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MANI PULATI | ‘DATA | N AN | NFORMATI ON HANDLI NG SYSTEM
Fi el d of the Invention The present invention relates to

I nformati on handling systens, and, nore particularly, to a system
and nethod for storing and mani pul ating data in an : I nformati on
handl i ng system 5 Background of the Invention A

dat abase consists of one or nore |arge sets of persistent data. Typically,
users can update and query the database using software associated with the
dat abase. SYSTEM AND METHOB FOR STORINGANDMANIRULATENGhase

managenent system ( DBMS e pr ogr anms
that control the orgarp&'gﬁ%A&mggﬁﬁgmﬁﬂ&é&* of data in
a dat abase. A DBMS al so controls the security and integrity of t he

dat abase. Typically, a DBMS al so provides an interactive query facility,

whi ch al | ows Field of the Irvention t 0 i nteractively search and anal yze data from

t he dat abase. Ther,e are ver al r art net had
avail abl e for or garkbgi Pfﬁs%t“éf’epﬂmhrﬂ%?%ﬁ%é%fg ation ga“d?m& [FESLETRR. 3N re

common types t agRs hggr

rel ati onal . A?;Eg%rg'l% % ?%glhone g? E}ﬁ"gr ie'&oﬁbﬁﬁﬁegagh rggﬁb%‘ltﬁﬂﬂégr da??/g‘égnof

dat abase infonnancmrlgndllmystem. In a hierarchical

dat abase, the data itens are referred to as records, and are

stored in a tree structure. Hi erarchical databases |link records together in
a mann ypi cal organi zation chart. This neans

t hat egstr:h recora(fkg dre]aﬂot&n%é%&bn%o only one owner record. For
exanpl e, a departnaﬂntiatabmrudmsmyo‘fombrmorebmscmbﬁpe‘elstent data. Typicallisor ds.

I Thi s cace bpers e uRdite andeapery, e Gabese ReiBE AGRware sSekrALe] With £1% Ghtase
~real world Adaﬁbiéé% g@'aﬁta%iérgg b a@aﬁbagequfagkmdﬁtsaaaﬁqnﬁu) A

exanpl e, an enployee may b nmber of a departnment and a
menber of a td2BMSaikca set oif saftwire \psegrais drnts@nmhnhezergamzanommpgmm

rovor ald o o GRETM B SHLTE GARERa A HERES A Pt P BB, SPABURRIRS of he

database. Typically, a DBMS also provides an interactive query facility, which allows

a user to interactively search and analyze data from the database.

There are several prior art methods available for organizing data in a database.

The three most common types of prior art databases are hierarchical, network, and
15 . relational. A DBMS may provide one or more of these, and other, types of database
organization.

In a hierarchical database, the data items are referred to as records, and are
stored in a tree structure. Hierarchical databases link records together in a manner
similar to a typical organization chart. This means that each record can be owned by

20 only one owner record. For example, a department record may “own” fifteen employee
records. However, each employee record may only be owned by one owner record,
in this case by its department record. This makes it difficult to model real world
situations using a hierarchical database. For example, an employee may be both a
member of a department and a member of a team made up of employees from several

25 departments. However, a hierarchical database would not allow the same employee

record to be owned by both a department record and a team record.
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- 2- A network database is simlar to a hierarchical

dat abase, however, data records may be freely interconnected,

Wi th no WOP8isPa$fent that the data records fit in a tree PCI/NO93/00139 ~
structure. In a network database, an enpl oyee record could be owned by both
‘a departnment record and a teamrecord. 5 Bot h

hi erarchi cal databases and network databases are tinme-consumng to
search and difficult to change. Changi s the data structures in a

hi erarchi cal or a net wor k dat abase typically requires shutting

down the dat abas@ refworkdatabase isxiilar to a hierarchical database, howed&i0 Uit redoyde Of
prior art database is a relational database. In a relational

dat abase, amay bgifieelydnterconpected; with i eequisement that dhe data geosdsfit ind toes ons.

Rel ati onal gﬁ@o} v ty ' en
records fou%tg“?nr‘lrehi Ié{rjg?‘c | Cgﬁiagaﬁgﬁ, %%ﬂﬁl&@ﬁ%cgfdmgﬁklﬁdﬂgfdﬁggg@ ﬁ)<$£'%\(,axedesi gn
of the recodémrtmentrecotddndaedmaedordase provides a common field,

such _as enpl oyee nunﬁﬁr, for matching., Often, the fields used for
mat cfii ng are i ndBRtyhierarehicad databases and ngprerk databases are time-consuming to

However, th 1, L.sadv, : e ] .

Rel ati onal %Fcha{n‘a ga'ggéggg@&argn%%m%%gﬁdg t@%’%g%irna?ﬂ%ga?aﬁng%f "8at a
structures fiétwerk detabase typlcally retiaires shutting down the databaseraad rebuRding tis. onal
dat abases are redundant, as nmany fields are stored in nor

th
one rel ation. Whiinethenypeof psioriafydatabase o relatioral database. §a@r %T%ipe@d, t he
space neede >;atrase, all daha isOstoreifi s‘i:ﬁﬁe'&@gg&%&ﬁ%@ tﬁ%la‘ﬁ%ﬁ% gﬁge

: . N .
S| gnlflcant arger than the space nee to s ealdata In

t he 10at abasdatababes remevedhe complescrelationships betwen nebands fold in Hérarchical and

redundancy, along wth the redyndant storage of data fjelds in ppre than
one rel ati Oxixﬁtwoagdatabases. &Qﬁ design @?[S'é“r fesPIcRiR @ ‘G&&P&ﬂé{#ﬁ'ﬁ%’@’f‘dﬁﬁér e are a

hi gh vol une ase. Ah

it i ot 1 ot AemR AR SubtPed Afployee pumper, o BRI, OReA M Yields Vied for

be frequentmgtchingargmindered in ordee épspeed i1p seasching. accept abl e.

Because ofthe di sagvant ages qf,.pr,ior art dat.abas suc .

hi er ar chi cal , ggﬁXwever, PREVE! ﬁ@’%ﬁ"é‘ﬁgﬁﬁ ﬁ@ﬁs‘ﬁ%’a?ﬁ? Mﬁiﬂﬁ?‘e
mang§act ur e4atabasesar il mRiunal for many data ﬁnﬁﬁhr@&(i:e@ﬁét@ﬁl@f}pé ;ahﬁb ases
(OODBs). However, the s that exist today use traditional

st orage t ecttmictupsg) Relationalrdatabases angiredundand; asangnytfieldsoare stiored inmore thane dat a.

O0DB d | d |
ob] ot - ome rBfon” Sy thg e T ke RO YR g Ry B WE AbsR 3818 ot 01
dat abase nmeaafiRetittindekes Cdfbsontimes becontd sigrifidantilaPser ash thPbfte asédedl | y try,

al though not very successfully, to use . . .
to store the data in the database. The use of indexes is also redundant. This

20 redundancy, along with the redundant storage of data fields in more than one relation,
can cause performance degradation when there are a high volume of updates to the
database. Finally, the administration cost of a relational database is high, as data must
be frequently reorganized to keep performance acceptable.

Because of the many disadvantages of prior art databases, such as hierarchical,

25 network, and relational models, some software manufacturers have begun developing
object-oriented databases (OODBs). However, the OODBs that exist today use
traditional storage technology (i.e. relational and other) to actually store the data.
Current OODBs and object database management systems (ODMSs) are really object-
oriented interfaces to old database technologies and old database management systems.

30 Current OODBs and ODMSs actually try, although not very successfully, to use
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- 3- . today's currently existing technology (i.e. relational and
ot her) tov?é?i/fosﬁ’doj ect-oriented dat a. PCT/NO98/00139
Consequently, 1t would be desirable to have a database, and dat abase -~
managenent system and net hod, for organizing data so that it can be
accessed as if it 5 were any concei vabl e dat abase organi zati on, .
I ncl udi ng those di scussed above. It woul ‘be desirable if the
system and net hod coul d support nmany sintltaneous, different

access nethods,apd stoyage/retrieyval ,syntaxes, Furfher, it ul d pe
oo rabl o i 1 tdg s cumently ehsting cchnology (. FRltDa! 30d Qb siore SsFtorRtedent

sear chi ng, d;qagam c schema evolution with no need to take the
dat abase off-TT1ne for restructuring, and automatic history 1 0
generati on. Consequently,i i f wunldnbe \desifabléha¢o | lavend idatabase, and database

Accordingly, the present inventjon.s directed to dat ahase and, dat.abase
mEnagenent S RBREALSHET 56 MRS IcPTERnZPS Sata shdhatdf Fap e acessiet S8 B of
data s »¥ere£ﬂy &noéi»%iedaﬁﬂ&@%kééniﬁm% gﬁigﬂng &&Q@H&é’dsse@i vk, Woday

conbi nati on of dat'a types. The 1 ing data architecture is
uni quel y fl exbiebdesjrabledf theisystern ankdemé&Bddb cotldsugpora many tsimultaneous, different

dat ab AR tp be of t istepgt with th ccess, et hod of
Uhe. DOV | acobss methorh i sprasfeliyal SBIEh o urgbiss ¥ pYoHp 6F SEBLIPGL B t e
dat abase doesyieh ahidMeMEd allovx}ge}éfastand effiéitHit sEréhing Hﬁxaﬂfi@%&&hgﬁ@&ﬁﬂéﬁ fitnal | ons

a nunber of sTnultaneous, different access s to the sane
under | yi ng datoapeetkite také e dhtabatei offilipe t for \westruciuring, aodpdutamatic hisbary
wi t hin, one easily.managed system One of the key aspects
of th preserﬁenf‘ﬁg%tion is the "atonization" of the data.

Atom zation is the separation of the storage of data content fromits
definition, as well as fromits occurrences or instances in the
dat abase. An BriefiSumsmaiye ofthetinpengion el enent in the dat abase.

et cont e 1 SRR el ¥ B Bt B o i 2

represent ed RQianagement system il AGHEd Bbfsied t¥Vitdte QAT Ranipafite AtiFtyb o Bata
different atomtypes forma nol ecul e. Conmpl'ex dat’a "y be

represent ed i(hetteut, aumstiaspatial, graphicalgetcdgod lapy combinavioreofidasatypes. The
from peveral LA G oDt ey £ba6h 33 1l BB, GRS el "1 1O

database will appear to be of a type consistent with the access method of the DBMS

(although, of course, the underlying structure of the database does not change).

Further, the present invention allows a number of simultaneous, different access

methods to the same underlying data, delivering the ability to work with complex data

20 within one easily managed system.

One of the key aspects of the present invention is the "atomization" of the data.

Atomization is the separation of the storage of data content from its definition, as well

as from its occurrences or instances in the database. An atom is the most basic element

in the database. Data content is stored in content atoms, data definitions are stored in

25 type atoms, and each instance of the same data value/property is represented by

instance atoms. When connected, the three different atom types form a molecule.

Complex data may be represented in the database by linking together instance atoms

from several molecules to form inner relations, and then by further linking together

inner relattons to form outer relations.
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inner relations to formouter rel ations.
SUBSTI TUTE SHEET (RULE 26)

-4- "WO 98/50866 One advant age of the present i nveRETDRSOBKat it
is able to automatically mai ntain a separate chronol ogi cal
history for every instance atomin the database. When nodi fyi ng

the content atom(i.e. the data value) of a nolecule, the database will=«""-
(at the user's option) either reconnect -4he instance atomto a new cont ent

atom or 5 generate a new instance with the new content and link the

ol d i nstance i nt o Onehadvaftage of the present iabaition is that it is able to automatidally her
advant age of the present invention is a gﬁi gue search struct

i ch
al lows for famaintainc sepafats shrpnalegicdl ustgryofor Cxeryastanegatomdiy Fﬂéaﬁt\é\@%‘%ﬂt ent
atom the . < ' L Q- | dat
as a vector Whes ‘?%dé@‘ggg@ e%ﬁ@ﬁsag&a}ﬁ&&w flW%%tra rf Sl:ﬂtiﬂ?%ﬂénlﬂ?\é;&&&swéé gg} i ? sa

the search sydtubewser'si dption) eithes egronndoe tid instander atomtogsnew content atomuber e ' i

R e e e BV
"o chain.
Another advantage of the present invention is a unique search structure which
allows for fast and efficient searching of the database. For each content atom, the
DBMS uses the 'n' most significant bytes in the data as a vector into tﬁe system's search
10 structure. The DBMS splits the search structure into 'm' separate mini-structures

where 'm' is the range of the 'n’ most significant bytes. The actual content atom is then

stored in its vector's mini-structure.
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Brief Description of the Draw ngs The foregoi ng and ot her
features a g%?sﬂ ntages of the present invention wll PCT/NO98XRDEINE " NDI e
appar ent W:E) %3 detail ed description of the best node for carrying out 5
the invention as rendered below. In the description to follow, reference

wll be nmade to the acconpanyi ng draw ngs, where |ike reference. .
nuneral s are used to identify like parts in the various views and
i n which: Figure 1 is™a bl ock diagram of an infornmation
handl i ng system capabl e of storing and mani pul ating the atom c
dat abase of the present invention; 10 Figure 2 depicts a
content ato 3 i atom | i nked toget her : to
forma nol egarfee\;i‘ﬁsﬁllﬁ%n éfthe'Dia iﬁ—i gure 3 depicts several nolecul es

| i nked toget her t The foregaing andnathenfestares@and advantages of the present inygngigp avill
depicts two inner relations_linked t her to f an _o I on;
Figure 5 ill Qm@%"elaﬂ%‘“ﬂﬁ#ﬁ@‘rtﬁ? ﬁe\ﬂﬁ‘%ﬁ sfﬁ@{"&‘iﬁf'%??g "Wé%%re&gé’g% (}%?)

maintain 15 e invenfish ?PFﬁldQH dbelow. In the description to followefitétevillbpntuids t he
I nt ernal conponents of the gat abase of the present i nvention;

Fi gure 7 depitette abeompanyingldiawings, wherelike raferencs numesals are used e idgntefydiket he
dat abase . of .the‘ﬁ‘?res nt i,ayention; 20 Figure 8
depi cts an i PREP indhe Yprions¥iews 4 i fich ahase used to i nprove searching

performance; gigure 1 is a block [didprddt of MERforinGtiéN Aadling Gfystein’ caphble @fof t he
present invention; Figure 10 depicts the exposed access

met hods of t ixtoringend manipulatingitbmatomic database of the presentrinyamtion;11 is a fl ow
chart illustrating,a npthqQd of creating a database in 2 . ance
with the present ﬂrmggpmgtsacontent atom, type afom, aﬁawkaéxcigtqmslngcefi Iq%?%ﬁ?uart
i ['lustrating g sopd Dahikhieaddi ng a content/instance atom to the

dat abase; Figure 13 is a flowchart illustrating a
met hod of sear chi riigured deptctsseveral molgcules linked together to form g igpererelption;s

[t ow chart THTust gLl 29 deplle! O¥inR RS hted eciftie?  flcidR0RE Alion, -

atom
26) Figure 5 illustrates the manner in which history links may be used to maintain

15 instance history;
Figure 6 depicts the internal components of the database of the present
invention;
Figure 7 depicts further details regarding the internal structure of the database
of the present invention;
20 Figure 8 depicts an internal structure of the database used to improve searching
performance;
Figure 9 depicts the search structure of the present invention,
Figure 10 depicts the exposed access methods of the present invention;
Figure 11 is a flow chart illustrating a method of creating a database in
25 accordance with the present invention;
Figure 12 is a flow chart illustrating a method of adding a content/instance atom
to the database;
Figure 13 is a flow chart illustrating a method of searching the database; and

Figure 14 is a flow chart illustrating a method of updating a content/instance

30 atom.
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- 6- Det ai | ed Description of the Preferred Enbodi nent

The invention may be inplenented on a variety of hardware platforns,

i ncl udi ngWPMBSB/e6I conputers, workstations, m ni-conput er ECTANQISAYBAT r anme
conputers. Many of the steps of the method of the present invention may be

5 advant ageously i npl emented on parallel processors of various types.
Referring now to Figure 1, a typical configuration of an .
i nformati on handl i ng systemthat may be-@rsed to practice the

novel method ofthe I;)ées.er]t invention will be described. The conputer
syst em of Fi Betailed Deseription efithe RneferpedbBmbedimerd. Processor 10 is

I nt erconnect ed vi . . syst.em bus, 12 to rando CCeSS npry (RAM
16, read only mangpfl ‘fm“ﬂa_,y f Jmptgment 1 Rptt u"t&arcfwgfb)p AHESer 18
for connecti pthiddig PHefvonhl @BHpGRSs, S Wolkstdtiofs, S mikifédnSputéts, and mainframd aPe

drives 40, and printers 42 to bus 12, user interface adapter 22 for
connecting computers. Manyhofathe steps ek theemedod ofi the pyesent nventicn may be7b,

speaker 28, miGr . [ t her .user i nterf ace devices
Speakar 25, TARHBRRNN RBimentohon parple bRl Shibpl EALASE i
adapter 34 f gyFigenesiypicsl cofifigurdtiofl oY infoimaticifhdndiing systedtHaPmay 82 Lsedl 5
processi ng network, and display adapter 36 for connecting bus 12 to display
devi ce 38. to practice the nowelmethod of thepresentinwention withbe deseribed; Ths eameputerepi ct ed

in Figure 1 w h I r ey nds .of . simlar  systens,
or ot ﬁer dev yé‘,a, oﬁﬁgﬁrgxhq%&ﬁag Wipﬁ?‘?ﬁi",’qpe%&’gg&r% 1§)mtercox§18r|;a\7g , or
renot e st or aggtetiibus 42 to random access memory (RANS) 16\1ead>onlpikimoB} (ROM) 4] did

present invention are designed to store and 20 . mani pul ate anx type of
dat alPi.e. tEpeoutput£VO)adapiasil8for copnggtingperipheral deyicas,snchpy disk units 20,

bi nat i - ! : ) quel
{1 exi bi c. _Astipe e S0/ A3 prifiy 425 ou 1200Phrhick Abiiel 25 Bor CoriBeeli™)

the present keybemidi 24) ntause 126 Kaving buttons 17a agd dT7b,0spehkdpER5 miciophbnecs2, DBV,
a hierarchical DBMS, or any other DBMS. In addi tion, each
structure' s ¥ndiergther user iptesiace davyiges fushps astquch gereen device 291 to bwy 13,01 25

bj t, tc. -na- ' o} . . T
Dhe ops | dotniOioAYHpted 34 i Randiflg 1 hidiiEifithihaling Sahdd 1S8R 0. TO
consiSte nth V\prbgessiflgzr_mwodcts destapterh% fgr ct:ongm‘ting Sus IBkﬁitifpii)t davicgh38.of .
course, the ynderlyi ruct.ure e da se s nqt .

change) . Furéﬂ&?‘,‘m‘é"gﬂﬁa@é@rﬁ‘* 'P?’Yv‘g\ﬁfttﬁ%f’ys%ﬂ“? g?ﬂg“%ﬁ W&iﬁ‘é"ﬁlo‘?"ﬂé*‘mﬂr?%%pus, .
different  gyen thoqganﬁ?ﬁ@%x%la@s‘?&ﬁk? of Qfﬂep BevicdPsudR 48 iémateqmﬂ?e}§ refl§tel VEring

the ability to wor conplex data wthin one easily managed
system servers, or remote storage units.

The system and method of the present invention are designed to store and

20 manipulate any type of data (i.e. text, numeric, spatial, graphical, etc.) and any
combination of data types. The underlying data architecture is uniquely flexible. As

a result, the database management system (DBMS) of the present invention can be a

relational DBMS, an object DBMS, a hierarchical DBMS, or any other DBMS. In

addition, each structure's storage/retrieval syntax (e.g. SQL for relational, OQL for

25 object, etc.) may be used to access and retrieve data from the database. To the DBMS,
the data in the database will appear to be of a type consistent with the access method

of the DBMS (although, of course, the underlying structure of the database does not

change). Further, the present invention allows a number of simultaneous, different

access methods to the same underlying data, delivering the ability to work with

30 complex data within one easily managed system.
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-7- One of the key aspects of the present invention is

the "atom zation" of the data. Atom zation is tgeereewaoeds on of
t he stora\j@’&smfﬁta content (e.g. the string "John Smith")” from
its definition (i.e. its data type and relationship to other data

el ements), as well as fromits occurrences or instances in the .
dat abase. 5 An "atom" aI;o referred to as an "elenent,"” is
t he nost basic elenment in the ‘dat abase. Referring now to F| gure

epi cted. Dat oot tekey apes e reSR vistion s the "gromyirgrion” PEGBED, '°
atom 50, 115 aqghiAtibh ?snthbsseﬁarr&'icﬁﬂof thelsYotag@ bP dhta TonfeRtl (€8 Cthe istririgatlohn of the

sanme data val ue/ property is represented by instance atom 54.
When connect Sdhiththfomtitsalefinition Grecits data type and rglationshimtesother dagpelementslyr m
ne., 52 and instance at.o consi st of a

| |
(rjrgt :Cgt eu(S:? uP‘%X’pﬁﬁ %b’Pﬂb‘? ORSHITERER P stances n %\%tMﬁeages t hese at ons

and tgﬁ‘ many possigy b "adlldodefelied S0 RS heElBmeAteTis the most basic element in the Type
atom 52 contains the definition of instance atom 54 (referred to as a field

definition i database: Referring:nowv rtochgw 2, thei relationshiti amowg the thregelaments, 9&t ur e

basct ype.  ThataR) passisdgeiRy Ha gl o Bl Ghsd oo S PG i gt

"Supplier,” gigm s0hfs Bamfions sem&mype&ohm {28 edél Mstafice of the same data
phy5|cally represented In the databaSe (i.e. name = text, birthdate = | ong

i nt eger, et c value/property is represented by instanceatom S4¢ S¥hesgonnsicted, thatthree diffesent (. o,

h h, |
once 10t ho AteERHReS Sthise, $4 forhi SiERe 56, Tms el 2 R felcs 08 34, 001V
are differ entcba;xst%flaxaawﬁrdcmraefaaa& #HdPointerd. (The DEMS migedthlessratommish

ref erence Figures 6 and 8). Even if a data value is commobn to
several type aadmmsstb rglauqmshlpsbetweenthexphyg cally stored just once.

F | John,. S d t f ¢
ALt or oy, Par onlype oS e nkiR B sfooSs ok orfeeed sopnp RO,
Smth" as 't%eﬁﬁhanwbh'& drbtepmingiops). ‘Chisdefiition R dita fRlctsre Mitha ﬁthﬂbéilat a

val ue and a pointer to the structure of its instance at oms 54 (as
descridbed belofnlememls mcblﬂmgenﬁr@ Wﬂame and a basetype. Jibe ypegame gowly be "Name,"

et ance aCoTGEANRLS RS SARNREN S OoHRAIO kAL R e R 8

atom one occurrence O

conbi nati on (ghyseally Téﬁ?@eﬁtwmthe database (i.e. néhé &rteﬁyblrthdﬁe etlong mtégem etc] hhn
Smth"), which represents an instance of a field or |nthe
dat abase. Content atom 50 holds data values (i.e, "John Smith,” ”10091962 " etc) Eac

data value is stored only once in the database. Multiple instances of the same data

20 value are differentiated by their instance atoms 54 (as described below with reference
to Figures 6 and 8). Even if a data value is common to several type atoms 52 it is still
physically stored just once. For example, "John Smith" could be an instance of type
atoms "Attorney,"” "Parent," and “Supplier,” but only one content atom with "John
Smith" as its data value is created. Content afom 50 holds both the data value and a

25 pointer to the structure of its instance atoms 54 (as described below with reference to
Figures 6 and 8).

Instance atom 54 acts as the connector between type atom 52 and content atom
50. Each instance atom 54 defines one occurrence of a combination (i.e., Type atom
"Attorney" + Content atom "John Smith"), which represents an instance of a field or

30 object in the database.
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- 8- Mol ecule 56 is depicted in Figure 2, and consists
of one atom of each type 50, 52 bound t hrough an instance atom
54. An i 'WQAYsE6® nol ecul e (not shown) consists PCTPOUM13hst ance
atom 54 connected to either a type atom52 or a content atom 50, but

not to both. An inconplete nolecule my be used to store data with no

predefined 5 type. This allows the flexibility to store data, and. .
decide on its type later. An -8-i nconpl ete ol ecul e may al so be
used to define instances with no data or with undefi ned dat a.

This adds a f|exiMplem195655d§9imdésﬂm§ gndp«mistsefmatm@fpwtmsothe

Cnstr uct ur ech2 boudd Brbdeh ol S5t st s AN ReSion i ARBSp (ot iyl it °°

adverti senmendfan ihdtarce atdii 93 SbieRtedab elthé atype atom SPEMPcéritentatoin Sbcbutype of
the various text itens in an adverti senent, because the

pl acenent ofnatite betheAn incompletemmolecule tmay beaused tos storedate withaucpredefined et c. )

i 1801y ad¥Re This, M Chonify S8 ord Wik doCHERle of R o e, ¢

known a useringgipieRamn6lecile mdynglse beised 46 d%ﬁh@‘irﬁ:ta@@d Withi b datdFor ‘with
specific types may be all ocated to the itens. Referring

now t.o Fi gu rt@dsﬁm?ﬁﬂathn Thisradrina fexibility ‘iosﬂaépé’pﬁ:d@!gh that is nptavajlahleinghe

| nked oo &0 3R Bee. R RARRIEC ks e s e R oo 0 S0

as the equi \datefrom! 6pticAEscafhifig of newspaper afvertistients. aItCie impodsibl fir thecor d,
or can be a nore conplex data type, such as a spati al data type,

wi t hi®bne at AMBMS tackraw the type ebthearigusiext ibgms in an advertisement, begguseitben i n

atom 64, i n HARRDR OF diRfent Rl (ST REC ABUARL dafhe. elorRBE AT HAN'SE

i ncl udi ng t Riifferent for each advéitisement\TiidtefoRd, Qﬂlﬂeﬁl@nﬁﬁmylw havd Sfyp@rbut | N t he

exanpl e shown in Figure 3, instance tonms 62, 64, ,and 66, al ong

Wi th owner Xegaysetheir gontent enkt ARSI TAY SEHRIRfor 148 lemTS At @dater point in time,
| nner relat | Pﬁ@ﬁ #b@ﬂi&a@eﬂ?@m@fm{so f or m out er relations. One of the
ase "

25 ava ypes 1I's "polnter whi ch neans that a content atom
i n alsmwl ecul e carRefenrmg now to Flgureasamqneneiaabntﬁa indepieted.f Ircthi aamplen t he
dat abase, usual l :#st ance nce I n

anot her i nndae&r F‘éf‘PB °°Fﬁ'ls§ ﬁ “Iel"g?mégﬂoﬁ% 4. rPfE‘idn@g B@l‘ é"ﬁl i nct
i nner rel at 't%l:tﬁxe? Qith omtélﬁfGBn'Iﬂx%)‘ (ﬁé&n‘iﬁﬁﬁe&ﬂfh@teﬂﬁﬁﬁlem to the data

Referring nowto Figdre 4, an exanple an outer relation is illustrated.
In 30 fieldg in & canventionat regord, onoan Mmommnplmdatgtnmmsudlmarspm ation
2erson-2 82. Person-|I 80 consists

Per son- | |nne atio
of three m&‘% yith qne:asom for %&ﬁak coor inates.

20 As shown in Figure 3, an owner is the first instance atom, in this case instance

atom 54, in inner relation 60. The members are the instance atoms, including the
owner, which belong to the inner relation. In the example shown in Figure 3, instance
atoms 62, 64, and 66, along with owner atom 54, are the members of inner relation 60.
Inner relations may be linked together to form outer relations. One of the
25 available basetypes is "pointer," which means that a content atom in a molecule can act
as a pointer to a specific place in the database, usually an instance atom (e.g, an
instance atom in another inner relation). This capability allows linking between distinct
inner relations to form infinitely complex data structures.
Referring now to Figure 4, an example of an outer relation is illustrated. In
30 Figure 4, there are two inner relations shown, inner relation Person-1 80 and inner

relation Person-2 82. Person-1 80 consists of three instance atoms 54, 82, and 84.
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- 9- I nstance atom 54 is linked to content atom 50 and type atom
52. Inst &|m 82 is | i nked to content atomgfr/Roek/doype at om
88. I nstgnce atom 84 is |linked to content atom 90 and typé atom
92. Person-2 82 consists of two instance atons 94 and 96.

Instance atom 94 is linked to content atom 98 and type atom 100. Instance.
atom 96 5 Is linked to content aéom 102 and type atom 104.

In the exanple depicted in Figure 4, Péfson-1 80 is the parent of Person-2

82 te that ..t t 92 I f .t " '), at 90
contains th g‘? %tgg‘ 15 lmlyé%eto%o%g"ﬁ %8#?&8@dﬁ%tgﬁﬂé?n%fgﬂ%%é&b%' ag hmed
line 106). Bek&Ptdy donféit @ €6 ARd typelaésn 88. Instance atom 834y €ifildd o ddntkngn

through the use of additional address links, simlar to the address link 10
of content atamP9and 1yps atomif2nRarenn-2B82 consists ofipreinstanes atomisHdi adIG or s an

Fam 1y, Instance aforkoh &kl o ks o 354 o om0, Fiblhoe S Bt [ o1 1 «

abl e st 0 aut yRike8 % tontent atom 102 andrwggyﬁjnmm.separ ate chronol ogi cal history
for every instance atomin the database. When nodi fyi ng the

content at om (i . dnthelesaniplealepigteddn Figured, Rersoned 80 istthe parantofResson-2 B2 15

(at the user' ion) ,either recopheatihesinstance,atomito..a ngw content
Srom or - uote S WiDarcm 93K of GREICRTDN, Sanfkih ARRE oG AR B A8 T i
the ol d i nstopRERNEEBmMEI4(a Herioted by dashed line IUEY Persdf- 180 uld be lidkded tgat abase
can autonmatically maintain a.separate chronol ogi cal hi story on

every i nst asevsral ghildren thraugh skecuse of additional address links, similar 4 phe-adsiress fisk ance

hi st f ti I s deni d in.Fi. 5 T t 110 js |inked
o tH Lo | nok SpmE o0, Hoambunaih 5F o iFe FneiHemHops foema A G 111
I nstance2 1 }QlakioM) which if thi bk ¢olid repreieapbrerkir8 amifind | nstance3 120 (whi ch
Is |inked : to Content3 122). Note that history |links 124 connect

| nst ance3 120 wi tThet systesr @ad method of the prgsent jinvestior ds ablgoogutomatically e3

oo o ki, £ SRS, oo BBk nibR for every.imptance, o in the HAfabREE. "

shown in Fi oWk rRodiffidg thitnnefbmn (HeRhe 848 vilie)dfhmelebule/ the dhiabae will RAM 16
Figure 1. The solid lines in Figure 6 show the |inks defining

of
nol ebul es, Rt the useis option) either reepasetdhe instancasstom tonenew cRBteLAtORL 9§ i nner

rel ations. ' V. |t . f ' 2, each
nol ecul e co@gf‘%% %Ca:)&?e%gﬁgéﬁ&eﬁ}thﬁeoﬁr}ﬁ%ﬁ%%tenéﬁn? H%lf g‘ﬁc@& g@%ﬁ]cé fr’ntcﬂa %EO%Y 152,
and a type haim K rebulf)ahe dthbdse onsaomaticallyathittyin dekepdaratecchronticgitutt ween
30 i nstance atons 152. Search structure 156 is defined in nore detail

bel ow, wi t h history on every ipgtancedm the databesegur e 9. Type atoms 154 are stored in
dictionary 158, wy E)&n{p?e bfiisthdce History formation is depicted in Figure 5. Type atom

20 110 is linked to three instance atoms, Instancel 112 (which is linked to Contentl 114),
Instance2 116 (which is linked to Content2 118), and Instance3 120 (which is linked
to Content3 122). Note that history links 124 connect Instance3 120 with two older
versions 126, 130 of Instance3 (along with their content atoms 128, 132).

=)

The main internal components of the database of the present invention are

25 shown in Figure 6. The components depicted in Figure 6 are stored in RAM 16 of
Figure 1. The solid lines in Figure 6 show the links defining molecules, while the

dashed lines show the links defining inner relations. As discussed above, withe

reference to Figure 2, each molecule consists of a content atom 150, an instance atom

152, and a type atom 154. ‘Inner relations are formed by defining links between

30 instance atoms 152. Search structure 156 is defined in more detail below, with

reference to Figure 9. Type atoms 154 are stored in dictionary 158, which is itself, a
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-10- dat abase according to the present invention, thus

provi di ng user-extensibility for type definitions.

Further deW#9850866garding the internal structure of the DBWSTAYQPS/00139
illustrated in Figure 7. When each type atom 160 is created it
contains a set of characteristics. In 5 t he descri bed enbodi nent,
these characteristics include basetype 1 . typename 164, type--
description 166, type handle 168, type |ow value 170, type high value 172,
and type cou i pstance), 174. ch t Re atom 160 _1.s IIocat ed a
i que type haHabBS aaiting to the prEscnt jayeation, Shgs Broviline PP RRL R 1P
identifies thgefnifignsat 0m 160. Type handl e 168 |s part of the

i nformati on contal ned in each instance atom 176, thus uniquely identifying
each 10 | nst Hortheraletails icgarding theuﬂztsmayqlmcaxre of fHie(DBMS are illustrated in
Content atons_are t ai nﬁd as _an i8te art Qf thelnga{labase Each

cont ent Figure 7. \When ach typeatom 1604 t%‘gﬁ?‘%aﬁt arpclenstigs. I or ¢ s

from tige cont gRideseribéféMbodiment, these chaéét@é&t.bmetub@be\etyﬁ'e 182 r@[se?.aﬁeqmt 0

Figure 9). Each instance atomis stored under It ont ent ‘at om

in a two-lI evetyplmdescmpubq 166, sypielndiect 58, typléﬂgwrvahﬁ 17Rctype hlghgmhev]ﬂﬁparﬂ gure

e o Che' Biseap B P SRS RS G e L
| evel bel ow C%fcﬁ 1Rinfbe thaSmiquesy ﬁeﬁfﬁs%&l?be%m 160. Typ ehandl?ﬁ@@ﬁ'}ﬁ?t' 210,

212, 214 each of V\:hl ch contains da type hand There i s one branc
for each of tbﬁhegqﬁmﬂamwomamednneakuhohstmeeraEmU@rtbuumqud}gdamfymgpmidl ng

i nsta no br an if there are no instances of a
part i 3§| ar tyﬁ'étaﬂ‘éﬁﬂf”e‘;)l%'l“&fa&nig’ atom . branches are linked in ascending
order. This struct ghftehtatdiiffe mafnfirtdlas ¥n fP¥eghd) arPBlbe database. EachContént ¢ 1S

not available to the user) for searches and for i Nprovi ng perf or mance.
Wien i nserti natopy isupardtafrayseparate sbarole structurchthati stasts (fromitbecbstentinvector

eratfon by « fdegibet ko aEh R 1o HELES). BEliRbaiR v el wielP ' The -

posi tion i s fesdht WOsER a theIGRIti@Rchy) sdeictét A FaedS. RefsHindbnow to Figuret hen

t he newmstance (or nodified instance) is stored and |inked into both the

i nst adée the instagas atoms 290, 2020204 2P hitesbtwetttm lowest level of the hierarchy,  The -

system and ne e q S

structure \/\hl%%agfﬁcx/\é'p ? %s&%‘ﬁgiyﬁpé‘}eggeel% Qear cﬁ?ﬁ?y gTH‘[%ﬁeﬁg g‘base
For each “branches”@10] 212, 244 esch 6 whiElBbbntaines typedandle. Thert isor@ brinchant
bytes in the dafa as vector jnto 30 the system s search structure.

The DBMVB spl i 105 ea¢hooktbg fyne handles for which there jg orseéptamateecorrespondmg instance
m ni - Struct ur g3 Wekeno Blankk iflthere £ 46 _n?JtaﬁcQseofE pafiftifar jp2 HahdIERNThdRst €S-

e agé u branches are linked in ascending order. This structure is used internally by the DBMS
(i.e. it is not available to the user) for searches and for improving performance.

When inserting or updating data elements, the user (typically, an application
programmer) locates the correct position in an inner relation by traversing the linking
between instances. Next, the position is found under the content/branch hierarchy, and

25 then the new instance (or modified instance) is stored and linked into both the instance
chain and the content structure. .

The system and method of the present invention includes a unique search
structure which allows for fast and efficient searching of the database. For each
content atom, the DBMS uses the 'n' most significant bytes in the data as a vector into

30 the system's search structure. The DBMS splits the search structure into 'm' separate

mini-structures where 'm’ is the range of the 'n' most significant bytes. The actual
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-11- content atomis then stored in its vector's '
m ni -struc\w,r §,5 ‘%e search structure is simlar BE/Rodssiiad abl e
except tha 76 21°Gori thmis needed to define its elenments, and the -

el enents are always in sort order. To enhance performance, there is a
separate search _ structure for each basetype. 5

An exanple of a search is shown in Fi gurglg-. Referring nowto Figure 9,
suppose that a user wishes to |ocate a par]ticul ar instance of "John Smth"

220. In the .descri bed .enbadi,ment ..t he t siganifican J
(i.e. "J") isQusy aé%‘“‘aﬂgﬂ’tﬁ‘%‘fag inifsyedang op-struchire TR seacfeucize %fg*.mﬁhe
entire conteniyg(d hfdh table RRceptithdt nb dlgorithfdisimReddd b déTmeGfy €l@@bnts, and the
position within search structure 222° Only one content atom 224 in the

entire dat abselen@nts are alwaysin sorherdemn cTe enhanee pesformanee, there is a sepprate sepsch

content atom 2%?; is Located ethe-user can then search all the
!nstance at on® FWF&% rlegcht t?,(B?'ltent atomto find the desired

instanoge of "John S ekample of a search is shown in Figgre'®t Retering n6wsto g,he
present invention also incorporate a variety of exposed-access

net hods whi ch suppese that auses wishento locate 8 pagisulap instance of ‘Tohr Smith13adein the 15
Th d functi ' f ta st d retrieval
Ine, orosed ARk b0 Enbl ST B R P 5 BRI P MR e

atoms, as wel lsygtuF®223. TTHe @ftiré bifeRd(i.c. “JTohn Smith'® i¥ séktd fiAd thy ebRedt
functions. The exposed access nethods are illustrated in Figure 10.

Ref erri ng now positich withia seaych stictuek 222 c@nixme sontent atoms2 244y thecentire datolseoper

access t hod 230. (ger.haps, idythes f.grim of class |ibr ) r. direct use
by appld cat 1 orfodgins e conten Bl "\ e i et S 2o b ot € sy
through ot her dafiphé&®eatd dlithe imdfantdatoms linked to the coitéht dton torfindaRe dbsirel
present the systemas an SQ. access nethod 232, object access

met hod 234, ndnsiance ofClalmSmith’hod 236, or ot her dat abase access net hod,

:;J (r: Bc? 3r 2 of atons Ehr?-g'g'%éig& bjsftd &Ftle Iﬁ?eg%%t ?‘ﬁ‘ge"fllﬁl‘g Eggﬁrrg:%m}r I”u‘pagl'g{yl of 10
i mpl enent at i ongxpeved abdess méthods wilidh ddetheisole nieanslatieds b€ ntérfialZomponents.bY

different nmethods according to users' needs. Note also that the exposed .

accesslS The exposerfinctions provide meanp forgdata storage angbretrieval, defipingand, RAM
16 of Fiqgure . { 0]
I nterf acg to &WM gglgls rogheéﬁel%nr?gs %@e@%}jagﬁé’ as &é?as ﬁéﬁ‘%ggp’ﬁ’?%’@ g‘ﬁ

progranmer i ntavatisyof fystém fuictidns.| Theoskgbded aocesomethedsiarediustraredlin Higusd1bon,
users may, through the use of gther _application prograns (ngt shown), use

APl 240 to 30 Referong pov toysiguiedOaieseppsed agpass methods maay bif apideweloper
reference to Flglf fethbd 230 (perhaps in the form of a class library) for direct use by application
20 developers. Users may also access the system through other implementations of this

layer/interface which present the system as an SQL access method 232, object access
method 234, network access method 236, or other database access method, such as a
TCP/IP serialized HTML 238. Note that the underlying structure of atoms and links
remains the same in all implementations and that data can be simultaneously accessed
25 by different methods according to users' needs. Note also that the exposed access
methods, as well as the database itself, is stored in RAM 16 of Figure 1. The access
methods 230, 232, 234, 236, 238 interface to the database through the use of an
application programmer interface (API) 240. In addition to the access methods shown,
users may, through the use of other application programs (not shown), use API 240 to

30 create a new database (as discussed below with reference to Figure 11).
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-12- Referring now to Figures 11 through 14, nethods
of using the present invention will be described. Figure 11

i |1 ustramesssosast hod of creating a new database. Thr ough PCT/NO98/00139 t he
use of APl 240, a user or user application programfirst creates a )
dictionary of type atons (step 300). As discussed above with
reference to Figure 6, the dictionary is also 5 a dat abase accor.di-ng
to the present invention. Next, instand@-atons and content atons

are created to represent the various data itens stored in the database
(step 302). Not eRefemngnowtongnewtllttll-oaglubtl;metﬂddsoﬁnsﬁgfﬁlapfesent@ivem

i nst ance at o .and ope,content .atomw || _usu be_t hought of
as a singl e“&l&‘?“';&ﬁr@ﬁﬁl ﬁmﬂﬂy‘ﬁwﬂés a pisthod %mﬁpﬂﬁ“&?(d@t”béﬁﬁat'@m‘“glhnd type

atoms are | mag@@ofm%e 4 uset 9?&&9&]:%&%11‘@% Béﬁt'&?&h%a &’&&’%ﬁa‘gﬁ?&l reng;' EZ |

(step 304). repr esent rec ta types,
| i nked t ogettoms (step SOGDnAsdlsmssedabovemthreferermhab Figuse ﬁ,a&edncaomymhlswove
with reference to Fi q%x}eget and i nner .relations may i nked

t ogePher t o2 AgabAse lagentmd&@@e'astamowm PRGN BFRIES ¢ o

Fi gure 4). vaﬁ&fx elgd.m& h or

addi ng new 8‘&"5“%"8‘? heé’ 5 ttt ease se(!arté ﬁ&n@&&feﬁ%ﬁ} ustrat gﬂd@ @?aﬂgtsé

recej ved frmattotamsasmec@nbmphdtml)ommwnbeamatahbmmooatenewontmmt(saallyp 15
bel ow with reference to Figure 13.

401). Searchin esc nopr e
The system ethgushto wﬁ%&% e ARPIOPRRIHRRANCE At and;

dat abase (sig h?mgﬁ%@ &%g o at ed and
| i nked into t e search gaﬁuctur (stg%a 4 gﬂterffto ‘%‘é‘?&“@lgﬁ ent

exi 40 al reaﬂfyrept’ésentsl)meempletéamtypasmoiecﬂbmmy beshmmtogéthertom‘embmnemh (step
404). A from cont?ﬁnt atom t.o, one or, nore

i nst ance at Biatiops GSHQ“E%&?@ abw;ewxdme erence to Figyre,3)and inpez selatigns maybe, . |
associ at ed e tdpafhet 6F8mR &B}reﬁuaﬁé’(adcﬁ%u?&ﬁ%b%ﬁtﬂﬁ-&&eh&mmﬁre n% the

single branch (step 405). If _the content atomis associated w re than
one type R erringoow tchEigusest2e mmashod-foc sdding newalatagorthe database isand

h ' h.
Rt erri ng. rilipeser RS repBved fom theser sep 480) 4of the SRR id SaRBed GlR 10w e
25 15 4tﬂ§CSézE&ﬁhg1§36&s%nlbéi rhéte Billy Belotv vith refefendd 65 FightecI3. SEHY systéie first -

"n" bytes of the data s used to select the proper
mi ni - st r uct determines ifithecdata eontang exists ircthe éatabtse((mee @OB) 1If notyasontent atom

data has bl reandadd 6 REQERT e spfPunafice ($F 40 ofBe Bl dcflelf ods, - 0°
that the daé)ﬂst@heﬁdwﬂie Sisteireddtérmifesiif therdlis more than one trichdsfepl@@dy Ast ep
504). If the data Is found, it is output to the user 505). 30

Ref erring neranchds aigk fremacontentatarm tp ens orupergnstaics am(nssgff%bemwme
dat ?Qas € the content Wo\%xs %ﬁw ﬁ?%:?a%d: Htg %ﬂe t}I)Q%t(ﬁX SJ W {ns{aﬁée s&)qéd ﬂ\h €

confént/i ns ance palr
the single branch (step 405). If the content atom is associated with more than one type

atom, the system searches for the correct type and stores the new instance in the
correct branch (step 406).
Referring now to Figure 13, a method for searching the database will now be
25 described. Data is received from the user (step 500). The first “n” bytes of the data
is used to select the proper mini-structure in which to begin the search (step 501). The
mini-structure is then searched (step 502). The system determines if the data has been
found (step 503). If not, the user is informed that the data does not currently exist in
the database (step 504). If the data is found, it is output to the user (step 505).
30 Referring now to Figure 14, a method for updating a data item in the database

will now be described. The system first finds the content/instance pair which is being

SUBSTITUTE SHEET (RULE 26) -




- 13- changed (step 600). The new data is created (step 601). If
history h r equest ed (step 602), a new i NgdpR S
insta_ntia@d&zgﬁgkgr the newy created data (step 603) 6QB{;{G}’?ﬂfMtnrle new
i nstance is set up to point to the old instance (step 604). If history has
not ~ been requested, the old instance becones the new instance
(step. 605) and is relinked 5 to the newy created data (step 606).
The uni que architecture of the present Tmvention provi des nmany advant ages

over t N -Aart. The .prese I n ti royvi des dynam
schema evol uP‘i‘”d’ﬁ?‘p@FBﬁ“ﬁfatﬁﬁé’ew ‘Q& lgcreategi(ﬁgpﬁ d I%S@Qf(léa&?@" 5%‘{“5%15{(3
of f-1ine for (st&s602), Glnew iﬂﬂa@@&oﬂiﬂ&sﬁhﬁﬁe@hﬁd&!ﬂ%ﬁeﬂ%&ﬁ@ted data (step 603)
over head associated with of on-line restructuri ng. e systemis

extensi bl e, @upihenew instance is set up topoint toghe old iristancel (sten 604)y Bkistomhkasdet abase
t- dat d ' .G th . ' ' J Lt h" i

Lo 2. DRt R e MR e s e LR SR 2
occur si n t hetglgHedRRMiPdreattd datal(Gtep 606). r educes the size of any database and,

when conbined with its search structure of the present .invention
(described above vihehnique architecture ofghe-preseptinvestipn providepanyadyantdges avsry hi gh

hvent f on ol 1 ot et R feE e ihnpTes drnmic wohme RYplution, oAz "

nai nt ai ned i dended thesieuhe dafabisei off-id for iréstrueiiiing Ahe Hs| alsoedlintiatig et ur e
for all data el ements. The system is, therefore, nore robust

and requi r es overbeadagsociated with of on-line restgtuniing: Theisystem is extensible, supporting The

present invention aufangticall h nt.ai ns_a, hi st aqr f user-designated data
20 T8 1 C R Ro SeRE aiR svmesy The uBlabiey Yotes b oot 08 SBREIFR S of f o ¢
needed to pr gttinge John Smith” is pHyically’ skéred sy ohée Y m@ftertdw RidAy F6Fn Smith's |
Mai nt ai ning history in prior art _systens requires ext ensi ve
progr ami ng Sy ogelrin sheedatebasgin This featuse eadnessahe sizg oftanydlatabasesands when

acconpl i shed el r IS es. for h. l.e where
hi'story is cQleﬂSé Whpigsqge:;?%dahﬁ:ﬁeeso;%g[% 31}%%& 'ﬁ%ﬁ"ﬁ%?g%scf'%gjﬁl?oé'gewh
i nvention pr esferdceltd Figufe 9)C plovitieb ivery high speed retrievaldrd @idaterdpeyativins.! The
i nstance atom_level with no separate external definitions by the

develldper or DEM8baE thejpessepicinvention ¢liminates she negsh fuyr sepatataly idefined and
o e . _ e i .
the i story HeintainedindBfes bABR &l s bt MR Sl fchirE goroiPetg "

m ni m zed andleneati t | Thes systems ¥s5 t therefore] imdredrababl aad kfeqairés less system Dbe

easily definedq., 30 | The invention further supports object
i nheritance, @ PRt i on and

The present invention automatically maintains a history of user-designated data
20 elements, dramatically reducing the amount of programming effort needed to provide
this facility in prior art systems. Maintaining history in prior art systems requires
extensive programming and database design. In relational databases this is
accomplished by defining separate history tables for each table where history is
required. The system and method of the present invention provide this functionality
25 automatically at the instance atom level with no separate external definitions by the
developer or database designer. The invention’s programming interface includes
functions for reversing instance modifications using the history atoms. Programming
for transaction reversal is minimized and conditions for system-initiated rollbacks can
be easily defined.
30 The invention further supports object inheritance, encapsulation and

polymorphism. The basetype of a type atom may change over time (through
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poI yrmrphl sm The basetype of a type atom may change over time (through
overl oading) and a conplete history is automatically

mai nt ai newo %8/5p866nat i ng t he need to convert oPGTAIBONIP? es as

new definitions are added. For exanple, type atom

"Tenperature,” may be defined as | NTEGER (fi xed nunber), but there may al so

be - type atons with typenane l‘gerrperature W th basetypes TEXT

(formula) and BLCB 5 (appl et). result data val ues can be

accepted and st ltip functi onal i ty can

e f.orng, .S ..
be used to pr® utﬁatanggﬁn@det%mttewalﬁautamayﬁﬂlymgﬁmn%hmmm the need
exanpl e, the t r speed
=6 Wmﬁ‘?‘ data Vahi23 o3 e AeAong P iidel SRR exafip; (B Hhém P
"extrenely sl tiﬁe;ﬂpe‘téta@t”enax bﬂadeﬂneg Ias II)ITEGER (ﬁxed numbqrhcbuath}tﬂaay also bean

e | mpl enent Z‘&b? PR o ARG DR A LOBRGE A Eio GPROR S AL B

dat abase. let). As a result, dataAaﬁb'{ SaRPe aBEbppe éﬂest&tad Rulgp Fe%ﬂﬁati nyggt i on

is its uni versa Obj ect-rel ational - hi erarchi cal capability.
Each i nner r efunctiopalitywen boussd4o podvidenhoth inhieritanceé and polymorphism. As amtﬂeecul es

b oS " Gaiple, S ypame SpEER <R e bRuRL asRR nizeet for s Dosh besrsz B
[ nventi on t hegghor diaAR IR A (o5, "verntallr ‘chiteRBPdicus” Wikt ik iglhpt | ©

and inflexible record and dat abase structures Conpl ex" ddt a

structures caﬂdb@m&@ﬂmmleﬁﬂlaaflmmtﬂswpeqmbar) oNoteithatholymarphismicas t ead
o SR M9 SR SRl R R4 P sk BN R0 i e laalaBhss ' e
defined to match afYurtheP @dvintad8 R BitSitedenfindértionas its &Qversax ob,ebd.@la%ﬁﬁu cal
etc.), and any access nethod (user interface/syntax, such as SOL) can be
i npl enent ed. hitrardbiiels cepabiity.i \igach maweselamnt may fconsistosf amyy cowbination DENS,

even under | t.em of ato d nmo ecy emai ns
inchanged,  moleslt (hd dheéiold Yo LontipelioB £F U hes, itoRer P fraliRectele T3nd 17 -
nor mal for m datibinsedativn masby ¢chagged at w111 The piesait ilrjitisttherefore dispensest or ed
just once (in a content aton) and never Ilcat ed. Thjs 25 feature

provi Hes t he withjthe pegd mwpdf Mithy statig %i xibleoreeprsh anh datahase structures.

al', " oSN CERI i bl WEioBincfKH A D07l G e Wpdaik, i

exanpl e, a tyyferequiring fcomplicated mampulahbiu ahdl Ittausfomatidnetocﬁtamgfdxe dditbwby
changi ng the description of all instances of "Hum dity" w thout
af fecting t hStTHSWER| ated content atons or any of the instance

Data structures can be defined to match any type of database (relational,
20 hierarchical, etc.), and any access method (user interface/syntax, such as SOL) can be
implemented. The DBMS effectively takes on the form of any desired DBMS, even

though the underlying system of atoms and molecules remains unchanged.

The present invention further supports first normal form databases by ensuring
that any data value is stored just once (in a content atom) and never duplicated. This

25 feature provides the basis for building first normal form databases.

The present invention also allows for dynamic schema evolution. Any, or all,
attributes of a type atom may be changed at will. For example, a type atom for
“Humidity” may be changed, thereby changing the description of all instances of
"Humidity" without affecting the associated content atoms or any of the instance

30 atoms. This is a significant advantage over conventional DBMS's, where restructuring

is required when changing record layouts, adding or removing fields, etc. Molecules
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30 atons. This is a significant advantage over conventional DBMS s,
wher e 1 esliq\isdtdend i's required when changi ng rReOKkEod/GasHt S,
adding or, renoving fields, etc. Ml ecules -

-15- (fields) may be added, change format, or erased from an

i nner relation (record) w thout affecting any other part of the
dat ahase. The need for database restrugi%{re, . unl oad/ | oad, etc.,
is elimnated, reducing the cost and conplexity of data adm nistration

and avoi di ng 'Hﬁre ' '

elimnates t h@a}fﬁ\g'téﬁ forad(?er(\iﬂgl}(m ¢ Hst’ Of % eggglr%ﬁﬁﬂér Heﬁ&gﬂtﬂeg&ﬁﬂe‘%ﬁ%‘t‘ted
sear ch structaffeetilinang otherc part eoft thet database oV THE snelell efor Dddtabiaye irestaidtue| v
search for a specific data_val ue. Jh,e search structure of the present

i nventi on (adunioadload, etc, isglimmated Jedugimng,the cast and complexitycofidataradginistragion; s
nore robust t | j ch are typically maintained in
separate fil eish.ar}ﬁlh@s e gyzyfch structure of the present invention 10

reduces the conpl €Rhd presdnt draveatiors alsel elimipates Rhle AekY for sidexktfields. Instead, an
The present invention has severi’lp per f ormance and storage advant ages over

prior art sydptegratedrsearchostnicture bassd) omgonientptams pravidesqthe abiity to guicklyt ed,
w t hout s SOfyY t t . QIIR,:

exanpl e, an isggc%ﬁg%?%?@;@%ﬂ%@%aﬁ% Oﬁie%eﬁ%%%xﬁﬁm@%ﬁ%@&%?ngé@ﬂ%%{@é from
type at om " Culescribesd’ abone withaefensnct esl Figurd 98 nidre robust tiindfdexes Ritittesare i n

one step. In a.cqnventiongl DBMS, _ this operation would require . .

t he del etion W‘@MMW@*’%@W feaseh stristure of thecpresent invention

sl owefg procesg : perty (i.e. "John
Smi t h"g wil | og%ct?? ﬂgnﬁo)l/n p(l)erfcl:tg o\f\nd?tr%%s'ét%%gg# gltKP‘M}%tﬂ’éﬁjﬁg‘z;ﬂ'?‘abase, in a content

atom This f eat ur eTheapresens investipn ssaeverall perfottiahdecand stivage advantages over
all instances with data cqnt.ent "John Sm th" to "Tom Smth" requires just

one 20 RS AT VR, RAeAEPTa may b, discpresctady ard Frcapasct awithout
Per formance iyguéing tHe dabtidted fype or content Qﬁflﬁg %ﬁ:@ﬁ@[& Un fifbtancd ‘8? ﬂxeoﬁﬁ‘ th”

requires the identification of just one valu
aut omat i cal | YSmitiVecaldd bedisconmetted diosn tyipehatdrh € Cdstomer oatideretorinéeted téeypeh. " 1 n

additjon, empty fi.elds jn record i.e. fields that have a null-value) do

not exlst in® Sippier! i one steps Ing @HY@WPP%&?SBM%QH%WW%‘M@&Q regygre

i nprovi ng perthOadIR b orerecord and the creation glgiﬁﬁhfei‘ rédk a%ﬁéiﬁl&%&}&&@%s.be
abase | nst e 0

I npl emented as a "native" part of the dat
requiring conpl ex Eachidatd value/propady (ireaiBdhorSmsithi") will ocdurtonlyndmze withimtheabas e

structure. Thjs,capability inproyes rf ormance by avoi di ng.transformati on
processes da%abase?m?f)‘?méﬁ@?g)’?'eﬁ‘s ULRSAYSS st $pasy ﬁ} 105 CAAnging g e
space savi ngsli infidnédswith data content "JRfA ISl RO Shithe9&uiray UM one' ©

found in the present invention because history
20 transaction, improving system performance dramatically. Performance is also improved

because a search for "John Smith" requires the identification of just one value, which
then automatically provides all instances with the data content "J. Ohl.l Smith.” In
addition, empty fields in records (i.e. fields that have a null-value) do not exist in the
present invention, thus saving space and improving performance.

25 Complex data structures can be implemented as a "native" part of the database
instead of requiring complex manipulation and transformation to fit into the database
structure. This capability improves performance by avoiding transformation processes
for each read and write, and also produces storage space savings. Further
performance and storage savings are found in the present invention because history

30 information is stored at the instance atom level, rather than at the record or object level.
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30 information is stored at the instance atomlevel, rather than at
the record or object |evel.

-16- WO 98/8U86drough t he i nventi on has been descri bed Wi RCT/NOSS0013® N~
degree of particularity, it should be recognized that el enents thereof may
be altered by persons skilled in the art without departing fromthe spirit
and scope of the invention. The invention is limted only by the foll ow ng
clainms and their equivalents. MBAT IS CLAINED I S: 1. A
conput er -readabl e nmedi um for storing data for access by a program executing
in an informtion Mhmwlrlvgrmbahashebedesuihydnmhlmnbxalddgremgfparﬁmmtpurt her

conprising a ructur.e d on d (of0) r - r,eadabl e ium. said
data structur g f"ﬁ‘é? 338 f‘?ﬁ’@gi“ﬁ?‘gf}'ﬁﬁﬁz}?ﬂtf %may ﬁ a eted xw&&*en%g;l!fdw tl!f"he
program sai daflatithoas depdsting) %npﬂn%blrﬁ'aﬂﬂ scope_of the invention. 2 TRE Hiveh g 1%’
content elenments, wherein each content el enent contains a unique data item
a plurality ohmttﬁ)enlﬁIbmﬁhnﬁoﬂpwmgmlmmamhthhlmgquealdtenent stores type data,
and wherein each type el enent includes a unique type handle; and

a plurality of instance el enents, wherein each instance el enent |inks one
content elenment and one type el enent based on said unique type handl e.

SUBSTITUTE SHEET (RULE 26)
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2. A conputer-readabl e medi um according to claim1l wherein each of said
instance_el nents contains the uniqué type handl e of said pyyRoes/evrBNt "t o
whi ch it W&98/30886: 4 . readabl e nedi um according to claim1
or 2 wherein each of m‘mg‘mmﬁ{mnts is linked to one or nore of said
I nstance el enents thr A conput er-readabl e nmedi um
according to claim3 wherei n each of sai.gybranches I'i nki ng one of said
cotent elenments with one or nore of said instance el ements contains the
same uni que hﬁ’]ﬁxlt?sé im@lds.one or nore instance el enents. 5. A

conput er - r eadabl e um according to any of the foregoing clains 1

t hrough4 wherein ehch dAtmemargrfor storing datal fpr steesebly arprogram eecutingincant

el enent . ut er - r.eadabl e nmedi m according to any of the

f or egoi ng cl W&“‘?’hﬁ*@&bﬁl&%ﬁbﬁ@?‘ﬁﬂé‘&% data structure fluther conprises
one or more inner §&ideRRe sRALELN Rty HRFdard ShRFORCEATRIABARARIC O
nore i nstance el errents 't nked together. A conput er-réadabl e nedi um
acordi§ to cIramdetﬁmaﬁdeﬂabaseusedhbltlatmogmmwnﬂummphﬂngher conpri ses one or
nore outer relations, ch outq rel at,i on ri ses one or- nmore

i nner rel ations |inked ?&E@BW opgtent flFmenty m?:geac ntent elgment contains
conput er - r eadabhigudB4th itemaccording to claim 7, wherein the |inking nmeans
conprises a content atomin a first inner relaion containing a pointer to
an instance atomin a saploralityioftype elepients] wherein each type element stores type data,

and wherein each type element includes a unique type handle; and

10 a plurality of instance elements, wherein each instance element links one

content element and one type element.

2. A memory according to claim 1, wherein each data item is uniquely

stored in only one content element.

3. A memory according to claim 1, wherein said data structure further

15 comprises one or more inner relations, wherein each inner relation comprises one or

more instance elements linked together.

4. A memory according to claim 3, wherein said data structure further
comprises one or more outer relations, wherein each outer relation comprises one or

more inner relations linked together by a linking means,

20 5. A memory according to claim 4, wherein the linking means comprises
a content atom in a first inner relation containing a pointer to an instance atom in a

second inner relation.

6. A memory according to claim 1, wherein said data structure further
comprises one or more history links, wherein each history link links a new instance

25 element to an old instance element.
et Has Been Replaced
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9. A conmput er -r eadabl e nedium according to any of the foregoing clains 1
through 8 wherein said data stucture further conprises one or nore history
| i nks, WWO®BK08s6.Ch m I ks a new i nstance el cRERMNOSHOMB ol d .

i nstance el enent. ” mmméll M“—l“m readabl e nedi um according to any of
the foregoing clains*1l thriough 9, wherein said data stucture further
conprises a data dictionary, wherein said plurality of type elenment is
stored in said data dictionary. 11 A-®onput er - r eadabl e nmedi um accor di ng
to any of the fore790i ng clainms wherein said data structure further

conpri ses a search st ur ¢ emory areprdiag te iglaim (1, a¢hgrein sgidrdatastmgture further one
or nore mni-st S el n e 1 Qs ructure contains.one,of nore
content el enerf?g"%ﬁlsﬁig(f “%“\gggf‘ﬁé”?‘ﬁ gﬁ%em Shid %eogle@%tﬁ e ﬁ&’-’%‘f in, §3id data o
vector conpri sidiigngipe or nore bytes of data, wherein said vector determ nes
which mni-strcture to scan for a desired content el enent. 12. An

I nformati on handling system conprising one or nbre processors, one or
nore copi es of an @peraty . I L 0Q: ration of .said
processors, one or%fmr e%?%gra tagéeai-&elg t“lg%ig%ﬁq’ Iw‘h@ﬂ:u{&‘fd dhid sﬁp#ugea@gher
procesgors, Sicompeisesaasich stturiure, shid seafdh sutictirecohprisigg: i N sai d storage
means said data stuctre including infornmation resident in a database
used by sai d progr SR&Or rEereaninizRryetEes, Wherein eachaminisstrustyrg contains one or more

a plurality Ofcoﬁt%&te?%}ﬁen?é1ﬁﬂ£‘é{ﬂégeﬂ¥¥ﬁ%ai n each content elenment contains a
uni que data Item a plurality of type el enents,

wher ei n each type fireaghhinbstauctse, aweetoriedniprising dne\bEMOBid bytes of dataCifireiny P
el enent includes a unique . type handle; and a plurality

of instance ePUfNpRar detprayings which-mini-siaucturetosparsl far 3 desiced eomtent slement:

el emem and one type el enent based on said unique type handl e.

10 9. A computer-readable medium for storing data for access by a program
executing in an information handling system, comprising:
a data structure stored on said computer-readable medium, said data structure
including information resident in a database used by the program and comprising:
a plurality of content elements, wherein each content element contains
15 a unique data item;
a plurality of type elements, wherein each type element storés type data,
and wherein each type element includes a unique type handle; and
a plurality of instance elements, wherein each instance element links one

content element and one type element.

20 10. A computer-readable medium according to claim 9, wherein each data

item is uniquely stored in only one content element.

11. A computer-readable medium according to claim 9, wherein said data
structure further comprises one or more inner relations, wherein each inner relation

comprises one or more instance elements linked together.

This Sheet Has Been Replaced
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13. An information handling system according to claim12 wherein each of
sai d instance el enents contai ns the uni que type haf}!ﬂﬁv&ism%fslsd type

el enent twqm{s%mnm ' 14. An information handl i ng

syst em accor di ng ﬂM'"EWHQMB wherein each of said content

el ements is linked t© one®ors of said instance elenents through a
branch - 15. An information han_qigg system according to claimi14

wherein each of said branches |inking one of said content el enents

handi o s Sai o one 1 - mo GG ATRdBbIE Fefuf Se0iag' i B Wheldll MFama . o

handl i ng syst efpearOfiffthScdmprivey o or Mbref Giit&%elafiong; vtieRdin dakhl dut@ueiatide.
wherein each data 1temis uniquely stored in only on content el enent.

17.  An i nf orcomiprises dneod nonegjingerstelationslinked itoggethas bylinkingimeans.or egoi ng
clainms 12 through 16, wherein said data structure further conpries
one or nore inner relations, wherein each inner relation conpri ses

one or nore instangg el eEdthputérirtddable hiddRidREording to claim 12, Wherein H8 linking

i nformation handling system'according to claim1/, wherein said data
struct ur e f ur tneans comprisesascontent atomrpy @ figsitinner relation eentainiggcer peintep & BN out er
rel ati on conpr,i ses one or nore,Jnner, r.eations |inked together by a |inking

nmeans: 19, Insigpce %M-‘r%ﬂ“%’&ﬂ%ﬂ% mé’yst em acording to clains.18,

wherein the linking neans conprises a content atomin a first inner

relation containing a pointer to an instance atomin a second inner 20.
An i nformation handi4 ng Agemputerarsadable mgdium asqgrdistg totelaim$; sereinysaid datas 12
through 19 structure further comprises one or more history links, wherein each history link links

a new instance element to an old instance element.

10 15. A computer-readable medium according to claim 9, wherein said data
structure further comprises a data dictionary, wherein said type elements are stored in
said data dictionary.

16. A computer-readable medium according to claim 9, wherein said data
structure further comprises a search structure, said search structure comprising:
15 one or more mini-structures, wherein each mini-structure contains one or more
content elements linked together; and
for each mini-structure, a vector comprising one or more bytes of data, wherein

said vector determines which mini-structure to search for a desired content element.

17.  Aninformation handling system, 'comprising:
20 one or more processors;
one or more images of an operating system for controlling the operation of said
Processors;
one or more programs executing in said processors;
memory means; and
25 a data structure stored in said memory means, said data structure including

information resident in a database used by said programs, and comprising:

This Sheet Has Been Replaced
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wherein said data struture further conprises one or nore hidtory |inks,
wherein each history link links_a-new instance elenent to an old instance
el ement. WOB/S086(An j nf or mati on handl i ng syst em accor di ng RSI/NA98/AM3% he

f oregoi ng cl ai ns Immrein said data structure further - i
conprises a data dﬂmm:mm“ “ n said type elenents are stored in said
data dictionary. 22.¢ An" nforfation handling system according to any .of
the foregoing clains 12 through 21, wherefn said data structure further
conprises a search structure, said search structure conprising: one
or more mini-stuctures, wpBFliPicaptentelemenss, wherein eachsontantclemant containsr e
content el eneng s, ..l -t gget her; and for each mni-structure, a
vect or cinpri s%ﬁ’é’hgﬂéﬁg}&ﬁbre byt es of data, wherein said vector determ nes
in which mni-structure &plumdiyrofitypeeienenidewhereinl eahnypeielentdnt BiORSs type An

I nformati on hand] i ng system accordi,ng to any of the foregoing clains 12

t hrough 22 fur¥KevheseiRsachtype elesmsntingludes aqmique typehandle; ardn t 0 sai d data
frvet o : 2 orTe j S inn th
ot a i cgm ¢ T e ¢ BB G alids wherein eadfiREnce Yerlehl it 38, 1 0°

data item . contentelziment and oheawid eigmentnew i nstance el enent linked to the
new content el enent and means for |inking the new conten
el enent and an appropriate type elenment to the new instace el enent. 24.

I ng:

A ana SoTRLLON handlg N, AN B ha iyl CloBb Yo, daih 11 WG bl

means for determning if t ata 1tem eady exists in an &xis
cont ent el emendata iterh iscuniuiely storeddn onlg one.cohtent element.neans for |inking the
new i nstance el enment to said existing content elenent.
19.  An information handling system according to claim 17, wherein said
10 data structure further comprises one or more inner relations, wherein each inner

relation comprises one or more instance elements linked together.

20.  An information handling system according to claim 19, wherein said
data structure further comprises one or more outer relations, wherein each outer

relation comprises one or more inner relations linked together by a linking means.

15 21.  An information handling system according to claim 20, wherein the
linking means comprises a content atom in a first inner relation containing a pointer to

an instance atom in a second inner relation.

22.  An information handling system according to claim 17, wherein said
data structure further comprises one or more history links, wherein each history link

20 links a new instance element to an old instance element.

23.  An information handling system according to claim 17, wherein said
data structure further comprises a data dictionary, wherein said type elements are

stored in said data dictionary.

This Sheet Has Been Re
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25. An information handl i ng. syst"em according to any of the foregoi ng

clai ms 124hveRbss further conprising means for sear chiggernibe g

structure to |n a de5| re Ktem conpri si ng: nmeans f/

selecting a mni- “str h to search based on one or nore bytes of
the desired data m 5 means for searching the mni-structure to
find the desired t LeI ement 26. An infornmation handling system

according to any of "the foregoing clains 2k t hrough. 25, further conprising
means for updating a content element in said data structure, said neans for

updating conprisi i  An informatien W‘l%rﬂﬁﬁmr@GQTM%@#ﬂehl whasein said

means for cr neans..f o I|nk|n t he now
content el ene(ﬁ#i%lgm?‘ﬁg% nﬂg\?v%%’% gesg%?fé]%@n‘fmmaf‘ﬁﬁd Sdarth sﬂ%@gﬁgowgp P& ki ng
the new instance edxﬁmﬂtorémmﬁnmhdes WheRiGacle miiRfructure €ohtains Ghk brithefenat i ON
handl i ng system accord| n? to any of the foregoing claim 12 through 26

I

furt her “conpreostentelaments ﬂkﬂdteﬁﬁhﬁﬁ,ﬁ@da content element in said data

Gat a1 em i nthe cbeh ik 4BABhE" 0w diPRolsblif gne or morp TS BE iy, SR "0 °

changed cont esaid wictrdetenhineswhithintini-igcture teseagchefof BdBsired coatent ele:ﬁemt hod
for managing data in a database, conprising the steps of;

creating a plurality of content el enents, wherein each content el enent

contains a ui que a i { nent s
wherei n each typedzglt' ement s oré‘tsfm% lﬁh&%‘?{ gﬁt di @I"g Xoe%lt%'ﬂyﬁ?pg{’é’?nent
i ncl udes a urgosnprising meaﬂsmoudaingemdhta item to s4id datal shficturd) skidahéany forfaddingt ance

el enents, wherein each instance el enment |inks one cont ent
comprising:

10 means for receiving the data item;
means for creating a new content element containing the data element;

means for creating a new instance element linked to the new content element;

and
means for linking the new content element and an appropriate type element to
15 the new instance element.
26.  An information handling system according to claim 25, further
comprising: _
means for determining if the data item already exists in a content element in the
data structure; and
20 means for linking the new instance element to an existing content element.

27.  An information handling system according to claim 17, further
comprising means for searching the data structure to find a desired data item,
comprising:

means for selecting a mini-structure to search based on one or more bytes in the

25 desired data item; and

means for searching the mini-structure to find the desired content element.
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el ement and one type el enent M sai d uni que t"TﬂE“h”aﬂd-l—e-\Z&__

nmet hod according to cl/ajm/zg V\/ner each of said i ce el enent s

cont ai ns WIVAIBGSLEe T type |d type el enent B ePRmiacéd nked.
30, A et hod accor or 29, wherein ntent
el ements is |inked t n‘bre of sai d i nstance eI

branch. 31. - A net h‘od accordl ng to any of the foregm ng cI a| ms .

t hrough 30 wherein each of said branches-23-nki ng one of said content
elenents with one or nore of said instance el enents contains the same
uni que handl e as s&@8 on&n dnformetion rhandlinge systemreaccerding to 3faim 17, fwtheod

according to any o,f the fqgre clains .28 throuy 31 V\/nerelr] each data
itemis uni quel % d&ﬁ?’%ﬁé"’ﬁ@ﬂ%@?ﬂ"’%‘%?ﬁé&pw‘ syycture, sa eﬂ%ﬁp

according to égﬁgprmlregm ng clains 28 through 32 furthrt conpri sing
the step of aggﬁng a s gta itemto the database, said adding step

further conprising mémsﬁreqneatmgnnewcontentelemem; ng the data item

creating a new content ?ﬂ( enent cont ai ni ngﬁi he data item creating a
new i nst anct el enefReans HIFSTeAHS ANEWRYANCE SiEMfhte| enent ; and l'i nki ng

the new content el GHERL FAHIRIRAG (FORHPBSEH: HIemERE IS HEWindefhck R shSt ance

el enent .
means for linking the new instance element to an old instance element.

29.  An information handling system according to claim 17, further
comprising means for updating a content element in said data structure, said means for
10 updating comprising:
' means for changing a data item in the content element; and \
means for relinking the changed content element to an existing instance

element.

30. A method for managing data in a database, comprising the steps of:

15 creating a plurality of content elements, wherein each content element contains
a unique data item;
creating a plurality of type elements, wherein each type element stores type
data, and wherein each type element includes a unique type handle; and
creating a plurality of instance elements, wherein each instance element links

20 one content element and one type element.

31. A method according to claim 30, wherein each data item is uniquely

stored in only one content element

32. A method according to claim 30, further comprising the step of adding
a new data item to the database, said adding step comprising the steps of:
25 receiving the data item;
creating a new content element containing the data element;

creating a new instance element linked to the new content element; and
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-Mf (r7 tt 34. A met hod according to any of the:

f or egoi n‘é\/d:is?d 8¢ 28 through 33 further corrprl sing the step@rmbgg/oong
determ ning |f the data item al rﬁady exists in an existing content efenent

in the database; and “‘3 ing the new i nstance el enent to said
exi sting content mm\\“ A nmet hod according to any of the

foregoi ng cl ai m; augh 3%, further_zgorrprl sing the step of searching
the database to fi'nd a desired data item  wherein said searching step
further conprises whi ch
to search based Orl]fngﬁ\gst ggﬂénxgﬁbgn%ﬁ eelgmg taﬁﬁgﬁggg@rﬁte’%?é e%%%ll{?%rﬁwand
sear chi ng t hédnstange eletmencture for the desired content el enent. -36. A

met hod according to any of the foregoing clainms 28 through 3 5 further
conprising the step of updating a content elenent in said database, said

updating step comagi Si gyl dScedingito cla:m 2, ﬁ:@é@@&ﬂ:ﬂ%&:“?w cont ent

el enent; craeting a new I nsfrace e ment ; | i nking the new
content el enent t aetehminingif theiditaitem alféadmenists inadtontent elementiin khedatdblase; new
i nstance elenent to an old instance el enent. 37. A nmet hod according to

any ofsthe f 3@goi ng clains 28 through 36 further conprising the steps of
updating a cont enlyngingiidthew efiibdlelfbR8 38 exiddigcotiétileleifbap P furt her

conprising the steps anging a temin cont ent
el enent; and relinking the changed content elenent to an existing
| nstance el ement. 34. A method according to claim 30, further comprising the step of
searching the database to find a desired data item, wherein said searching comprises the
steps of’
10 selecting a mini-structure to search based on one or more bytes in the desired
data item; and

searching the mini-structure to find the desired content element.

35. A method according to claim 30, further comprising the step of updating
a content element in said database, said updating step comprising the steps of’
15 creating a new content element;
creating a new instance element;
linking the new content element to the new instance element; and

linking the new instance element to an old instance element.

36. A method according to claim 30, further comprising the steps of
20 updating a content element in said database, said updating step comprising the steps of:
changing a data item in the content element; and

relinking the changed content element to an existing instance element.
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