacilpion PrSp AR UnBogmIGhE BRRIIES0 ARGy FhtE L S o

ext er nal shiwPh Mayeted ifdeék BadedUsit WFALFN Rldek Nehe@RSthat ﬁlcﬂm&%sfsﬂi' ndex over
keys of one billion data records; the index is arranged 1 n blocks such that
in a 2@ed@EORER paditPorthl indexh that does not reach a fal se data record,
substantially_no nore than one access to said external nmenory is required
in order to atewedsg Bow ockig: Ha-H, shers ase shown sahematic dlustrabions 0fta r ecord
irrespectiyve of. the size of each of the keys of said billion .data records.
61. In a5 c%?%rﬁfle §§s‘f‘§?ﬁuﬁ‘§\tﬁ(ﬁd"are§l’?ﬂs§g§) r?eépﬁ?ﬁssﬁmdgk épé’gweaﬁre t hat

i ncl udes i : Snft ' | exid ranged in
an essen(t)gégﬁl%gcgﬁgggé?tg rétfjlgureoc‘)j?ﬁ1 Eﬁtogﬁgﬂéaggveeﬁnt%'es toldﬁczrt?{c:)rm
sequent i exanypler atblocls 1d0 daikigddia (ireder dasict pertitivhed izideg) iwhicissential Iy
not affected fromthe size of said keé‘s.. 6 2. In a storage nedi um used by
a dat aba@¥erflows imateame nefhmesyeryespasredisebeing thet aaser ad'spldt hlpckYstem a

data structure that includes: i nd t he. ds; th
dat a rechisste: fginoked Pl TSR oot tirard deX 14k ot ablEor T e second
type ar eco?%‘?s‘?fn%' Mﬁyﬁl&ﬁ ha4%8ifa r(ﬁpﬁf:ﬂ%dqocfehﬁ{ f(gég){ (AR faf - N 2

storage nedi um-use a database file managene em executed on data

processi bipck)M4bey mizaflgtof ditgcudinkr B43 had byngledle of lang einkoret gdai ndex over
desi gnat ed keys of data records; the data records, constituting designated

dat a recleafiblockdi48g of at |east two types where designated data records of
the second type are supordinated o the designated data recqrds_of the
first type. Y.tﬁtﬁhﬁ’e& ﬂ‘h%@"r“ﬁ@b&i‘%% t poigt Wasoselogied &o tbeslﬂﬁﬁli%dex
constituges | ayer.ed.i ndex, T ta structu f~Cl ai4n 63, wherein
sai d des{@aﬁ@d&%ﬁ%}gﬁﬁﬁﬁ)nﬁi}ttlg‘p@g tléeljf]’%/gﬁgﬁngrfb%ﬁes %’%BED'H@ ]fjné?a structure

accor di New GIGUA 4 afid I T PR iAol AW BIoRH 14R0ReCpie! 1 LULI NG 2

mul ti-di mensi ona 67. The data structure according to ains 63 or

65 or 66linkhier pieferablyd sdbstghanedrderdex acoomiplisht hmesdentidily evedel i ndex.
22 OCTOBER 2002 99 6 8 . The data structure according to Clains 62 or 64
wher ei n digfribwioncofi eerdascansf links betwesn the nevahtboksi(¢.ss tlwside edithel dat a

record C)gubt pXIl-s s that. 9estlt¥£e"in%c{8§ﬁsl {48 Snd 146 is essentially the same). In the

case that a father block does not exist, a father block —~144 (constituting I, )

is created with a duplicated node A’ (155) of the split node A (136). In the
case that a duplicated node of split node from which the split link is

originated does not already reside in the father block 144, the node is copied



one to one relationship. 69 . The data structure according to any one of
Clains 63, 65 to 67, wherein said data record of the first 2ps¢O0BERR0§2I d
subordi nated data record of the second type constitute one to many

rel ati ongh dp . The data structure of any one of d ai ”chfl?rw@/ﬂam@&
wherein ?‘2‘?89/?8%9% includes a trie. 71. The data structure of any one of

Clainms 63, 65 to 67, 69, wherein said index includes a trie. 7 2 . The data
structure of C aim64, wherein the ?a_s_i c partitioned index of said |ayered
i ndex being a trie. 7 3 . The data Structure of any one of C ains 62, 64,

68, 70 and 72, wherein for subordinated data record having conposite key
Ki . . Kn, tprhe latiertiiecle (mvarked A’'n anddhe sapneciionebetiieepat h(t59)anpde ent of t he

subor di nat,ed, data.record by, t he ke ... Kn-1. 74. The data structure of any
one of @agjfhe g‘?‘:kGB“ W‘ﬁg,AE@S‘Qﬁ%hf@) Wg}é?wegi?got?)ﬂméd)foﬁéﬂ% record

havi ng 1 : oo i | In a search
pat h toqgm%g?@](ﬁ ﬁy{'l#esglﬁggpg{lﬁgt bém(fa{)][géﬁlgggra;g}goﬁ pﬁ%r}%@e%?ﬁ Kn-1. 7 5 .
The dat aingit Cuck 4&51aR68 Bydidhd fifk Wi Briéen Mo theSBlbek W iicRRdel i ncl udes
relational nodel.” 7 6 . "The data structure according to Claim67, wherein
sai d nulresidesieOptinahliylasodds] AcandrC €bf&d SAodspectively), Ty didoabstructure
according to Caim67, wherein said nuttinodel includes object rel ational

nodel . #inked byhoeans af splitkink marked ay deshgdilined ¥.m 67, wherein said
mul ti nodel c lies with.a client.s r nmodel . . 22 OBER 2002 100 7 9 .
In a storage F‘GW&S@H 1%>t,l(1:g Waﬁb?o?g%?‘?rfselsrﬂ'ﬁé{ %%E difl€%ecut ed on
data progasghis BY H16Rs M4 thk I ot th Bie hAC 146954 148. Those
versed in the art will readily appreciate that it is now possible to access or
update data records not through the trie (i.e. commencing from node A
156 ), but rather through the layered index (i.e. commencing form node A’
155). In this connection it should be noted that link 147 has the same value
as link 150, which in turn has the value of original link 149 of Fig. 7A.
Considering now that block 148 overflows it undergoes similar block
split procedure resulting in layered index 151 in Fig. 7C. By this example the
split link is short link 152 of Fig. 7B and accordingly nodes C and H reside in
block 148A of Fig. 7C whereas nodes G,LK,L. and J reside in block 148B.
The node from which the split link originates (node C —153 of Fig. 7B) is
duplicated (yielding a duplicated node 153a of Fig. 7C) and placed in block
140 marked C’. As before, direct link 154 connects the copied node C’ 153a
to the block 148A of the original split node 153 whilst the link 155 is a far
link to the split block 148B and the value of the link is as the original value of
link 152 between nodes C and G before (and after) the split.
In Fig. 7C, the layered index 151 is constituted by the trie that includes
blocks 141, 148A and 148B forming [, and block 16 which forms a
representative index over the common keys of the trie.
It should be noted that in Fig. 7C node A4 in block 141 and node C in
block 148A are optionally disconnected and likewise node C of 148A and
node G of 148B are optionally disconnected. As is clearly shown, nodes 4’

and C' are connected in block 140 to form a (connected) trie and it is



an index being stored in the storage nmedi um and constructed over the keys
of said-data records that are stored in blocks; the index bé?@grABEREMFed in
bl ocks with the | eaf bl ocks being linked to data records by neans of |inks;
said index is characterized in that at |least one of said links is shared by
at | east WQ39384 records stored in the sane block. 8 0 . TRE/HAPQ0038
structure of Claim79, wherein said index being constituted by a trie. 81.
In a storage nedium used by a database file nmanagenent system -executed on
data processing system a data struttlre that includes: an index bei ng
stored in a storage nmedi um and constructed over the keys of said data

recor ds acbaddimgle possitde to mchesschiarks fid1ithrmghbridegAarandngdieekcti inlbl ocks wi t h
the | eaf bl ocks being linked to data records P&/lmeans of links; said index

[

i s char d&beblodkd L4 $At theeughy nedeaAy, Gnandditest linklads and blegkel#8B) at | east

t dat ds, st [ h (NeIn] & i d,ind tit.ut

| ayor oo iR s kg 08 el RRETS SR RertRoy el Blecnths 17 Fonea

i nd i t ix0 dat@ F; E t 2 of Caim81,
uncr oi n 10 bR REEI ARLC (ERIAELIOAS ioclRal @ ReERL | Leture of

G ai m 1,hepheé e hBd &M hnldaS (seeliikt 149 @rTid, TAYlex being a conpressed tree. 84 .
The data structure of Caim4, wherein said trie being a conpressed trie. 8

5 . The data Atigcleatly seen in Fig.7C, theacsautiog hayered {ddakrooRstitwespai si ng: a
representative index I~,...,1h cons{(r ucted such that any 1] .is constructed
over t hébalansedssmogurevel Rlegks Brerely keeping ghe index dentintos 8 ANEWEMUE | ndex

'.k°i K o e R e '%i%%e‘é“tﬁ%’;}wﬁ%@F?ﬁ%ﬂ%ﬁsﬁeﬁﬁﬁ%ﬁ&%ﬁ‘gﬁ?ng'tPS%QL ative
~ - o~ . HH:_)] o P i 31 i
sg?/zl gaséege%saapthr,tlll(gﬁcﬁwg I ngeg%gi ngeég%%% gr:sﬁggtoi tr‘?’g.ﬂs‘g{ g&a#’f?egrret hogrg:‘ "

d ai m 26giveheiabi Fecord.d Carstdepitighgova thatnipr esieedo latdess dath réboed g hod
according to Claim 26, wherein the index being the Btree i ndex schene. 9 0

. A net Hayeredrindex amintags substanfinllyolegarithaeisrfnetidmthat depeayls knithe a
conpressed tree_based i ndex, said index is_partitioned |nto_ bl ogks
conpri sirﬂgnb%r)ochﬁgds&thf‘o@tyemddea%fs mege ggﬁ?caerptr}gémognpmbgfo | ock of a

i es; hing i . i d i : g
ceres! ) SRGSGOT By st 1 AR AR o ¢ 2
the 1 r SturtbCk 38| dhefitiofs regeirel 6 atdtat o dardseanuahAshe b @icl ast bl ock

of the series; said fast block is a | eaf block of said index; in the case
t hat a KEyuds'fopfexample, for fatesseing datamedord thheissasocitedowthderde f he val ue of

the key k' in order to find a_first bl 8Ck Pf a new series of blocks that
may | eadhrepgh the Jayesprbdndaxg, 4 iSpraquified atalissbo raceess Boskd4hand reachi ng

he d d i di i i id index.
o1 The Tero driotk 4ARRoAME Tardfier, B8 bt ABCRABR (Fetled BECLT LTy
bal amedo&ﬁ&éﬂi‘&ﬂéjfﬁ\ &;nd%e%.éessk g?tlsle sdi@ dABf feRerdthrddohi thE 199 bAing1 wherein

the stru re wthin each block™l
about 4 I/O accesses, namely block 141, block 148A block 148B and data

record 159. As shown there are few particular instances that the trie is more
efficient (e.g. accessing data record associated with node A), however, the
larger the trie (i.e. constituted by more blocks) the more efficient is the access
through the index of the layered index.

By the particular embodiment of Fig. 7, the representative index and
the trie (being one embodiment of basic partitioned index) comply with
substantially the same index scheme i.e. the PAIF. By “substantially” the
same scheme it is meant that there are some differences as will explained with
reference to Fig. 9G below.

The considerations in connection with duplicating nodes to higher

layers I, in the layered index are further illustrated with reference to



based on a conpressed trie. 9 3 . The nethod of Caim91 wherein said index
is a designated index. 9 4 . A nethod for inserting a data PEROIAPER20RZ its
key k to a conpressed tree based index, said index is partitioned into

bl ocks cquBrb34a9: ( @ ) using a root bl ock of the said i ndgx ﬁ.&g Oéjsrst
bl ock of a serles (b ) searching in said index using a searcﬁ for a

target | eaf block that needs to be updated by a key k and a Ilnk to r by
22 OCTOBER 2002 102 reading a serieg of n blocks (n > 0) starting froma
first block and a data record r' that is associated with a | ast bl ock of

L G L
blocke rnget eRFIELTE wheerbOpk shilt 13 Peiehdd 36 1R, Phad BRREL) 3. P &
new fi r%#%le@‘ﬁlﬁ:léi”ié fluseADinNFid. mE, tvﬂ{eﬁl@bl&&kmo is(att@dalibRg tibe tar get

bl ock by d|ncumgallnkfromthetarget block to r . 5.

The net fumqble:sftocﬂlghm RéeMblecki402s@onningdeart obtist layeted Awlegssohomied! | y
bal anced structure of blocks. 9 6 . The nethod of Cains 94 or 95 wherein

the struddihe adginalnlidabetvseactodes Bhasd & dnontiewsllyr etaivadi(treugly 7 . The
ot uct urzshed bl A Ho ThuenTReE B 1% awp Reltle EaRRaaabess o | The
bi ocke: SLaRe e P05 el RS B ARkE4ORER Mis FERATIENL 6710 0 The
found. 1t i S”S%’E‘fs T O et BRI BE et or ade
the key resdltingstructur¢ appeasenowtindidaod02iot Figrith, wiere hedsedr aiid I 101. The
%&E&r%ﬁ%&ﬁ@& ar%I g&prﬁcaged\,\tgefr\? aqu%’ahdl() £n%641 l)sm %lc()jc?cs4 naE\I%del pdex. 2

is obviously a duplicated node of the split node I in block 405. However, node

A is also copied considering that both nodes B (whose counterpart B’ is a

priori residing in block 402) and I (whose I’ is now duplicated to block 402)

are descendent nodes of A. Node A being the lowest ancestor node of nodes

B and I, and thus a (connected) trie is formed in block 402. The value

associated with short link 414 (between blocks A’ and B’ in block 402) is of

the same value as link 412 (between A and B in block 405). The value of the

link 415 (between nodes A’ and I') in block 402 is of the same value as that

of link 413 which originates from node A in the direction needed to access

node B. The internal structure of block 402 is such that it allows a search to

the representatives of blocks 405, 406 and 407.

The direct links 416, 417 of nodes 422 and 411 are optionally retained
since it is possible to move along direct link 418 to block 405, seeing that
node 410 is maintained in the access path to both nodes 422 and 411.
Fig. 7G shows the resulting layered index after splitting block 407 of -

Fig. 7F (in link 420) and Fig. 7H shows the resulting layered index after

splitting block 402 (in the link between nodes I’ and N’). The resulting

layered index in Fig. 7H has, as shown three layers, the first consisting of

block 430, the second consisting of blocks 402 and 408 and the trie consisting
of blocks 405, 407, 426 and 406.



10 2 . In a conputer system having a storage nedium a data structure that
i ncl udes an i ndex over the keys of data records, constituti2BgCTORERAR keys;
the index is arranged in an essentially balanced s tructure o f b |locks; t
he index size i s a ssentially not affected fromthe size of ﬁagzolﬁ%ys;
sai d i nd®0 ¥¥Mes to performa process of searching for dBEAFEENE r by
its key k, said process includes reading blocks and data records that are
associ ated fromleaf blocks; said _pspcess does not include reading data
records associated fromnon-|eaf blocks. 103 . The data structure of Claim
102 wherein said index i s a designated index. 104. In a conpressed,
tree-based i nbeosepearsed iimribe arhtwillbrendidy appraeiateothat shagmaneerapEh schene,

2 dat gf&%g@i‘l&g%a@péf 5o oty npb Eftef TR i Shackit of B 7 @Tﬁﬁéix?“ cal é“ t:‘
the tirst bl gitiad feslied af Sbddiment SECHRANRCRE A Pyl MR By 7o sai

series iglR pRedsshd Qedulfthg SBbh ithéleyucedssion) of Givdrd GrARAcAbn 'RYith dat a
records constituting acceSsed data records associated with the |ast block

of sai d refietence {adFig Aplitewilhde hppreciatedhthat deesppoditet pwckdyrepfiet he accessed
data is ! he searched key or else: (, a ) adding information froma key of
t he accedelategbloek't iscaptivated, whea & datactecerhismaelsiad lpavingsenbinendei ng abl e

to decide bet the fol lowing: (. 1) t. ned key d t exist i
e sal dadkes direk begnghe Ll fentsaseriRAIRER IR () ) backtracking t o

being a 111 st TRSQIERSad Bl Wl Radiy BR0GSARApa Rl B8 03105, The
met hod ofeseliBednwd@drefiiened to Fiad.d7 foomlyasresut dﬁﬁhhff?tﬂo@ﬂbm {iYihteach said

bl ock is based on a conpressed trie. 10 6 . The nmethod of clains 104 or 105
wher ei n faimalizedthe yast inders where thre ndpiredengatival imder chrstt thecbasie of bl ocks.
10 7 . The nmethod of Clains 104 ?r 106 wherein said index is a designated

i ndex. Zp®tigonedrmdexbeingsubstantiallyitheiamesr 106 wherein said index is a

| ayered i ndex,, 10 9. . .In the ta stryucture of Claimé6l rein said index
bei ng a desi g"rqlé‘f éﬁﬁizﬁﬁg&.o 11‘09%1{2‘ nmaﬂ&%%ﬂ’t“gf Wgﬁﬁ‘a ﬁ&@?‘ﬁ@%a WY or age

medi um é%%i%e%\{(éf%@o RAE HifferddRoWR thiREGY B¥SIenkENRatOihedad @ 1 ecords;
each of the said keys 1ncludes a designator. 111. In a conputer system

havi ng aacdonipighedBfetod indexl hhsa batancedisteudtwt of blotkwdsspita therfek over keys
of designated data records; said records belong to nore than one cl ass;
dat a r ecthatithedtic paesemay nossibly havabalaecedane desi gnator; data records of

di ff t cl h di ffer. i t Qr,. 2.. L t t ef
havi g a st oRMGuNTeds A itiated 56 B8, Ra-BIE sonifl JeS v e Cver
desi gnat fhk8Nshs MRIFRYinEANUE aphlitAtRrSH e ¥BEniYRY Br tiCinsRARoAI RS gnat or .

a according to another embodiment of the invention.

Thus, Fig. 8A illustrates a given trie structure having vertical
orientation (i.e. constituting a vertical tree) which, as shown, is unbalanced
i.e. three blocks depth (260, 261 and 262) vs. two blocks depth (260 and 264).
The description below does not aim at explaining the search scheme of the
specified vertical tree but emphasizes only those aspects which are required to
obtain balanced layered index. It should nevertheless be noted that the nodes
in trie structure 260, signify offsets in a half byte size. (The nodes values are
presented in hexadecimal representation) of the data records (a-k) that are
shown in Fig. 8A.

It should be noted that an extra /O operation, i.e. accessing three
blocks — (or three I/0 operations) in order to access data record k as compared

to one block (or one I/O operation) to access data record b as depicted in Fig.



113 . The data structure of Claim 112 wherein records of one class are
subordinated to the records of a different class. 114 . The2d@€FOBHER200% ur e
of Claim 113 wherein a prefix of a key of a subordinated record of the one
cl ass 'Swgﬁ‘ﬂﬁdog?' to a key of a record of a different cl ag,%m]:;% gozd N @
storage nedium used by a database fil e managenent system executed on data
processi ng system a data structure that includes: an index over designated
keys of data records; the data recagjpds being of at |east two types such
that the key of one type is a prefix of the key of the second type. 116 .

The datg,structure of aim, 115 rein sa index js a. layered i ndex. 117.
The dat gAst‘W‘L% Grigegde aé.?ﬂ‘%dmg‘ g‘f‘? AgIanos t ‘Sc@%érf&sed i ndex

tit i m 117 _wher ei i d
Prtex cAREselyellfie EboIviad the T&%mﬂ@nce@}lé;{ﬁ{’ Hifonchn Sta8t B blhs "% ° 1o
2002 | 08bddi exAiy ddkasahe Ugtmiber S TG dpekdtforth C0E! e, dﬁirﬂai:ex

constitutes a nultidimensional index. 12 0 . The data structure of daim
115 whelinsertiasi af idathaecorsistmae genarate highnrr @abalince’] degregiwhichdi€x

constitutes an essentl aIIy bal a cgd structure of bl qcks.
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Q) )c)o)nggru&mg a la;pejrgg/ $hdex ofifle invention with reference to Figs. 9A-9G.

Accordingly, attention is now directed to Figs. 9A-9G showing a
succession of modify (insert) transaction on a PAIF tree (constituting a trie
that is susceptible to an unbalanced structure) and the so obtained layered
index. For convenience of presentation: the data records are shown as
forming part of the trie. As specified above, the actual manner in which the
data records are associated to the trie may vary depending upon the
particular application.

In the following figures, a layered index is constructed by inserting
successively the following unsorted data records A-F (which for convenience
of presentation form part of the blocks): The data string is presented as a
series of bits where the 1-bit portion stands for 1:

A=001000011
B=110011100
C=011011111
D=011011011
E=101010101
F=111111111

In the first step (Fig. 9A), record A is inserted whereafter Block 300,
includes node 301 having offset 0, being associated to first record A through
link 302, having the value 0. At this stage, the tree consists of Block 100
having only one node. The index scheme dictates that the search path to data
record A is determined according to value 0 at offset 0 as depicted on link
302 and node 301, respectively.

Thereafter (Fig. 9B), data record B is inserted, in which, as can be
clearly seen and distinguished from data record A, in offset zero, the key
value is 1 and, accordingly, link 302 leads to data record B and assigned with
the value 1.

Thereafter (Fig. 9C), data record C is inserted, and the value thereof in
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Next, data record D is inserted,' and the structure of the block

following the insert operation is shown in Fig. 9D. Since, however, the data
block cannot accommodate more than two nodes (overflow occurs), it is now
required to split Block 300. Fig. 9E illustrates the tree structure after splitting.
Thus, link 306 is the split link with the motivation that approximately the
contents of a half block will be retained in Block 300, and the contents of the
remaining half block will be moved to another block 310. Of course, other
links could be likewise selected to be the split link.

As a first stage, block 300 in [, is replaced with two blocks 300 and

310. The nodes 0,1 (designated as 311 and 313, respectively) and the data
records A and B are retained in the splitting block 300, whereas node 6, data
records D and C, (standing in this particular embodiment for the remaining
nodes), are moved to block 310. Accordingly, the basic partitioned index of
Fig. 9E consists now of two blocks 300 and 310 (which in fact constitute the
unbalanced trie).

Thereafter, since the block of B; does not exist, it is created, and,
accordingly, block 312 is provided. The split node (313) is copied to the
block (312) to thereby constitute a duplicated node (314). Next, the duplicated
node (314) is connected by means of direct link 316 to block 300, and the
duplicated node 314 is linked by means of a far link 318, to the block 310.
This far link replaces the original split link 306 that is marked in Fig. 9E ina
dashed line. The value of the far link 318 is the same as the value of the split
link. Thus, the representative index (constituted by block 312), allows to
search according to the common keys of the basic partitioned index.

It should be noted that there are no constraints as to whether the split
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of which 312 belongs to the representative index) is balanced.

Next, data record E is inserted. In this case advancing in the horizontal
tree (being one form of the layered index) from the first node 314 of block
312 (having a value 1) is not possible by means of the far link 318 since it
represents direction | from node 314 (having a 1) value, and a link in
direction 0 is required. Therefore advancing by means of the direct link 3 16 to
block 300. Thus, the block that needs to be associated with the new data
record is found. In the same way data record F is inserted resulting in a tree
structure shown in Fig. 9F.

Next, if a split between node 320 and node 321 of block 300 is
performed, node 320 is copied to block 312 (designated 323 in Fig. 9G) and
since it can not be linked to node 314 of block 312 (since it will not retain the
correct inta-block links of the nodes) - node 311 of block 300 is also copied to
block 312 (designated 322 in Fig 9G) in order to create a (connected) trie that
enables to search by the search scheme to blocks 300, 326, 310 according to
the common keys of the blocks.

It should also be noted that instead of having direct links from all
copied nodes 314,322,323 of block 312 in Fig 9G, it would be sufficient to
have one such direct link from the copied node (322) to block 300. A far link
324 from node 323 is set to block 126 in the direction of the link before the
split (the direction of link 315 of Fig 9F). Obviously, if another split is
performed in block 326, it would be represented in block 312 by a node
connected from node 323 by link in direction 1 having a direct link to the
Bi., and a far link to block Bi.-.

Figs. 9A-G and 8A-B illustrate two of many possible manners of
realizing the split block mechanism that maintains the balance structure of the
invention by constructing a layered index. The flexibility in adopting another

non-limiting variant is shown e.g. in fig. 8B where the near link 271 and
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Insofar as many embodiments are concerned, the balance technique of
the invention confers to the so obtained balanced horizontal oriented digital
tree (being one form of the layered index structure) a so called “probabilistic
access” characteristics. This means that a 'search in connection with an input
data record (e.g. search for a data record A), may lead to a different data
record or to a node where there is no link to the direction prescribed by the
index scheme and may require to apply “correction” in order to eventually
access the sought data record.

For a better understanding of the foregoing consider, for example, Fig.
O9E. Consider for example that a search transaction is applied to the layered
index of Fig. 9E with the sought data record L=111011110 . The search path
will foliow node 314 and link 318 (offset 1 value 1, respectively) and then at
offset ‘6’ (root node of block 310) through link 319 (value ‘1) to data record
C. The latter example exemplifies the probabilistic search characteristics of
the so obtained layered index.

In order to resolve the specified failure, the size of the common prefix
of the key of the sought data record and the key of the data record is
calculated. The common key of the block (310) is the prefix portion of the
key of the actual data record C. Thus, the size of the common prefix is zero.
Next, climb up the tree to the node in the access path that has a value equal to
or less than the common prefix size that has a direct link . If the latter
requirement is not met, i.e. all the nodes have a value greater than the
calculated prefix size, then from the first node in the access path that has a
direct link (which should point to the first block of the index I,.;). Now, from
the node 311 move by means of direct link 316 to the lower level vertical

oriented tree (i.e. to layer /.;) and therefrom continue the search path as

prescribed by the index scheme.
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According to another scenario, should the index scheme prescribes to go
in a given direction and there is no link in the desired direction, the search
path follows the direct link from a node with the largest value on the search
path (that maintains a direct link). When advancing from block to block, a
comparison to the common key (if available) or to data records associated
with nodes (if available) can lead to a decision as to whether or not to
advance by the index scheme or to return to a node with a direct link. It
should be noted that the common key is not necessarily physically attached to
the data records.
Reverting to the previous example (sought data record L) and associated
data record C of fig. 9E, if the common key of block 310 (being 011011) is
maintained in the block it is not needed to access data record C. Thus, since
the common prefix of the key of L and the common key of the block is 0,
one can return to node 314 and link 316 without accessing record C.
Avoiding the need to access the data record in the manner specified has, of
course, the advantage of improving performance. The criterion to know that
the sought data record does not reside in the tree is that the size of the
common key prefix of the sought data record and the common key of the
block is greater than the value of the split node.
In the latter example, the value of the split node is 1 (of node 313), thus
block 310 is not the block that accommodates record L (if such record exists).
Therefore, the search for record L is continued from node 314 and link 316.
This procedure applies to all modify transactions.
Insofar as insert transaction is concerned, block 300 is found in the
manner specified above and is associated with the new data record L.
The latter example referred to a specific example of layered index.
Those versed in the art will readily appreciate that the latter probabilistic
access characteristics applies mutatis mutandis to other types of layered index

that utilize a basic partitioned index.

The probabilistic search characteristics which leads to “errors” stems
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from the fact that not necessarily the complete common key of a block in

layer 7, , is known from the values of the node that reside on the search
path up to the block in 7,_, . Thus, it is necessary to know the common key
~ of the block in [, in order to verify if the search path to the specified

block matches the search path according to the key of the sought data
record. If the common key is not maintained in the block, it might be needed
to advance in the index to a data record in order to know the common key
value.

The inherent error prone characteristics of the layered index and the
manner of handling it has been exemplified with reference to Fig. 9 above,
and may be described more generally as follows: to search a record by key

k, the latter is searched in I, (and in some cases in I, , to I, or to data
record(s)) in order to find the block B of 7, , leading to 4. This process is
repeated until reaching the block of 7, that is associated with the data

record with key & (if one exists).
The description in Figs. 7 to 9 exemplified a layered index utilizing a
PAIF based indexing scheme as the basic partitioned index and the
representative index . Those versed in the art will readily appreciate that the
layered index of the invention is not bound only to PIAF. Thus, for
example, U.S. 5,495,609 illustrates a different trie. Consider, for example,
the trie of Fig. 10A in accordance with the specified ‘609 patent, and
assuming that the trie consists of a block that accommodates nodes 11, 12,
13 and 14. Should it now be required to split the block subsequent to the
insertion of new nodes to the tree, a possible approach of splitting the block
in accordance with prior art techniques, would be, for example, to break the
link between node 12 and 14, to thereby obtain two blocks, one
accommodating nodes 11,12 and 13, whereas the other accommodating
node 14 (hereinafter new block). Assuming that the first block resides in the

internal memory, if it is now required to reach record 26, only one I/O
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operation is required. If, on the other hand, record 20 is of interest, a first

I/O operation is required, in order to access the new block (i.e. the one

accommodating node 14), and therefrom another (i.e. second) /O operation

is required, in order to access record 20. It is accordingly appreciated that

the split block gave rise to an unbalanced tree. Subsequent insert

transactions may adversely affect the unbalanced characteristic of the tree,

i.e. necessitate multiple I/0 accesses which is obviously undesired.

Applying the technique of the invention will cope with the
shortcomings of an unbalanced tree, and the resulting layered index is
illustrated in Fig. 10B, where the representative index is constituted by
block 159A over the representative keys of the trie (constituted by blocks
159b and 159c¢). Here also, the link between node 12 and 14 is considered a
split link, and the new node, 159D (being replication of node 12) is copied
into a new block designated as 159A. Now, in order to access record 20 and
record 26, the same number of I/O operations is required, and in this
particular case, 2. As the size of the trie grows the more efficient is the
access using the layered index.

The layered index of Fig. 10B brings about, thus, a balanced tree of
blocks, assuring that essentially the same number of I/O operations is
required to reach each and every data record in the tree. Those versed in the
art will readily appreciate that preferably the number of I/O operations is a
logarithmic function depending upon the number of data records and the
number of links originated from a block. Thus, for example, if 1000 far
links originate from a block, a layered index with 3 levels allows access to
1,000,000,000 data records.

For a better understanding of the foregoing, there follows numerical
example. Assuming that every block has 1000 far links. Assuming that the
size of each far link is 4 bytes it readily arises that the size needed for
representing the far links is 4000 bytes. Assuming further that the nodes and
the near links within a block occupy another 4000 bytes, the resulting block
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size is less than 10,000 bytes. For sake of discussion assuming that each block

size is 20,000 bytes.

Considering now a layered index that consists of one block (e.g. block

144 in Fig. 7B) as index layer I, and assuming that it is linked to a thousand
blocks in the layer /, (of which only two blocks 146 and 148 are shown in

Fig. 7B), the layered index amounts for a total of 1001 blocks each having a
size of 20,000 bytes. Accordingly, the total space that should be allocated for
holding the blocks of the layered index is about 20 mega bytes. This order of
size can be easily accommodated in the internal memory of say, for example,

a personal computer. Assuming now that each block in 7, is associated with

one thousand data records, the net effect is that by utilizing a layered index of
the invention (according to the latter embodiment) which is wholly
accommodated in the internal memory, a million data records can be accessed
without /O index.

By the same token accessing billions of records may required
practically one more index layer which may require an additional one I/O
operation.

For a better understanding of the foregoing consider for example the
implementation of the layered index in Figs. 6B-1 or 6B-3 (PAIF index
scheme). Had the keys of data records 103 and 107 been longer in size (for
example 100 byte long), this would have not changed the size of the PAIF.
Another non limiting example can be shown in Fig. 8B — the size and the
structure of the layered index would not be changed if the size of the key of
data records a-k addressed by the index would be 200 bytes long. As can be
seen, it is also possible to navigate in the index and to retrieve the data a-k
according to the order of the key. This exemplifies one form of sequential
operation.

As shown, the resulting layered index of fig. 10B includes two trees

having vertical orientation i.e. the first tree structure consisting of blocks
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second tree having one block 159A (being one form of the basic partitioned

index I, ).

The so accomplished horizontal tree of blocks (being one form of
the layered index) is balanced, i.e. root block 159A which, through one I/O
enables to access all the links to the data records. Further insertions of data
records which will lead to additional splits in the blocks of I, , will
require, of course, updating the layer index I, . When the number of nodes
in block 159A of. I, exceeds a given number, block 159A is split according
to the split mechanism.

The trie index with which the technique of the invention is of
concern, is not confined to the search tree disclosed in the ‘609 patent, and
it may encompass other types of trees as explained above.

It should be noted that the intra-block structure is not necessarily
balanced , i.e. nodes inside block are not necessarily arranged in a balanced
structure. Whilst this fact is seemingly a drawback, those versed in the art
will readily appreciate that its implications on the overall database perfor-
mance are virtually insignificant. This stems from the fact that intra-block
search scheme is normally performed in the fast internal memory of the
computer system. As opposed to the intra-block search scheme, the
arrangement of a block within a layered index is retained in a balanced
structure thereby the number of blocks in a search path is a logarithmic
function depending on the number of data records and reflects therefore the
number of I/O accesses to the external memory (an operation which is
inherently slow) in order to load a desired block to the internal memory.

In this connection those versed in the art will readily appreciated that
the present invention is by no means bound to a given physical realization.
Thus, for example, insofar as search scheme is of concern whilst the

intra-block retains the search scheme after applying the technique of the
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invention this applies to the logical concept of e.g. advancing in the layered
index according to offsets and values of offset. The latter general concept
may be realized in many manners all of which are encompasses by the
technique of the invention. Thus, for example, the offset size (in terms of
numbers of bits) that is accommodated within each node may be altered, the
manner of realizing empty pointers (i.e. pointers that point to null — having
no children) and others. The latter physical realization flexibility applies also
to the inter-block portion.
The layered index described with reference to Figs. 7 to 10 all,
retain essentially the same index scheme for both the trie and the
representative index scheme , (except for the error handling which may be
encountered when accessing data records through the index, as explained in
detail with reference to Fig 10G above).
The retention of the index scheme for both the trie and the
representative index is not obligatory as will be exemplified with reference
to Fig. 11.
Fig. 11 illustrates another approach of balancing an unbalanced tree of
Fig. 8A (i.e. constructing a layered index) using a conventional B tree as a
representative index over the representative keys of the unbalanced trie. The
so obtained horizontal oriented balanced tree (layered index) includes blocks

272 at the upper level (index layer I, ), 270 and 271 at a lower level (index
layer I, ) and the original blocks of the unbalanced vertical oriented tree of
Fig. 8A at the lowest (blocks 260,261,262,264) - index layer I, . Fig. 4
demonstrates thus that the index scheme of the representative index is not
necessarily the same as that of the original unbalanced trie. If desired, the
B-tree in its entirety (forming a representative index) may be regarded as an
index layer 7, .

The database file management system of the invention not only

copes with the drawbacks of the conventional trie indexing file but also offers
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other benefits which facilitate and improve data access by user application
programs.

Thus, the fact that a balanced structure of blocks is retained
assures that, on the average, the number of slow I/O operations is retained
essentially optimal, i.e. a more efficient result is obtained, particularly when
large files consisting of multitude of blocks are concerned.

Those versed in the art will readily appreciate that whilst
preferably the construction of layered index apply to slow I/O operations,
e.g. for minimizing the number of accesses to slow external storage
medium, the invention is by no means bound to the specified storage
medium. Thus, for example the storage medium with which the present
invention is applicable may also be an internal memory. This is of particular
relevance considering the ever increasing volumes of internal memories
which although being faster than external memory, may also required
efficient access control which is realized according to the invention.

There follows a description of the second aspect of the invention.

For convenience of explanation, the second aspect of the invention
will be described with reference to the PAIF index (constituting a
designated index). The invention is by no means bound by this specific
example.

As stated before, the database file management system of the invention
enables to address different types of data records using a single index.

In order to better distinguish between data records of different types that
are addressed by the same PAIF index, each data record belonging to a given
type is associated with a given designator. The latter forms part of the key of
the data record constituting a designator key. The designator is unique for
every type of data. Thus, for example, the key of data records that belong to
the entity "Borrower" is prefixed with the designator 'A', whereas all the keys
of data records that belong to the entity "Book" are prefixed with the

designator 'B'. The new key of the data records that belong to Borrower

109%& () -
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e original key of Borrower, and by the same token, the new designated key
of the data records that belong to Book consists now of the concatenation of
'B' and the original key of Book.
Having discussed the so called “designator” feature of the second

aspect of the invention, there follows a description of the so called meta data.

According to an aspect of the invention, a data dictionary maintains
meta-data information, which provides information on the data records as a
function of the type of the records. Thus, in addition to the data records it is
needed to maintain a designator, to be able to identify the designator and by
using the meta-data information, to be able to identify or construct the
designated key as well as other information such as the record size. The
search scheme of the index is oblivious to the meta-data. It locates the
record from the designator (or composite) key without using the meta-data.
The meta-data is required to construct the (composite) designator key and,
once the record is retrieved, to determine the properties of the record. Thus,
for example, having retrieved the data record of book the designator —B- is
identified, and information on the record designated B is available from the
meta-data. For example the size of the book record, its fields and the fields
that are the key fields.

The use of designated data records is not bound to only one type, but
rather (preferably) more than one type may be treated by the designated index
and as will be explained below with subordination relationship.

Thus, whilst according to hitherto known solutions, data of different
types are typically held in several files (and is addressed by several index
files), according to a database management system utilizing a designated
index of the invention, data records of different types may be addressed from
the same index. It should be noted that the keys of data records that

belong to different types (and are addressed by the same designated index) do
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not necessarily have the same length. Thus, for example, consider a layered
index which is also a designated index based on a trie as its basic partitioned
layered index of the kind depicted in Fig. 8A. The size of the key of the
records that belong to the "Borrower" entity is 6 bytes long, whereas the size
of the key of the records that belong to the "Book" entity is 5 bytes long.
Inserting books to the designated index of fig. 8A with the designator keys
B11111 and B22222 result in the data structure of fig. 12 that includes a
designated index that address 2 types of data records — data records a-k which
are assigned with the designator A and data records w-x which are assigned
with the designator B. In the description below, the terms record of type X or
record designated X are used to describe a record having a designated key and
the designator is X.

Whilst the latter example illustrated one manner of realizing
designated data (i.e. pre-pending as prefix a character, string or any number
of bits) to the key of the data record, those versed in the art will readily
appreciate that this is only one out of many possible variants. In fact, the
proposed designator may be realized in any known manner provided that the
designator distinguishes between different data records, treated as part of
the key, and therefore forms part of the search.

The latter statement applies, regardless of whether the designator:

(i) forms part of the data record (or key portion), (ii) being stores elsewhere
(e.g. in a different data structure), or (iii) it may be defined elsewhere, or
even defined otherwise. An example of the latter is a trie structure that is
associated with data records all of the same type (for example, all are
designated with a character A ). Obviously, by this example, it is not
required to physically attach the designator to the instances of the data
records, seeing that the designator is common to all records. However if
data record is accessed it is needed to identify the designator and add it to
the key. Another possible solution is to prefix the designator to the data

record such that when the data record is accessed the designator is available.
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For example, consider Fig. 12, data record d is accessed from node 266 by
link 270. The first character of data record d is A — the designator.

For a better understanding of the subordination relationship, attention
is directed to Fig. 13A-13E. Fig. 13A illustrates a designated index 800 (in
the form of PAIF) with four data records 802, 804, 806 and 808 (of which
only the designator keys are shown) asgociated thereto. The data records
are all of the same type as readily arises from the designator ‘A’ that is
prepended to each of the data records.

Turning now to Fig. 13B, there is shown the PAIF 800 with new data
record (812) with a composite key 412355B940201333333 (the designator

‘of record 81 is B). The new data record is subordinated to data record 806

whose key is 412355. According to the PAIF index, node 814 indicated
that the discerning offset is 6 and that the value B links to data record 812
(having the value B at offset 6). Seeing that record 806 has no value at
offset 6, it is assigned with virtual value (say null) at this offset in order to
determine the disceming offset vis-g-vis the other record and accordingly ,
then link 818 is set with direction marked null.

Fig. 13C illustrates the PAIF 800 in which another data record 820 is
inserted. Data record 820 which represents another instance of B type data
record that is subordinated to A type data record (806) is inserted to the
PAIF. The discerning offset is 11 (the value of the new node 822) and the
link values thereof are 0’ and ‘1’ to data records 812 and 820, respectively.

Fig. 13D illustrates the PAIF 800, where a different types of records
are subordinated to record 806. Data record of type ‘D’ (824) being
subordinated to data record of type ‘A’ is linked from node 814 by link 823
having the value D. As recalled, the PAIF already represents data record
designated B where the latter is subordinated to the data record designated
A. An example of the ‘B’ type subordinated to ‘A’ type is items (‘B”) stored
by supplier (‘A’) and (‘D) type subordinated to (‘A’) is clients (‘D) served
by the supplier (‘A’).
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Turning now to Fig. 13E, there is shown another embodiment of the
PAIF of Fig. 13D implemented slightly differently. In particular, the
subordinated data records 812, 820 and 824 are represented and maintained
in the data file without their key prefix that is the designator key of the
record 806 (i.e. the prefixed key 412355 is omitted). When accessing, for
example, data record 812 the informafion available from the meta-data
according to the designator B allows to extract the following information:
(i) identify that part of the key is missing,

(ii) that record 812 is subordinated to a record designated A that can be
accessed from node with value 6 (814) and by a link with value null (818).

Thus it is possible to access data record 806 and construct the
complete key of record 812. If the PAIF 800 is a layered index, it might be
that nodes 814 and 822 reside in different blocks and the access path to the
block associated with record 812 does not include node 814. In that case, a
link from the subordinated records (links 826, 828 and 830) to record 806
allows to access data record 806 and construct the key. The implementation
described above obviate the necessity to duplicate the representation of the
designated key of data record 806 in respect of each subordinated data
record (by the particular example of Fig. 13D, the specified prefix 412355
is duplicated three times for records 812, 820 and 824). Replacing the key
prefix with a link can save space (if the size of the prefixed is larger than
the representation of the link) and allows to access the record that the
subordination relates to without necessitating a separate search.

Fig. 13D, I13E illustrate that the subomation relationship
characteristics of the invention is not limited to any specific realization.

The subordination relationship of the invention enables, thus, to
render more efficient the low level implementation of data as compared to
hitherto known techniques in the sense that one index can be associated
with various data types and subordination relationships as compared to

separate index files according to the prior art. This notwithstanding, there
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one index file is utilized.

Obviously, each of the subordinated records 812, 820, 824 can have
records subordinated to it.

Moreover, there are some other radvantages that are brought about
using the proposed technique of the 'invention, €.g. maintaining data
integrity. Consider, for example, an insert transaction that is applied to the
PAIF 800 of Fig. 13E, of data record designated B with a composite key
AI12355B930101123456 subordinated to data record 806 (having
designated key 412355). The search leads to node 822. The value at key
offset 11 of the inserted data record is O thus record 812 is accessed. The
search key of record 812 needs to be constructed (by accessing record 806
via link 826) and the insertion of the new data record can be completed. It
should be noted that the link to record 806 obviates the need to conduct a
separate search for record 806 by it’s key in order to confirm it's existence.
Thus the maintenance of data integrity is more efficient.

Performing the same data integrity check using the specified B-tree
index implies considerable overhead since it is required two phase
operation. At first, a search is applied to the index of data records of type
‘A’ in order to find data record whose key is 7/2355. Only upon finding it
record of type B can be inserted (and a separate index file is normally
updated).

When searching data, the data structure of fig 20E exemplifies other
advantages resulting from the fact that subordinated data records are linked
to their “parent” record. For example, if record from type A is a customer
and record from type B is an invoice, it is usually needed to access the
invoice details with the customer details. The link from the invoice to the

customer obviates a separate search for the customer details.

10967& () -F
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The so obtained designated index of the invention brings about

another important advantage in that navigation in the index for
accomplishing sequential operations.

Consider, for example, the PAIF of Fig. 13E, where it is required to
“retrieve” all data records in an ascending order. Thus, it is possible to
navigate in the PAIF (known also as sequential operation) and data records
802, 804 806, 812,820,824, and 808 are retrieved according to the order of
the designator key. If only records of certain type are needed, for example
the records of type A, one would navigate in the index in the same manner
whilst avoiding the access of nodes and records that are not relevant.
Accordingly, from node 814 data record 806 is accessed and it can be
predicted that the data records that can be accessed from node 814 by its
links and descendent nodes are subordinated to record 806, thereby avoiding
links 833, 823. In this example only records 802,804,806 and 808 are
retrieved. In the same manner, one would avoid to move along link 823 if -
only records of type A and B are needed since it can be predicted that a link
with a value D from a node with a value 6 addressing record 806 is a link to
subordinated data record designated D.

If the PAIF index is a layered index and assuming that nodes 814
reside in a different block than of node 822, the move from node 814 to
node 812 can be by the split link. If the split link does not exist, for example
in fig. 7F one needs to use the link 421 of node B’ (422) when it is needed
to advance by link 400 from node B (423) to node E (424).

Having exemplified the subordination relationship with reference to the
specific embodiment of Fig. 13, there follows a description that pertains to the
multi-dimensional characteristic according to the second aspect of the
invention.

Turning now to Fig. 14, there is shown a schematic illustration of a
designated index according to one embodiment of the invention. The index

contains two search paths to one designated data record ("DEPOSIT" data
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record) such that the deposit can be accessed by each of the two composite

keys —a designated key that includes the key fields account number, date and

client number and a second designated key that includes the key fields client

number, date and account number. Reverting to the above example, the

account data record has a designated key 'A133333' (1201), Updating a

deposit for the account (deposit subordinated to account) can be

implemented by means of designated record 203 subordinated to designated

record 201. The PAIF would allow to access records 201,203 from node 207

by link 206. By the same token, data record 204 represents a deposit of a

client. The key of record 202 is B133333. Updating a deposit 204 to a client

202 can be implemented by the index 200 and node 209 linked (208) to data

record 204. The key of data record 203 is. 'A133333C01019811346' (k,).
The key of record 204 is B11346D010198133333 (%,)

As shown the fields of Client and Account are duplicated in records
203, 204 (as well as additional information such as the date and the sum)
which is an obvious drawback which results in an undue inflated file.

This drawback may be overcome by representing a single DEPOSIT
record as a multidimension record 210.

Data record 210 (Fig. 14) is a multi-dimension record that is updated
and accessed by the designated index 200 according to the designator key £,
(designator C) and according to the designator key &, (designator D).
(note that when data record is a multi-dimension record, the designator of
the record depends on the key that is being used) The path in the index by
k, leads to node 207 and from that node to the designator C of record 210.
The information in the meta-data according to the designator C allows to
construct the relevant structure. For example construct a data structure that

includes the key k, .by links 213, 214 records 201 and 202 are accessed an

thus with the date field of record 210 all the key fields are constructed. The
path in the index by 4, leads to node 209 and from that node to the
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designator D of record 210. The information in the meta-data according to
the designator D allows to construct the relevant structure, for example

construct a data structure that includes the key %,. As shown, the search
path defined by the search keys of record 203 leads to the first field 212
having a value 'C' (which is the designator according to search key k). The
third field points to data record 201. The second field 215 (having a value
'D' — which is the designator according to search key £, ) of the same data

" structure 210 is accessible by search path that is defined by the search key
of record 204. The fourth field has a link to the actual data record 202. In
this manner the record DEPOSIT represents subordination of both account
and client, whilst avoiding duplication of the fields account, client date and
sum. It should be noted that the data elements account and client are
accessed by means of link to the original data records (201 and 202) and the
rest of the data (date and sum) exists only once within data element 210.
Obviously, data record 210 can include other fields. The invention is by no
means bound to a given realization and accordingly the manner of realizing
data record 210 as depicted in Fig 14 is only one out of many possible
variants. The number of search paths is not limited. As had been explained
above with reference also to Fig. 13E, if the sought data record is Axxxx
(i.e. the account record 201 per se), then one simply moves in the index
with a search key of 'Axxxx' to any of it’s subordinated records and access
the record of type A by the link from the subordinated record to record of
type A.. Such for example link 213 of fig. 14. Other implementation are of
course feasible (e.g. maintaining a link in the index to record A), all as
required and appropriate.The specified description which provides two (and
in the general case at least two) search paths to one physical occurrence of
data records constitutes the multi-dimensional data structure which is a
designated index that contains at least two search paths to one data record
(called multi-dimension record).

Relation among data elements - Fig. 15 illustrates another feature of
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record) has C, F, I, K and L data records subordinated thereto. The realization
of this hierarchy was illustrated above. According to the present relationship
feature, one-to-one and one-to-many relations may easily be realized.
Consider, for example, that a book has many categories (L), i.e. one-to-many,
however, it has only one abstract (K), i.e. c;ne-to-one.

According to the proposed feature, a one-to-one data relationship is
implemented by a designated (composite) key of two components: the first is
the designated key of its subordinating record and the second is the designator
of the subordinated record (since it is a one-to-one relation there is no need to
use the key field of the subordinated record). Whereas a one-to-many
relationship is implemented by a designator (composite) key whose first
component is the designator key of the subordinating record, and whose
second component consists of the designator and key of the subordinated
record.

In this example, the one-to-one relation between a book and its
abstract is maintained by defining the key of L to be AxxxL, where Axxx is
the designated key of A, L is the designator of the key of record L. The
one-to-many relation between a book and a category is maintained by defining
the key of L to be AxxxLyyy, where Axxx is the designated key of A, L is the
designator of the key and yyy are the key field(s) of record L.

There follows now a description that pertains to another feature
according to the second aspect of the invention that pertains to multi-model
representation. In accordance with this feature, and as will be explained in
greater detail below, one or more of the following (and possibly other)

models may be represented by the specified designated index.

Representing relational tables by a multi-model designated index -
The relational model considers all data as consisting of tables. Each

table consists of records of the same structure, called tuples. Suppose, the
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tuples consist of fields F1, F2 and F3. Each such field is a key. If key F2 is

subordinate to key FI, and key F3 is subordinate to key F2, we can easily
construct the table: to retrieve its tuples, follow the designator of key F1,
and from there for each value of F1, follow the designator of F2, and in the
same manner continue to F3. Each such triple defines a tuple of the table.
Some projections are even easier: to find all the pairs of values of F1 and F2
for which there exists a value of F3 in the table, we terminate the search
after processing (F1, F2). Performing the projection of (F2, F3) might be
expensive, since it requires searching all values of F1 first. However, if this
operation is common, the designated index should also maintain the search
path (F2, F3, F1). Le., we construct a new designator composite key
F2'F3'F1' with new designators, and insert the additional paths to the
designated index. Thus each record can be reached via both paths and

constitute multi-dimension record.

Additional models on the multi-model designated index -
The designated index enables to represent additional data models,
including . relational database, an object oriented system, and a hierarchical

database, where substantially no data is duplicated.

Implementing object oriented (persistent data structures) by multi-model
designated index -

The object oriented approach considers all data as objects.

Every object belongs to a class, which determines its structure and

which methods (functions) can be applied to it. The classes are

organized in a hierarchy, from which structure and method may be

inherited. The object-oriented approach is ephemeral—an object

exists only while the program that created it is active. Objects that

need to be supported for a longer period of time, are defined as

persistent. These objects are stored on the disk and are available to
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easily support such object. Since their structure is uniformly encoded

with the aid of designators, later incarnations of the program as well

as other programs can access these persistent objects. Note that at the

same time a persistent object can also be part of a relational table.

There is no need to duplicate data. -

Consider, for example, the data structure 220 of fig. 16. Data
records 223, 224, 225, and 226 are subordinated to data record 221
and together with record 221 are considered as an object. It is
possible to search efficiently in the index for all data records with a
key prefix equals to the designated key of record 221 (partial key
search) and retrieve the entire object. If only part of the object’s data
is needed such as the A type record and the subordinated B type
records, again a partial key search is done for data records with key
prefix that is equal to the designated key of record type A (for
example 221) and the designatore B as the next key field.

Implementing object-relational by multi-model designated index -

As opposed to the object-oriented approach, the relational approach
considers all data as tables. Thus it is difficult to integrate SQL queries in an
object-oriented programming language (C++ or Java). The object-relational
approach provides an interface to convert tables to objects. The interface
requires the user to specify the relationship between the objects and the
table attributes. If some attributes themselves are tables, we need to allow
relational algebra operations on these tables too. These conversions are
performed by the application program. Thus the database is unable to
optimize the queries. The designated index treats data in a uniform manner,
thus providing an ideal interface between the object-oriented application

program and the data structures. The application program’s queries are
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formulated in terms of designated keys, so the database can optimize the
query strategy. The database returns designated keys, which the
object-oriented application program can readily process by the
object-oriented methodology. The sequence of designators of the search
path to the object determines its class, and the designators to various fields
allow the object-oriented program to resdlve polymorphism of the method
calls.
The designated addresses all relating data. For example assuming
that fig. 16 describes a data structure of an insurance company where
records of type A are customers, records of type B are customers claims and
records of type C are customers payments. As it is clearly shown, all the
data records are addressed by a single index structure.
Now, one is able to efficiently access all the object instances since
the index allows to navigate from a customer to its related data — claims and
payments. At the same time one is able to navigate on the index structure
efficiently and effect the customer table (the collections of records of type
A), customer claims table (the collections of records of type A and B) and
customers payments table (the collection of records A and C). Since the data
structure does not impose physical clustering of the data, if data is shared
among different objects, it can be efficiently accessed by the different object
views — and thus such data record is a multi-dimension record. In this
example, a claim can be efficiently accessed both from the customer object
and the policy object and being from a type structured as for example in
fig.16 (structure 210).
The object-oriented approach allows users to add user-defined types
(UDT) and user-defined functions (UDF). For example one could add the
photos of accidents to the insurance company database. In the example, a
new designated data record subordinated to the A type data record is

defined. When a claim’s details are searched, the photo of the accident is

accessed and sent to the photo printout application. With a designated
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based on or be related (by subordination) to any other data type. Now, with
the designated index, the application can navigate to the new UDT from the
defined classes from which the new UDT can inherent methods and other
properties. In the example, when nav”igating in the index, one would
navigate to a claim from which one could reach the photo as well as any

other part of the claim’s data.

Network and Hierarchical Models:

Implementing network and hierarchical models by multi-model designated
index -

The network and hierarchical models have been replaced by the
relational model. However, even though these models are obsolete, they
have some advantages (as well as many disadvantages) over the
table-oriented implementation. Once a record is retrieved the addresses of
related records are readily available.

Consider, for example, a bank with customers and loans. Each
customer has an address and several loans, while each loan is taken by one
or more customers. In the network model, each customer is represented by a
node containing link to the customer and links to nodes representing the
loans taken by the customer. A node representing a loan is likewise linked
to the nodes of the customers that took that loan. Thus given a loan one can
easily access of the customers that took the loan and get their home
addresses.

The B-tree implementation, requires us to maintain two trees: one of
the customers and home addresses, and the second of loans and customers.

Thus having retrieved the data of a loan, the names of the customers that
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in fig. 16), once reaching the node representing the loan , one can continue
to a designator that identifies the customers that took that loan (for example
records of type B). Normally, at most one disk access is required for each
customer. The proposed multi-dimensional designated index has the
advantages of the network model, without its disadvantages. While the
network model treated each node separately, and was susceptible to long
search paths, the multi-model designated index treats all data uniformly and
the length of the search paths in probably logarithmic such that the base of
the logarithm is the block size. Thus, in practice, the search requires a single

disk access.

Implementing server-client model with object oriented based on a
designated index-

The client-server model enables efficient implementations of the
relational model. According to this model, all the data resides at a central
computer (called the server), and the application programs run at other
computers (called clients). When an application needs data, it formulates an
SQL query, which is sent by the client to the server. The server evaluates
the query and returns the resulting table to the client.

Thus, the interface between the client and the server is via SQL
queries—the server is unaware of the internal data structures and code of
the application. The client and the server have just to agree on the names of
the tables and their attributes.

In the object-oriented approach this model breaks down. Since each
data item is an object, the server must be aware of its internal structure. This
problem is aggravated in the presence of polymorphic methods. The server

must be aware of the structure and the details of the entire class hierarchy.



"F10% & ()-, F10% & ()-9F10% & ()-"910% & ()- 1055 1055
1055! 9, GL09%5& () - @"2ydEuV7 "F+Y10% & ()-! ml0% & () - 910% &2 PFTOBER 2002
Z10% & ()-10% & () - mL0% & ()-sy$9& 7DKbC "F, 109& ()-s10%&' ()-#: 109%& () -
10: 10: 1V099E%& ()-9-Z10% & ()- K[ 9dEbC "F310%&' ()- f @ BYR1EI004og' () -
109& ()- 10%& ()-"109%&' ()-KgQaBbC " (109%& ()- L10%& ()-- 109%& () -
10% ()-10%&' ()- ! S@10%=& ()-]dYNG, " 10 10 10 <10% ()-: 10%& ()-
810%' ()- 710%& ()- *10% ()- (ddE o
The designated index allows to apply the client-server approach for
the object-oriented and object-relational models. For example, to reach an
attribute, the application program sends the path of keys and link
designators leading to the desired node to the server. Based on this data the
server can fulfill the request without any _knowledgc of the data structure of
the application program. '
The client and the server should agree on the names of the fields and
their designators. The server need not be aware of the type of data of each

such field, and its semantic content.

According to yet another aspect of the invention it is proposed to further
compress the representation of the index therby render it more efficient.
Hereon there is an estimation of the space required by a trie and methods to
reduce the space requirements.

If the trie is a layered index the analyzing of the trie index structure will
concentrate on the last layer ([,):

Storage requirements for primary key index of a trie -

One of the most important features of a trie based data structure is the
modest size of its representation. The PAIF for example maintains even
smaller size than a conventional trie because of it’s compressed
representation.

The last level of the PAIF index contains a trie with links that point to other
trie nodes in the same block, and links that point to records. Let N be the
number of records in the database. The index contains exactly N pointers to
these records. If each pointer requires 4 bytes, the size needed for the
pointers is 4N bytes. In addition, each pointer has a direction, (1 byte) thus

the total is SN bytes.

Now consider the space required for a PAIF trie. Since N pointers emanate

from the index and each trie node has at least 2 children, there are at most
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node then n < N/(d —-1). Since in practice d >>2, n << N. Each trie node

has a level number (1 byte). Since each trie node has at most one incoming
trie link, there are at most »n —1 trie links, each trie link has a label, which is
a single character and an intra-block pointer (1 byte), thus a total of 3n
bytes. Thus in the worst case it is needed 3n + 4N <IN bytes in the worst

case. And between 4N and 6N bytes in practice.

Performing the same analysis but from another angle: Consider two
pointers p, and p, that emanate from node v of level k. Let x be a key
reachable from p; andx, a key reachable from p,. Then x;and x, share
the first k& —1 characters. In A PAIF structure, each one of these characters is

represented at most once. In the B-tree representation it is needed to

explicitly represent the first % character of each key.

The savings in the PAIF are twofold: First every character of is stored at

most once on each level, and second, not all characters need be represented.

Further index compression -

In the above discussion, most of the space is required for the pointers to
records. It will be now presented a method that allows to save pointer space.
The method is based on allowing several links to records to share the same
pointer. Suppose, first, that the records have fixed size. If the first two
records reside in the same block, then it is possible to keep a single full
sized pointer for the first pointer to a block, and instead of keeping a pointer
for each of the remaining outgoing links to that block, computing their
displacement, i.e., if the first two records reside in block number 2000 and
the third record in block 7000 it is possible to maintain the structure
2000(e,f) 7000(h).The savings would be much more substantial if a larger

number of outgoing links point all to the same block. If k such links point to
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a block, then the 4B of the pointer are divided among all & records, thus the

space for addressing each record is reduced to 4/k bytes plus the space for

the direction (1 byte). For & > 4 this means that each record requires 2 bytes

in the index.

For variable sized records It is possible to maintain the displacement within

the block, for example: 2000(e:d,, f:d;) 7000(h:dj). Instead of

maintaining a full pointer, a displacement that could fit into a single byte is
maintained. Thus, for each record it is needed 1 byte for its share in the
pointer, 1 byte for the direction, and 1 byte for the displacement; a total of 3

bytes per record.

Looking at the example of fig. 17, fig. 17A shows a node 2000 of a trie with
the links 2010, 2011, 2012 (values 5,9,A respectively) that address 3 data
records — 2002, 2004, 2006 at disk address 3000, 5000, 7000 respectively. .
The size needed to represent the link values (1 byte for each link) and the
pointers (4 bytes) to the data is 15 bytes.

Turning now to fig. 17B where node 2000 maintains a shared link (2010) to
three data records (2002,2004,2006). The information that represent the link
is the address to block 2020 (4 bytes) and the link values to the data records
2002, 2004, 2006 that reside in the block (1 byte for each link value). The
size needed to represent the pointer to the data block and the value of the
links is only 7 bytes — (3000:5,9,A).

Now in order to access data record 2004 one can calculate it’s address as the
address of the data block + the displacement which depends on the record
size assuming that the records in the data block are all of equal size.

As had been explained, node 2000 can include links to other data records or
data blocks (such as link 2024 to data block 2022 accommodating data
record 2008).

Preferably, the database file management system of the invention
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capabilities so as to enable a plurality of users to access virtually simulta-
neously to the database. The database may be located in a central location, or
distributed among two or more remote locations.

Turning now to Figs. 18A-D, there are shown four benchmark graphs
demonstrating the enhanced performance, in terms of response time and file
size of database utilizing a file management system that employs a system of
the invention vs. commercially available Ctree based database. The inserts are
realized through Uniface application running in Windows (for workgroup)
operating system.

The benchmark of Fig. 18A concerns measuring the time in minutes
for inserting an ever increasing number of a priori sorted data records to a file
(0-1,000,000). As shown in Fig. 18A, the larger number of inserts the greater
is the improvement in terms of response time of the database file management

| system of the invention. Thus inserting 1 million records takes about 669
minutes in the Ctree based database as compared to only 65 minutes in the
system of the invention. Moreover, the response time in the file management
system of the invention increases by only a small extent as the number of
records increases, as opposed to significant increase in the response time in
the counterpart system according to the prior art.

The benchmark of Fig. 18B illustrates the file size in mega bytes as a
function of number of data records in the file (0-1,000,000). As shown in Fig.
18B, the larger number of records the greater is the improvement in terms of
file size in the database file management system of the invention. Thus for 1
million records the file size of Ctree based file is about 151 mega byte as
compared to only 22 mega byte in the database file management system of the
invention.

Graphs 18C and 18D are similar to those shown in Figs. 18A and 12B
apart from the fact that in the former (18C and 18D) the data records are

inserted randomly whereas in the latter (18A and 18B) the data records are a
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the system of the invention is more efficient in terms of both response time
and file size.

Figs. 19A-D illustrates a benchmark graphs of a system of the
invention (operating under DOS operating system) vs. commercially available
Btree based database system. The results are as before i.e. the system of the
invention is more efficient in terms of both response time and file size.

{
Those versed in the art will appreciate that alphabetic and roman

characters designating claim steps are made for convenience of explanation
only and should by no means construes as imposing order of steps, or how
many times each step is executed vis-a-vis other steps of the method.

The present invention has been described with a certain degree of
particularity, but those versed in the art will appreciate that various
modifications and alterations may be implemented without departing from the

scope and spirit of the following claims:
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1. In a storage medium used by a database file management system executed on data

processing system, a data structure that includes:

a layered index oo arranged in blocks; the layered index includes a basic
partitioned index I, that is associated with data records; the basic partitioned index
enables accessing or updating the data records by key or keys, and being susceptible to an
unbalanced structure of blocks;

said layered index enables accessing or updating the data records by key or keys
and constitutes an essentially balanced structure of blocks.

2. The data structure of Claim 1, wherein said basic partitioned index being a trie.
3. In a storage medium used by a database file management system executed on data
processing system, a data structure that includes:

an index arranged in blocks and being constructed over the keys of data records; the
index includes a basic partitioned index that is associated with the data records; the basic
partitioned index enables accessing or updating the data records by key or keys, and
being susceptible to an unbalanced structure of blocks;

said index enables accessing or updating the data records by key or keys and
constitutes an essentially balanced structure of blocks.

4. In a storage medium used by a database file management system executed on
data processing system, a data structure that includes:

an index arranged in blocks and being constructed over the keys of data records; the
index includes a trie that is associated with the data records; the trie enables accessing or
updating the data records by key or keys, and being susceptible to an unbalanced
structure of blocks;

said index enables accessing or updating the data records by key or keys and
constitutes an essentially balanced structure of blocks.

5. The data structure of Claims 1 or 2, wherein said storage medium being an
external memory.
6. The data structure of Claims 1, 2 or 5, wherein said storage medium being an

internal memory.
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Y108 (" 3HRME Qe 3y of BF il {95, 6 or 7, wherein the basic
partitioned index and a representative index of said layered index being
substantially the same index schemes.

9. The data structure of any one of Claims 1, 2, 5, 6 or 7, wherein the basic
partitioned index and a representative index of said layered index being different
index schemes.

10. The data structure according to Claims 7 or 9, wherein said layered index
includes a Btree index scheme.

11. The data structure according to Claims 7 or 8, wherein said layered index
includes substantially a PAIF index scheme.

12. The data structure according to any one of Claims 1, 2, 5 to 11, capable of
supporting the ODBC standard.

13. The data structure I,,...,/, according to any one of Claims 1, 2, 5 to 12,
comprising:

a representative index /[, _, constructed such that any Jj is constructed over

the representative keys of b
14. The data structure 7/, _, according to Claim 13, wherein /, is fully contained in

one block.

15. The data structure of Claim 3, wherein said storage medium being an external
memory.

16. The data structure of Claim 15, wherein said storage medium being an internal
memory.

17. The data structure of Claim 3, wherein said storage medium being an internal
memory.

18. The data structure according to Claim 3, capable of supporting the ODBC standard.

19. The data structure of Claim 4, wherein said storage medium being an external
memory.

20. The data structure of Claim 19, wherein said storage medium being an internal

memory.
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21. The data structure of Claim 4, wherein said storage medium being an internal

memory.

22 . The data structure according to Claim 4, capable of supporting the ODBC standard.

23. In a database file management system for accessing data records and being
executed on data processing system; the data records are associated with a basic
partitioned index arranged in blocks and being stored in a storage medium; the
basic partitioned index enables accessing or updating the data records by key or
keys and being susceptible to an unbalanced structure of blocks;

a method for constructing a layered index by A

the steps of:
a) providing said basic partitioned index Io;
b) constructing a representative index over [the] representative keys of said
basic partitioned index; said layered index enables accessing or updating
the data records by key or keys and constitutes an essentially balanced

structure of blocks.

24 . The method of Claim 23, wherein said basic partitioned index being a trie.

25. In a database file management system for accessing data records and being
executed on data processing system; the data records are associated with a basic
partitioned index arranged in blocks and being stored in a storage medium; the
basic partitioned index enables accessing or updating the data records by key or

keys and being susceptible to an unbalanced structure of blocks;

* arranged in blocks, comprising

a method for constructing an index over the keys of the data records, the index

being arranged in blocks, comprising the steps of:
a) providing said basic partitioned index;
b) constructing an index over representative keys of said basic partitioned
index; said index enables accessing or updating the data records by key
or keys and constitutes an essentially balanced structure of blocks.
26. In a database file management system for accessing data records and being
executed on data processing system; the data records are associated with a trie

arranged in blocks and being stored in a storage medium; the trie enables
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accessing or updating the data records by key or keys and being susceptible to an

unbalanced structure of blocks;
a method for constructing an index over the keys of the data records, the index
being arranged in blocks, comprising the steps of:

(a) providing the trie;

(b) constructing an index over representative keys of said trie; said index
enables accessing or updating the data records by key or keys and
constitutes an essentially balanced structure of blocks.

27. The method of Claim 23, wherein said storage medium being an external
memory. -

28. The method of Claims 23, 24 or 27, wherein said storage medium being an
internal memory.

29. The method of Claim 24, wherein said trie being a PAIF trie.

30.The method of Claims 23 or 24 or 27 or 28, wherein the basic partitioned index
and the representative index being substantially the same index schemes.

31. The method of Claims 23, or 24 or 27 or 28, wherein the basic partitioned index
and the representative index being different index schemes.

32. The method of Claims 29 or 31, wherein the representative index being a Btree
index scheme.

33. The method according to Claims 29 or 30, wherein the representative index
being a PAIF index scheme.

34. The method of any one of Claims 23, 24 and 27 to 33, capable of supporting the
ODBC standard.

35. The method of Claim 25, wherein said storage medium being an external
memory.

36. The method of Claim 35, wherein said storage medium being an internal
memory.

37. The method of Claims 25, 35 or 36, capable of supporting the ODBC standard.

38. The method of any one of claims 23, 24 and 27 to 34, wherein said index

supports sequential operations.
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39. The method of Claims 25, 35, 36 or 37, wherein said index supports sequential
operations.
40. The method of Claim 26, wherein said index supports sequential operations.
41. A method for accessing a sought data record rby key kin the data structure of
any one of claims 1, 2 and 5 to 14, comprising:

a) searching k in /, to I, where A >k >0 and in the case k is not found in the
key of a data record in order to find the block of 7, | leading to £ ;
b) repeating step (a) until reaching the block of I, that is associated with the data

record with key &, if such record with key & exists.

42. A method for inserting a data record r by key & in the data structure of any one
of Claims 1, 2 and 5 to 14, comprising:

a) searching k in I, to I, where 2>k >0 and in the case & is not found in the
key of a data record in order to find the block of 7, , leading to & ;
b) repeating step (a) until reaching the block B of I, that is to be associated

with the data record with key %.
c) associating rtoB.
43. A method for deleting a data record r by key k in the data structure of , any one
of Claims 1, 2 and 5 to 14 ,comprising:

a) searching k in /, to /, where A2k 20 and in the case £ is not found in the
key of a data record in order to find the block of /,_, leading to & ;
b) repeating step (a) until reaching the block B of 7, that is associated with the

data record with key k, if such record with key & exists;
¢) removing k from B and disconnecting r from B .

44. A method for accessing a sought data record rby key kin the data structure of

A

Claim 3, said index being a layered index ™’ . oh ; the method comprising:

a) searching k in /, to /, where A >k >0 and in the case k& is not found in the

key of a data record in order to find the block of /, | leading to &;
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45.

a)

b)

c)
46.

a)

b)

c)
47.

b)

48.
49,

the data record with key %, if such record with key & exists.
A method for inserting a data record r by key k in the data structure of Claim
3, said index being a layered index b Ay ; the method comprising:

searching & in I, to [, where A 2k 20 and in the case k is not found in the
key of a data record in order to find the block of I, , leadingto & ;

repeating step (a) until reaching the block B of I, that is to be associated
with the data record with key k , if such record with key k exists;

updating B by & and associating rto B .
A method for deleting a data record rby key kin the data structure of
Claim 3, said index being a layered index by .. ; the method comprising:

searching k in I, to I, where A >k 20 and in the case k is not found in the
key of a data record in order to find the block of I, , leadingto & ;

repeating step (a) until reaching the block B of I, that is associated with the

data record with key k, if such record with key & exists;
removing k from B and disconnecting r from B .
The method of any one of claims 23, 24 and 27 to 34, 38, wherein said constructing

step (b) includes:

If block B in I, , overflows, B is split into two or more blocks and the

representative of Bin/, is replaced by the representatives of the new

blocks;

If the block in 7, is a root block and it overflows; an additional layer
I,,, is created and added to the layered index; the representative keys of

the blocks in layer /, are updated in layer /,,,.

The method according to Claim 47, performed on the fly.
The method according to Claim 47, performed post factum.

1031 % 1094@ETOBER 2002
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a) If Bin I, overflows, B is split into two (or more) blocks and the

representative of Binl/, is replaced by the representatives of the new

blocks;

b) If the block in /, is a root block and it overflows; an additional layer
I,,, is created and added to the layered index; the representative keys of

the blocks in layer 7, are updated in the layer /,,,.

51. The method according to Claim 50, performed on the fly.

52. The method according to Claim 50 , performed post factum.

53. The method according to of any one of Claims 24, 29, 32, 33, wherein the
constructing step (b) includes:

a) at least one short link, constituting a split link, among the short links of

a node, constituting a split node in block A, 1s deleted in a way that at
least two tries exist in the block;

b)  each of the tries is moved to a respective separate block;

c) if block B does not exist, B, is created and the split node is copied
to B ;
d) a structure in the block B, is updated to be a connected trie over the representative
keys of the blocks accessible from the block B, including the representative keys of
the respective separate blocks; said split node is represented in the trie of B, .

54. In a storage medium used by a database file management system executed on data
processing system, a data structure that includes at least one probablistic a ccess
indexing file (PAIF) having a plurality of nodes and links;
the leaf nodes of said PAIF are associated each with at least one data record and

wherein at least portion of said data record constitutes at least one search-key;
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the PAIF having at least two sub-PAIF’s being arranged, each, in a block;
said data base file management system is further capable of arranging said
blocks as an essentially balanced structure of blocks.
55. The data structure according to Claim 54, wherein at least some data
records that are associated to said leaf nodes are held in at least one separate
file.
56 . The data structure according to Claims 54 or 55, wherein at least one leaf is
associated with more than one data record.
57. A method for inserting a new data record into an existing data structure
according to Claims 54 or 55 or 56 including the execution of the following

steps:

a) advancing along a reference path commencing from the root node and
ending at a reference data record associated to a leaf node in each node in
the reference path, advancing along a link originated from said node if
the value represented by the link equals the value of the l-bit-long key
porﬁc')n at the offset specified by said node; in the case that the offset
specified in the node is beyond any corresponding key portion in the key,
or if there is no link with said value, advancing along an arbitrary path to

any reference data record ;

b) comparing the search key of the reference data record to that of the new
data record for determining the smallest offset, constituting a discerning

offset, of the search key portion that discerns the two;

¢) proceed to one of the following steps (iii.0-iii.3) depending upon the

value of the discerning offset:



1 !1&8&&! 10% & () - &&&! 10% U&' () -!\ &&&! 10% : & () -

z10% & ()-10% & ()-Y910% & ()-E ~qdCrbC 1 ! DS 10%&& () - 22 OCTOBER 2002

10% & ()-f:10% & ()-- 10% & ()-,10% & ()-,s10% & ()-qR6DaBnbC 1

1Y% 10% & ()-# 10% & ()-!D 10%~& ()-10% & ()-S 10% & ()- S 10% & ()-

D ga?nbC 1 !!I1LO- 10%& ()-G:10% & ()-9- 10% & ()-+10% & ()-* 10% & ()-! @&
10%z& ()-z{|}uv7 1 ! 10%& ()-F910% ()-"910%v& ()- 10 10 10!ILO-

1098 ()-GL0- 10% & ()-G@|]>uVv7 1 !109ML& ()- GLO%E' ()-10%& ()-! @
109%PP& ()-G @ @10%& ()-G S @ 10%W&' () - G@hSt dEuV7 1

I " 1098 () - 1@ 0%4veif(the Gt 9avRrds) argiq n(prrghed/mel () - 109vE' () -t _cDuvz 1

5 IO a0 e IR s S e e
109& () - nodes in the reference path, add another link originating from said one node and
assign to said link the value of the search key portion at the discerning offset
taken from the search key of the new data record; or
1ii.2 if the discerning offset is larger than that indicated by the leaf node
that is linked, by means of a link, to the reference data record:

iti.2.1 disconnect the link from the reference data record and move the link to
a new node; the new node is assigned with a value of the discerning offset;

iii.2.2 connect the reference data record and the new node and assign to the
link a value ofthe search-key-portion at the discerning offset taken from the
search key of the reference data record;

iii.2.3 connect by means of a link the new data record and the new node and
assign to the link a value of the search-key-portion at the discerning offset taken
from the search key of the new data record; or
i1i.3 if conditions 1ii.0,iii.1 and iii.2 are not met, there exists, in the refer-
ence search path, a father node and a child node thereof such that the discerning
offset is, at the same time, larger than the offset assigned to the father node and
smaller than the offset assigned to the child node —(— considered case A), or all
the nodes in the reference search path have a value greater than the discerning
offset — (-- considered case B); accordingly, apply the following sub-steps:

1iii.3.1 for case A and B, create a new node and assign the new node with the
value of said discerning offset,

for case A only - disconnect the link from the father node to the child
node and shift the link to a new internal node;

1ii.3.2 for case A and B, connect by means of a link the new data record and
said new internal node; the value assigned to the link is that of the search-key-
portion at the discerning offset, as taken from the search key of the new data

record;
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58. A method for obtaining an essentially balanced PAIF index; the PAIF including
blocks each accommodating a plurality of nodes and links originated from said
nodes; leaf nodes from among said nodes are associated with data records; the
method comprising executing the following steps as many times as required:

a) replacing a block, constituting a replaced block, with at least two -
split blocks such that few from among the nodes of said split block
are accommodated within one of said split blocks and the
remaining nodes from among the nodes of said split block are
accommodated within other split blocks;

b) copying at least one node from among the nodes of said replaced
block into a block such that said atleast t wo split blocks being
children blocks thereof.

59. In a computer system having a storage medium of at least an internal memory
that ranges between 10 to 20 M byte or more, and an external memory;

a d ata s tructure that includes an index o ver the keys of the data records; the
index is arranged in blocks; such that for one billion data records substantially
no more than two accesses to said external memory are required in order to
access a block that is associated with any one of said billion data records,

irrespective of the size of the key of said data records.

60. In a computer system having a storage medium of at least an internal
memory that ranges between 10 to 20 M byte or more, and an external
memory; a data structure that includes a compressed index over keys of

one billion data records; the index is arranged in blocks such that in a
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search that does not reach a false data record, substantially no more than
one access to said external memory is required in order to access a block
that is associated with a searched data record irrespective of the size of

each of the keys of said billion data records.

61. Inacomputer system having a storage medium,
a data structure that includes an index over the keys of data records; the index is
arranged in an essentially balanced structure of blocks and enables to perform
sequential operations on said data records; the index size is essentially not

affected from the size of said keys.

62. In a storage medium used by a database file management system executed
on data processing system, a data structure that includes:
an index over the keys of data records; the data records being of at least two
types where data records of the second type are subordinated to the data records
of the first type.

63. In a storage medium used by a database file management system executed
on data processing system, a data structure that includes:

a designated index over designated keys of data records; the data records,
constituting designated data records, being of at least two types where
designated data records of the second type are subordinated to the designated
data records of the first type.

64 . The data structure of Claim 62, wherein said index constitutes a layered index.

65. The data structure of Claim 63, wherein said designated index constitutes a
layered index.

66. The data structure according to Claims 63 or 65, wherein said designated
index constituting a multi-dimensional index.

67. The data structure according to Claims 63 or 65 or 66, wherein said

designated index constituting a multi-model index.
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the first type and said subordinated data record of the second type constitute
one to one relationship.

69 . The data structure according to any one of Claims 63, 65 to 67, wherein said
data record of the first type and said subordinated data record of the second
type constitute one to many relationship.

70. The data structure of any one of Claims 62, 64, 68, wherein said index
includes a trie.

71. The data structure of any one of Claims 63, 65 to 67, 69, wherein said index
includes a trie.

72. The data structure of Claim 64, wherein the basic partitioned index of said
layered index being a trie.

73. The data structure of any one of Claims 62, 64, 68, 70 and 72, wherein for
subordinated data record having composite key K,..Kn, (n>1) there exists in
the index a search path to a parent of the subordinated data record by the key
K,..Kn-,.

74. The data structure of any one of Claims 63, 65 to 67, 69 and 71, wherein
subordinated data record having composite key K;..Kn (n>1), there exists in
the index a search path to a parent of the subordinated data record by the key
K;..Kn-;.

75. The data structure according to Claim 67, wherein said multi-model includes
relational model.

76 . The data structure according to Claim 67, wherein said multimodel includes
object oriented model.

77. The data structure according to Claim 67, wherein said multimodel includes
object relational model.

78. The data structure according to Claim 67, wherein said multimodel complies

with a client server model.
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said data records that are stored in blocks; the index being arranged in blocks
with the leaf blocks being linked to data records by means of links;
said index is characterized in that at least one of said links is shared by at least
two data records stored in the same block.
80. The data structure of Claim 79, wherein said index being constituted by a trie.
81. In a storage medium used by a database file management system -executed on
data processing system, a data structure that includes:
an index being stored in a storage medium and constructed over the keys of said
data records that are stored in blocks; the index being arranged in blocks with
the leaf blocks being linked to data records by means of links;
said index is characterized in that at least one of said links is shared by at least
two data records stored in the same block;
said index constituting a layered index according to Claim 1, and blocks of said
basic partitioned index are linked to said data records.
82. The data structure of Claim 81, wherein said index being constituted by a trie.
83. The data structure of Claim 1, wherein said basic partitioned index being a
compressed trie.

84 . The data structure of Claim 4, whetein said trie being a compressed trie.

85. The data structure /,,...,/, according to Claim 2, comprising:

a representative index /,,...,/, constructed such that any Jj is constructed over

the representative keys of /Ay

86 . The data structure index /,,,...,/, according to Claim 83, comprising:

a representative index [,...,I, constructed such that any Jj is constructed over

the representative keys of b,
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89. The method according to Claim 26, wherein the index being the Btree
index scheme.
90. A method for accessing a sought data record rby its keyk ina compressed
tree based index, said index is partitioned into blocks comprising:
a) using a root block of the said index as a first block of a series;
b) searching in said index using a search scheme for data record

rby its key k& by reading a series of » blocks (n>0) starting

from the first block and a data record r' that is associated with a
last block of the series; said last block is a leaf block of said
index; in the case that a key &' of #' it different from k, the search
considers the value of the key k' in order to find a first block of a
new series of blocks that may lead to r;

c) repeating step b with a new first block until reaching the data

record r or deciding that the key & does not exist in said index.

91. The method of Claim 90 wherein said index constitutes an essentially
balanced structure of blocks.

92. The method of Claims 90 or 91 wherein the structure within each block is
based on a compressed trie.

93. The method of Claim 91 wherein said index is a designated index.

94. A method for inserting a data record rby its keyk to a compressed tree
based index, said index is partitioned into blocks comprising:

(a) using a root block of the said index as a first block of a series;

(b) searching in said index using a search scheme for a target leaf

block that needs to be updated by a key k& and a link to » by
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data record r' that is associated with a last block of the series; said
last block is a leaf block ofsaid index; in the case that said 1 eaf
block is not the target block, the search considers the value of a key
k' in order to find a first block of a new series of blocks that may
lead to the target block;

(c) repeating step (b) with a new first block until reaching the target
block;

(d) updating the target block by the key k& and including a link from"
the target block to r.

95. The method of Claim 94 wherein said index constitute an essentially
balanced structure of blocks.

96 . The method of Claims 94 or 95 wherein the structure within each block is
based on a compressed trie.

97. The method of Claim 95 wherein said index is a designated index.

98. The data structure of Claim 60 wherein said index is a designated index.

99. The data structure of Claim 60 wherein data records are associated with
leaf blocks; non-leaf blocks are not associated with data records.

100. The data structure of Claim 99 wherein in case that a false data record was

found, it is possible to decide that the data record does not exist or add the
key information to a search scheme and continue the search.

101. The data structure of Claim 99 wherein said index is a designated index.



110%} & ()-Z Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Headi ng
43] c" "Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Headi ng2B83}1®BERRRRI ng
93] c"A "Default Paragraph Font. &
[ 7?: GN\VMWIkgz™ 6Sr <x63!) 1: CHKS| ZWai pry[, xN&&Lo!) 1: *CK6S [ckl t (| [ yX] eWN! X &
45: <>@DFHILNPRTVXZ\ ™ bdf hj | nprtvxz| ~ _) Q<C, MbX_chqVt 84 = / $E>] qul}. &
)>[ M ov}woVv3tBl ") 88 I"#B9R () *+, -. 10BL23456789: ;
<=>?@\BCDEFGHI JKL i E") =- 2: Q<, @BgEVI KCQSYXZadWjChj | nxpt z7} uk&f hl 6w ( & 8#c: m
jr7x 194 | $&+ 4; =DEGKYNVNX[ ] “ cdknt uvyz| | }' "EV} 1 Jpyn_?-yKdLV  $%), .4~ z>
DFI N* QI®2 | ] InFe € oroputer] 4fjs&Rs havigg p sovegnBedudsf YX & Ky 2!

AN 11 ~
#8311, ) 202040y TP OeTOIE M nadPle! Y L map gt vy (1)

<=>2@BCOREGH KNG \JA > ahcdefabi ikl mGTLres. New
RomanAr i al gcégdlgelr‘c W§éﬁ)ﬁ%§% r%/%f' (ajt&%cgf{r?%gt J\lsk am%&&reﬁl Ig%
" HEUR () * dssentl AB2BABREAX tructure o f blocks; the index size is essentially

<=>7? @\BCDEFGH JKLMNOPQRSTUWWKYZ[ \ ] *_" abcdef ghi j kIl mopqr st uvwxyz{|} ~
" #$9%& () *not-affegtedInde 1B size of said keys;

2 GBCOET G K P R BRSO B KL RRPFS! dipr2(1 -

<=2 CCOCE A KNP RESTUMN ok Rl aakal (1) -
<=>7 GABCDEE S KhAMNGRORSBEMSEY Fiov Tea fablodies; giiidl koo adas ot

include reading data records associated from non-leaf blocks.

103. The data structure of Claim 102 wherein said index is a designated index.
104. In a compressed, tree-based index partitioned into blocks, a method using a
search scheme, for searching a key k, constituting a searched key, that is
associated with a data record comprising:
(a) reading a root block of said index; said root block being a first block;
(b) reading a series of blocks composed of the first block and additional 0
or more blocks; a last block of the said series is a leaf block of said index;
(e¢) reading one or more data records constituting accessed data records
associated with the last block of said index;
(d) completing the search process if the key of the accessed data is the
searched key or else:
(e) adding information from a key of the accessed data records to the search
scheme and said scheme being able to decide between the following:
(1) the searched key does not exist in the said index
whereby the search is terminated or;
(2) backtracking to a block in said series from which a
new search could initiate; said block being a first block and

returning to step B.
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105. The method of Claim 104 wherein said compressed information within each
said block is based on a compressed trie.

106. The method of claims 104 or 105 wherein said index constitutes an essentially
balanced structure of blocks.

107. The method of Claims 104 or 106 wherein said index is a designated index.

108. The method of Claims 104 or 106 wherein said index is a layered index.

109 . In the data structure of Claim 61, wherein said index being a designated index.

110. In a computer system having a storage medium, a data structure that includes
an index over keys of data records; each of the said keys includes a designator.

111. In a computer system having a storage medium, a data structure that includes
an index over keys of designated data records; said records belong to more than
one class; data records of the same class have the same designator; data records
of different class have different designator.

112. In a computer system having a storage medium, a data structure that includes
an index over designated keys, whereby keys of the same type have the same
designator.

113. The data structure of Claim 112 wherein records of one class are subordinated to
the records of a different class.

114. The data structure of Claim 113 wherein a prefix of a key of a subordinated
record of the one class is identical to a key of a record of a different class.

115. In a storage medium used by a database file management system executed on
data processing system, a data structure that includes:
an index over designated keys of data records; the data records being of at least
two types such that the key of one type is a prefix of the key of the second type.

116. The data structure of Claim 115 wherein said index is a layered index.

117. The data structure of Claim 115 wherein said index is a compressed index
partitioned into blocks.

118. The data structure of Claim 117 wherein said index constitutes an essentially

balanced structure of blocks.
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119. The data structure of Claim 116 wherein said index constitutes a

multidimensional index.

120. The data structure of Claim 115 wherein said index is based on a compressed

trie; said index constitutes an essentially balanced structure of blocks.



