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[ 0001] This application clainms the benefit of priority of U S. Provisional

Pat ent Application Nunber 61/321,374, filed on ril 6, 2010, the entire
contents of which are i Heddpor HORAGHeANDOBREBR Eehee. BACKGROUND OF THE

| NVENTI ON [ 0002] The ipxsAbhI ON AOABABASEMODTHI LAGNGSACPr ocessi ng and, nore
particularly, to apparatus, systens and net hods for data storage and

retrieval . The inventi oPCHEMARNNOAHTOANBW QRKIEIARoN- i nmiting exanpl e,
in the creation, u%ﬁ?@qlémrﬁgmg{momﬁ%(géﬁgg h)?@ﬂEigal yti c dat abases.
ata wthin a framework

[ 0003] Dat abases store nown as a data nodel.
Current data nodels include the network nodel, hierarchical nodel, object

nodel - nt nodel and the rel ational
m)deIc%%%'gﬁ%@@f%gtgﬁﬁgﬁg{cﬁwi s by far the nost popul ar and

ubiquitous in its use. [0004] The rel ational nodel views data as rel ations
or tgbl@®g comhdiappligationklairmd the bensitaf@riootywfris.S. Baehidnal Pdtem giliodtas

i nformation out a particular _type of entity, such as enpl oyees and
deparYeb ] 3?61 £+ op oWl §: 20 kogmeéngf%qnﬁ@tﬁ HrghrR e dRCCapy ated Saksin by

i nst gperel the entity to which the table relates. Each colum in the table
is an attribute for the entity and contains a value in each row t hat
corresponds to an entity instance. The set of table and col unm definitions
i s kibWnKeRQUNDJAF AbESEN'BENEHAN [ 0005] The fol l owi ng are exanpl e tables for
Enpl oyees, Departnments and Regi ons. Table 1: Enpl oyees Tabl e Name Enpl oyee

Nu nbebe(% | ar ¥h§81%t§osnl p%?taﬁ\;% ttoe d%ﬁ@?&aﬁ%r%%es’é'ﬁ'{gr%%& more particularly, to apparatus,
systems and methods for data storage and retrieval. The invention has application, by way of non-

limiting example, in the creation, updating and access of operational and analytic databases.

[0003] Databases store data within a framework known as a data model. Current data models
include the network model, hierarchical model, object model, key-value model, graph model,
document model and the relational model amongst others. The relational model is by far the most

popular and ubiquitous in its use.

[0004] The relational model views data as relations or tables containing multiple rows and

columns. Each relation stores information about a particular type of entity, such as employees and
departments, with each row in a table storing information about one instance of the entity to which
the table relates. Each column in the table is an attribute for the entity and contains a value in each
row that corresponds to an entity instance. The set of table and column definitions is known as the

database schema.
[0005] The following are example tables for Employees, Departments and Regions.

Table 1: Employees Table

Name Employee Number |Salary |Commission Department
Rate Number

Simon Smith 10 10000 100

John Jones 20 20000 |10.00% 200

Bob Brown 30 30000 |15.00% 200




Sinmon Smith 10 10000 100 John Jones 20 20000 10.00% 200 Bob Brown 30 30000
15.00% 200 WO 2011/ 127158PCT/ US2011/ 031405 Tabl e 2: Departnents Tabl e Nane

Depar t rerwoNonerisRegi on Nunber Admi ni stration PCT/US2011/031405
Table 2: Departments Table
Name Department Number |[Region Number
Administration  [100 2000
Sales 200 1000
Support 300 3000
Table 3: Regions Table
Name Region Number
North 1000
East 2000
South 3000
West 4000

[0006] SQL is a language used with relational databases to both define database schemas and to
manipulate data stored within those schemas. The SQL statements to define the example tables

above might be as follows:

create table Employees

(Name varchar (64) not null,

EmployeeNumber number primary key,

Salary number (8,2) not null,

CommissionRate number (4,2),

DepartmentNumber number references Departments (DepartmentNumber));

create table Departments

(Name varchar (64) not null,

DepartmentNumber number primary key,

RegionNumber number references Regions (RegionNumber));

create table Regions
(Name varchar (64) not null,
RegionNumber number primary key);

[0007] Each employee has a name and a unique employee number that are used to identify
them; each employee has a salary and a commission plan and is employed by a single department.

Each of these attributes for an employee are stored in a separate column in the table.

[0008] Similarly, each department has a name and number and is located in one region; each

region has a name and number that identifies it.

[0009] Thus the "Smith" employee belongs to the "Administration" department which is in the
"East" region. This is discerned from the department and region numbers that are common across
the tables. These relationships are indicated by 'primary key' and 'foreign key' constraints in the

above SQL statements,

[0010] Relational tables are typically normalized to remove any duplication of data contained

within them. In the above example, it would be possible to rearrange the data into a single table
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100 2000 Sal es 200 1000 Support 300 3000 Table 3: Regions Tabl e Nane
Regi on Nunber North 1000 East 2000 South 3000 West 4000 [0006]SQL is a
| anguage weedivi2t158r el ati onal dat abases to both defi ne taraisasia/osabenas and

L0 Suchthata department’s information is duplicated against every employee that belongs to that

department. Such duplication is sub-optimal from both a storage size and update overhead
perspective because every item of department data has to be stored and updated in multiple
locations. The process of normalization moves groups of columns with duplicate data into a single

row into a separate table.

[0011] Relational databases support the concept of a table join whereby rows from separate
tables are joined together by a common column value such that all rows with a corresponding join
column are correlated together. In the example above, the employee table may be joined to the
department table by the department number column in both tables. Normalized data requires a join

at query time to reproduce de-normalized data.

[0012] Relational databases are often used in two distinct ways — as an operational or analytical
database. An operational (OLTP) database records and manages business process transactions. It
provides a detailed and reliable reference for business procedures. Each transaction in an
operational system is only likely to be interested in a handful of entity instances at any given time.
In contrast, an analytical (OLAP) database provides a broad analysis across a large body of data.
Conventionally, the data retained by an analytical system is less detailed than the operational

system to assist with the performance of analytical queries.

[0013] When considered in a relational database context, an operational transaction or query is
likely to touch a large proportion of columns across a very small proportion of rows; conversely, an
analytical query is likely to touch a small proportion of columns in a very large proportion of rows.
This has led to a trend in relational databases to organize operational databases in row orientation
(complete rows stored together) and to organize analytical databases in column orientation
(complete columns stored together). These approaches attempt to co-locate data in storage
according to anticipated access patterns so that retrieval requests from storage are kept to a

minimum.

[0014] Conventional operational and analytical databases are typically highly normalized and
highly de-normalized respectively. Operational databases are highly normalized to avoid the
overheads associated with the update of duplicated data; whereas analytical database are often de-
normalized to avoid the overhead of joins at query time. This difference in approach to
normalization creates a difference in the database schemas because different table definitions are

required.



mani pul ate data stored wthin those schemas. The SQ. statenents to define
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tabl ewith this process, indexes are layered on top of the flat table structure to enable fast navigation to
specific rows by column value. Indexes can take many forms and include mechanisms such as B-
Trees, hashing, bit maps and partitioning amongst others. However, regardless of the form of
indexing used, it is effectively performing part of the query processing work ahead of query time. In
effect, indexing moves the overhead of query processing to data update time. This may be
reasonable if the volume of query activity is much greater that update activity such as an analytical

system - but this is not the case in operational systems or even in analytical systems that require

constant updates.

[0017] Hence conventional operational and analytical databases are designed differently and
while a single relational database can support operational or analytical workloads efficiently it
typically cannot support both workloads at the same time within the same database instance. This
often leads to the use of multiple database instances to support common data sets with each
database designed differently to support different workloads. This creates complexity involving
integration and data transformation activities, latency in data availability and additional capital and

operational expenditure.

[0018] When considering the performance of a database architecture it is important to

understand the hardware context in which it operates.

[0019] Current computer architectures consist of CPU, memory and storage components which
operate at vastly different speeds. A contemporary CPU contains one or more CPU caches that have
a limited size but operate at near CPU clock speed; main memory is typically much larger but
operates at lower speeds because of the cost of fabrication of fast memory. Storage will typically
operate at several orders of magnitude slower speed because of the different technologies used.

Even flash storage typically operates at two orders of magnitude slower than main memory. The
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dat abases are designed differently and V\/ni%e a single relational database
can support operational or anal ytical rkl oads efficiently it typically
cannot support both workl oads at the sanme tinme within the sane dat abase
instance. This often leads to the use of nultiple database instances to
support common data sets with each database designed differently to support
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[ 0019] Current conputer architectures consist of CPU nenory and storage
conponents which operate at vastly different speeds. A contenporary CPU
cont ai ns woeoari2msse CPU caches that have a |limted sizeChaiS2apesabe at
near S . i1 .S | cal r - at
over Epbf e BORES JRloREHBN vty B honky WHAoL B VARE: O] sPRRIPLER
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of the different technol ogies used. Even flash storage typically operates
at twerders of magnitude slower than main memory. The WD

2011/ 127158PCT/ US2011/ 031405 speed of these conmponents can be expressed in
f et chohiRaueng Ksn WY &l ERESH R)%eﬁt*a%drsﬂatré‘ge%ac\l’{@ g1 aﬁ@&y@ bk %Bﬁﬁ'te@ BeLALLRRE can
be requested and fulfilled. The fetch frequency of a’“conponent is an

i nverses mbasuron-@hsdcugvanvesse feguaathy ago@3g0] As shown in FIG 1, data is
fetched fromstorage into nenory, then fetched fromnmenory into CPU cache.
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storage. The CPU nust then wait for the slower conponents to service the
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CPU | : ; ' ffect
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are radically different across conputer conponents, the rate at which data
can 16019 ansThese ddbramhioall dcrubeteseenratnggnsat & dasabaves of bothestahga dréantations.
Therefore, to mnimze the nunber and the affect of CPU stalls, conputer
conp s Wl bulk.fetch data that.is near the explicitly requested data
caar QOB A RBELST B ERESH f g6 PRvideSethiied PRRER ey S et FHISS fow ng
CPU Q@g@@ﬂ&g?gxgggmgvoid i mredi at el y subsequent fetch requests. [0023] The
bul k fetch strategy will only anortize a CPU stall if the unsolicited data
i s indeed rel evant and useful to subsequent CPU operations; if not, the CPU
wi || [Be3K or cAduitherebiacbohide inyeation ise iprovideefugh apparafus. syspp ped methofleached
tor .Gt . Bulk fetched data that is not useful can
be v?%gggﬁg%nggg%g%%o%k& ?g%ﬁ%%%'degrades per f ormance by engendering CPU
stalls. Cache pollution occurs both in the CPU cache and within main nenory
when [D0323] evanta it furthsr dtgéat o€ chefincamtisoh o ageovifl® OrA]apparate] Gseashead

pollution, it is necessary to align storage siructures with the storage
b ldr dusthofs s 530 BrUGEedRa s dngsp BAtKY Rod BAY ﬁe{e@%*einmeﬁf s BAY VTN o
the current access path. This is known as good spatial locality. [0025] Row
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oper ati onal workl oads where whole rows are being queried by ensuring the
r ows regteods| as gherpriLRP ahé Olddt ectiyityiindepeidgntly Hbaié\ﬂ@ta, moglalyschemd gnd/enl

wor Kl ooagl% %/nere only specific colums are required, this storage

ori entAt1°61 causes cache pol l uti on because irrelevant colums are al so
fetched into cache. [0026] Conversely, colum oriented rel ati onal databases
are desiqgnedyto stitfie@ecstgéd op tHelibtdndion igtoginaliyié sihlapparatok og€@mstaad e
specific colums are being queried bg ensuring the colums are WO
2011/MghadsgcaprIgroeh /a8 10y ih ingryed gffigencrandskfcdss di mensi on. However,
w th operational workloads where only specific rows are required, this
orientation causes cache pollution because irrelevant rows are also fetched
into cache. [0027] For both row and columm orientated storage, cache w ||

al ways be polluted by irrel evant



rows where non-consecutive rows are required by a query. [0028] Moreover,
the use of hierarchical block structures, such as a B-Tree index, to

navi gat e wo 20oM2788so pol | utes cache. Typically, only aPparuS2afi/oeseh bl ock
fetchﬁﬁ\l ARt eI W s of a hierarchy will be relevant to a query,
whi | e fé&rema(:ﬁﬁger 0 ]%Nhgﬁgllhock pollutes the cache. This is exacerbated by
navi gati ng down such hierarchies causing cache pollution at each step.

[ 0029D03dse Mhefaegingat agiony ¢Helxlil§8:tsa:lit€amedl]iyl the invets@d whichdabeidasesprofedoot h
storage orienfations. 030! An object of the in eniil on | s to, provide
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retrieval aspects as characterized in the attached clains. [0036]1ln one
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including a plurality o a tunnels for each ent type and a fixed

pl ur aindthat afcedset an¢ anmetesdatouneee hast tonidna e moonef @rd omraosfandhigivendat af
tunnel s conprise plurality of data cells. Each of the data cells contain
dataogg%g’lng?%@rw%fh a respective instance of an attribute for a respective
instance of an entity type. For one or nore of the data tunnels, the data
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to a boolean resul t |nd|cat|n9 either the likely possibility or the
¢
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aboveact &%ech% bB$8e of an attribute has one respective connective data cell in only one
respective connective data tunnel. For one or more of the connective data tunnels, the connective
data cells in each of which have data for which a respective equivalence operator evaluates to a
boolean result which indicates either the likely possibility or impossibility of a respective instance
of an attribute being equivalent for a given set of one or more operands. The system also includes a
storage engine that is in communications coupling with the storage media and that accesses one or
more connective data tunnels based on one or more of said equivalence operators and a given set of

one or more operands.

[0038] Related aspects of the invention provide a system, e.g., as described above, that includes
storage media including a plurality of connective data tunnels for each entity type and a fixed
plurality of connective data tunnels for each attribute, one or more of which connective data tunnels
comprise a plurality of connective data cells. Each of the connective data cells contain data
associated with a respective instance of an attribute for a respective instance of an entity type. For

one or more of the connective data tunnels, the connective data cells in each of which have data for
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storage nedia including a plurality of connective data tunnels for each
entity type and a fixed plurality of connective data tunnels for each
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pl ural . J i e P t l.s

o S P GONBERLEn N e 5] hBaRA0 B IE-EATORRY NS dufE,

I espéaikelyvmshibBitpocenpksibiiteot d teypdeyipeimndceatin debpechdiveeduisiianca 0f an
attribute has one respective connective data cell in only one respective
conneRXaE s o e PPTERS BAVTEe the My 0k EoRsRtEA ANy el Hanedd fike &Pt the
CO“.”%:{A Qe a3 6fL bSmbR (%%Piﬁdg’.f Tﬂ\é‘éﬁ&nf@ﬁ‘&nﬁﬂid% h QoG Bing iR RPRCL T Ve
equi val enice operator eval uates to a “bool ean resuft \Mr'n ch Tndicates either
t he |cokmhuniguoiess daupiihy wath thevprosige Imedia andahataces sgsent iov encraisdmacteveafatan
attribute bei equi val ent. f.Qr a given set of one or nore operands. The
oyt SHATSRESTR Getet TOe(oh s3if TWN GRS QARIAT WL AFIRT ST OREC CBRNThg
with the storage nedia and that accesses one or nore connective data

t unngbgzfasereRRdABFCRY of TRE Bivehtichhrdvige HisyabmNe e . aP@Isatifidabané iR whidhahe set
of one or nmore operands. [0038] Rel ated aspects of the invention provide a
syst eepnestige datasellj eetping a digghiofdhe teppactive gistidesolsthe paleutpraad teirppeeiteng a
Phur bl b8 aS QNS sV RoflRlford HARRLS 06 oSBAN I YoudRGe AR bt XE
plural ity of connective data tunnel's Tor each<attri €, one or nore of

whi chitteibieeat byappiging 4 Momab of teMukibze ofithp pliralty toy ce@inec@MN@el tuvigeld 8 drid
cells. Each of the connective data cells contain data associated with a

r espe@th ¢cofigt ance of an attribute for a respective instance of an entity
type. For one or nore of the connective data tunnels, the connective data
cel | 5004 _eacﬁel‘ﬁfed"éfellb&'ﬂ; SranEindehdon RbvidV Qs gQdnh/ el.g.? IORRETRSASRBTL/iRIMfdrnuhi ch
a respective equival ence operator ‘evaluates to bool ean resul't which

i ndi clgeesofgh¢ hespedtive instdoet pf theswiibiteiis the onlviemp desietyieciive/insthne itseEpewhi ve
instance of .an attribute bein ui val e for a given set of one or, nore
oper AR IRFSPE IR 11 Ty M BT GO AT Pa Ty PRIARE oF1 e
resulcerihilof dqeiv¥eiceset of one or nore operands. The systemal so includes a
storage engine that is in comunications coupling with the storage nedi a
and that accesses one or nore connective data tunnel s based on one or nore

of sdPeHldqui Reledeepasperfdboinvartprergyiden sggemot.sopedaweriprskdospdhainerudes
bbove o fEdla BRGNS huk Ry GFUERbMAE) AL LIRS (RPN e g iRCT! DO

I espgtiralig df eeindinaeveolath femnalkstfon dagh attdbgle tdie of @speof wiliehdannedidlyvengatsa
tunnel is chosen froma defined hash encqoding of the respective instance of
the RRIVPREMYE camdingfivappryelhy Erched thegostbinative datisels entaindagiagiogiatedy of
connegty . | i ts of the
verti by Rsp@iide IHORES S dCaahf: 7 R RRaR iftanc BRI R ASRREL S, Dt
of t hespeetsyeanitaince df asthttribete hhs ddverespectivdaimbingiviehiata/allue abfredphetiveespect i ve

i nstance.itself when t size of the respective instance is sufficient]
ol RO RiialRE gt At s P St Sae oty ol Pl She S g Egls
[ 004LLEebeyRidh ARREE:S tRTWHilIEa FANRBELE BBuRf QY b5teatdr &Aéﬁialeemto 8 bloleafes@i@scr i bed

above, that includes storage nmedia conprising a plurality of conbinative
dat a whiehheldgafes eitherdhe bketly pgsstbylpley caitlee ianpfoissbiditypdiue rebpacyivoinsttoabdivat | ve dat a
tunnel s, for each attribute, one_.or nore of which.data tunnels.conprise a

ot ur APy e TRGRRRIE o0 Y e 5o Rhs TP e on MidRa THE AR e a iR el
cont @hBind @R i AIaSORINAIREhvhS Eouplih@SRAAhE WBragB BicanCmdahataBebdsidnbk edi®r a
respective instance of an entity type and each respective instance of an

at t r icombanayze defp dunnelshased reoneqifmeraof vad baendicgpperatar #d a gizeped of gee or
conbinr;(%%ioﬁgrag&ta tunnels. For one or nore of the conbinative data tunnels,
the conbi hativée cells in each of which have data for which a respective
boundi ng operator evaluates to a bool ean result which indicates either the
| i kel[904)ssi Belatedyaspactd dfehd mpostsintprbity aefstanr egpecddsvebddmbbande wlichan
attribute being bounded for, a given set of. one or re qper.ands.. The system
al so e?ﬂ?:’lné%‘ée ‘gf Slepheayye %tﬁﬂ?“ﬁf‘egteﬁﬁliesﬁe 1} Hn%ﬁﬁhﬁ? %‘gf ‘i‘sd'hség%f}&%%i‘ﬁ’éh%}ﬁs? t he
st or 394 fixed ke@ii;@ﬁ&ﬁn& Rath REARSRER dARGURHIITRTE&pEANTRILH Bhit vedah sﬁg%{f*ﬁ@inﬁ, fpsed
on one or nore of said boundi ng operator ang a given set of one or nore
oper antbinafi®d42h Relnatsede asprady sxdiisivhim liespeshefi the spd signtleand, siybalem e. g., as
descri bed above, .in ich each .instance .of. a.respective attribute is

expr SEBERe i i SoERet BE P A BF SHtrieBaRER T h 1 espect Lo a 1 xed
radi x point, each conbinative data turgnel S is respective to part of the
said significand, all conbinative data tunnels are nutually exclusive in
respect of the said signficand, and all conbinative data tunnels encl ose

t he whol e of the said signficand. WO 2011/127158PCT/ US2011/ 031405
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[ 0046] Rel at ed aspects of the invention provide a system e.g., as described
above, in which a characteristic tunnel is chosen to be respective of a
property W9 2hagi27Bs8codi ng the property identity and applgirns2@imedod o of
t he ro r.al i teristi a.tu - Ld - ]
encogﬁdr%ﬁ [Ogﬁgkeae%%&e%oﬁfsl%%g st?ogleSar {) %E ﬁ%%%%%i %%" g?%éﬁ?‘a'!ée%aaso§§§tlg%ﬁllcé‘ . taf.:,
descrfutieg impavemehifontticava@athasocb@indiilgl dpetatsiitRiing $heCleas adretOofBaid
respective of a property hy assigning a strictly nonotonically increasing
or di FaMbinatixg fnglsiof sad a%%@? ofsqidiaietace yyHes- BB the siePhaliangesing epeh
nurh 0l . it PR .

Poss ey R Ay B e Rl B i it By S o e e, e
i s tHxedralinabinofind ¢renpiriopeine signifitarsl titseof mespectivenbonodang bpagsdsgnddscanding i s

t he nunber of characteristic. tynnels. [0Q: e| at ed aspects of the

| nveriSrerproRtacodn bt B Siehfeara B g bt RS we o and kg al
char ag¢fofEdfinof bityd 398 et fnin AR JRudeTHaaRENeéat Ao PcRIIePRkIMpPY¥T ARGHhYNI NT
a strictly nonotonically increasing ordinal to each uni que property

i dentthe gonhljnativeedatactypedd of (evest sighibloarse gl capplisdsmgstact yalhgl of the sighdicawrber

of plurality characteristic dat.a tunnel.s aid ordinal. .Th 0ssessi ve
oper & SRR RARERE! 4 pb Bl LPBRE|iFe da e SuALOGemy R RETHERT, o

or di natessihg ithesapr @p@htiyant WhiaSuddefifR KL tBEHoRMin S dGR @Gh ety reffeetive of
respective attribute and T is the nunber of characteristic tunnels.

[ 0049PRatt5PEY. axbiasresting ail pembingiava dashcdls9f stid datesppardatatugnel aad dgesingi bed
abov i . i i Si.- . i & i V-

dat iRl HEERBLRL PR TRAACATREDALER By PlilhBide GheiBt yEGE S

t unnebmbiekipe dse call P not afjud yo ik seidldeetininaat diai aaloel Oaly doadlinaiok|deatdelle dat a

tunnel contains data associated with a r fspecti ve instance of an enti %y
t ype 'SRECEEH ety IRt palgseisd ghtapessibleseleyancs: i pabinaliys Jefadt gl ethd a
resp j i i i i ; ntity
e e S R L S A S A ST
as onespeétivedmnity inytanees as theengpatt]vedmumdmgtopentaand pacéspyctive@ps@hdRel at ed
aspects of the invention provide a system e.g., as described above, in

whi ¢ ol l gctjve data || characterised as one of identit ri.ses of
n soqt@ific Rl PRt o G e ThET BeR ATy TR CR et bR dibs JRTRRSER
equi sedrenchedh cbEpding X pflﬁ’ﬁlit% b€ chesREaE Ic\Htal tisied oR etdh dnlli®y DS RECH Fixed
attribute can be determ ned by conparison of said bits in |ike sequence

or derPluppo 3t chespefeddicalie@naelpfortepeh athibaie. oan opmed ofevhicls gharagisristicgata as
descrthr?n%gs (.[%%9\{‘1%6 a!p'i]ur s le'dgta%ghg.e]ge{clh\{)? tlgaéh%r %?el 'lstig a4 %gﬁse In?a%gaﬁ% one of
measur enent’ Conprises of 4 sign 'bit, a pei uraa\ltny of significand bits and a
pl ur akidciataf wikk posspadtiveiiisarre oh alt b@tiburefdral mipeciife astaaspEChicvidty thpd ance of
the WD 2011/127158PCT/ US2011/ 031405 respective attribute being bounded by
a rarfgeh CapechiEe HtaarnPhERtBibutcoins #hf sRedivechuastedpiccdatay eellsin gH respegtiyer i cand
and . bi 5 t . i ' ) de. a tem
g, AL S S, B e bR RRE chp iR &Y BRI L B U 2
one ctllemurrel af wbithhangpdits s vdficlaa pdspeadve tppssefsivr qpeatdi @aluaeste b boelaah
property is conprised of a. uence of bjts such.that certainty of
PoasEutioHih TakgH<S suby by R oTUS Bt e THRSE B Ot o CYE4EBET 6

at t 1 i Hbee GR%ebEn AL hRIPEHP &Sl DYivéh £PBP&Hd §oRlopsdhdk. brHeSyk@m! difFinsRasence
order for one or nore respective properties. [8053] Rel at éd aspects of the

i nventdrege qugowithig iainsspstramicatiogs couingd ety thh e@ragoanaslia amd thif achessercdnedut a
tunnel is.individually enc ted during wite access to storage and

| ndi VrEsTR iRty PBY PR gC SRR HS SR Ag aPerr g Ak Relval &gl of
aspehs oPokdepdringgnt i on provide a system e.g., as described above, in

whi ch each data cell is individually encrypted during wite access to

stor aﬁe and individually decrypted during read access from storage.

[ 0053P8EN] at eBelakaepeststt the @ VERNRIRIPYHIAC BEBVEHeS- & 3y daseiifedabgve. indvhidscr i bed

aboven. hathtk& i data tunnel is respective of one or more properties and a characteristic data cell

as

contains a boolean indication of possession of a respective property by the respective instance of

the attribute.



specific set of one or nore tunnels are accessed for each of the said
operators and their respective operands, that conprise a query.

[ 0056] Relwbedlizrepsst s of the invention provide a systempCe/Us2911as14descri bed
abo"%?oieg ""h‘]k&*a e%@ %Es Jﬂﬂf‘m@ on' gt Q{?ﬁéﬁ sHtém d&geﬁéﬂch&% §0§’%Hwh¥cha£‘d

si mul'taneous fie eva ion lof ' each’ sai erators an

res pe:hhﬂamerlﬁtpﬁﬂhﬁm Ss {HREY joRel railﬁdtlﬁéscﬁf@cﬁlﬁpﬁfy E)hﬁash RV hOthe PEEperEiedetity
system as described abov n whi ch each operator_ eval uation

i ncl @aé §PI%11Y’6’6@| agdplp ﬁ&lthééltupﬁ?ﬁf %ﬁ‘PIB@P%‘i’frﬁhﬁraﬁFeﬂé%%%tﬁ HinRely to sid Badn

respegtidge i nstance deemed |ikely possible. [0058] Rel ated aspects of the

i nvention provide a system e.g., as described above, in which operator

eval uati ons are conbi ned conjunctively for a conmon respective entity type
such [O&v&A] s oRelamdca@pdcai of thegpyeatianveoede iatsystq':rnset ancedespmlyedrdodé.se ahddd f r om
opera or ev uat| 0059] Rel at ed ects t he inve rovid

oyet ehifaglfic Gihd It bt tetuneiis Supnoheretbet et tateB aPr SRR o an

oper ah&@kas@Adrtmdhi @Qa@l@ﬁmﬁﬁ@ po P&tﬁﬂﬁén&@%ﬁtaﬁplfﬁdg Dol R el Mighbeh 6f
respective collective data ce for the respéctive instance of an attribute

deemadurahiyehpacieristigalaotmngls 1 seeoHings2Gha poseu0s Jpoeed]cRe bacathiagpect s of
the i SCS§1619 {t @gg\fg <eP 2y y\?lﬁ]e? uIIT(thg ordifial oc%%?e IJOE%Q %Jfﬁ)vt%etnL 11#11111 pdlﬁﬁt a

tunn@ S are re accesse romsto eval uation of

each aSs’vlglﬂadeﬁl'IaisQlﬁéSmaﬂlﬁbrtohehztrad‘ta‘&@ﬁ(lﬁmnéﬁ.Oper ands. [0061] Rel at ed aspects of
the invention provide a system e.g., as described above, in which distinct
attributes may be correl ated by the equival ence of their respective

i nst dHMEY by ReBisgaspestrPiche tnweliltronrlge B iVECHat &> 2ef9ssribsd 208V F-d8 i g
dat a chyﬂaa%halc w82 &rlat @)doe%mﬁﬁgﬁ% &fa Ilsreg?wms%a eggar %&ytgﬁmanaxﬁkﬁm

e.g., as described above, in ch di st attri be correldted by
t he equaasaimdmabﬁo etahleumqueplpecltty uknhtrysfoathce&pbgm@mqmbmemd applytnigei r

respe nnectiv s . i.n.corr onnectjve data tunnel s.
ORI SoERC AR S Pt RSP Cat RRORRG Ma SRR he Bos BB ettt bed
above), chaforehh 68 c@tddh Uf ﬁés‘sés‘élo‘ﬁflf (Mt a)tumnelrs,hd Pﬁ@ﬁulé%@cﬂlhéﬂ%f dﬁ@béﬁﬁ Mel ate
to |nstances of entities of arbitrary structure. [0064] Rel ated aspects of

t he ilhthempaxomuimraydingleassigagdfos the respectivaattrdanacaidob o thhovmber af chyiaetaristic
pIur%I|%¥ of connective data tunnels and respective operators relate to

i nst ances of entities of arbitrary structure. [0065] Rel ated aspects of the
i nvention provide a system e.g., as described above, in which a plurality
of cqotdNati Reladﬂtaapdctwf&h6ln&6ﬂidhq&beid‘é hyestapes.at oy descigbat ot @ thatsiandss of

entities of arbitrary structu
storage media comprising a plurahty of collective data tunnels for each entity type, one or more of
which collective data tunnels comprise a plurality of collective data cells. Each collective data
tunnel contains data associated with a respective instance of an entity type and each of the
collective data cells contain data associated with a respective instance of an attribute for a

respective instance of an entity type. Each of the collective data cells contain data which is

characterised as one of identity, measurement, enumeration or opacity.

[0050] Related aspects of the invention provide a system, e.g., as described above, in which a
collective data cell characterised as one of identity comprises of a sequence of bits that denote the
identity such that certainty of equivalence of identity for the respective instance of the respective

attribute can be determined by comparison of said bits in like sequence order.

[0051] Related aspects of the invention provide a system, e.g., as described above, in which a
collective data cell characterised as one of measurement comprises of a sign bit, a plurality of

significand bits and a plurality of exponent bits such that certainty of a respective instance of the
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[ 0066] Rel at ed aspects of the invention provide a system e.g., as described
above, in which a plurality of characteristic data tunnels and respective
oper at or swpebate7ts® i nstances of entities of arbitrary SCTUSRn®31405

[ 0067 e f i i i . cri bed
abov é%s%f%%\tw\fha?%%ﬁ%%%ﬁlfﬁ%uﬁ%&%# Q}éagl@% C?ﬁ%ﬁéﬁgﬁ%ﬁﬁ}g@ﬁeﬁﬁsﬁ Og%“é? rrgsﬁjgr géer el ate
t o i nadnarigeSicaid afl epbhdnt bitype wherein distinct instances of said entity
type differ in structure. [0068] Rel ated aspects of the invention provide a
syst . 0., as described above, in which a plurality of connective data
tunnif)@ﬁind Relalsd@spsrts shs HrBREOTRIP _%atS?SSt?rHs?-&-_nE%#SS?beQrP%Qﬁ?’ilfl;Wllﬂ

wher e edive idh Akl IcAShARE S Rfons BF ShipiMrhdioh é@ﬁﬂ;ﬁis@é b £ lutdlitP bt BHEpiHis ,

[ 0069] Rel at ed aspects of the invention provide a system ‘e.d., as described
abov eyhergin whdhcroperpl ig camiptiyedodf acegininaa vl bigs diah shat gentrehty oA pdssessspedtd ve
operators, relate to instances.of an entity.type rein distinct instances
of saItPE e fype b Alncr R B vtoete at%&f@&%ﬁt?%@e@r OSSP S A05

[ 007Qhigedi@tie dk@sh@ehde RderttBEorndBrendrt @& pBE BN filspeticySt em €. g., as described
above, in which a plurality of characteristic data tunnels and respective
operators relate to instances of an entity type wherein distinct instances
of sdP@PHnt i Rylategdmapests gfdhe jnyertiqn prpvide a sy oom19-Rehadesaribesabere ipmwhidhe

i nvent] Lde.a. 1, B i ' ' S
conar 2P B REERS 1R EHEHG EnRii e RERELLEE P al i Eny LA Bl

r espelitiny ecadtactdsb o whageby di stinct instances of said attribute may
differ in domain or encoding. [0072] Rel at ed aspects of the invention

provi system, e.qg., descri bed gbove, in which connective data cells
consi@&_@f dRFaedfaRestrifd ?mdﬁr_ltmeprawﬂs?mﬁa’ tBre BB TOPYS TP ich

r espeGLH ¥fa 8dil {slibul RuMMeERRYptEl &l riteNRE ARG SoRke 8Ad FhdlidddIRWeeryPRY
differ in domain or encoding. [0073] Rel ated aspect's of the invention

pr oviddeing repdsicedsy fionystorags descri bed above, in which conbinative data cells
consi st of data independent of the domain and the encoding for the

resp ipMe abtrjhu by distinct..nstances of_ sali tLribute.r

ai 11 20013l soRblrA bR A Bl AP ket TR ACE S e B kbl Oh e

pr ovisgecific SatoF 6fid ol€mfre, tudFel J86 atdoed fabai¢ch of tHe st sferahdnad tedi isipectictat a
cells consist of data independent of the domain and the encoding for the

r espEPETRNEs. Mt CPHREIE WS eby di stinct instances of said attribute may
differ in domain or encoding. [0075] Rel ated aspects of the invention
Proviggsq} SYRLR &ts ofdfe FESRIINA5HVIAPA4GsterhNe YNALHSERGdf 4664 EEGhH which
irrpro[ver?gnt gor[ggiag%ersn? ngeglr om a"blﬁa?agasgsesche% t he 5per ators and ¢

r espexmore dgatanelsmnehsetshd independappy nodhinalthiecasly dsipibe evaleatatntaficbelt eid

i ncl udes thgﬁﬁ&ﬁps of discerning an applicability of an equival ence

oper HPERLG? Sl A PEHLi BBt rai nts for said attribute such that data
for instances of said attribute are stored in connective data cells within
conngghire dreémteduRpRtSof RS RREHEIMEPre¥ids alstkterh! & b DI @esaiibbddibs ¢ A which he
applicability of a bounding operator fromthe nunerical or tinme domain or
ar i t oAt PRerdfoneNaagion staludenndoplsan gulicatian of ¢HIHKy SuBRCcertalty Bacactf or

i nst %Qs‘;)%?tix%fi ss@jlcg c%&lnlél ggérlggggesé 1§.t ored in conbinative data cells within

conmbi natrve data tunne I've of said attribute. The inprovenent also
i ncludes the steps of discerning the applicability of a possessive operator
f r om[00&8] c haRalatedrasptefedfthoin vemiviepratide a sgaem] :1g.c anddscdbdat ot @rin Swhich
attribute such that data for instances of said attribute are stored in

char SPFBFrEYRIBARRSATTEIMANGH ¢ HCEREY 42t 2RTPR FHREAVE GRS XPT BEPEY i ve of
sai d BiyehinbiHaen ?c@gec@'i'vé E%t?'iﬁk@aﬂc@@m'a 8PRlstaabd tbiopRfarsadnagssat ors from
the object or binary domain or external reference for said attribute such
that data for instances of said attribute are not stored in any connective,
conbilf@i9]lve Berlatcdaspastserfithe ingertatnaprovidnelssstemspecti dasciobedsabode.an whiidhut e.

subsequent materialisation of an operator evaluation can resolve any uncertainty by inspecting the

respective collective data cell for the respective instance of an attribute deemed uncertain.
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[ 0076] Rel at ed aspects of the invention provide a system e.g., as described
above, in which the further inprovenent for discerning froma relationa
dat abase wohenw2ti5¢ operators and respective 13 WO PCT/US2011/031405

resplttle alt PRI R oRud SRREL TR e B & ARCMbGERF iilicn |, o

an egqutavahsicare opel atased ndullpfronestorageyediadorf the evguationyof eastsdaidbpersofsor
said attribute such that data for instances of said attribute are stored in
conndBtithedr [§eRS¥EPRGERSt hi n connective data tunnels respective of said
attribute and discerning the applicability of a bounding operator fromthe
NUMBITHGAl Or REiafd a%&?é dF tRE in%ﬁticﬁﬂﬁ%biﬁe ﬁ@?&&n?@.@.? hJ @sBliBed Hoveah dnatf ri bute
such that data for 1nstances of said attribute are stored in comnbinative
dat a destinksatiybukss maydredonetatedeb ydtdhit aquivalnedesoftegprespdctiee ofstanadsch yatonpapiadre.

The i nprovenent. al so Hpcludes thﬁrstqu of discerning the applicability of
a pod HEdi GRS TN 4D LS SPEFRORNAE §RA &P ¥ mai n or enumeration check
constraints for said attribute such that data for instances of said
attrifpgd arRelte@rgpbctybfaheindeh@in fiblide dayae@ed. b sayddsbiibedadbar@Gh Qhiat i ¢
data tunnels respective of said attribute and discerning the .

i napplist@ghatiribuies gpayshe) @risheaddohs eawigptenteof|theigespistise iNSHE S by GMRakiset nal
ref erenee. kQlec8& hidbldveRitS eﬁls'?Ihcérl‘.@n%oxgﬁl%fcgngéctix@%a@antﬁﬁﬁelé?f said attribute
are not stored In any conneéilve, conbi native or characteri'stic data
tunnel s respective of said attribute. [0077] Rel ated aspects of the

i nvent0a®) pr Belatd aapesyssifahe ingetign @evide s syittrade. b avdesciibedwbioed) it kndridhur t her
inproYe nt for acc ssing data tunnels for the uerse.of ga erialising a
quer P Hadty of datdpapebandESREPRORSTatPIs relaie rlp?‘f@‘PCteF@ giiey o %ﬁ?i’t%%‘i on to
produggedredi Sj unctive normal form expression of operators and their
respective operands and renovi ng each operator and respective operands from
each conjunctive termof said disjunctive normal form expression where the
out cdfRodf sBrldtedpepestsorf thainvagfidngrione arigston, qrps as dashidbedpberatiomdiidhma t he
sane %1%'21% Co?%HI{]e%Ei{fé/ tg &l ls-la-qu f':snpcrtgf\é%ngrnkorg }6%28 ionffllstléllg(%% 0 Q tit%ets S of .
rennJ?ng dacl conjunc%lve F&MT {°6m said |Sjunc?|ve normal “form expression
wher erlsighe) s€@BjudICt i ve term contains an operator and respective operands
that is deened to be always fal se; evaluating each operator of said

di sjunctive normal form expression where said operator is respective of a
si ngllB0@M¢ i t Pelplpraspestynidbiyeriigyayide @ sydemyvait asgscighedshoyeyn whdghices
for  eagligrdofBRfOlinh RIRERAENbYcARbpslafBil IARE Ryl Qlof ERGHL 3!
operator, “for storage 1 n conputer nory; reducing sald rel evant sets of

ent i taybiiragtstmcmse.where sai d sets are respective of a conmon entity type
such that nenbers of said sets not respective to every said set for said
entit e dj,scarded to oduce.a conmon set of entity.i ances for said
ent | 100®)pe REGBHaRErsty o PSSP B sty e BahtrbETRTT Ve R € y
type phitaB§OT cEAAEERAGRIH d4ea bRk Bld Rapcdiide Spdreld ¥RtOIIARINEObMntHRE ot Or age
in conmputer nenory; and correlating said common sets of entity instances
for gahiadriuere.ypes paired by binding operators in a sequence to produce
a correlated set of entity instances for each respective entity type

i nde nt | i f : 1.d. conj A

St or 400 el Sha SREREhdor B BEE LAk E B0 MRERBAEREETh ot

ac cegturnlityddidatattumiety sndrregieetitd oferdtorsedate ts aisthneey sfehaned typé whéreant i ty

i nstances to produce a set of query result instances independently and
separdéftﬂélptymﬁta?ceéag priel gRtiy dyRe Aitenyy soggtiye 27158PCT/ US2011/ 031405 entity type
i ndependently and si nmul taneously for each said conjunctive term for

st or 3066d]"N CRERKUAEPITRIB N inVBAI NG oAUE h Yy d&R UL b hN&LBIERBbBSe MR Whidther e
query result instances conflict with the respective conjunctive term

i ndepdurdiatytdf pommradtivé dath tunels asd yespentiveapbratoas thlato b wslenges of e ety frypre
storage i.n c uter menpry; d nergi.ng said sets of query result instances
for é%gﬂﬂggpgggdﬂﬁﬂﬁﬁ§gﬁ%gqg$ﬂ¥gﬁfﬁ§¢ﬂgPS&E%B@Ctive guery result instances
fromeach said set are conbined into a single set of query result

i nst 30068, f RElaRURKFEE dMhEMVPRHEN prowid® b ¥y stéd0d 8] Redatebbdabpestis wilichthe

i nvention provide a system e.g., as described above, in which the further

i mpr cVEABtyof combEgtyeflait fHeks ANd reprsHYS cpeRIOrbFelAREq Ingtapees AAR BRURKILYRS n

sal d G RS LEI bRLi BRI WRCRA:h spigAkel ng @ correlated set of
entity 1 nstances 1 ncludes the steéps of corre ating pairs of comon sets of
entity instances across a nutually respective bind operator in a defined
visit sequence of bind operators, for Storage in nmenory and updating the
cardinality of entity instances in respective correlated sets of entity
instances in reverse order of said visit sequence, for storage in nenory.
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storage wite operations for said data heap only occur at prefined regul ar
intervals, such that transactions commtting their state cannot conplete
sai d conmwoO 20mnti2F158he next storage wite operation for ?Eirfllsdmmheap has
succ 1y Nl

yst dog o], Y REQISEHER: ot PRSI ERIEIRGEL, Oh ML MENORE AL, o
|ogiqﬁmhywdﬂbﬁmadehyuaﬂmemdhﬂgammmxmxawsbpﬁmcﬁIéh&nbeﬁ@aﬁksuEm1aﬁﬁﬁQ@e
Sai d i nversion appears identical to.the respective instance in al

r espedtTS/e dBHRFHBIRFES OLHIbPRHHEY xRS diiter 1B P eri stic data tunnels and a
single inversion data tunnel for each entity type contains a plurality of
dat a (66717S WRERRUNs c@saéff%h&f%'vl:nt gt%%ﬁe any EUEL, §' NIQEriBed BBPEGH WhEch
|nstance of said entity type. 084 Related aspects of the invention

pr ovidde @lls yetsestrof datg mdea@lddetsmfrthebétatnab@ué the emcoding hordhpempective egbute dat a
tunnel.s and,.dat a. heaps accyr n chropgl ogi cal .order, .read access to data
t unnenEr it ReinERnS SSEndrb e PabaRle BbBil arEAthEr der . and r oad
access resolves entity instance inversion by accunul ating i nver si ons and
di scqoOntilng Relafe@SBEURE sTdheitiveiition f161idBa8Fstén, &.0eXs @dseribdicddné,eh Qthich

[ 0085] Rel at ed aspects of the invention provide a system e. as descri bed
aboveonpgstiym ety callygonsiat oftdatapindensadent of shegtompin prechide eagndi ﬁgoa theygsrectieg e
grou pective

ant 1 bl R BB E R AR SRTTRE EHBRASHE SR filoBlayd Aol BRECCL (Ut em
e.g., as described above, in which a plurality of the ceIIs of at |east one
sai d [0Qifjel BRelategraspapecofithe fnlvamtﬁm p:rasidel aepstemmrgnas:dtmcﬁ]metdearbbse iicsvhidh t he

respective entlty nst ance t cells acros | tunnels respect

conméATPINgRe g ‘foéléls“ﬁ g@? 3@3 gé‘}‘?e‘koﬁ%al%fmd[ﬁéep % 5H%r ovi de a
SYSt §lpe&i attrr%ﬁte%%éﬁﬁﬁgﬂ&pﬁl\éﬁancéshﬁtsal'd%ﬁg@%% databarenm 06t &fe‘:o@hlﬂgt i's
coupled to the storage 'engine and that manages a retention of cells I'n the

storage media with respect to the age of the data retai ned. [0088] Rel ated
aspedPd74df t Relatedaspractsod the Wﬁm@naprgylﬁt: érﬁyst@mgeg asdageslead; dbewle.abaxhech t hat

! ARl AR SRR U A e SRHPLERS Bt Pl Bl REaAIpPGond, hat

elim nat rarres I’OI'TI rea acces ri ng a quer res atine

t hr e sbpleéti @i ®s&achateByhdibtifa ind taAberof . sald\AQnB&kkﬁMﬂféﬁﬁqﬂnuﬁz GrlédcaaithS
[0089] Rel at ed aspects of the invention provide a system e.g., as described

above, in which said common characteristic is volune of respective entity

i nst 4R¢EY. [ BolotsrRapestserf tAs PaERtONIIOYIHE 2iShY et §-Bnapiaseiibrd aboxs,dp ahichdhe |
as d%ﬁﬁﬁér%gr@@&\égu fohﬁﬂ&erhﬁ'l e s dRtafak 3PRS% tgagggft@to&m{d ﬂeipeeewaﬁg to the

st orage engine an at man ges a retention I's In storage nedi a
wi t h mespabit aroapiicabetamesspéctivhattdbbta imabdeis mlmisteﬂs(}ﬁ@ils}:&ahrgtaelchpahqméxﬂnts of
the i ventlo rovi de stem g., .as descrj bed above, .in whi.ch a

ol ur & A1 GauFalghseoPeE g rh laknsbip tohs T fRrpc bR ey A e

r espegdthness Of sadd Rl Ak %eopdd 1fnrc%H§e%t1§é ﬁa@%@l@@w{tﬁh%nﬂﬁchbé Ratd tSindgl € | ogi cal
storage systemfile of a plurality of |ogical storage systemfiles.

[ 0092¢Reftateed saidpeicibsteand diteeinimgethe rpmlicebibivy efen kousylmgerperagorgrom g descri bed

abovei\l’un{eplg‘gl or tl(r:rlleutgomaln or arithmetic domain constraints for said attribute such that data for

instances of said attribute are stored in combinative data cells within combinative data tunnels
respective of said attribute. The improvement also includes the steps of discerning the applicability
of a possessive operator from the character domain or enumeration domain constraints for said
attribute such that data for instances of said attribute are stored in characteristic data cells within
characteristic data tunnels respective of said attribute and discerning the inapplicability of said
operators from the object or binary domain or external reference for said attribute such that data for
instances of said attribute are not stored in any connective, combinative or characteristic data

tunnels respective of said attribute.

[0076] Related aspects of the invention provide a system, e.g., as described above, in which the
further improvement for discerning from a relational database schema the operators and respective
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a database engine that is coupled to the storage engine and that nanages a
retention of cells in the storage nedia. [0093] Rel at ed aspects of the
i nventi orwprouvidelsa system e.g., as described above, i RCRAISCH 1A3B0FMDN

char %Iaet{l e% {hgpargfap}gfcﬁgf%cig a\fgsgfg/gtwe att\fxi'bhgéI 1Hclg‘d61% e & .sté/f (ﬂgcegnrix?%%s s

nalntalne across a uralrt rane |1 ntervals and across a urality of

f r amepphdadilitglbof sn a@ﬁvm&ee)byraa)rmidm ptimbiy lefy dht o naed corspaat forsaidat a
cells may be elimnated fromconsjderation by a respective operator and its

oper afg8utespgolprdataias dnsiserelssakt attripaty Hg é‘i‘?ffiddﬁ Cﬁmaﬁﬁla%d%ta §91§% ‘é‘ﬁlilme g., as
desc rc'ogﬁé%tl@p ax& tuﬂn@ls"f@éfp@@tl@e &t ! SH{daEltt!I‘lthteodtéld l?i'lstcel%ﬁfﬁjtﬁg 9?@10991%{% 1ﬁ1| ding
ata ce ur a

respective 1 nstances of attributes for C Inaw® Ity ~of
fr arrm};)erasarrfmrmtml mettriagrassnadqghain al atithnmefic thavkeonsttagnty &drsammdtridoreossh a
pl ur Q ame interval. sizes whereb lurality of frames and
P eap e Tosins i SO b A Ha duc P DA Ot el IGH BYmBins B | ve
equi (GhRNCRsRBETAS QaiPidibuteS T}féelﬁ@mmehpﬁ%ineﬁfd% & S%Q%Pﬁﬁc&ﬁmg e

invention provide a system e.g., as described above, whi ch bounds
commuppliebdity of & ppssetsivecopiersgerdnae sheothagacter dbuntamsorfegumdmuan ckddksonptraith a

pluralit o .frane I S maintai ned ! s.a pluralit tery Is and
P erodut st R TR iR AR ALASCt 3P SRR S Bolts iyt idinphdefiRge BhEkY

and n@apgehdr¥@eiiticAatabhseldRYpd2avebf didat@htd iNAiSRRshg ﬁfe&ﬁ%@ﬂcﬂ){h@ of
respective bounding operator and its operands. [0096] Rel ated aspects of the

i nverstidoerstqsy fige Be darae abjectalognain gisexiraalrpisence buvaid attibytsi seph habgatn feres
Com“}{?st%n%eéﬂ{g %aﬁfﬁaﬁ)(ﬁ% 4E an§B£89§§ éon%E&Ne ?&&&Pﬁtf\fe o‘%§hgra8t%}1 ti c}%& hin a
y O ranes I's nmaln

pl ura ned ss a plu rane 1 ntervals and
acrOSSmﬁﬂ$&q&ﬁﬁbdgﬁmﬂimﬁﬂmﬁxinterval S|zes whereby a plurality of franes
and respective data cells may be elimnated from consideration by a

resp ep essive 0 ator and its operands
2011/ %%58 P%ﬁ’ﬂlﬂéé‘é&%%%fﬁ%@[i@mr%ﬁaﬁééﬂSt%}Epf‘e%*e §S\/@5C‘Eﬂi‘ﬁ§1 PRYeR MY de

a SYShRRer ifiptvenRft (4€ §%eb§1?§dﬁ§ AMRels f6 WRbE o B HE@liAlsnof gl thsdRt @
segnents are grouped in franmes based on commn characteristics of their

r espeantlides tenstepsyofirersacaoromsthe [OO9 8k Rebatret mepwetagligfindtive norm@ddoinon pr ovi de
a syste descr.i bed above, in which sai.d co n _characteristic is
Ci e CHERPGN OF SRSGBD RIS (ISH TRBERY SORF AN TR P B ool T EBEURE o, g
as depefahfeHomlaVviecorjiindtilvt edtmSeH sdidCdRs IRt ve MaFa& ek 84 prEssich WidreliR Of
respective entlty i nstances. [0100] Rel at ed aspects of the invention provide

a sysuemeofgaid opsragde inplied byswger maig pthehepasfess ia thet aaﬂ@gseldewgmétwqw at
appe Qgén dﬁgealtnﬁ)?é)veznetn? alag ?&%&feg e sge?ts %ff‘n E#n&v%%%egcﬂ ogﬁlﬁét%%lctgr?n ?r]pm &iP ective

entities con

[ 010 MifRelctitve dods eains extfredsivd wiere sdid Odihjﬂlli@i\ﬁb dﬁnﬁc@yﬁﬁm oprgor, analsesjﬁsmd bed
above, that includes a storage engine and that appends data cells to

r espOPETREs Batis deemerbloderabyaysfalsarryaliagpg F@élp)@eﬁf%) apdidiyeetivgarEned in

dat a (S6Q0BNL Sidn\Ph tofti ?@c&‘@é&oﬁ d ?H@ eflit "flglﬁe L “r‘é‘d&@%@ d%JerQE
beconmes ¢ ete. eﬁ%%%g] F{éﬁate ects o ﬁe | ti provi a system

e. g. ,relasand e«stcjf iebeéty iabances fdrlzath sam‘,bpmlasr independently and 51multaneously for each
said operator, for storage in computer memory; reducing said relevant sets of entity instances where
said sets are respective of a common entity type such that members of said sets not respective to
every said set for said entity are discarded to produce a common set of entity instances for said
entity type independently and simultaneously for each respective entity type in each conjunctive
term of said disjunctive normal form, for storage in computer memory; and correlating said
common sets of entity instances for said entity types paired by binding operators in a sequence to
produce a correlated set of entity instances for each respective entity type independently and
simultaneously for each said conjunctive term, for storage in computer memory. The improvement
also includes the steps of accessing data tunnels respective to each said correlated set of entity

instances to produce a set of query result instances independently and separately for each respective
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a storage engine and that appends data cells to respective data tunnels for
i nstances of respective entities contained in data segnents that conprise a
pl ural it ywof2otionpiset e franes, as and when said pIuralitycmﬂﬁmommmmmbecone

COW'eﬁE@ Jyégﬂrﬂglléﬁ%ﬂ :Iﬂlcaﬁs%ﬁﬁ&?éo sfl;(% {;}Pé’a‘?@%%ﬁﬂm@"vg\(érﬁlef seofReey € 9., as

descri a conplete I ni respective |ty types
and reefpeact megnadytaiigafierysresiloine@nydstakivoiddivisdre adry s¢saltagrarkystamidt | e
identified by a unique version jdentity whenever said definition is

changéth the eqS@aqtﬁ@wam@aC%ﬁé@ gldspeqdﬁ@ﬂy AREETPRBRN SO Y feferagh sid campngdivg. | as
d d
€sc rtéllPr? %‘a%‘%\égef in %Uwﬁ:tétfgnéf%?tgrg] &Hd%érgfhg Gt §etsyoftq¥1§1|%r H&fif RbdhhQQ f(')lseaéﬁ §dl@ ne

a uni qué o a sin nonot oni cal’l'y 1 ncreasi ng ordi nal
n u rrb eonpedirencen sid1bH]Reeat edj@spestls insfantdsdramvadt saghsepae\codbiredsystae m

Hgiedes ri bed aﬁove in_which each distinct attribute definition is
aSSI g? ?tﬂ AYheISH ln?féarncf:stlé‘?ftslﬂfrﬁlgq’WW“%WV’CM |y increasing ordinal

nunber sequence for the respective entity type. [0106] Rel ated aspects of

the [0yt i ORelRfe@\Ak SR tPofINS IR BRI [Hrovidas sURSE! ¢. Dotk ddaeNKbd dbdvivhh GWhi@akh
conplete definition is assigned a unique version identity froma single

nonotfoithes ampiovementeas Forgel teresiashcamimpe pets elpnsite mstapggs within said conjunctive

2011 A TASHRGTI S0 954405 LPARTLRE| B¢ 56 PARBRLA Rl QUgny o Provide

a Sys nitionis

assi goadlatihep alebecsﬂdohyn@f setdef en€iPiasthihdes ablosn® mutualih Ir@dpeétaled)uﬁiﬂf)pdﬂz!ltbt @ is
created 0108] Furt her aspects of the invention provide nethods for data
st or &§Enetherip ﬁeqUé@er Aband eperafpIsefor sigragsdn atanny and vpdatigy SheesrsdipdEy €t er i zed

int Qgtl@tﬁﬁ%‘&g ifte ?%Jgﬁve EQTQREPLdel be érﬁ]ﬁ? n{“as{an@e%qﬁ%\%rs%foraé}%f sﬁﬁ%f on

provi de “appar at us data storage an trieval operating in accord
Wi t h stdpenad, doenvaiape oneemepyst ens and nethods. [0110] Yet still further
aspects of the invention are evident in the text and drawi ngs that follow

Y0 20T RS SR R4S, B B £l O TLE PRV M o
([ig (]:- é ?]él:fﬂrl]eg\l?lgrdéﬁgﬂeﬁtt for Becdligh kAl vkt RqiRineE 85 $iid BindYopE AMBra Wekh QAN oRjUNBINe
term includes the steps of selecting a common set of entity instances with the least number of
respective entity instances within said conjunctive term as the origin set of entity instances;
selecting one of the said bind operators respective to the said origin set of entity instances as the
first bind operator in the said visit sequence; selecting a subsequent bind operator from those bind
operators respective to the same common set of entity instances as the bind operator most recently
visited and which have not appeared in the said visit sequence or which have already appeared in
said visit sequence but have been affected by a bind operator subsequently visited; and repeating

the prior step until no more bind operators are available to be selected; such that correlated sets of

entity instances are produced in the said visit sequence for storage in computer memory.

[0080] Related aspects of the invention provide a data storage and/or retrieval system
implemented on one or more digital data processing systems that includes storage media
comprising a plurality of data segments for each instance of an entity type manipulated by a
database operation in a respective database transaction. All data segments are maintained within a
contiguous data heap of arbitrary size and all new data segments are appended to the data heap and
assigned to respective transactions and respective entity instances in arbitrary order. The system
also includes a storage engine that is in communications coupling with the storage media and writes
said data heap to storage media in a minimal number of storage write operations when any one of

said transactions commits its state.
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practice of the invention that supports OLTP and OLAP activity
i ndependently of the data nodel or schema; [0113]FIG 3 depicts a software
ar chi t ectwpeofior7#sdat abase server in a system accor di n@Crassena/opriati ce of

the i tiop; 4] Fl 4. | t . n, ac or age
roael St o r 58 "gtary T A 8 B IS SRS TG Bl 3,
syst smragceri@i opgrationomne pprfatihddcaichthat bie said dentsegnentf Qlthh] faldadatdbhédpl aust r at es
a logical collection and |ogical elenents within it in a system according

t o orf@lfnge sfogagedn atnﬁélm‘m}@gﬁti"%f’ WY IBIURIES 6 il lustrates that a
collection path is equivalent to a table nane and an el enent path

corr ggpgnds R&a&ﬁ%s@%’t%ﬂlh@ﬁi%nﬁdﬁ ;5%0\3M§E%?Qt@rﬁ?@.g.ﬁjEﬁ&s&%&%o%,%’ﬁjh@&l of the
invention; [0117]Fl 7 illustrates that, for exanple, an elenment path nmay

nodelstaageestiedpebiient fos saidcln@rheap nnly csywtat predimed refulng intervelsesyshdleati ce of
the invention: [0118]FI G illustrates that, for ex I an el ement path
my (POSPOE o RN st o Ry S st Seinatin B R soa SiiEe of "t he
i nverdpb@fion FQLAR] dakRap Fnd uREQRIIH&otpI&XANP! € of the how collection sets
can be visited and have their visit ordinals assigned during the second

phase of the bind process in a system according to one practice of the
i nverdP9&H; [ Belatpmsrsctof the inysption pevidp asytteiane s s 2adtgcidlad aboradn pdiidyananged

h. |.S,: : : . .
pet vlnt e S8 BRI MEE o LINTIR A0 FRRNNT, 37 AR STNERSPLFRRE, |
I nverfaidinyerfsbh2ppdarGdeilfical td ths tespe@setibainca i all eespadive Roenecane, kembordted i n

a directory path which is determined froma tunnel famly and a coll ection
pat h PHERYPELGTIstie 3t aRelyang 3 gnglginyegrien i tHEek fos RN FINBEY PRFRMMAS Rt s name

ina ﬁa&ﬁfi@@f@lﬁ&%ﬁ& Qleleth LORa PERGHOER AfinddiGon BY £ RishQive 1AL bt Gid drftity
trat d as f

illu s that a closed frame can be arrange hi erarchy of storage
sect dyme.where a sector relates to a particular entity path (collection or
el enent) and can be conposed of

[0084] Related aspects of the invention provide a system, e.g., as described above, in which
append access to data tunnels and data heaps occurs in chronological order, read access to data
tunnels and data heaps occurs in reverse chronological order, and read access resolves entity
instance inversion by accumulating inversions and discounting corresponding entity instances as

they are encountered.

[0085] Related aspects of the invention provide a system, e.g., as described above, in which a
plurality of the cells of at least one said tunnel are grouped in frames based on common

characteristics of their respective entity instances.

[0086] Related aspects of the invention provide a system, e.g., as described above, in which a
plurality of the cells of at least one said tunnel are grouped in frames based on common
characteristics of the respective entity instances such that cells across all tunnels respect common

frame boundaries.

[0087] Related aspects of the invention provide a system, e.g., as described above, that includes
a database engine that is coupled to the storage engine and that manages a retention of cells in the

storage media with respect to the age of the data retained.

[0088] Related aspects of the invention provide a system, e.g., as described above, that includes
a database engine that is coupled to the storage engine and that eliminates frames from read access

during a query with respect to a time threshold expressed within said query.
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WO 2011/ 127158PCT/ US2011/ 031405 nul ti pl e sub-sectors and where a sub-sector
relates to a specific tunnel in a system according to one practice of the

i nventi orvwO[201237HBBG. 18 illustrates that sector nmaps canTAre@ngedons a one
di . o . (e . h , ¢
IR0 o B el BLAE AL e MR ROTLEL LD AL TR AR oo ©

pr actshideoafmdmhehardewentic dwolidd dtlebpdctivd Ontith inssdncad. es that a tunnel can be
arranged with a fixed sized frame nunber and a fixed sized tunnel address

which jdentify the frame and the address within the frame file respectively
ina [9{}93} em 3@&@9&??&5%% tg‘?\’é”ﬁ‘ﬂt&%’tl?re}éld‘éﬁ SYHem; ‘?\%-eﬁ%ﬁlf‘éﬁf?be[doai’ﬁﬁﬁ”lﬂ[‘%l&gﬁées

T ust faglhase éﬂgﬁ{e tBatS € OHMd B3 Qeﬁ‘gékﬁgiﬂe hepaer mﬁlﬁ"a%‘és h A&B ol #Re in the
col l ection path and transaction it “beldongs to and a segnment can contain a

poi ntsearageomedie widxesperansaetélome o€ grealata ieritdde chain and a pointer to the
next segnment in the sane collection path in a systemaccording to one

J f i i - [0126]1FIG. 21 ill ] i
o othfion BEREGAIRRY dans PRRREn et gt fah Tt R T T R

headgilu@fityfligaefli espddiiva os ¥ phedlitR o€ 4t nitGels Qe PoetiR Fatgleali8f oftfhi@nes are
invention; [0127]FIG 22 illustrates that an identification cell can be a

sequaseEngateqyidun ppingledogicd skdngrgpysiem filgjof @ plusalkity of fepiepd sierageisyistamdiles em
according to one practice of the invention; [0128]FIG 23 illustrates that
a nme nmen I : I LN g dngi.cator,

expon T anarg s b AR pr B0 by TR o Pre plLindlues
syst ematabagy dighg that ioneupedtotthe gonke thgne avkethht manageda 2A¢HtioB. of 24lls in the
illustrates that an enuneration cell can be a sequence of property

i dentf ¥ & 8Y2pr eceded by a property size and an enuneration sequence
preceded by a cell size, path and domain in a system according to one

practipgss)of RBRtdNNFRtd @AMhe [IIdR-HP&videa s&étérﬁ?é.%.@h@&es&ﬁ@éd HIvORAEICE! |
can contain a cell size, path, domain, opaque element size and a link to

wher eooperpudiatigtealsitsonsefgewdctive eglls pathem plesditdphijames ismenippmed peressof t he

I .”"e”th'lrgﬂ' f?l;lél%l]é irlﬂe% szzgsndI Iclrousgtar ?&rgﬁt tol??llamaeq t'epv\é Ei%f':sownhé:rgtl) | a u?ah?o(r)]% ain
SRy t %
fixe Sl Z rane and unne nu ers n a system accor di ng t 0of one %I’ actl ce

of t Henddwaaidspective iRt Bay B€ clibinitéd @Ré@Tohdiadragortbge sdsp&ctive op@atosand ai n
a cell size, digest and fixed size tunnel nunber in a systemaccording to

one pPHRAPETBES-of the invention;
[0094] Related aspects of the invention provide a system, e.g., as described above, in which a
plurality of bit sequences common to all respective instances of attributes for data cells within a
plurality of frames is maintained across a plurality of frame intervals and across a plurality of frame
interval sizes whereby a plurality of frames and respective data cells may be eliminated from

consideration by a respective equivalence operator and its operands.

[0095] Related aspects of the invention provide a system, e.g., as described above, in which
bounds common to all respective instances of attributes for data cells within a plurality of frames is
maintained across a plurality of frame intervals and across a plurality of frame interval sizes
whereby a plurality of frames and respective data cells may be eliminated from consideration by a

respective bounding operator and its operands.

[0096] Related aspects of the invention provide a system, e.g., as described above, in which
properties common to all respective instances of attributes for data cells within a plurality of frames
is maintained across a plurality of frame intervals and across a plurality of frame interval sizes
whereby a plurality of frames and respective data cells may be eliminated from consideration by a

respective possessive operator and its operands.
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WO 2011/ 127158PCT/ US2011/ 031405 [0133]FIG 28 illustrates that a digest
tunnel can be arranged with cells appended in strict chronol ogi cal order
wi t hin a worngal12rrs8a systen1according to one practice ofCrhus20mnwenbds on;
[013 2 ; sp_C ] er
digeipéafﬁ1 e%ﬁﬁgé &ﬁ% éﬂ@%n&b |%% 2?%%a ga%?%%EQb ﬁ%@gédﬁ%%’hﬁﬁnel
nunbeluralty. d‘ﬂ)salﬂ(llatal selgﬁheﬁs @mgibupbfd if éﬂah&s iblsetifb@tcohlﬁMﬁdhara&tealsﬁglﬁfQHMr
according.to one practice of the invention; [0135]FIG 30 illustrates that
a di JEPECHGRRELY RaBNeEn be a one- di mensional array addressed by col | ection
tunnel nunber to yield a correspondi ng digest tunnel nunber in a system

accorghgrg t OREARJREALE GqhOinvEftfor ;%%ﬁ& 'a@?ster{loé-§611§: ddscrittht dobléish Laigs that

a rank tunnel can be arranged wth s appendéd 1 n strict chronol ogi cal
or dersaigi cohinmorachagaeteistic s tane peiaim accor ding to one practice of the
i nvention; [0137]F|G. 32 illustrates that a frane can contain a

one- si opal ra r ank tunne addr essed to

o et ORI® o B %P o ALl o AR e Yo b o PieEe S8 bnal ng
cel | sWial ddghrhdh éhaBactdrBIE acMilé BOrebgecaNeeitiistmeenf the invention;
[0138]FIG 33 illustrates that a frane can contaln a one- dlnen5|onal array
addressed by property tunnel nunber N) yield the count of TRUE cells

i n t H8I0QunnBrlafed agpesissafdhs wyeian FH@WE% aéﬁ%erﬁr %1%% prdespibadpboyenfattindydes
[013 dﬁ&&ge %D étmsgp Bl R at Wl ¢ d@%g@&gggggﬁgmﬁels ! 1 SGhLeQRs ?&Féctﬁ@@né@ s

hosted I n"nenfory to SSISt rapi an advantageous structure for a

col | eohtaordsetiath se@andrntsthatdonfprise d-coimpéde fremor y bl ocks in a system accordi ng

to one practice of the invention; and [0140]FIG 35 illustrates |ayers and
ure of a database in a system

hit di
P IBES s CRaBRaSER S e s rp 195 3 Snert, ¢ e YA SRS OPE A e
DESCR 7 QN TR thebS TR CENB AT d A b G 18RS b gl

data processing system and environnment according to one Eractlce of the
i nversnioes Ctommlneglupﬁ@ﬁatsggr@mtpﬂ@hdor@rm Feqomplete yirgrel @p epdiwhen gachffrantee dat a
nodel This can include, for exanple, persisting and retrieving
datatfﬁnPﬁsagﬁg?%ge | ayer of a database systemthat supports any of a
nunber of data nodels, e.g., relational or hierarchical data nodels, and
t hei Mota)conkeatd aqptetsyoﬂtﬂmguagﬁm @odide y8ystethhag., h§désaﬂ|@emearbdeatthaaﬁndlﬁkMe
nodel s and | anguages.
a storage engine and that appends data cells to respective data tunnels for instances of respective
entities contained in data segments that comprise a plurality of complete frames, as and when said

plurality of frames become complete.

[0103] Related aspects of the invention provide a system, e.g., as described above, in which a
complete definition of respective entity types and respective attributes is stored within distinct

storage system file identified by a unique version identity whenever said definition is changed.

[0104] Related aspects of the invention provide a system, e.g., as described above, in which
each distinct entity type definition is assigned a unique ordinal identity from a single monotonically

increasing ordinal number sequence.

[0105] Related aspects of the invention provide a system, e.g., as described above, in which
each distinct attribute definition is assigned a unique ordinal identity from a monotonically

increasing ordinal number sequence for the respective entity type.

[0106] Related aspects of the invention provide a system, e.g., as described above, in which
each complete definition is assigned a unique version identity from a single monotonically

increasing version number sequence.
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[0142]1n the illustrated enbodi nent, the systemincludes digital data
processors 20 - 40, which may be personal conputers, workstations,

mai nf r ane®Q zorllntm;er digital data processing apparatus eCTiuseoippatoknown in
t he Afapa 1 a

e L g e e

ski | leach éomplbe (ﬁflhltﬂm lid as3ippE® tHedlientityaf the hepéstivetiiapiainivihiclatdid défidigch {so
them herein may be conbined onto a | esser nunber of such digital data
procé@?@?% or distributed onto a greater nunber, all consistent with the
teachings hereof. Illustrated digital data processors 20 - 40 are coupl ed
for gomamni cafiupp akﬂ'&cishﬁtﬁ&ﬂ%‘rﬁfo‘n%@%dé‘ﬁl@%ﬁs kremn s‘té’raéé‘zﬁld%r retrfa@4le, for
exanple, 'via a network 70, such as the Internet, a |ocal-area network

( LAN)parahietieg apeatianetithe RyS(emrd)lt,aracterl@tdtmthp séachtcﬂtahalmay be public, private,
| P-based, etc. [0143]Illustrated digital data processor 20 conprises a

Pt 0B Rl B b8 5 6L Bt S S

and dpplab)g & SRbADARER (He)FsRMehflorRdGostemwhdmetRds.eachi ngs hereof . To that
end, the dlgltal data processor 20 executes a varlety of applications for

creating such a system including, for exanp a conput er Ianguag

conpilP &R [0¥ﬂ¥45]t11]?/ﬁu&§?rr3a?‘°efds ofi t§¢ tratentt%& e 6?’6‘6@51%1?6 8" ARV 9Es hat {Rbegonal
conmput er, workstation, mainframe, or other digital data processing
apparatus, as discussed above, and is enployed by a user to persist and/or
retrieve information fromthe database system and nore particularly, for
exanple, froma data store 50. To this end, the digital data processor 30
provi des an interface 32 (e.g., graphical, textual, batch-oriented or

ot herwi se) that accepts user requests for data storage and retrieval - and,
nore specifically, for exanple, requests for creating, reading, updating
and deleting data in the database system - and that generates correspondi ng
notifications, data records or other information of the type conventionally
known in the art as adapted in accord with the teachings hereof. In typical
applications, requests by the user and information generated by the
interface 32 are made with respect to relational or hierarchical data nodel
or schema and, nore generally, with respect to a data nodel or schenm
around whi ch the user perceives the database systemto be organi zed.
Accordingly, digital data processor 30 nay execute any variety of WO
2011/ 127158PCT/ US2011/ 031405 conventi onal dat abase application, including,
for exanple, a relational database, all as adapted in accord with the
teachi ngs hereof. [0145]Illustrated digital data processor 40 conprises a
personal conputer, workstation, mainframe, server, or other digital data
processi ng apparatus, that executes a digital data information storage and
retrieval application (e.g., a database server) in accord with the

teachi ngs hereof that stores, retrieves, updates, deletes, and otherw se
manages data mai ntai ned on networked attached storage device 50, which may
be a hard disk drive and/or other persistent storage device of the type
known in the art. The digital data processor 40 and data store 50 operate
in the conventional manner known in the art as adapted in accord with the
t eachi ngs hereof to persist and retrieve data using storage and access
nodel s heretofore unknown in the art. [0146]FIG 3 depicts a software
architecture for database server 40. As shown in the drawing, it includes
dat abase managenent software (| abelled "Database") that includes user
interface functionality, |anguage interface functionality, schema
definition functionality and an execution engine, all of the type known in
the art as adapted in accord with the teachings hereof. The software
architecture further includes an operation systemand file systens, again,
of the type known in the art as adapted in accord with the teachings
hereof . Construction and operation of a storage engine of the type
illustrated here are detail ed below. The storage engine is alternatively

referred to herein as "the database system " "the illustrated database
system" "digital data storage system" "digital data retrieval system and
the like, as will be evident in context in the follow ng. [0147] The

illustrated database system supports a particular data nodel such as the
rel ational or hierarchical data nodel and provides a query |anguage to the
users of the database to support data geflnltlon data mani pul ati on and
data retrieval. The data nodel deflnes the semantics of the data stored
within the database while the query |anguage defines the syntax for using
t he data nDdeI [0148]Exscussed hereln |s ~an access nodel and storage node
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[ 0151] For the purpose of independence froma data nodel, the access nodel
views the data popul ation as collections of atom c el enents wherein a

col | ecti omoi2nsit@nse i s just a bundl e of el enent instancesTiiStétimd4dhher ent
st r UGl phie: i ﬁ?@BWﬁI. a pairing of a distinguishing
refeﬁ%nce]ggggﬁgﬁgbgﬂggbghga ue asggciated with it. Al collection

i nstances are referenced by a unique collection path that distinguishes

bet wg@hl Idol | BEF.i o aistlsdnanicelagrim aif hfi exémygag@ngatee arciteasre; [ 0152] Col | ecti on
i nstances may be inserted and deleted in their entirety; they nay al so be

updat b ing and renmoving el enent instances within th . Therefore a
Y Bl e (S T o B o SRRt e BEE oy con b

addedh-Qitick MR c@tioMHak suppbfes O TP dndSOIL AP @8ti Aty A8 feflie Q! Ir @5 dRNNRAE or

| ogi cal elenments within it. [0153]In FIG 5, the path at 'the centre of the
cl oudchapresents a | ogical collection path while the path in each | ogical

el ement represents an el enent path. These collection and el enent paths

defi e -dat he t ' t m.aght r.in. this
col 1 AR PRI RRel ferhl e SRARheer 4 BRRRE RS Tl el P BB anihe

| ogi gadcticebatheamsdntips; t hat nmi ght exi st between el enent paths or

rel ati onshi ps between el enent instances within a collection instance or any
rel ationshi ps. that m ght exist between el enent instances across collection
{ nst dBEES! [Blffsﬁlikﬂ%tr?%@&%wb@% PoE] e B POBRSIMoRS ate p 3 eYrB ey ighand

i NSt ange ihSdARARARHD Qe ift 20 ferh QWA RRAGHE FhAIRIY i3l aRes; cor responds
to a table coluﬁh val te. The col |l ection %ath i's equivalent to the table
nane and the el ement path corresponds to the colum name. This is
illudotEtled FHo.HBliGustBites[0lo5@hTdvdleetorn andilggier céenudntawitking rprt systest ance i s
anal ogou .tg a nuII.co%%gn.vauue,in a row. The insertion and del eti on of

t abl &“FEWE'E %PP%E?%W%&Pt " P& Wsertion and del etion of whole collection

i nstances. The update of a row is nodelled as the renoval and/or addition
of onely] NDFES.e ifliEpites thataadutiesidnOpadinis@guBhlengtotolblechinennd as tRARAL path
[0157] I n view of the above it will be appreciated that the access nodel
suppGPIrEsPRNaEioghe splHMNARMg 18 sYHeNREcOrfEd8 PINBRCESRIdheVEidhe obj ect
nodel, a collection instance is anal ogous to an object instance and each

el emgpf NSt Aee ARNFASARNG o beafifle APl fedBlifintd bbb ¢ REARIREL shighance,
Noti ce however, that the structure of the object {which may be an aggregate
of otihesystpectsingso nnt pmetideadttiedinventtdne col | ecti on i nstance but is
reflected in the elenent path reference. In other words, the collection

i nst fla .out_t opject structure while the el ene t hs preserve
e RO bl St Bl ot L Pet BT b SvEBiRsRLich ac
Oblae,*ggteﬁrarcaal{dhﬂ tbiofk dracti&esr th@avex@sl e in FIG 7. WO .

2011/ 127158PCT/ US2011/ 031405 [0159] I n view of the above it will be

appreci ated that the access nodel supports an object data structure.

[0160PWHNn cBipadelt pievidsansxapple ohithediomerllertionseatvranderviytediand havicdeirs
| t f i ' . d
anal Q005 Ae Rk Bk S PRALEDY oihd o8l STERRALARGRS g Sspor

nodelpradtice ohtherimventiyn;j s fl attened out by the collection instance, but
preserved by the el enent paths. For exanple an el enent path nay preserve an

XM hj rch h.as "book/ page/ paragraph". See fhe exa in FIG 8.
ore4p T oG S B R P B G ariiees MRAETE R b e e
SUPPRbESspdndis& bk GG can move between tunnels as required in a system according to one

practice of the invention;

[0121] FIG. 16 illustrates that a file sequence can be located in a directory path which is
determined from a tunnel family and a collection path identity, and that a file can contain the frame

number within its name in a system according to one practice of the invention;

[0122] FIG. 17 illustrates that a closed frame can be arranged as a hierarchy of storage sectors

where a sector relates to a particular entity path (collection or element) and can be composed of
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data structure. [0162] Notice that in each case an elenent instance is a
sinple scalar data type while its associated path preserves any conpl ex
st ruct ur evaround7is8 and, in essence, the el enment path pectrarsasiia3ss uct ure

seri gl | [ t 0 ' t - ' ' eci at ed
that T A0S thE Uncle Rl Dol [eClo LR RO R el b L hbtenb PRALEE LT
pat hgradtiod 6&{hAlihvencibn;scal ar data structures are resolved into nultiple

ref erence paths with associ ated val ues of scal ar nunber, scalar text or
scal ar_ ohj ect.  Far_exanple, a conposite coordinate structure (X, . will be
 ceolOEE nt élcp&%H“E%‘%é]é%taiFCt%%%grcaBa‘"iﬂFaélg(:g PRt 31%%1% g8y 0%#1><Y%d' Yeed

NUMD Q)R Mitht Confain (H&ISRRINL AIERRESH thY Sh1Y secld? s AL Ltk bldnATRLEXeHat a types
can be resolved into nultiple scalar elenment iInstances wth their el enent
pat hsicprrdeigrty ongpiabecestfrthe tnyewsianf, t he conpl ex data type. [0165]1n view of

the above it will be appreciated that the access nodel can support

arbit i1y l.e ata structures., [0166]1.n .vi ew of .t he. above it w.ll be
apor 0PIy FRIDOFBE L HEHE &iod ARG B L ErBRr ¥ ubiraby s
nodelfixell Qi6d hirdel ddagesp Whidsi@erdffy eledfidrhy andC@k hedkisonghianet RhasE S relate to
entities and attributes as recognised in standard Entity Rel ationship

Mode | BsPaefivedy a1 §ysifg! accoudimptoone practigeefrhe/gpEatem31405 Tabl e 4: [0168] This
access nodel allows for an arbitrary set of elenent instances to be

i ncl L[@?%gi N Prc§ Aol it chdtSLBRGENRhn @B¥atn anf?e'adémh% i%édﬁiﬁﬁé E¥oﬁéc‘t18}4’ga&1he
access del to accept any schema changes supporte y the native data
nodelanditiahaugtion ithekinggtocamdst segmnhtscan rostaat epbitter tontke nattithasadaidm sepmakalt in

[0169] I n view of the above, it will be appreciated . that the access nodel
does ﬂ]hf‘o@laenw LRURIET (4L E ORU PR AT PR IERL0R PRGLEI SYPSTASTPIING QRnef
the ap¥@e of theWhldntiBg appreci ated that the access nodel allows collection
paths and el enent paths to be arbitrarily and dynamcally created at will.

[0126] FIG. 21 illustrates that transaction information pertaining to transaction segments can be

stored within a header of a heap file in a system according to one practice of the invention;

[0127] FIG. 22 illustrates that an identification cell can be a sequence of bytes with a preceding

cell size, path and domain in a system according to one practice of the invention;

[0128] FIG. 23 illustrates that a measurement cell can hold a cell length, domain, sign indicator,
an exponent and a significand that represent the magnitude of an element in a system according to

one practice of the invention;

[0129] FIG. 24 illustrates that an enumeration cell can be a sequence of property identifiers a
preceded by a property size and an enumeration sequence preceded by a cell size, path and domain

in a system according to one practice of the invention;

[0130] FIG. 25 illustrates that an opaque cell can contain a cell size, path, domain, opaque
element size and a link to where opaque data is stored in a system according to one practice of the

invention;

[0131] FIG. 26 illustrates that an inversion cell can contain fixed size frame and tunnel numbers

in a system according to one practice of the invention;

[0132] FIG. 27 illustrates that a digest cell can contain a cell size, digest and fixed size tunnel

number in a system according to one practice of the invention;

21



[0171] The access nodel requires that a collection path is unique.

Therefore, a collection path nust contain sufficient information to resolve
i ts i dentwoyoiifizeisaccess nodel requires that an el enent Ppatus2013/08mngue

wi t hi col t ; t t t.

col | 0P paRES Al f U RRER G e MR B3 380, SRLARETh ety
t he ehldmetigi@hopiat Within adahedl in b shetmagsriiag tesmd paectideSbfltldﬂmeﬂtmn [0172] For
exanple, in a relational context, a colum nanmed 'C (elenent path) may
appe n nul ple di stinct tables (col I ection aths Therefore, the

i dent Pﬁy lof Bl tHugieatay thata frame G @S%@nraé%r: W%P?frfég?§6H¥1§%1tnu8?bef he

col I geditipny aQﬁfemlﬁlgnMa@ Brrh{ aREEQBDBY tl{ngél7r?t1]rﬂﬂé?(fi$¢'ﬁ§ %1é@gg$urﬁ%?§elﬁ(:ih that
consider that the data type, donaln encodi ng or sizé of an el enent
|nstaWMEIUUine&mlgmpﬁhmawnnwumaneadfﬂehewmnDHJntent is regarded as
significant wherein the intent defines the purpose of the elenment path in
provi di inj.n o the coll.ection.. The.

o1 emafit Haq s Dal SRR g Qg hlpiurngE ) R e Siah gy Adaria oy

(| derbilédtivatthm]l hivhBiito yMEBS U6 espBhdihg Bt tulRl ABM B 191 skhitk@nkcoraing t&paque
I ntent) [0174]|dent|f|cat|on Intent. The elenent path is used as an

i dentangipeacticespicthe dvegtigient path is only used in mhole to reference a
collection instance or parts of it. For exanple, an 'enployee nunber’

el empiadiat NERAs HEMald AL 8k hfhEn BErh el S6th des LEAGIERufcr

particul ar enployee instance and has no ot her S|gn| I ca

i dentchfanohigicahoeleewithin d taabd e e sgdem acdoydipg $& esspractece o\f\ﬂne lnventlon
2011/127158PCT/ US2011/ 031405 val ue at any one tinme within a collection

i nst and value is o meani ngful in its entirety and, has

ol A6 Ar deFlcig 2ol s R T B bobg i PRERa et rak Wieles

Wi t higadicBRd DMt Linefit. 25’@&8 yidiPthe@¥ AV Rell A tBARhAY@BnAURRREnEERYhON! Y have
one value forf a particular enployee at any one tinme;, and the entire

enpl @yerésmdmercefs'almg ¢rla systéng eprordipg tm@n%prmt@y@étheanwmmt hernore, a
conpari son of enployee nunbers yi el ds no useful information.

[017 sur t enp sone
propdly Sublean ‘URehlhe At e el SonsatiGRom Sulatiiautl,

i nst gneRstyttonte hembeme. Mntooyieldrthotoume s TR UEelle kathpl @nnedfin 2 eyqumye@rdiagar y’
el ement pat h has, nmeasurenent intent and may be used to conpare enpl oyees -
but WRANEPRsEcaRS HsByert®P% denti fy any particul ar enpl oyee. A measur ement

el enent instance can only possess one value at any one tinme and that val ue
s 0r[bY39T9aan€9f3lA|111h§ra'téssthzﬁn§dvﬁﬁtta¥e&@87 @ﬁ@il&ggéﬂé cdnrﬁeoﬁ&%d 19%ér§019rt9v' ded
by part of the value). For exanple, an enployee salary only has one val ue

f or aspstrrapid akbeess etnbang,@entagemytrmteretfpmcolmdom bt isaligtroy fixed-siped infeimedy by

the entire sal val ue. [0176] Enuner.at.i on Inte The el enent path is used

to ej’ﬂ)‘? ESL W gﬁiniﬁ?cﬁr%flg 8{1 C&IL‘EFEFH‘EHI cJBYRgn ?’”glpert i es. For exanple, an
"enpl oyee gender' el ement path would be considered to be a singleton
ownerehi(p of FrE.t133aMudArabR18yedd arfdedRl Pt PLA Mrchitdteurt Bea dempiseYee spidhess’

el enent path would be considered to be an ownership of multiple word

pr opEEErding taqp pirasticsrofttheinyefr t i es wit hin the enuneration el ement

i nstance can inpart useful information. For exanple, the city name property
in an address instance can provide useful information independently of the
ot her properties in the sanme address. [0177] Opaque Intent. The el enent
contains foreign information and it has no intent relevant to the access
nodel . For exanple, an attached enpl oyee contract in a PDF docunment cannot
be used for the identification, neasurenent or enuneration of the enpl oyee
in any useful way. [0178] The corollary to fully dynam c collection

i nstances of el enent instances belonging to el enent paths with a specific
intent is that the intent nmust be specified whenever a new el enent path is

created. Therefore, in this enbodinent, the creation of an elenent path
must indicate its intent. [0179] There is no direct anal ogy to el enent
intent in a traditional data nodel. However, relationship and val ue domain

constraints can be used to ascertain intent. The table bel ow presents a

summary of how intent may be discerned fromfundanental data types in a
native data schema. The table assunes that every el ement instance val ue can
be expressed as a scal ar nunber, scalar text or scalar object. For exanple,

time data can be represented as a nunber of time units within an epoch.
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WO 2011/ 127158PCT/ US2011/ 031405 Tabl e 5: M ldentity ldentity NVA
rlatinship . Measure Enuneration Opaque [0180]1n view of the above, it
will be appreciared that the only infornmation needed toPb@/uspawme3abdut an

el e t e d ﬁﬁg i ]?/J%‘] e readily determ ned
from TeRI;:\La [ \%Séfﬁ%lﬁm g?ﬁ?%lg;lgﬂ i he %ﬁ?\}m&%gﬂga l\gf provides a list of
rules for discerning elenent path intent in a relational database schena.
The 1M0l14l§ ar El@@depids a digislodindprogessingdaystom and eaeidameat acwbrdihgm énecondi ti on
is met the correspanding intent is used  Table 6:
practice of' t?le iIlVeE')ltiOIl that supports OLT% and (9LAP activelty independently of the data model or
schema. This can include, for example, persisting and retrieving data in the storage layer of a
database system that supports any of a number of data models, e.g., relational or hierarchical data
models, and their concomitant query languages and, yet, that is independent of those models and

languages.

[0142] In the illustrated embodiment, the system includes digital data processors 20 — 40, which
may be personal computers, workstations, mainframes, or other digital data processing apparatus of
the type known in the art capable of executing applications, programs and/or processes. Although
three digital data processors 20 — 40 are shown here, those skilled in the art will appreciate that the
functionality attributed to them herein may be combined onto a lesser number of such digital data
processors or distributed onto a greater number, all consistent with the teachings hereof. Illustrated
digital data processors 20 — 40 are coupled for communication in the conventional manner known
in the art, here, for example, via a network 70, such as the Internet, a local-area network (LAN),

wide-area network (WAN), or otherwise, that may be public, private, IP-based, etc.

[0143] Ilustrated digital data processor 20 comprises a personal computer, workstation,
mainframe, or other digital data processing apparatus, as discussed above, and is used by a
developer to build, test, and deploy a database system in accord with the teachings hereof. To that
end, the digital data processor 20 executes a variety of applications for creating such a system,

including, for example, a computer language compiler.

[0144] Ilustrated digital data processor 30 comprises a personal computer, workstation,
mainframe, or other digital data processing apparatus, as discussed above, and is employed by a
user to persist and/or retrieve information from the database system and more particularly, for
example, from a data store 50. To this end, the digital data processor 30 provides an interface 32
(e.g., graphical, textual, batch-oriented or otherwise) that accepts user requests for data storage and
retrieval — and, more specifically, for example, requests for creating, reading, updating and
deleting data in the database system — and that generates corresponding notifications, data records
or other information of the type conventionally known in the art as adapted in accord with the
teachings hereof. In typical applications, requests by the user and information generated by the
interface 32 are made with respect to relational or hierarchical data model or schema and, more
generally, with respect to a data model or schema around which the user perceives the database

system to be organized. Accordingly, digital data processor 30 may execute any variety of
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[0182] Using these rules, the table definitions given in the earlier exanple
woul d yield the followng intents create table Enpl oyees (Nane varchar (64)
not nul | ,wex20Hm2messat i on Enpl oyeeNunber nunber primary RPEY/US2011/031405

I denti ficat] r r n . = L SS1pnRat e
ConsPh PSR IR Goutheneh Sibhe, BTSN, AT aRien
Deparacomtatva (lip adativgd Mtsdrer ) ); => ldentification

2011/ 127158PCT/ US2011/ 031405 create tabl e Departnents (Name varchar(64) not

nul I, => Enuperati on. Department Nunber nupber primary key, => ldentification
Regi dRNMber Hﬁ’ﬁ%&& legétrlﬁfaéﬁe@ge%g RIS BRRSABR TP WYEHEIFY cat i on
Cr eatgyih@hhe sa%,f,%@%a{e}\lay V@l HRC4Rhk PPhral! that X2 FOUNBLALI Ay Regl on

Nunber nunber primary key); entification [0183]1In viéw of the above,
it wiihforbatiapiteregs andettridvak appheataml (y.gi.afdatabasd srvenesdedort ovithethk fravimngbout

an el.ene th within a rel atiopal el 1s easil eterm.ned fromth
o1 ateBRam S SR T AP E e KA e ST RE G o Retored
nani Rthéled Qtbr&REIeRde FOS whithtmdyieSa R66 k% dIREahd/SHOBON beFsiftet s@&a%@cﬂév%éﬁ)f
[0186] A) Add a whol e new collection instance to a collection path. Every
el endhg typp &nawie én the art. The digital data processor 40 and data store 50 operate in the
conventional manner known in the art as adapted in accord with the teachings hereof to persist and

retrieve data using storage and access models heretofore unknown in the art.

[0146] FIG. 3 depicts a software architecture for database server 40. As shown in the drawing,
it includes database management software (labelled “Database”) that includes user interface
functionality, language interface functionality, schema definition functionality and an execution
engine, all of the type known in the art as adapted in accord with the teachings hereof. The
software architecture further includes an operation system and file systems, again, of the type
known in the art as adapted in accord with the teachings hereof. Construction and operation of a
storage engine of the type illustrated here are detailed below. The storage engine is alternatively
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referred to herein as “the database system, ” “the illustrated database system,” “digital data storage

system,” “digital data retrieval system” and the like, as will be evident in context in the following.

[0147] The illustrated database system supports a particular data model such as the relational or
hierarchical data model and provides a query language to the users of the database to support data
definition, data manipulation and data retrieval. The data model defines the semantics of the data

stored within the database while the query language defines the syntax for using the data model.

[0148] Discussed herein is an access model and storage model that support the data model used
- yet are independent of it such that virtually any data model can be efficiently supported. The
access model defines the primitive operations required to efficiently support the data model; while

the storage model defines the storage structures required to sufficiently support the access model.

[0149] FIG. 4 illustrates how that access model and storage model relate to the query syntax

and data model employed by users.

[0150] Access Model

24



contained within the collection instance is individually specified as an
el enrent path and value pair. [0187]B) Drop a whole existing collection
i nstance woaemizi2esBl ecti on path. A whole coll ection i nsamas2013/06ndved,

i nc ln'gm 5”@ EVRLYtnE %31%% 0 01j 193{})%98&1& ?1{3&61?[1 Hﬁg nwdte{:I It}{é Acs:ess ojéﬁllgfvrs 'ﬁ%dda@

el e i'nstance to ' an existing co ron 1nstance wWith a collection path.
The eqlopuRtibn ansdliRolehsio adpec efehedtsasghea¢in @lcetedionfadtimcandjuyied biendhaof .
[018%‘#[)) DroF an el ement instance froman existing collectiagn jnstance

Wi t hiSHEIREnd H1stanges with padnherenh aruqiuagand an plemepciastracedy a priring @f gylistinguishing

only -retfe%%’hﬁh alReh Hh&%l&o%séﬁ%é@&}ith NS AARGASCt %gtﬁ%ﬁﬁe%f&%@&d byigt ance
criteria. The criteria include expressions for both the elenent path and
el ememiquerstlentioe patf thatritigmgsished h@ddnicatlectimnnatthmaes of diffeeisg charheretistice.
operations is sufficient to support the data nmanipul ati on operations found

int L | .. dat ab t : h .. [0192 | at i I
dat b sy o COHRER TOST R BRE PR L B St PP SpELTT e TE8ri Wi Ues 1 nt o
t abl qiplisted (B3} RIMIY £ B0l DL Hidht NE&LENGitAn ARM)C PhéBd O BolldREbANERNEE BW)

t hat contains specific elenment inst anceseé col um val ues) [0195] Queryi ng

r ows Vigve 4 atAedeofiehementansédnceowhieh car be agded or serensdatpill.ddGoy 1lluamates a
2011/,12715 : 5.1.0L ) Retrieving collection instances
(rov&%glg%é:?ﬁ%{ogﬁﬁg%Oglgazé%%}elel Ky giﬁ@ht path (colum) criteria
[0197] Deleting rows froma table that match colum criteria is inplenented
by [Q0E8]1A) ReFIG. yihegathalt ltiecdeinan of tetcdnciaspiesans)y loghal cotttdn pdie whilgqui r ed
el ement path (col um) .

the path 1n each logical ‘element represents an element path. These collection and element paths

define the meta-data for the collection instances that might appear in this collection path.

[0154] Notice that this model knows nothing about any logical relationships that might exist
between element paths or relationships between element instances within a collection instance or

any relationships that might exist between element instances across collection instances.

[0155] When compared to the relational model, a collection instance is analogous to a table row
and each element instance corresponds to a table column value. The collection path is equivalent to

the table name and the element path corresponds to the column name. This is illustrated in FIG. 6.

[0156] The non-existence of an element instance is analogous to a null column value in a row.
The insertion and deletion of table rows corresponds to the insertion and deletion of whole
collection instances. The update of a row is modelled as the removal and/or addition of one or more

element instances to an existing collection instance.

[0157] In view of the above it will be appreciated that the access model supports a relational

data structure.

[0158] When compared to the object model, a collection instance is analogous to an object
instance and each element instance corresponds to an atomic field within the object instance. Notice
however, that the structure of the object (which may be an aggregate of other objects) is not
reflected in the collection instance but is reflected in the element path reference. In other words, the
collection instance flattens out the object structure while the element paths preserve it. For example
an element path may model a nested object structure such as “.Object.Array[N].Field”. See the

example in FIG. 7.
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criteria [0199]B) Dropping the retrieved collection instances.

[ 0200] Updati ng colum values in a set of table rows is inplenented by

[ 0201] A) Wetniteneirrsg col | ection instances (rovvs) t hat matrch/ush@1agos r ed
el e at hy ( r r

i nsﬁgése (co ‘ﬁ?ﬁ& va equ)s) r‘{gﬁndgaéﬁ ? én&“l%ﬁ&s%trgﬁ%gg%p}%&t/)ﬁ %%pﬁ&tdata
[ 0203} tuAddi ng successor el enent |nstances (colum val ues) to each
collection instance retri eved [0204] I n view of the above, it will be

appr at the acce nodel . su p rts the fundanmental data
mani ﬁﬁ@i}. on gﬁér‘:ampaﬁ?é t Bisdiratnisy! Horeh Zgalbaen HaRamS Y e P the root

[ 0203 Ty Redkh§2ad RRAGLm & n?é@@nclé@&drke%ﬁ@dd @fthC abheChtt MudsNed DG AR He
appl ying predi Cates to one or nore elenent paths such that only collection

i nst dangeshy Hduclchlf the wbjeot mhdelpthe Hiecatley srilattenddzova by theetallieetiamdinstEare, but
example, it I possiphle to retrieve an_.enpl oyee col fon with

S pec I Ereit Y S e mEnBRRSL ool S SRR BT o KrbBracty heh
cont ak Mbédk@pdeepdiaebhe N Pleaes PRI FId. §206] The nature of a predicate is
inextricably Tinked with the intent of the elenment path against which it is

expressed and the access nodel allows the follow ng predicates for each

i nt edP16]1020k vigwAf the sboue itavillbs|appieeiated thadharrcess reedel pepnerts dihécatshicaln t he
exi stgne %J on-exi stence of an elenment instance in an el enent path of any
i ntent. f%l §{ I dentification intent. Collection instances can be

predi cated on the equi val ence of identification elenent instances to a
soughtl6Xent Nbtice thheneactscazo anektarentnigs@ncenis misimplaptdlai datd t(ypawhild antifier

and therefore no other predlpﬁ:ates a%}y&l gallt are wor |

i dentPIIcEre RS E Y SRR TR IS HOP R I 3P dgP g&ieiey t}lﬁﬁ ef{“ﬁ‘}t?aﬁ not
KNowWeBorRS S Wik B YeddlsstidCaasFogodel . WO 2011/ 127158PCT/ US2011/ 031405
[0209] O Measurenent intent. Collection instances can be predicated on

measur enent el enent instances falling within a bounded rang There can be
no atlPErt t b viewtof ﬁm'ctbom itgvitbgsppemared thatstractare ofta daggpme it presersedigy e

poi nt,on. a Ssrgér: %trggtaggﬁm bl e values and any attenpt to match part of a
measur enen ue 1Tnpl'tes sone knowl edge about the internal representation

of the value - which is beyond this access nodel and is non-determnistic.
The qot@gs madalonakhlamsati heudonungte desohrrgentoaniiépleaeieamde pathawsthagdoeiapai nt
usi ng a common boundary and al so_all ows the | ower bound to be expressed as

negatvab@s Phisatar flymaﬁrdﬁ@#artt% Of ped Bisghdof 6XeP led oy s e sRordinaterstrygture

infi QXt, ¥ will be resolved into path and scalar number pairs (element instances) of (“X”: number) and
(“Y”: number) respectively. Thus arbitrarily complex data types can be resolved into multiple scalar

element instances with their element paths preserving the structure of the complex data type.

[0165] In view of the above it will be appreciated that the access model can support arbitrarily

complex data structures.

[0166] In view of the above it will be appreciated that the access model is independent of any

specific data model.

[0167] For the purpose of clarity, collections and elements relate to entities and attributes as

recognised in standard Entity Relationship Modelling as follows,
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[0210] D) Enuneration intent. Collection instances can be predicated on
whet her enuneration el enment instances contain one or nore properties within
them [O0O240]2B)1/Qpsgue i ntent. El enment instances of opaqeeTiust@n3whs er no
usef Jf.ormation other than their existence or non-existence.
[0215*@Lerefore % C predicate
operators that per g e operators are
rovi ded, [0213]A erator 1S S that an 1¢entification el enment
ipnst ance |[s e]qu|) Iaclft(xn YPPn an w?jlle‘glogega 0214] B) (h rator 'in'.
Predi cates that a EmagQﬁgmﬁmt eleugnéakmqhamﬁg falls '"{n' a bounded range.
[0215] C) q3€r at or ras——Fredrecatfes—tirat—amrentmeratt+on el ement i nstance
"has' ownership of| A8HBUSr nore pr|Efperant Bath [ 0216] D) Opgrator ' exists'

Determnes if an ¢ Nnce d can be fised with an el enent
pat h of any |ntenrA%ﬂ§g¢;Jﬂ%¥% EF%§%§h§EE§§LE-DPEL&L*FS returns a Bool ean

result for each coIIectlon i nstance as follows, WO
2011/ 127158PCT/ US2011/ 031405 Table 7:

[0168] This access model allows for an arbitrary set of element instances to be included in a

collection instance at any time. This fluidity allows the access model to accept any schema changes

supported by the native data model without imposing constraints unrelated to the native data model.

[0169] In view of the above, it will be appreciated that the access model does not unnecessarily

constrain the native data model.

[0170] In view of the above, it will be appreciated that the access model allows collection paths

and element paths to be arbitrarily and dynamically created at will.

[0171] The access model requires that a collection path is unique. Therefore, a collection path
must contain sufficient information to resolve its identity. The access model requires that an
element path is unique within a collection path; but need not be unique across collection collection
paths. Therefore, an element path must always be qualified by the collection path to which it

belongs to resolve its identity.

[0172] For example, in a relational context, a column named 'C' (element path) may appear in
multiple distinct tables (collection paths). Therefore, the identity of element path 'C’' can only be

resolved by the context of the collection path to which it belongs.

[0173] The access model does not consider that the data type, domain, encoding or size of an
element instance to be significant. Instead, element intent is regarded as significant wherein the
intent defines the purpose of the element path in providing information pertaining to the collection.
The intent of an element path is categorised as exactly one of the following: (Identification Intent,

Measurement Intent, Enumeration Intent, and Opaque Intent)

[0174] Identification Intent. The element path is used as an identifier. Such an element path is
only used in whole to reference a collection instance or parts of it. For example, an 'employee
number' element path has identification intent and is used to reference a particular employee

instance and has no other significance. An identification element instance can only possess one
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exists(e) TRUE if element instance in elenent path e exists; false
ot herwi se Requires only an elenent path as an operand is(e,a) TRUE if the
el enent iwetanc¢e7isa el enent path e is equival ent to val reTaIS261al031405

t her wi . ' ' q . fication,
oper e i RO o S EOR e b R Al bR A BR0ISE RO e Rty
bound@d hayn@lmpiitd rderRggitinice idtorepaBAto Pat dtharider@XRe Vhlyied whifRAS shheent

constants where al < a2 .The first operand nay be negative infinity and the
secoftF R PRI SRk amelen 31 Pplpyes mymbgrega ly ipysane Vaperior aryscHauindari es.

has( nﬂﬁ@ . L.f p ' BHGE i I : tajns all
of t%e pr%%é* %I?ye(;sqgiqﬁg‘%’ﬁgg% %tlg{?[gglgl:y%ﬁ Requilér%segé(ﬁ{%f]{éf&@ﬁ% Q%lglto Qgr? Hone or
nor e fidiesrtniofd, e@bmpariwongtcampisyce nptPEB]yigldt heutehliefoabaim,. each predi cate

operator is used in the context of an elenent path e which is fully

lified by jt t ai ni | i on. path. [0219] The fol | ow | at i |
oxamiP b8, 1Y Mebfuf e tat Ing PleuBit bl sfitaant BEART BFsone pEPHDY S o O™
t r ansliephas phtd sﬁ{;ﬂoﬁs&@@paﬁs@s bR elchicanfls@hes th defefhine ah d3420) nferiBEEBYEEN 1

AND 10; translates to in(C 1, 10) C LIKE %WOHANYSM TH% ; translates to
has( €xampleHpM ‘empEyeqpplary’ element path has measurement intent and may be used to compare

employees — but would not be used to identify any particular employee. A measurement element
instance can only possess one value at any one time and that value is only meaningful in its entirety
(no meaningful information is provided by part of the value). For example, an employee salary
only has one value for a particular employee at any one time; and the salary is specified by the

entire salary value.

[0176] Enumeration Intent. The element path is used to express ownership of one or more
discrete properties. For example, an 'employee gender' element path would be considered to be a
singleton ownership of either a male or female property; and the 'employee address’ element path
would be considered to be an ownership of multiple word properties. Subsets of the properties
within the enumeration element instance can impart useful information. For example, the city name
property in an address instance can provide useful information independently of the other properties

in the same address.

[0177] Opaque Intent. The element contains foreign information and it has no intent relevant to
the access model. For example, an attached employee contract in a PDF document cannot be used

for the identification, measurement or enumeration of the employee in any useful way.

[0178] The corollary to fully dynamic collection instances of element instances belonging to
element paths with a specific intent is that the intent must be specified whenever a new element
path is created. Therefore, in this embodiment, the creation of an element path must indicate its

intent.

[0179] There is no direct analogy to element intent in a traditional data model. However,
relationship and value domain constraints can be used to ascertain intent. The table below presents a
summary of how intent may be discerned from fundamental data types in a native data schema. The
table assumes that every element instance value can be expressed as a scalar number, scalar text or

scalar object. For example, time data can be represented as a number of time units within an epoch.
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[0220] I n the exanpl es above, Cis a colum nane (el enent path) which is
assuned to be qualified by the table nanme (collection path) to which it

bel ongs. WO2Rt}iEhsscriteria supported by the predicate epEnst@an®3insthis
access,,idlel may not be as rich as the native data nodel operators. For
exanpl e, The expre55|veness of the '"has' operator is nore restricted than
the SQ LI ke—oRefadt it ors provide
sufficient ol |l ection instances to

be identif hémmtiteducqddN/Aur t her |by the native data
nodel oper ME@REree M oRlu AR Rlkion t r@paqh@ oferator supports an
arbitrary i ' and predicates that the

i dentificaf one of the constants.

27188PCT/ US2011/ 0314 0223 t h t
My it U T e R R ﬁ&) aB%fﬁha? ﬂ?ﬁ#&ﬂ%ﬁ TS gicbieedside P8 whet her
the |k<ﬁf)‘3vnthﬁb|1!i’tchn<'iiﬂt§inéﬂtgﬁiﬂ1 ibayeshostathdneatdinRat ﬁ/ﬁi&ﬁh@@fﬁ:@&il}a&etdﬂﬂﬁh&ﬁﬂrc\!ﬁ or

exclusive for determ ning the enclosure of a neasurenent el enent instance.
[ 022409 patyReladmiedlnent, the ' has' operator supports a regul ar expression
operand which is applied to each enuneration el enent instance to determ ne
its rm | e nore
than TR nt oh g o P R e e R p R TR R o

I Nt entlationahdakiabaseRchemna. The nEasart applivd iﬁrasc&lndimgroaddr(mlﬁprené(ﬁmbe apfdRB&] 4 n Vi ew
of the above, it wll reciated that the access nodel predicate
operé‘PB&lélo’%bsptBBtrqleéﬁmwamﬁag@twl%‘égéflul near equival ence to the predicate
criteria possible in the native data nodel. [0227] El enent paths with

I dentyghiCgt i on i nt ent may be i nvoI ved in expr essi ng rel at i onshi ps bet ween
COllectlon pat g : -r e T T T . OV ¥ o0 ——— e v @~d|ng

t oget her of nu fl their
i dentification V\hi ch
predi cates the : T )at hs.
The bind opera Hesja aEel'galhbxeCletrp@lZ%] Thi s oiéﬂatfmatwls equifval ent

to an inner eq
SQL st at enent
Enpl oyees. Depa
bi nd operat or

ajoflnin a

refatl onal dal a Mnodel. FOr Xalpl e,
g?%a unique constraint Iﬁentﬁﬁ:atlon

&Y AERh P akdcRRBAMNAIA 0229 G BRieXPr esged by a

Has a arithmetic check constraint Measurement

Has an inverted-list index Enumeration

Has a bit-map index Enumeration

Has a B-tree index Identification

s a time data type Measurement

s a boolean data type Enumeration

s a numeric data type Measurement

s a character type Enumeration

s a large object data type Opaque

s an external link Opaque

[0182] Using these rules, the table definitions given in the earlier example would yield the

following intents

create table Employees

(Name varchar (64) not null, => Enumeration

EmployeeNumber number primary key, => Identification

Salary number (8,2) not null, => Measurement

CommissionRate number (4,2), => Measurement

DepartmentNumber number references Departments (DepartmentNumber)); => Identification
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bi nd("' Enpl oyees. Depart ment No' , ' Depart ment. Depart ment No' ) [ 0230] whi ch
returns TRUE for each conbination of collection instances in the

" Enpl oyeewO 2andi27B8part ments' col | ecti on pat hs where t hegThaaiegudyal ent
el enent inst.ances. bhp.the. Departnment No' el enent path. WO
2011/127158@€Tﬁ@§20ﬁ1h@3@4@5”[@@Qﬁﬁﬁﬂlviewggt)the above, it will be

appr eci at eff"f Nk, tHE, ACtess Hodel, supReiis T HE conmn.predi cate and
equijoin conditions in the relational nodel. [0232]Cl early, the bind
operat or can helextended, to inglude options whereby bind operations
equivalentKggmﬁgegnhggékmggga@ymObn@ﬂmgﬁaﬁﬁmjoins and self-joins are
supported. For outer joins, one or both collection paths can be associ ated
W t h [amg3ut el yiewnf iivtdiboaé af wilFed appi@ssied Gianthe ohiEnfRIr@ABOH ngdbd toRer ands
can be omtted. For self-joins collection path alias operands are
assodinavadbart ckeregnt Path vaghin g pelptiensl swdelHagasilysleteamined dranpteirglationi h can
appearpdpder different aliases and be treated effectively as a separate
col l ection path under each distinct alias. This is simlar to the alias
mechani smused in relational SQ. [0233]1n view of the above, it will be
appr d0i&kled Abetss MislehOpassomdel supports self-join, cross-join and
outer-join conditions in the relational nodel. [0234]1In one enbodi nent, the

" bi nd! erat.pr ,supports equi-joins.between different el enen aths within
o T B R eI B S RO b s oS S P ER L PRt | on
guery where columms in the same table are conpared for equality. [0235]This

accegelggdel Ay e@diareisolé haw callécebatinsemedidda tlldctivn pARNE Ry tloieHORsthh&
equi val ence of identification elenment instances and allows rel ationships
bet weeptagsH vetin Bis coleqipnipstiice dsingbliduaHe gpesifigdeasranalement ipad ang vBlus dRivg
their respective identity el enent paths. Any two el enent paths with

| dentrhigyi nt B?br@é[ wﬁl@let%%kbﬁﬂg LOg&LiBR 'ins@{n@é koA 4 éc){]ﬁ@@&l dth SA AHERSS DS

need not "be aware that those“separate elenent paths enforce a relationship
unt i linttdree éd emeived, patlhding eecrgxfpimeant trnstanbocodhihabeithiarit.at query tine. Note
that the native database schema nmay be aware of explicit rel ationships

bet nti g but .t hat.these need.not be nade parent to this access
modellDLST | GLORg It ItHnc 25 ng QU BP HETRDSUE, 2 GG Peffy 1he
appr efdndn® thstdnad istspecifeE 8sm dAuseht f;ﬁiﬂﬁaﬁld%luef;ﬁﬂul re the definition of

rel ati onshi ps between entities before they are expressed for the purpose of

a querﬁ%9[0237 VWhil e this nodel assunes that any identity el enent path may
be bd0hPlt o Bhlren weelemgetipstagcedtapan exisingcollectiongsiapeeswithiga qollgeipnement |
enunefat i ) el enen ; i never be bound as they do not
expr éngggfgggﬁﬁ@ﬁaﬁgﬁﬁfﬁe 6%y§€%£&%¥%%ghivalence bi ndi ng. [0238] Thi s
access nodel allows the conbination of nultiple predicate and bind

oper 409§ usEnRetdioot edlecadyabraacdsahameatieclemampaustaneexpitearms Thasriteliainclude

incorporate multiple conditigns and el enent paths. WO
2011F§EPF:‘L%%‘F%]‘1J’¥ E@g@i@l&@@@fﬁﬁ{ Wﬁﬁ%ﬁﬁé‘l%ﬁ“&?g‘%ﬁieéesf-n the native data nodel
may conbi ne together nultiple queries in a

[0191] A combination of these primitive operations is sufficient to support the data

manipulation operations found in traditional database systems such as an RDBMS.
[0192] For a relational database system,
[0193] Inserting a new row with specific column values into table is implemented by

[0194] A)lInserting a new collection instance (row) that contains specific element instances

(column values)

[0195] Querying rows from a table that match column criteria is implemented by

30



single statenent. In a relational context this occurs wth sub-queries and
set operations such as unions and intersections. The individual queries can
be servi c®0 2by/2hssaccess nodel operators as descri bed aboxsS2@nd3the | ogi

of t npo . i i.he.
o240 BEa" crafe P RaE b F R S W e s G BN 3D BT,
resolevikeita bi nd operators across a conpound Bool ean expressi on whereby
predi cate operators nay be eval uated i ndependently and whereby bind

condi i ons y. he appljed independently; allow.ng multiple CPU and storage
Fesoub b€l thB]@tlﬁ%) W O@iWqFMHH&W%hF@‘?&@‘F%%WP%C% ghP¥rent of

resol ving bind operators, it is required that a conpound operator .

expr ggsagN MAS ReBRVENROASERA ihflafde§180G] ihvemMNeh MR ref@ikdd dEND paic6lining 2
di sjunction of conjunctive terns each containing a conjunction of operator

| i t ercalkesia [ 0243] 1t has been mat hematically proven el sewhere that every
conposi te Bool ean expression can be re-factored into a DNF by using Bool ean
axi o d | » ocCi ativity istributivity and DeMorgan's Law.
vet R, BYDREH 5 A St Bhe T o DN o extensivel y
covered el sewhere and will not be considered further here. [0244]1In this
enbod02@Nt oUpdain|csiungn balnek iapaeadfanisle rows issmpkauntegicbyt hat a conj uncti ve
termcontain at | east one predicate operator for every collection path that

appe nywhere within the sanme conjunctive termof the DNF. Fgr this

pur b eAT BEI o iken et S BBRh Ghe PRI TREH B PR cess
nmodelqritelpbl € 9: [0245] 1 n this enbodi nent of resolving bind operators, it is
required that within each conjunctive term any operators or conjunctive
terms that universally equate to TRUE or FALSE respectively be renoved as
fol | dU02In0 BoRemoegng PRty sysxdame¢g 3nunsestapluann grlugs) f0a] dagh cpllestionbodi nment

of resqlvi@% ﬁgqg opgrators, it is required that within each conjunctive
mstance W) Iretricy .

term TWo or re operators against a common el enent path be reduced to a

single operator to sinplify the conjunctive termas follows. Table 11:
[0203] C) Adding successor element instances (column values) to each collection instance
retrieved

[0204] In view of the above, it will be appreciated that the access model supports the

fundamental data manipulation operations required by a relational database system.

[0205] This access model allows retrieval of collection instances by applying predicates to one
or more element paths such that only collection instances that conform to the predicate criteria are
retrieved. For example, it would be possible to retrieve an employee collection with a specific
employee number by predicating that the employee number path contain the required employee

number.

[0206] The nature of a predicate is inextricably linked with the intent of the element path

against which it is expressed and the access model allows the following predicates for each intent,

[0207] A) All intents. Collection instances can be predicated on the existence or non-existence

of an element instance in an element path of any intent.

[0208] B) Identification intent. Collection instances can be predicated on the equivalence of
identification element instances to a sought identity. There is no ordering or merit implicit to an
identifier and therefore no other predicates apply. In reality, a real world identifier may contain

some implied notion of ordering but this is not known or assumed by this access model.
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exi sts(e) A !lexists(e) FALSE An el enent instance cannot both exist and not
exist at the sane tine is(e,a) Ais(e,b) FALSE An identity cannot have two
val ues atwohelisamesstine is(e,a) Alis(e,b) is(e,a) The i‘PQ(l‘ﬂlS&l()lleSMOS

ff t a ' ' e
oo i eMeafrepEty e COERIIAGoct BBl Eh eyt LR il
have iastmrkudallihg Mtithilo@Boun@ed exigst THelrs {4, 1) nofatte@ifit $d ®6teart @@ 1BES (@neht an
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i n(€,¢¢ adeasurement value implies some knowledge about the internal representation of the value -

which is beyond this access model and is non-deterministic. The access model allows the bounded
range to be reduced to a single point using a common boundary and also allows the lower bound to

be expressed as negative infinity and/or the upper bound to be expressed as positive infinity.

[0210] D) Enumeration intent. Collection instances can be predicated on whether enumeration

element instances contain one or more properties within them.

[0211] E) Opaque intent. Element instances of opaque intent offer no useful information other

than their existence or non-existence.

[0212] Therefore, each intent is associated with specific predicate operators that pertains to it

and the following predicate operators are provided,

[0213] A) Operator 'is'. Predicates that an identification element instance 'is' equivalent to an
identifier.

[0214] B) Operator 'in'. Predicates that a measurement element instance falls 'in' a bounded
range.

[0215] C) Operator 'has'. Predicates that an enumeration element instance 'has' ownership of

one or more properties.

[0216] D) Operator 'exists’. Determines if an element instance 'exists' and can be used with an

element path of any intent.

[0217] Each of the predicate operators returns a Boolean result for each collection instance as

follows,
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FALSE Where (a,b) and (c,d) do not overlap in(e,a,b) Alin(e,c,d) FALSE

Where (a,b) within (c,d)

in(e,a,b) A exists(e)

in(e,a,b) The in(e, a,b)

i mpl i es ewOWHI(RY1SBN(e, a,b) A !exists(e) FALSE A neasur ecerfuS2@aosmds have a

| f a neasurenent

SE | f an

{ operties

val “eTaib[ oes not exist !in(e,a,b) A lexists(e) !exists(e)
does not exist it cannot be fall within a range. has(e,a) A exists(e)
has(e,a) T ' ' ' '
enuneratio »
' has(e, a) edigxiest s( e) TREN $ekfreht instance | Requires only an element path as
in element path e exists; an operand
false otherwise
is(e,a) TRUE if the element Requires an element path and an
instance in element path e | identification constant as operands
is equivalent to value a;
false otherwise
in(e,a;,as) TRUE if the element Requires an element path and
instance in element path e | exactly two measurement
is bounded by a; and a; constants where a; < a, .The first
operand may be negative infinity
and the second operand may be
positive infinity to support open
range boundaries.
has(e,a;,a,...) | TRUE if the element Requires an element path and one
instance in element path e | or more identification constants.
contains all of the
properties included in a;,
...
[0218] In the table above, each predicate operator is used in the context of an element path e

which is fully qualified by its containing collection path.

[0219]

The following relational examples illustrate the use of each predicate operator,

C is not null; translates to exists(C)
123456; translates to is(C, 123456)
C BETWEEN 1 AND 10; translates to in(C, 1, 10)
C LIKE ‘$JOHN%SMITHS%’; translates to has(C, 'JOHN’, 'SMITH")

c =

[0220]

In the examples above, C is a column name (element path) which is assumed to be

qualified by the table name (collection path) to which it belongs.

[0221]

The criteria supported by the predicate operators in this access model may not be as rich

as the native data model operators. For example, the expressiveness of the 'has' operator is more

restricted than the SQL LIKE operator. However, these predicate operators provide sufficient

expression to allow a strict superset of collection instances to be identified and retrieved and then

reduced further by the native data model operators.

[0222]

In one embodiment, the ‘is’ operator supports an arbitrary number of identification

constants and predicates that the identification element instance is equivalent to any one of the

constant

S.
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conjunctive termas nuch as possible. WO 2011/ 127158PCT/ US2011/ 031405

[ 0243])22& LN ) GERSHIAEALN Ohe MR8 ObYdr-8r RIpRHrtOR LRI R bR preldiéh GRAUMNGRILY & L €r B

are de-duplicated by renoving conjunctions that contaln conbi nat 1 ons of
oper appligl @rdclhgemaratson deanednestinge te detalminoitotdrdprngionj unctive terns in the
same DNF. [0250] The foI lowing illustrates the conversion of a SQ.-where
clau Bool DNF of . t C ataors. de bed wher e
(e Gl s FRiBRERT, Sob6bTeRboE Bl e fehah ShE el EH P e on ' s ot
nul | )elcnincht PP QY eRSd leRaktdebifideich iPepaint @ iios. tDeR @{eiaﬁﬁﬂﬁléﬂ)or%ﬂﬁimeratlon
(Depart nents. Reg| onNo = Regi ons. Regi onNo) and ((Regi ons. Name="North') or

( Regil®g8t: Name="' East')) [0251] The above SQL clause becones the follow ng
Bool ean expressi on when using the access nodel operators described

[0226] In view of the above, it will be appreciated that the access model predicate operators
support equivalence or useful near equivalence to the predicate criteria possible in the native data

model.

[0227] Element paths with identification intent may be involved in expressing relationships
between collection paths and another operator is provided to support the binding together of
multiple collection instances through the equivalence of their identification element instances. This
operator is a bind operator which predicates the equivalence of element instances across two

element paths. The bind operator is defined as

Table 8:

bind(el,e2) TRUE if the element Requires two element paths fully
instances in element paths | qualified by their collection paths
el and e2 are equivalent
in value

[0228] This operator is equivalent to an inner equi-join in a relational data model. For example,
a join in a SQL statement such as,
where Employees.DepartmentNo=Departments.DepartmentNo

[0229] can be expressed by a bind operator as,

bind('"Employees.DepartmentNo’,'Department.DepartmentNo")

[0230] which returns TRUE for each combination of collection instances in the 'Employees' and
'‘Departments’ collection paths where they have equivalent element instances in the 'DepartmentNo’

element path.
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pur poses .of the present
cross-join and outer-join conditions in the relational model.

[0234] In one embodiment, the ‘bind’ operator supports equi-joins between different element
paths within common collection instances of a collection path to model the relation query where

columns in the same table are compared for equality.

[0235] This access model requires that a relationship is implemented through the equivalence of
identification element instances and allows relationships between collection paths to be established
at retrieval time by binding their respective identity element paths. Any two element paths with
identity intent may be bound together arbitrarily and this access model need not be aware that those
separate element paths enforce a relationship until the element paths are explicitly bound together at
query time. Note that the native database schema may be aware of explicit relationships between

entities but that these need not be made apparent to this access model until query definition.

[0236] In view of the above, it will be appreciated that the access model does not require the

definition of relationships between entities before they are expressed for the purpose of a query.

[0237] While this model assumes that any identity element path may be bound to any other
identity element path, it requires that measurement, enumeration and opaque element paths will

never be bound as they do not express equivalence for the purpose of equivalence binding.

[0238] This access model allows the combination of multiple predicate and bind operators using
Boolean algebra to create compound expressions that incorporate multiple conditions and element

paths.
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[0240] Bind Operator Resolution

[0241] The following describes a method for resolving bind operators across a compound
Boolean expression whereby predicate operators may be evaluated independently and whereby bind
conditions may be applied independently; allowing multiple CPU and storage resources to be

applied simultaneously.

[0242] In this embodiment of resolving bind operators, it is required that a compound operator
expression must be expressed in Disjunctive Normal Form (DNF), which is a disjunction of

conjunctive terms each containing a conjunction of operator literals.

[0243] It has been mathematically proven elsewhere that every composite Boolean expression
can be re-factored into a DNF by using Boolean axioms and laws such as associativity,
distributivity and DeMorgan's Law. Methods for transforming Boolean expressions into DNF is

extensively covered elsewhere and will not be considered further here.

[0244] In this embodiment of resolving bind operators, it is required that a conjunctive term
contain at least one predicate operator for every collection path that appears anywhere within the
same conjunctive term of the DNF. For this purpose, the following trivial predicate operator is

provided by the access model.

Table 9:

true(c) TRUE for all Requires a collection path as an operand
instances in
collection path ¢

[0245] In this embodiment of resolving bind operators, it is required that within each
conjunctive term, any operators or conjunctive terms that universally equate to TRUE or FALSE

respectively be removed as follows.
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followi ng collection set Table 13:

0 [0260]1n this enbodi nent of
t hat col Iwotzoomi2ges8s t hat correspond to the same col | ecPCcoruspatiio3wns hin a
conjuﬂngMF termare then conmbi ned whereby any nenbers that do not appear

in every set are discarded.

resol ving bind operators, it

[0261] I n the exanple,

Identity Cardinality Sequence 2 3 1 10
IS required

this yields the follow ng
Q t wo

col | ect j
col | ect
in(e,a,b) Remove term Where a>b
in(e,a,b) Remove operator Where a is negative infinity and b is
positive infinity
[0246] In this embodiment of resolving bind operators, it is required that within each

conjunctive term, two or more operators against a common element path be reduced to a single

operator to simplify the conjunctive term as follows.

Table 11:

exists(e) M lexists(e) | FALSE An element instance cannot both exist and not exist at
the same time

is(e,a) " is(e,b) FALSE An identity cannot have two values at the same time

is(e,a) " lis(e,b) is(e,a) The is(e,a) is sufficient and the !is(e,b) is redundant

is(e,a) " exists(e) is(e,a) The is(e,a) implies exists(e)

is(e,a) " lexists(e) FALSE An identity cannot have a value if it does not exist

lis(e,a) * lexists(e) lexists(e) If an identity does not exist it implies that it cannot
have a value

in(e,a,b) N in(e,c,d) in(e,g,h) Where (a,b) and (c,d) overlap at (g,h)

in(e,a,b) N in(e,c,d) FALSE Where (a,b) and (c,d) do not overlap

in(e,a,b) " lin(e,c,d) | FALSE Where (a,b) within (c,d)

in(e,a,b) " exists(e) in(e,a,b) The in(e,a,b) implies exists(e)

in(e,a,b) " lexists(e) | FALSE A measurement cannot have a value if does not exist

lin(e,a,b) » lexists(e) | lexists(e) If a measurement does not exist it cannot be fall within
a range.

has(e,a) " exists(e) has(e,a) The has(e,a) implies exists(e)

has(e,a) " lexists(e) FALSE If an enumeration does not exist it implies that it cannot
posses any properties

'has(e,a) * lexists(e) | lexists(e) If an enumeration does not exist it implies that it cannot
posses any properties

has(e,a) " has(e,b) has(e,a,b) The has() operator accepts an arbitrary number of
operands.

bind(e,e) TRUE An element instance is always equivalent to itself.

[0247] In this embodiment of resolving bind operators, the true() operator is removed from a

conjunctive term where another predicate operator for the same collection path already exists within

the same conjunctive term.

[0248]

In this embodiment of resolving bind operators, the reduction rules are applied

iteratively to simplify a conjunctive term as much as possible.

37



231100 W 2011/127158PCT/ US2011/031405 [0262] I n one enbodi nent, the
col l ection sets generated for each predicate operator can be shared (rather
t han r egewenratigdy15acr oss conj unctive terns where the sameTasesasr40and
oper onbj i r I , 3 ' to | ned
cor | S0P ol Bl b RRRERLR SR RURRE opr R ek AR MRS e BIELEP
oper alyaeSoaing cop@nhaius that Borthinsombaipibgs oft dieraemahd eperands thataronlestdal above
can be shared across both conjunction ternms as it has been generated from
the SAhAE COUHBFHALEEH 18@%%?&%1{9]3?3 and operands. [0264] Based on the first
conjunctive termin the exanpl e above, the collection set for the

" Enpligysgs’ ’Th%@ﬁ%ﬁ%ﬂlﬁléﬂﬁ&q}ll@ BE0ieiSh oCPSOEGALE cRAlNRWHbAREDNRRIre 15:
Enpl oyees Col | ection Set ldentity Cardinality Sequence 2 3 1 1

the access model operators described

.where (Employees.salary between 10000 and 35000)

and (Employees.Commission is not null)

and (Employees.DepartmentNo = Departments.DepartmentNo)
and (Departments.RegionNo = Regions.RegionNo)

and ((Regions.Name=‘North’) or (Regions.Name='East’))

[0251] The above SQL clause becomes the following Boolean expression when using the

access model operators described

in('Employees.Salary', 10000, 35000)
and exists (‘Employees.Commission')

and bind(‘Employees.DepartmentNo’, ’'Departments.DepartmentNo’)
and bind(‘Departments.RegionNo’, ’'Regions.RegionNo’)
and ((is(‘Regions.Name’, ’"North’) or is(‘Regions.Name’, ’'East’))

[0252] When this Boolean expression is converted into DNF, it becomes

(in('Employees.Salary', 10000, 35000)
and exists (‘Employees.Commission')

and bind(‘Employees.DepartmentNo’, ’'Departments.DepartmentNo’)
and bind(‘Departments.RegionNo’, ’'Regions.RegionNo’)

and is(‘Regions.Name’, ’"North’)

and true(‘Departments’')

or

(in(“Employees.Salary”, 10000, 35000)
and exists (‘Employees.Commission')

and bind(‘Employees.DepartmentNo’, ’'Departments.DepartmentNo’)
and bind(‘Departments.RegionNo’, ’'Regions.RegionNo’)
and is(‘Regions.Name’, ’East’)

and true(‘Departments’')

[0253] Notice that the true() operator has been introduced for the 'Departments’ collection path
in each conjunctive term because it appears within a bind operator but there are no predicate

operators applied to it in same the conjunctive term.

[0254] In this embodiment of resolving bind operators, it is required that each predicate
operator evaluates itself by generating a set of collection instances. This set is known as a collection
set and contains one member for each collection instance where the predicate operator is TRUE.

Each set member is a vector of the following information,
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O O Table 16: Departnents Col |l ection Set

Identity Cardinality Sequence

,--1 Ncn 10 10 10 Table 17: Regions Collection Set ldentity
Car di nal iw9 28aguersse 1

[0255]

PCT/US2011/031405

Identity. This uniquely identifies the instance of a collection. For purposes of the present

discussion this identity is assumed to be the ordinal position of a collection instance within the

collection path

[0256]

Cardinality. This defines the number of times a member must be repeated within a bind.

When a collection set is first generated by a predicate operator this cardinality is always 1.

[0257]

Sequence. This defines the order in which the collection instances must be bound. When

an collection set is first generated by a predicate operator this sequence is always 0.

[0258]

10000, 35000) would be the following collection set

Therefore, in the example above, the operator evaluation for in(“Employees.Salary”,

Table 12:

Identity |Cardinality |Sequence
1 1 0

2 1 0

3 1 0

[0259]

While the operator evaluation for exists(‘Employees.Commission') would be the

following collection set

Table 13:

Identity |Cardinality |Sequence
2 1 0

3 1 0

[0260]

In this embodiment of resolving bind operators, it is required that collection sets that

correspond to the same collection path within a conjunctive term are then combined whereby any

members that do not appear in every set are discarded.

[0261] In the example, this yields the following collection set for the 'Employees' path when

combined from the two collection sets above.

Table 14:

Identity |Cardinality |Sequence
2 1 0

3 1 0
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[0264] Based on the first conjunctive term in the example above, the collection set for the

'‘Employees’, 'Department’ and 'Regions' collection paths would be

Table 15: Employees Collection Set

Identity |Cardinality |Sequence

2 1 0
3 1 0

Table 16: Departments Collection Set

Identity |Cardinality |Sequence

1 1 0
2 1 0
3 1 0

Table 17: Regions Collection Set
Identity |Cardinality |Sequence

1 1 0

[0265] Note that in this example, the predicate operators ('in' and 'exists’) against the 'Employee’
collection path appear with the same operands in both conjunctive terms of the DNF expression and
therefore the collection sets that are generated from them can be shared across both conjunctive
terms. Similarly for the 'true' operator in the 'Departments’ path; whereas the 'is' operator for the

'Regions’ path cannot be shared because it uses different operands.

[0266] In this embodiment of resolving bind operators, every collection set is then bound by the
bind operators that appear within the same conjunctive term to update the bind sequences and
cardinality for each collection path. The method for binding collection sets is described in detail
later, but for the purpose of the present discussion the bind process would generate the following

collection sets for each collection path.
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of Olthe cdilectionlinstancle is omtted entirely.

Table 19: Departments Collection Set

Identity |Cardinality |Sequence

1 0 1
2 2 2
3 0 3

Table 20: Regions Collection Set
Identity |Cardinality |Sequence

1 2 1

[0267] In this embodiment, after the bind process has completed, the collection instances can be
retrieved for each collection set independently and in parallel to materialise the results required by
the query. The collection instances for each collection set are returned in the order of the set
sequence and each collection instance repeated according to its set cardinality. For a cardinality of
N the collection instance appears exactly N times such that for a cardinality of O the collection

instance is omitted entirely.

[0268] In this embodiment, any collection sets for collection paths that are not required in the
final result, but appear only because of bind dependencies, can be discarded and need not be

retrieved.

[0269] This example would yield the following results where only the 'Name' element path is

required from the 'Employees’ and 'Region’' collection paths.

Table 21:
'Employees.Name' '‘Regions.Name'
John Jones North
Bob Brown North (repeated)
[0270] This example provides the required result for a single conjunctive term and the above

process must be repeated for all conjunctive terms in the DNF expression.

[0271] In this embodiment, the results from each conjunctive term are generated independently

and simultaneously and subsequently accumulated to provide the final and full result. There is a
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[0275] The following describes a method for binding collection sets within a conjunctive term
wherein collection sets are combined prior to the query results being retrieved from storage;

allowing the query results from each collection path to be retrieved independently.

[0276] As described above, the bind operator accepts two fully qualified element paths and is
used within the context of a conjunction that forms part of the overall DNF expression. Each bind

operator is coupled to exactly two collection sets within the same conjunctive term.

[0277] Within a bind operator, a 'correlated binding' occurs where a given element instance
within a collection instance in the collection set on one side of the operator has at least one
equivalent element instance in one or more collection instances in the collection set on the opposite

side of the bind operator.

[0278] Consider bind('Employees.DepartmentNumber',' Departments.DepartmentNumber') for

the example collection sets above

Table 22: Employees Collection Set

Identity |Cardinality |Sequence

2 1 2
3 1 3

Table 23: Departments Collection Set

Identity |Cardinality |Sequence

1 1 1
2 1 2
3 1 3
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[ 0274] Bi nd Propagation [0275] The foll owi ng describes a nethod for binding
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exanpk@n@61 Repar@ens Numbshovk Tabl e 22: Enpl oyees Col | ection Set Identity
Cardipality|gpauence 2 3 1 1) 2 3 Table 23: Departnents Collection Set

| dentd-t Vi
2 200

3 300

[0279] It can be seen that collection identities 2 and 3 in the 'Employees’ collection path have a
'‘DepartmentNumber' of 200 which have a correlated binding in the 'Departments’ collection path at
collection identity 2. However, in the 'Departments’ collection path, collection identity 3 does not

have a correlated binding.

[0280] Each correlated binding has a cardinality that reflects the number of matching element
instances on each side of the binding. Thus for a given element instance on one side of a correlated
bind there will be a number of equivalent element instances on the other side which defines the bind

cardinality.

[0281] In the above example, the bind cardinality for collection identities 2 and 3 in the
'‘Employees’ collection path have bind cardinality of 1; whereas in the 'Departments’ collection path,
collection identity 2 has a bind cardinality of 2 (in the opposite direction across the same correlated

bind).

[0282] In this embodiment, the following method is used to implement the bind process within
a single conjunctive term. The method assumes an arbitrary number of collection sets with an
arbitrary number of bind operators coupling pairs of distinct collection sets in an arbitrary

arrangement. A bind operator cannot bind a collection set to itself.

[0283] In this embodiment of the bind process, a visit ordinal attribute is included in the vector
already described above for a member of a collection set. This visit ordinal is assigned a value of

zero prior to binding.

[0284] Therefore a collection set with collection instances 11, 12, 13 would appear as follows

prior to the binding process
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Cardinality Sequence ,--1 Ncn 11 12 13 W
2011/ 127158PCT/ US2011/ 031405 Tabl e 24: Enpl oyees Table Identity Departnent

Nunmber 1 wOQoR/20G83 200 PCT/US2011/031405
Table 26:
Collection | Visit Ordinal |Sequence |Cardinality
Identity
11 0 0 1
12 0 0 1
13 0 0 1

[0285] Without any binding, this collection set would be used to fetch collection instances 11,

12, 13 in that order and without repetition.

[0286] In this embodiment, during the bind process, bind operators and collection sets are
visited in a specific order and each bind operator is assigned a unique Visit Ordinal and each

collection set is assigned a unique Visit Ordinal and a Propagation Count.

[0287] In this embodiment, the process of bind resolution follows three phases in order wherein

a subsequence phase is only started once the previous phase has completed, as follows.
[0288] Phase 1
[0289] This phase is known as the Origin Selection Phase.

[0290] A single collection set (within the conjunctive term) is chosen to be the origin collection
set. A set may be chosen arbitrarily, but advantageously, the chosen set can be the smallest set from

amongst those that correspond to a collection path included in the query result.
[0291] The chosen origin set is assigned visit ordinal O.

[0292] The members of the origin set have their sequence updated in a strict monotonically
incrementing sequence, starting at 1 for the first member in the set. If the set above were chosen, it

would become

Table 27:
Collection | Visit Ordinal |Sequence |Cardinality
Identity
11 0 1 1
12 0 2 1
13 0 3 1
[0293] Phase 2

[0294] This phase is known as the Member Propagation phase and involves propagating

members across every bind operator.
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Tabl e 25: Departnents Table Identity Departnent Nunber 1 100 2 200 3 300
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collection sets with an arbitrary nunber of bind operators coupling pairs
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bi nd process, a Vvisi ordinal>attribute is included in the vector al r eady
descri bed above for a nenber of a collection set. This visit ordinal is
assi gozela vhl thes emibozlenentpthe oolldctiob setdnamber§ A2$4dphlaeted fionetha ocigidadag sa@an set
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chosen bind operator as follows.

[0299] For each non-zero cardinality member in the originating set with a visit ordinal one less
than the visit ordinal of the current propagating bind operator, a member is duplicated and appended
within the terminating set for each terminating member that has a corresponding bind with the

originating member.

[0300] For each member appended to the terminating set, the collection identity is assigned to
be the same as the terminating member it is copied from; the visit ordinal is assigned the visit
ordinal of the propagating bind operator; the sequence is assigned from the originating member; and

the cardinality is assigned as 1.

[0301] In this embodiment, any member in the originating set which has no corresponding
binds in the terminating set has its cardinality assigned to zero. Thereafter, the originating member

is considered void and is not propagated any further.

[0302] In this embodiment, members are propagated from the originating set in membership

order. Other embodiments may choose an alternative order.

[0303] The sum of the cardinalities across all of the propagated entries with the current visit
ordinal is assigned to the terminating set as its propagation count. If the propagation count for a
terminating set is reduced from a previous assignment, then any other bind operators attached to the
terminating set with assigned visit ordinals and attached to another collection set with the same visit

ordinal as that bind operator has its operator visit ordinal de-assigned.
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prior to the binding process WD 2011/127158PCT/US2011/ 031405 Tabl e 26:
Collection ldentity Visit Ordinal Sequence Cardinality 11 12 13 000 00 O
111 [oxezpwrhmsat any binding, this collection set wearasb@10sedst o
fetc | ecty L NS - 131 r n t r.epetition.
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col | ecdinalmssighal Bt@irectly attached to a set which does have a visit ordinal assigned; and from

those, a bind operator which is connected to the collection set with the highest visit ordinal assigned
is chosen; if one or more of the bind operators that can be chosen are also attached at the other end
to sets with visit ordinals already assigned then the operator attached to the set with the lowest visit

ordinal is chosen.

[0305] The chosen bind operator and the terminating set on the other side of the operator are
assigned the next visit ordinal. If the set on the other side has a visit ordinal already assigned, it is

overwritten with the new visit ordinal.

[0306] This is repeated until a bind operator without a visit ordinal but attached to a set with a
visit ordinal assigned can no longer be found. If at the end of this phase, a set exists without a visit

ordinal, the query is considered to be malformed and the query as a whole is aborted.

[0307] Consider the following two collection sets wherein the first set is the origin set. In this
example, there is assumed to be a bind operator between them with a visit ordinal of 1 and for
clarity it is assumed that only members with the corresponding suffix letter in their terminating

identities have corresponding binds across the bind operator.

[0308] Collection Path 1 (Before member propagation)

Table 28:
Collection [Visit Ordinal |Sequence |Cardinality
Identity
11B 0 1 1
12A 0 2 1
13C 0 3 1

[0309] Collection Path 2 (Before member propagation)

Table 29:
Collection | Visit Ordinal |Sequence |Cardinality
Identity
21C 0 0 1
22B 0 0 1
23B 0 0 1
[0310] Propagating member 11B results in the following terminating collection set.

[0311] Collection Path 2 (after propagating member 11B via operator 1)
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visited in a specific order and each bind operator is assigned a unique
Visit Ordinal and each collection set is assigned a unique Visit Odinal
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[0312] Member 12A has no corresponding bind and therefore no member is created in the
terminating set, but the cardinality of this entry is set to zero in the originating set. This yields the

following for the originating set.

[0313] Collection Path 1 (after propagating member 12A)

Table 31:
Collection | Visit Ordinal |Sequence |Cardinality
Identity
11B 0 1 1
12A 0 2 0
13C 0 3 1

[0314] Propagating member 13C results in the following terminating set,

[0315] Collection Path 2 (after propagating all members via operator 1)

Table 32:

Collection [Visit Ordinal |Sequence |Cardinality
Identity

21C 0 0 1

22B 0 0 1

23B 0 0 1

22B 1 1 1

23B 1 1 1

21C 1 3 1

[0316] Note that the terminating set above may then be propagated by another bind operator

into another set, but only the members with visit ordinal 1 would be propagated.

[0317] Phase 3
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term nati ng menber that has a corresponding bind with the originating
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col | ¢6321dn i Geltdtioy Path béstegomdinhlitybefl¢diensane as the term nating nmenber it
is copied from the visit ordinal is assigned the visit ordinal of the

prop i bi nd operator; the sequence is assigned fromthe originating
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Identity

11B 0 1 2

12A 0 2 0

13C 0 3 1

[0322] Collection Path 2 (after cardinality reflection)

Table 34:
Collection | Visit Ordinal |Sequence |Cardinality
Identity
21C 0 0 1
22B 0 0 1
23B 0 0 1
22B 1 1 1
23B 1 1 1
21C 1 3 1
[0323] The following provides an example of the how four collection sets may be visited and

have their visit ordinals assigned during the second phase of the bind process. The rectangles

represent collection sets and the lines represent bind operators between them.

[0324] FIG. 9: The origin set is chosen and assigned visit ordinal 0.
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[0331] In this embodiment, once all three bind phases have completed, collection instances for
each collection set can be retrieved independently for query materialisation and their independent
results merged. Collection instances are retrieved only for members with the same visit ordinal as

the visit ordinal assigned to the collection set itself as follows.

[0332] Each member in the collection set with a cardinality of zero is ignored; each entry with a
cardinality of 1 is retrieved once; each entry with cardinality greater than 1 is retrieved once but

duplicated to respect the cardinality of the bind.

[0333] In one embodiment, each set member is retrieved in sequence order and entries with

identical sequence numbers are fetched in collection identity order.

[0334] In an alternative embodiment, members are retrieved in collection instance identifier
order first (rather than sequence order) and results sorted in memory in sequence order just prior to

merging.
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13C 000 ,--1 Ncn1 11 [0309]Collection Path 2 (Before nmenber
propagation) Table 29: Collection Identity Visit Odinal Sequence
Car di nal iwg 281102268 23B 0 0 0 0 0 O PCT/US2011/031405

[0335] In an alternative embodiment, consecutive collection instances or nearly consecutive
collection instances within a common storage area may be may be retrieved from storage in a single

storage read request.

[0336] It will be appreciated that the temporary structures manipulated by the bind process can

reside within physical memory to assist rapid resolution of a conjunctive term.

[0337] It will be appreciated that the bind process can operate and complete within physical

memory prior to materialising any results required by the query.

[0338] It will be appreciated that after a conjunctive term has been fully resolved the storage
engine can retrieve each collection set independently and in parallel to yield the results required by

the query.

[0339] Results for collection paths marked for an outer join are resolved by retrieving any
collection instances from that collection set that have a zero cardinality and including them in the

final result.

[0340] Cross joins are resolved by forcing every member in an originating collection set to
correlate with every member in a terminating collection set across a bind operator marked for a

Cross join.

[0341] In one useful embodiment, the collection set of a true() operator is lazily evaluated by
the first bind() operator which attempts to bind it wherein the collection set of the true() operator is
created from the corresponding binds of the originating collection set. In this embodiment, the
collection set of a true() operator is never chosen as the origin set. It will be appreciated that in this
embodiment with lazy evaluation, the size of the collection set of a true() operator is likely to be

much reduced compared to an eager evaluation.
[0342] Storage Structure

[0343] The following describes the storage structure which is used to efficiently persist and

retrieve data in support of the access model described above.

[0344] The storage is structured as a multitude of linear tunnels wherein each tunnel is aligned
with storage address space and contains information about collection instances which is relevant to

one collection path and/or one element path, one operator and a subset of operands.
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for a large population of element instances within an element path. A collection path tunnel

provides complete information about a single collection instance within a collection path.

[0346] The structure of a tunnel varies according to the access model operator and the
operations it is required to support. Each tunnel contains the minimum information required to
support its corresponding operator such that every tunnel is optimally aligned with the storage

address dimension and each operator can traverse its relevant tunnels in an efficient manner.

[0347] The minimal information contained within a cell may only be sufficient for the related
access model operator to indicate either the likely possibility or the impossibility of an entity

instance being relevant to given operands.

[0348] A different tunnel family is provided for each operator within the access model.
Connective tunnels provide information to support the access model IS operator; characteristic
tunnels provide information to support the access model HAS operator; combinative tunnels
provide information to support the access model IN operator; each of these families provides a
tunnel to support the EXISTS operator; while collective tunnels provide information to support

efficient collection retrieval.

[0349] Each tunnel is arranged as a linear sequence of cells whereby new tunnels and new cells
are appended in chronological order while tunnels are traversed in reverse chronological order.
Tunnels and cells are arranged whereby cells between tunnels correspond so that traversal can move

between tunnels as required. This is illustrated in FIG. 15.

[0350] Each tunnel family is considered to have both viscidity and velocity characteristics. The
viscidity indicates how much information is held locally about a collection instance within a tunnel.
The velocity of a tunnel indicates the size of the collection instance population held locally within a
tunnel. These characteristics are inverse of each other, such that a highly viscid tunnel that contains
much information locally about specific collection instances also contains little information about

the population as a whole.

[0351] Tunnels that relate to access model predicate and bind operators exhibit high velocity
and low viscidity. Tunnels used for collection instance retrieval exhibit high viscidity and low

velocity.

[0352] Collective Tunnels group element instances into collection instances. Every collection

path contains a separate tunnel for every collection instance and an entire collection instance can be
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their high element instance viscidity within each collection instance.
[0353] Connective Tunnels group identification element instances by their equivalence
similarity. These tunnels support the IS and BIND access model operators; allowing the IS operator
to generate a collection set for collection instances that contain an identification element instance
which is equivalent to the operator operand; while allowing the BIND operator to efficiently resolve
correlated binds between collection sets created by other access model operators. There are multiple

connective tunnels for each identification element path. These tunnels are considered to have very

high velocity across collection instances.

[0354] Characteristic Tunnels group enumeration element instances by the properties they
contain. These tunnels support the HAS access model operator allowing it to generate a collection
set for collection instances that have an enumeration element instance which contains one or more
properties which are equivalent to the operator operands. There are multiple characteristic tunnels
for each identification element path. These tunnels are considered to have a high velocity across

collection instances.

[0355] Combinative Tunnels group the partial magnitude of measurement element instances
relative to the radix point. These tunnels support the IN access model operator allowing it to
generate a collection set for collection instances that have a measurement element instance which is
bounded by the operator operands. These tunnels also support aggregate operations allowing
measurement element instances to be accumulated and classified without the need to refer back to
the full collection instance. There are multiple combinative tunnels for each identification element

path. These tunnels are considered to have moderate velocity across collection instances.

[0356] Every element path has a corresponding existence tunnel to support the EXISTS access
model operator. There is one existence tunnel for each element path. These tunnels are considered

to have a high velocity across collection instances.

[0357] Therefore, in this embodiment, there is a comprehensive tunnel family maintained for

every element path with a predicate operator.

[0358] The predicate operator used in a query determines the tunnel family to be traversed

while its operands determine the collection path, element path and tunnel number(s).
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[ 0318].Thi s phase is known as the Cardinality Reflection Phase wherein each
bi nd %‘H@tuéf piepd for a multitude of optimisation strategiesto cater for index structures that might or

might not exist.

[0360] It will be appreciated that the homogenous cell structure of tunnels are apt for processing

by CPUs that provide vector instructions that operate on multiple items of data simultaneously.

[0361] When an operator is evaluated it creates a memory based collection set wherein each
member of the set provides information about each collection instance included in the evaluation.
As previously mentioned, an operator may only be able to provide an indication of likely possibility
or impossibility of relevance of a collection instance to the operator operands; but an operator may
also have complete certainty of relevance. Therefore, each collection set member contains an
indicator of certainty such that later query materialisation can determine the need for additional

materialisation for the purposes of element inspection and verification.

[0362] Usefully, the process of binding collection sets whereby collection sets are combined

and correlated will serve to increase certainty by discarding uncertain collection set members.

[0363] Time is sub-divided into absolute time frames whereby every frame covers a fixed and
predefined time interval relative to a predefined epoch date such that any given time is assigned a
frame number derived from the number of time frame intervals that have occurred since the epoch

date such that the epoch date occurs at the start of time frame O.

[0364] The epoch date and frame duration are chosen so that frame numbers are positive and

their magnitude can be contained within reasonable precision.

[0365] In one useful embodiment, the epoch date is chosen to be the start of the current century

and a frame duration is chosen to be 1 hour.

[0366] All tunnels are sub-divided into absolute time frames such that any given time frame
corresponds across all tunnels. The alignment of frames across tunnels allows retrieval operations to
switch between tunnel families at frame boundaries and choose the optimal tunnel family for the
direction of navigation required. For example, a search for a specific collection instance may use a
connective tunnel initially and switch to the collective family in a corresponding frame when a

likely element instance cell has been found.
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visited in strict reverse visit ordinal order. The bind operator visited is
known as the reflecting operator. [0319] At each reflecting operator, the
cardi nal iwg20ft/earsR nmenber in the originating set with &Critsea11osdohal one

| ess th flacti 0 '
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[0320] I n the above exanple, the cardinalities of the originating set
be ups@teagessy ey W@ﬁ@ebpf@@zq}scmfé%ﬁq%ﬁnqﬂafpheafh(caﬂ%%wn@a@d .awéwa:s? cach file
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Cardin ity 11B 12A°'13C 0 0 0 ,--1 Ncn

which is determined from the tunnel family and collectlon path identity; and each file contains the

frame number within its name. This arrangement is illustrated in FIG. 16.

[0368] Where multiple distinct databases exists, the directory structure for each database will

reside under a separate database path.

[0369] In an alternative embodiment, the tunnel family (connective, characteristic, combinative,
collective) are placed at the top of the hierarchy with each database path immediately below them.
This allows tunnel families to be easily located on different storage systems with performance

characteristics most appropriate for each tunnel family.

[0370] Therefore, in this embodiment each file contains a separate contiguous sequence of cells
for a tunnel within a frame and each tunnel relates to a specific collection path, element path,
operator and its operands allowing an access model operator to read the relevant tunnel(s) from

storage with minimal read requests and navigate the tunnel with minimal cache pollution.

[0371] Therefore, in this embodiment, populations of collection instances with similar creation

times are localised within common frame files.

[0372] In view of the above, it will be appreciated that large populations of collection instances

of similar age can be deleted by removing the frame files in which they reside.

[0373] In an alternative embodiment, frames boundaries are determined by a defined threshold
for the number of collection instances for which they are respective, whereby a frame is closed once

the threshold is reached within each collection path.

[0374] In view of the above, it will be appreciated that the size of an individual collection path

population can be precisely managed by removing one or more of the oldest frame files.

[0375] Operational (OLTP) queries are selective in nature and will predominantly use the IS
and BIND access model operators and therefore navigation for an operational query is likely to be
along one or more connective (very high velocity) tunnels to rapidly identify the collection
instances relevant followed by navigation along one or more collective tunnels (low velocity) to

retrieve the specific collection instance data. The majority of the bind resolution work will occur
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[0322] Col l ection Path 2 (after cardinality reflection) Table 34: Collection
ldentity Visit Ordinal Sequence Cardinality 21C 22B 23B 22B 23B 21C 0 O
0,-.1,-.wp20/Q7680 ,-1 ,-1 me-1 e-1 e-le-1 e-le-1 [ ®823]STha/08bs ow ng

pr ovi f Lon.se - | .S] nd have
t hei r\’%\%/}}SI 3 ?Fys%&r‘ag H}r%a %é}(? ga%&s ?’glnglgwda uér%#f{r%lg%éee? ?2 E‘Igér%g §Cp‘%?a S g?%]f B%ﬁ%&bﬁd&rﬁq S|Der%o cess.
The rdotvanghegudrgpéaitanbe ealined tjuieklyskRitohighadmaheuhibest megore serige beaid
operators between them [0324]FIG 9: The origin set is chosen and assi gned
vi si t°P8FRHPHal 0. WD 2011/ 127158PCT/ US2011/ 031405 [0325]FI G 10: The first
bi nd operator is chosen fromthose attached to the origin set and the

[0376] Analytical (OLAP) queries are broad ranging and unlikely to use collective tunnels at all
and will be entirely contained within connective (very high velocity), characteristic (high velocity)
and combinative tunnels (moderate velocity) allowing OLAP queries to traverse populations of
collection instances rapidly. The majority of any aggregation work can be performed directly on
rank tunnels which can be read into memory through a small number of large sequential storage

read operations.

[0377] Advantageously, the separation of file sequences by collection path and tunnel family
allows different tunnel families to be located on different file storage areas with different
performance characteristics. Collective tunnels are predominantly used for operational access and
contain short collective tunnels. These files can be located on storage media most suitable for
smaller random read requests; while other tunnel families can be located on storage media most

suitable for larger sequential read requests.

[0378] In view of the above, it will be appreciated that both selective and collective queries can

be efficiently supported for both operational and analytical workloads.

[0379] In this embodiment, tunnels are appended to in forward chronological order and use
collection append and collection inversion semantics to create, delete and update collection
instances. The deletion of a collection involves appending a collection inversion to all the tunnels
relevant to the original collection instance such that all operations concerning the original collection

instance are aware of any subsequent inversion.

[0380] Therefore, in this embodiment, there are no update-in-place operations and all updates to

a tunnel family within a collection path are localised.

[0381] In view of the above, it will be appreciated that all updates to any given tunnel or any
given tunnel family within a collection path can be efficiently applied using a single or minimal

number of storage write requests.

[0382] In view of the above, it will be appreciated that all updates to any given tunnel or any

given tunnel family can exploit the high transfer rates exhibited by contemporary storage systems.
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chosen bind operator is assigned visit ordinal 1. The term nating set on
the other side of the chosen bind operator is assigned the sane visit
ordi nal awoOt2huat120f58t he bi nd operat or. [0326]FIG. 11: Thecsasend/obi4ngl

R A R o L P

pr opagdhiaied E¢atyveryodolebigort i@ktahdeat i ng set for operator 2 is reduced, then
any ot her operators attached to that collection set and with a with an

oper visjt .ordi t he sa as the coll ect |on set visit ordinal at the
o'to heﬁbgz{?d hal? Yigw o 3&’98‘? 1W be apgrciaied that ﬁﬁ@a%s?r@é%qss& VE;dUugies The

next aﬁ%fﬂ f%?&ﬁﬁ@ﬁadéaﬁ&‘%@néin@@%tfgﬁ@é@s iWMdeflpelt, a visit ordinal assigned
and attaChed to the collection set wth the hlghest visit ordinal.

[0329£F|G. 14: If the propagation count of set 3 is not reduced by operator
3 thdB3iMe sbibseywétie abpee.at wisbamppredisedthsf @néldatasppsﬂamcar{mgl@oc}m nor e
oper at W t ho t an assi.gne it ord nd t ase of
Che BrRats bRagy B aRuE Rty K St oBRAL L ar Sl PER SRR G T HER 1 or
the thﬁﬁkﬁs%f&@ﬁﬁbd&fn@dumhd pdiftfileméageerkan proceed to the next phase.
[0331] I n this enbodi nent, once all three bind phases have conpl et ed,
collection instances for each collection set. can_be retrieved |ndependently

for 408 madeoilggtioadnsteresan O{IIWéaerquméﬂétﬁﬁlé hes Hesbrensresidduthitol | ecti on
i nst %ﬂﬁj%g}rﬁéaxf, t{lﬁljiﬁrlé ﬁggl‘AV&Qé in rQQ; T 81{0?0%}4:51 %rcie'f"? ?1 o C(wﬁ% 1Bn ﬂ{vg{ gbgalg é?s the

visit or assigned to t e co ectlon Itse Each
nmenbék detectedgriootd their EMe$end1mg elxliar mﬂedlmadtppeyd operztdom3 sbshat ghimmienoeaxﬁ h
entry th a cardlnalh qb i s retrlevg onqﬁ; g%ch entr E

car dlan%? Ipgtipngpdaicscap Sﬁffh?“i ydstermugd ang seere polirsipy etas Stco"‘n Espect the
car digh@dacionsi9fdidcRieli nd. [0333] I n one enbodi ment, each set menber is
retrieved in"sequence order and entries with identical sequence nunbers are
fetched in collection identity order. [0334]In an alternative enbodi nent,
menbdP$37dr e Ietipvey dig dbavedl wakhd anpreoiediieka pigdisniefaperatesrvadrmot prepunier at her

or ot Pt LG R B s 38 BBt ol PR Ate PR PR EacBLoetll e

enbodb aasdunt oeeacuti ve col l ection instances or nearly consecutive

[0388] In one alternative embodiment, all frames in each tunnel family prior to a specified
frame in a specified collection path may optionally be consolidated whereby the contents of each
prior frame file is scanned and copied into a new version of the frame file but where all discovered
inverting collection instances and their corresponding inverted collection instances are discarded. A
consolidated frame file will not contain a full collection instance history but will be more compact

than the frame file it replaces.

[0389] Each element path contains a frame map with every frame that imparts partial
information about all element instances within a single or multiple of frames that precede the
current frame. Each frame map allows an access model operator to determine which preceding
frames are relevant to its operands and allows the operator to exclude frames that contain no

relevant information.

[0390] In this embodiment, the frame map for an element path of identification intent contains
information about which bits within an identity byte sequence contain common values for all

element instances within the frame interval.
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collection instances within a common storage area may be nmay be retrieved
fromstorage in a single storage read request. [0336]It wll be appreciated
t hat t he werpovraryssst ruct ures nani pul ated by the bind pProTasgoicasi4esi de

wi t hi ysi - j ' L ut i - j unctive
s PRUTRCSE Wl B, SR ORI L0, Pl SRBAPEIIG LT |,
W t hipathpdhhshicatonyBrantly npgno@nidally iidrédsirl drslei@adny sdg@sndetis one fart begulipld he
query. [0338] 1t will|l be appreciated that after a_conjunctive term has been
ful | Parte8bihg déentifisatiandhvigecqupifiersach hat osmg patof all eleict nstepresirg e@mmon

i nde j | el Lel: I j query.
[0330) PEe e R e mdr B R o o Sl Y el Ve by
r et r icemnmgp @pyctcof dlbdement insistcan ehinf thosa frdmad incabdle dd notconédrnt teabe have a
zero .cardinal i Y and including themin the final result. [0340] Cross joins
are ' ’\%B"“@b ‘forcing every menber in an originating collection set to
correlate with every nenber in a termnating collection set across a bind

oper ghsg2] mar kedisf dibodikEm Sthe i@ md P4 4 bRnRAEpHS 6f leawrdindt TRBkt cohfifhs
collection set of a true(} operator is lazily evaluated by the first bind()

oper anfermefinncaboyt the mpnina fdonard matforbelemanttingancsh wetbin ba fiee ipervahe true()
operator is created fromthe correspondi ng binds of the originating

col | gﬁfséﬁ“ S@herefole, i tiis GIRRAMIEN tvh {e*}ﬁe %ﬁﬂehﬁeﬁE L10feGhs e e?“fi@ﬂl%) 1%98&“ or
i s never chosen as’the origin set. Pt Wi e appreci ated tRhat in this
enbodgiattiegxthibit 4 borlsarntle vadneadniclly ifdreasiigze dotrehding calid;ebdn @e @ etorofframet r ue()

operator is likely to be much redyced conpared to an eager eval uati on.
[ 034218315438 bamupefutly pamingtesayheie thedningid ARyl Basia fpehophiame Hrtgryals ekt ur e

whi CQnEl%sé’&@%éa@ur@Maht%joﬁ%ﬁt!y persist and retrieve data in support of the
access nodel described above. [0344] The storage is structured as a

mul titude of l|inear tunnels wherein each tunnel is aligned with storage
addr 8394 pach thisdndwdira¢misthe fifamemaap fon ambleatentpdth et envareritimy iatvoesonthinech i s
rel evant to one collection . path and/.or one el enent path,. .one erator .and a
ubs et SN E M B8PS BE R Bt e T AR R o AR PRGF BhEhahen
path tunnel provides partial information about every el enent instance for a

| ar ggopIUl arThasfodd, igtenEnbodimehaMbes ehuinbiafion Rleic@fBRianPatwithiMag elehRat i on
pat h tunnel EE;OVi des conplete informati on about a single collection

| nst Pteexpilitg spagsecbitibetqnod nserertics; thea o REMeTY iiRpaderytls gan hwelulbar i es
accorggiifighd Pwhéle 2AGHERE 0B %ugﬂpg&ﬁﬁi% pI%Bgrtierﬁlat do not exist within those frame

intervals.

[0396] In view of the above, it will be appreciated that an access model operator is able to
efficiently navigate tunnels by avoiding frames that do not contain data relevant to the operator and

its operands.

[0397] In view of the above, it will be appreciated that access model operators are able to
efficiently traverse the tunnels for both selective and collective query access without any need for
any additional navigation structures, such as indexes, to support specific query requirements and
therefore removing the design, administration and maintenance effort and resource investment

typically required for such structures.

[0398] In view of the above, it will be appreciated that the access model operators are able to
navigate tunnels such that neither the separate gathering of statistics for cost-based query

optimisation nor multiple optimisation strategies are required.
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operations it is required to support. Each tunnel contains the m ni num
information required to support its correspondi ng operator such that every
tunnel iswopbivearisg aligned with the storage address di memdiSeniasdogach
oper can i . i fficCi .
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suf f ifeing) tard @oretl ecogigadbektaragessanyemehts 8p @adtomplee dtndiveatean ek derwitihe
likely possibility or the inpossibility of an entity instance being
reIeﬁ&ﬁﬁ3¥@B§?Véﬁnﬁﬁ€ﬁands. [0348] A different tunnel famly is provided for
each operator within the access nodel. Connective tunnels provide
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provide irnformation to” support the access nodel HAS operator; conbinative
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wher eby new tunnel s and new cel |l s ‘are appended i n chronol ogi cal order while
t unnalossible grony goeags ¥st¢ms.r ever se chronol ogi cal order. Tunnels and cells are
arranged whereby cells between tunnels correspond so that traversal can
nove enyt i T S d .S i) | i I .
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abouteffspetly; wheropdretnneds in fristmaftedy absteingonteat fos flaintetN.e i nf or mati on about
t he popul ation as a whole. [0351] Tunnels that relate to access nodel

pr edi ang. bi nd operators exhibit .hi vel.oci.ty and | ow viscidity.
FunndP s o pEh Pl PR i Platae P Pt Uk fo BT i ATE R Hmsing

| ow i@l @6d dvpid $h03eed olidiedt iftighe FBN@hShBE Bebh SdcafiMtted NShanGRt ke file
collection instances. Every collection path contains a separate tunnel for
ever yang ¢ abde 1o 1gpd p Hmahwanaing maltipde fiapes B0l siagleilyge raadragiedt. can be WO
2011/ 127158PCT/ US2011/ 031405 retrieved by traversing its collection tunnel
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[ 0353] Connecti ve, Tunnel s group_ identification elenment instances by their
equi VAVEAREBCIT 9 Ravigae (s DA o8 lutiehe |'S and BIND access nodel
operators; allowing the IS operator to generate a collection set for

col I ggddqn | NsdRNGER ERBLJIGRAL Fd WAl drdehbdVei 16 athANhe! BB a8t @Rk i Ch
is equivalent to the operator operand; while allowing the BIND operator to
ef f i ¢ enchyonterigis\pesygblefiinairededipetisprbetivaeens. dothisgnbahmset heefecieray dy

ot her_access nodel.%ﬁfrat rs. There are multiple connective tunnels for
each PHERTTFYEATTH “BHEWE pat h. These tunnels are considered to have very
hi gh vel ocity across collection instances. [0354] Characteristic Tunnels

gr ougO4uR)Mer Bi inothet besTRIimbbolshanc®s vaie oh® 4hoopayihfigisy tlv@thaeodtfainte These
tunnel s support the HAS access nodel operator allowing it to generate. a
col | deeupHalsepny epntens o thap dtsiongt fxpee dn fHaemhediment therfiHeiraey Grirdrteiisnt

i nst e - Wh I 4 : erties which are equivalent to the
opergﬁgﬁn%%é@gH§§3h$ﬁgﬁggggggéiﬁ?%%Fgﬁgﬁaracteristic tunnel s for each
identification elenent path. These tunnels are considered to have a high
vel odP436]acr bseewai klectborn if wit binawsecit@B&B] Bo vbiunaf MaboTenmebssegtoup t he

partial. magni t.ude of neasurene el e t instances relative.to the radix
Do hoPtF et TR E S b W G B ebPRoagh (s i GhY Soa B ot o
gener@hfmralPhl@sd iPsptdsike {RbifkPelBErhiRe bfetsanc@pohfeab phalalad psEsaaneENt
el ement instance which is bounded by the operator operands. These tunnels
al so deoppdy at aaggewgat emoeper at i ons al | owi ng measur ement el enent i nstances to
be accunul ated and classified without the need to refer back to the ful

coll ection instance. There are multiple conbinative tunnels for each

identification el enent path. These tunnels are considered to have noderate
vel ocity across collection instances.
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[ 0356] Every el enment path has a correspondi ng exi stence tunnel to support
the EXI STS access nodel operator. There is one existence tunnel for each
el ement paoOhwiifinese tunnel s are considered to have a hi ghTisSk@aiosmoRCcr 0SS

col | ni 0 r el t I
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the tunnel famly to be traversed while its operands determne the

col | &bg %@Paﬁ%wre@ﬁ%wa&a@ﬁ hémequamta Friiet fos yachygpllection path
2011/11}(?131:@%@3/ US2011/ 031405 [0359] I n view of the above, it wll be
apprecl ate hat any predi cate operator can efficiently traverse the

popul ation of collection instances without the need for separate index

st rud04d%ds ahaviedvtofithet abokie inwdtibd appreriated that dadelifsf cysfpsican batiaongestt r at egi es
to cater j‘ iqfeg rgct% s that m htt or mght not exist. [0360]1t wll
be appret %li’}é‘bo UM PHA R hﬁjﬁéﬁglfsgré% ™t ructure of tunnels are apt for
processing by CPUs that provide vector instructions that operate on
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it creates a nmenory based collection set wherein each nenber of the set

pr oviteré$he whele dferraafioayslating tranycngleeeliesHon Histaases nohayailgelg ip a single file
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have conplete certainty of relevance. Therefore, each collection set nenber
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can cé%h&&f@ngﬁtﬂ h%nfa%%ﬂlbfepandaﬁé't&ﬂnenalmls@ttﬁéﬁs%ke Shiciecdtigh itsdhcPYiPpses of

el ement inspection and verification. [0362]Usefully, the process of binding
col | emtqwmnstgpsowﬂw dpthablfbemto way setrgptmnagecypbomad eatvdsivolyrcevated wi | |
serve. to.i ncrﬁase cert ai nt(%/Fb%ed%scardl ng uncertain collection set nenbers.

[ 03631 FVRE <A dnqiicongdge $6l ute tine frames whereby every frame

covers a fixed and predefined tinme interval relative to a predefined epoch

date [ t hBt arsderiitive Bmbbdnens €S pb ot tsekliREeriiRahd Beiriptediiédtam t he
number of time frane intervals that have occurréd since the epoch date such

t hat cehewidpehcallaetevegtatutugnelsepagtckrandindyiduple frame 0. [ 0364] The epoch
date and franme duration are chosen so that frame nunbers are positive and

t hel rpﬁ'@ﬁg' t HiGe &R tlﬁgabgﬁgtclﬁévg?ﬁe Xﬂptr&'lﬂec{ HacddiR ch?n ﬁﬁtﬁﬁéesda?eﬂcafn[ﬁ%?’%] In one

usef odi nent, ate'I's chosen to e start the current
cent wifycientty emcfypmmandeeattypmd indivclhel$eto provdne uﬂadnlm:rsed hE&366I0AVol¢ uslteetisn ar e
sub-oHaw ded into absolute tine franes gﬁfersl that any given tine frame

ta without the need to encrypt and decrypt whol
[0412] In this embodiment, active transactions are accumulated in a heap file for the current
time frame. There will be one heap file relating to the current time frame and zero or more heap
files relating to recently closed time frames. The name of each heap file contains the number of the

time frame in which it was created.

[0413] The heap file is structured as a heap of fixed sized segments whereby each segment
relates to a specific transaction, specific collective tunnel within a specific collection path. Once
closed, the content of a heap file is migrated to multiple frame files corresponding to the same time
frame. Each frame file is composed in memory by coalescing segments that correspond to the same

collection path, element path and tunnel number.

[0414] In this embodiment, the current time frame is arranged as a single heap of interleaved
segments of collective tunnel information for currently and recently active transactions allowing

active transactions to remain isolated from each other. The entire heap can be written in a single
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corresponds across all tunnels. The alignnent of franes across tunnels
allows retrieval operations to switch between tunnel famlies at frane
boundar i esOand/rehsese t he optimal tunnel famly for thePdiruseilos4os

navi N r.

st A SRl e R R BN AP e ARGl Plin ARG b BRI TE P et ve
f am Ityeit state vach‘uﬁ & Sing e Gigentia byt@rayd @itdreliidee] epallirgnare nuAtkanderaaelctiona®
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tunnel (s) fromstorage with mninal read requests and navigate the tunnel
with mniml cache pollution. [0371] Therefore, in this enbodi nent,
popull@#i&ns Bfhegaltrassaction i crie&eéntleﬁ thel seBmshivirelaking foethe framsagtioreare ar e

| ocal I ons ?er\’\@l{ hf': st w1HHI?alef nf'f ha%c ILeosg clst tI\lleI s tloth ostt PO ar(ﬂ%sswfl | be
appreC|a d that>1"ar ge popuff Mons" of i'on Tnstances o ar age
can behed@hetcpehey waaereafég o&%eﬁ&lﬁf&rﬁshét@ﬁ wa@ ﬂ/bﬁ‘tl(%hnéd”ley reside. [0373]In
an alternative enbodi nent, franes boundaries are term ned by a defined
threshol d for the number of collection i nstances for which they are

respdftife, resmpbodimenpiphgag fE? Baeres gaee Hhdme frasts axwlgedraélééﬁeaew thin
each ;g ald a&sfea%@ PRI hik d@g& urg taasgcasn@aevamea{atew hlig 19éd preci at ed

that the size of an In ect| on path popul at1 on can e precisely
managedefppndiagornigfilene or nore of the ol dest frame files.
[0375] Operational (OLTP) queri es are selective in nature and w | |

pred ntI us t he, | cce del. erators and.therefore
vt QO+ b Al SEpaTnEAG R TsOBR Y SorrBrs tsdbel i i Rs it
conngqéd ét@ re(tMﬁéd/uﬂitﬂQbfﬁé@én@ﬁhﬁéékuéﬂﬂ@@h@m& ﬁa&eﬂféeﬂ |a&’cdn@lﬁ£tted1 fWhdr@igof@hd ect i on
instances rel evant followed by navigation along one or nore collective

t unnérsmentyin albtlosedthepp filesvdtieh psrain eclaysd diansaction dre grigisteditp seraerpendias a.

The %% of the bind resolution work will occur WO

2011/ CT/ US2011/ 031405 wi t hin physical nmenory and will yield a small

nunber of specific collection instance addresses allow ng the query result

t o bg04Zit]ur n@chnepekiok kygridntowghina isaplfile murbmtedaihd nasigio ts haragetioe dtht has

oper ati ons.

P been opened. Within an open transaction any number of collection instances across any number of

collection paths may be arbitrarily created or inverted. Thereafter the transaction may be abandoned

or applied.

[0422] When a transaction is abandoned, all of the transaction segments created within the
context of the transaction are logically discarded by marking their assigned transaction as
abandoned. When a transaction is applied, the transaction is marked as such and all transaction

segments within the current heap file are persisted to storage, regardless of their transaction status.
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[ 0376] Anal ytical (OLAP) queries are broad ranging and unlikely to use
collective tunnels at all and will be entirely contained wthin connective
(very hi ghowvelioiertsg) , characteristic (high vel ocity) aneCtarskimasise

tunn nod i i . | £S,: l.aflons
of cﬁpﬁéﬁti0§5§h§¥§%%§§S%%p?ﬁ%ggp#ﬁeenﬁ?%ﬁ@#ﬁﬁ% §%%§f%%gﬁ@%%?f@ﬁgﬁ%?ﬁ&%an
be peltkmfordlidiangctiley cotain@nky dpphiag transabii@hcetidand ear Bacbnsiieedr® addbte tohr ough
a small nunber of | arge sequential storage read operations.

[ 037 ARG RMPSEERiSs| y, the separation of file sequences by col |l ection path
and tunnel famly allows different tunnel famlies to be | ocated on

di ff gpent; f'iﬁ%@&@ﬁﬂﬂﬁﬁ%QQQ§wﬂ4E$qﬂﬁ&ﬁﬁ&f@ktQ&&&Q&Wﬁ?@ﬁﬁﬁ@@k@ﬁﬁ&?ﬁ@éH&S-
Col l ective tunnels are predom nantly used for operatidnal™ access and

cont aiohtosleoinvolged Ingieanisaation usohaslon, or Tevels@nfisicasy sypchivaishpemiaiyitens asther age

medi a_nost. syitabl e r. smal.] et random read .requests; i l.e.other nel
Fam st seR s Coledrie U B g s S B e opl pdpesgpnted 16:
sequthh?heﬁﬁ@gIﬁ@@g@&{s. [0378] I n view of the above, it will be

appreci ated that both selective and collective queries can be efficiently

supported for both operational and anal ytical workl| oads. [03791|n this
enbodPMit , Inthisemzbodiaenipberdisatiqropaths: elsmgat prtbhyvshis| colpetion pstgeindand use

col | %&ﬁde?{\yfgﬁp%%s angd {rﬁf?ﬁeL E&%ﬁ@e%‘i}éﬁtﬁ%ﬁ%ﬁ&% f+1fhgbetr§)wﬁ{cﬁ%eeﬁvg§le@ﬁs%da“d

update col I'ection i nstances. a go ctiron invo
appendd ag &sigoéd equemialllyny evdd atissig @ldinatsh@hésepndihsls bel Bed trodghotih®
original col]ection instance such that al] operations concerning the
or i gidddiesRathednd tBpnslhiorAlnRercssss sutres & babyth depsaidARtSINEr si on.

[ 0380] Therefore, in this enbodi nent, there are no update-in-place

oper %E)MH(]S aftkh ! dmBdafRE R SortifiaPnd HERE tor fcB1Tedtion Whil Rietheat ﬁz_ﬁhé getkQnwhrhh are
| ocal'ised. [0381]In view of the above, it wll be appreciated that al

updatdesctory ambfilgingens tatimnéhangheiapyrregpording pathehmeatn dlpwador pith rameskd et i on
th fficientl l.ied i i ngl i pi mal nb f st
b T R R R o s T

updates to any given tunnel or any given tunnel famly can exploit the high
t r ang0£27]r at €he axhicbslr@duid)s fQ0ir&RPeRdiY defifitidgeoSyalranGcolle¥ddn paths,

2011/ 127158PCT/ US2011/ 031405 [0383] I n view of the above, jt‘mjlf be

appr €&gnanggathhand gemsntinene In figermbediment; gegs defindtionsiap Apiedngdop nespeery

col | [ ' i e : it L i

hat RCREPIALERaGS PRl ot h S EheriNEd B R Fyec iyt b e anBRALERE BlcEE

audi tdatxfile v ersd what & def$nitisn isethanged dEadhQ8&5]data file @amefindlinesaboicely it wi Il be
appreci ated that predicate operators can include an optional tenporal

oper dRROSEFRIRYHRFrCHH Y L3P nb@é?fa%ﬂé e daf fgmemunbse ?trtﬁa {8 $hg yisiica

hi st ofjeGe {dbABridiS RB apRAt Whthdh BE Oiceicg dhi kor i ¢ point-in-time queries.

[0428] A data definition command cannot complete until the new meta-data file has been

successfully written and synchronised to storage.

[0429] Advantageously, in this embodiment, a process failure is recovered by finding the meta-

data file with the highest version number in its name and a consistent version number within it.

[0430] In view of the above, it will be appreciated that meta-data files may be deleted where

they correspond to frames that precede the oldest frames retained in all collection paths.

[0431] In view of the above, it will be appreciated that if the content of the database need to be
reverted back to a previous time frame, then all frame, heap and meta-data files that contain

subsequent frame numbers can simply be deleted.
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[ 0386] A col l ection instance can only be inverted after it has first been
created. In this enbodinent, tunnels are traversed in reverse chronol ogi cal
order to wbl20/eoisBecti on inversions to be detected pri @CTUS241h®B1405

corr din | i ' R 1.OF t ' ce of
a col ﬁ%i onﬂll ﬁs a?%?{ee %grklé’gg&]iel?&f %Jl%g%fl Eﬂ?/&)glg{ éfagrlfr(?ﬁ&nrll(zndﬁ aglﬁ%ghl%ne\}éerg égé@gltnﬁgct ion
i NSt a&iecgaararallPeneibiteaty huskycedias any peidt in[t0R8a]d thamhewcofespbediapove, it
will be appreciated that a predicate operator will not encounter cells that
have dsEBitiops astrelgings irdstipielyoper at or navi gati on began and advant ageousl y
does not need to account for them [0388]In one alternative enbodi nent, all
franggsiy) eaphpfeunin&dinfcat!y prior to a specified frame in a specified
collection path nay optionally be consolidated whereby the contents of each
prior franme file is scanned and copied into a new version of the frame file
but Whé¥d al Eachi dewsddraaw is avrengedrig hisoticky off oragnsactore edergredch brstar relates

correspondi ng invert | l.ection instances are discarded.. A consoli dated
Fr andd Rnaeffy PRSP B elE of SPmeRT A B DaR Rt ERELPR b SrGOBaR w11 “be
nor e vaPach stbasctbnelatdsase shédifec fuhnglepl aces. [0389] Each el ement path
contains a frame map with every frame that inparts partial information
about _all elenent instances within a single or nultiple of franes that
precaB®3Xne Ehe hisruchprisagangedan shovgiin 1311 ows an access nodel oper ator
to determ ne which preceding franes are relevant to its operands and al | ows
the qpei@t or £l&Gy§xGhudeohdBimRsichdiRly £RNMah Righer 1L6LISYABT cdnbi! Bt Mhap to
[0390]In"this e%bodlnent, t he %rane map for "an el enent path of

i dentthd ercddsed sub-pcent actbenaitisvel down mathie dweradobyit Thetsecthr tmiap $ornmubisectomns
identli t%q?g}/te %%gﬁ@ce contain comon values for all elenment instances
wi t hilAeaget ghefartplthg Supgr-seqlps. o011/ 127158PCT/ US2011/ 031405 [ 0391] Ther ef or e,
in this enbodi nent, where elenent instances within an identification

el engpa3mat hTResBIsEdtbr RasRs hishigiet layoneRNaéRCaldyyofifiked esd b@tries thdecneasi ng
sequence in one part or nmultiple parts of the identification byte sequence
such thhgartigg gddisay efghg subggectos ferrpagh sybhsacks eeding-as showmwm Blérd8s a frane
interval; then one or nore frame intervals can be usefully elimnated where
t he n a f ted it S . i At s do
ot O m { i e gf Bty AR TE R chitP DR Rt Y kLo AT WBLEREPAT,
map foan badetetreinmed fropathh saisequeas enteymdeclont @attocaindoatiggoushi or mat i on about
the mnima and maxima for all elenent instances within the frane interval.

[ 039 refare, |n thjs.enbodi ment where neasurenent el enent instances

L et ol Shieh Bl BARPEmEnCPRbhr bR oy ERat O g P BaSt RS or
decr eagimouMad Usitod lign one or nore frame intervals can be usefully
elimnated where the mninma and nmaxima for those frane intervals do not

encl ose the neasurenent sought. k0394] In this enbodi nent, the frame map for
an ell@hit phedh yanad somtaimanitaimel Haleftitsobt @ilik thefwnaeiicsoapwendingi ch
propert | xi St k- | e ement i n C 1t hin [

P orueF iy 85 Bl Bpaiet T AR BT ER AL Bhletd Bt BAMEs enron

i NSt aviciesit detiBeditoavisiebee R MiapPan BackXhnkd. (Tharesgrareaeh dingtlris btrhhgad a9khown in
properties; then one or. nore frame intervals can be usefully elim nated

wher &16n1 2hitheriatersired dagimuetit arhix gt S tneed addrgts Wechsiendli &8¢ fameni n
t oSGl HRTRIHAE SR the rlBRAAL LAY RGO BARMSE ottt ! | De appreci at ed

t hat an access no oper at or

[0441] Heap File Structure

[0442] Transaction segments are accumulated within a heap file. The heap file has a watermark
which is extended when more space is required. The contents of the heap file are synchronised back

to storage (up to the watermark) whenever one or more transactions are applied.

[0443] The heap space up to the watermark is arranged as discrete fixed length collective tunnel
segments where segments are interlinked to create segment chains within a transaction. The heap

watermark is extended by adding one or more segments.
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efficiently navigate tunnels by avoiding frames that do not contain data
rel evant to the operator and its operands. [0397]In view of the above, it
will be appreciared that access nodel operators are abl eCrasedifiiogisent |y

tr avﬁb@?ﬂf]t heESéﬁq?a%l %ctl{ogrseg[ﬁ&n b%ﬁ)ln % Eo' e t?a'ﬁgac?i%l.l K§ &fe\f SHLBEY 2 BECORRCt et hout
any need for any addi 1 omn navi gat i on structures, such as | ndexes, 10
suppaiiine$ paBiif adils pue by moedisicimenBnd sheashdint her ef ore renovi ng the design

adm ni strati on and mai ntenance effort and resource investnent typically

requir for _such structures. [0398]1.n view of the above, jt wl] he

appr SpiEyleq Rt SCERENHOBEYY Hides tﬁ%‘é?%%‘wé ﬂaerféﬁl_améél Rl i gaeondhinel s
such gehdbs REILASS conlinSERARRE R @RhERMACcAbn $EAMdretd &8 chah 2608 holASed aRuer Y
optim sation nor multiple optimsation stratedgies are required. WO

201 1/ne27se58PTTiN U820tk @Blediim jad8@odidwmrneFIGn2D.map structures within
historic frames (that occur prior to the current tinme frane) are stored in

conti s storage arrangenents sq .that conplete. structyres can be.read

wh 0 n VR0 o7 aR AR oF BAGRER 30 Rao ARSI abtiEh Y| Rt RV

t unnele8ddr @ MeRehp iR, €16 ANBastEass the seeturl atshdld Kapfi.i or frames and
witten contiguously to subsequent files for new franes to mnimse the
nunber of frame files that npust be consulted when traversing a given

t unndP447hi s Thiederd elvepheolisatidepath phaip ghdiansaeinn Ghatie stadntpiggd iy @aMEEY -
trav | : le: I : t sible

From ar oy g SR HI6 st P RS (AR pklfc PRAHE o B FRLEAST or va
V, f aelafingtoen speaifiercoNectiohgaeh. N i s an exact nmultiple of V, each tunnel in
frame N is accunul ated by reading the tunnel fromframes NL...NV and then

appendi th upnel .content for frame.N and storing the accymnul ation in
S R R ATt e S T T e
avai lpiter (vleRECHBMaRleqddnditRE IR Birhd SlBBrloY thertap euPRNyRibIN ARl s8gibntf r ame N
only contain content for frame N. [0402] Therefore an access operator

navi datanggaed the apgment namiber identiznsitemerdingl pesigireoiphe srgnfanawitbinathe hedpefilay oi d
the qg?l% Enc%b(\)/(ﬁ'ﬁllekt, t(:ig(:"ln%c rtatrrrzﬁlszlcgio 3 %nqgﬁt Qlaeva%leb %Qte%ﬁ%?r%‘ﬁ” ﬁletaﬁqilésntotaﬂgwcur rent
frame | eand|s aple 10 rea aF nne? spanni ng mul |pﬁe ranes 1 n a

si nglsegrhértgehat B@dn%Wﬁﬁgle cO1683h bixh\or & @ictibi & wlevRed by foMowlind€ single
appreciated that the access nodel operators can navigate tunnels

effi €hait |y by exploiting the high transfer rates compn to contenporary
har dwar e envi ronnments and navigate tunnels with mnimal cache pollution.

[ 0404hAdy) One}m%% ARRROL TERHI bd @ryﬂtwthg{ %lyfsapam% d’f%héhe%glcfge Lifgts every

frame accunul ates as nuch content ‘as possi rom i mredi at prior
f r amgsedid¢ate oprirstosstb ewifthg mhyighteehelidap sicengsyin séardpef mf@manan rgetanotw ii.s
optim sed. [0405]In another useful enbodi nent, the value of V above is

i nfinj such t.hat .no franme accunul at e ontent other. than.its own

f rarg OO0 s VigRos B ADRES. ot WA ot deyeanes M B8 Seeipens sataipev it and t ne
uti | iigfth ot betaBlead @edohistiX tHE if 8emdr)488h MRaddredRid hb@aRbéeiced to Wi I | be
appreci ated that the value of V above can be set to optim se specific

per f apgprrAcBomgEeeass faikuresi | | al so be appreciated that the val ue of V can be
dynamically altered to optim se specific performance aspects in response to

part i[6&'_% i pgégn%nm(fa%ng ?@Mﬁd%m%ﬁo@@&r@ trni;lglgtetdi t8%rame files after a heap file has

been closed. A heap file must be retained until all applied transaction segments within it have been

migrated; thereafter it may be deleted.

[0452] When an operator scans both heap files and frame files, it ignores any frame files with a

number corresponding to a previously scanned heap file.

[0453] In view of the above, it will be appreciated that frame files can be created and safely
synchronised to storage before a heap file is removed to ensure that every collection instance safely

exists in one or other or both heap file and frame file at any given time.
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WO 2011/ 127158PCT/ US2011/ 031405 [ 0407] Advant ageously, each file sequence
can be truncated such that the oldest frane files are renoved as and when
desired. whi2e1icamsBe perforned for each collection pat hrsease@tobyonl | owi ng

t he ase recisel life-cy ] i fQr each
col 1 401 790° phbfe ARET S TBRAAG, biftrly GRAESh SehlerSEhTaOBp R ple3,

appr evhat & titahaictidatsdidally etsyd, Ihesp ik bbevesn fage@dn pane ciosek frane madtlbect i on
path and tinme frame granularity. [0409]1n gne enbodinent, it is possible to
securdfitpd dp Brigpte thoirprsaetiqnesegiisRs 1aoafEA™S disal |y so that the whol e
information relating to any single collection instance is not available in
a singhsifi | h0cabh MMnafd¥ant ageously, each coll ective tunnel can be
encrypte& and decrypted individually allow ng the best possible performance
when a single collective tunnel is addressed. Advantageously, the

encr \[P43@n ké&here o anauppet limettth viee numbres lof eeneutyenthasiess ttansactions st hersaed,

collecti.o ath, franme .nupber and the tunnel nber .t o, ensure each.

col | deeita b R ReOL FaRfe; T80 eh R bt ORI RE e DR e iy

encr Yptil @e/tAasdcyiph h&beah @18%d ebshdmkd of M@kl thenbsy Ble dBdbéhe16kel. The
considered further here. [0410]1n an alternative enbodinment, it is possible
t o séeup Bleyis glosed ywhemthg ceeRtyIMeHPiet oF Whercansactignthapgleg necsitpdet i ve dat a
tunnq%dgﬁﬂ%rately and individually. [0411]1n view of the above, it will be
appreciated that collection instance data can be efficiently encrypted and
decrypted individually to prevent unauthorised access to whole collection
dat a [0d3Hout Atfoel ofechshaioananylps isandndeed ypmentooy & dliowespid ttxhition t hi s
enbodi nent, active trgg&ac%%qﬂs are accunulated in a heap file for the
curréﬁﬁwfq9ﬁ§W¢%Q%¥“0? WAt ®he one heap file relating to the current
time franme and zero or nore heap files relating to recently closed tine

f r amgggsgihe Rﬂﬁ@ﬁ@ﬁg&@%ﬂﬁh@@Bﬂﬁ&&ﬁb&ﬁﬂkﬁkH§6Eﬂ§.nunber of the time frame in
which it was created. [0413] The heap file is structured as a heap of fixed
si zed se%nents wher eby each segnment relates to a specific transaction,
specilf+¥]col Neg epeetransaciins wiheRithe ¢atahgaessiesn sotapeed i-dor whatever fsen cltsed,

t he - [ ' ' iRl fi .
cor r SOREges & baDRBel biheh B QPP lel WML oF o LT ol a0 816 8 rorrory
by caeadaesicindglise@r®tios hhfdles fehiddsped dnd matlibevaRbe footduss tAncspepaitahsacabement
path and tunpel nunber. [0414]1n this enbodinent, the current tine frame is
ar r arfgeRptaast bexond g sterpgegnelie STt eaved segments of col | ective tunne
information for currently and recently active transactions allow ng active
L ranggLdg|ONSELG, fredieAl oE&Qio@h@&l L 0MBARGR WL the DRRXEDE A @pela%ﬁsa%aen be
witten in a single WO 2011/ 127158PCT/ US2011/ 031405 | arge Storage write

r equewtl openatoas svanging s¢grsengiesed 4o bb awargldf dovierzy tranbacditioh stater andsski orondude
persist their state within a single sequentjal storage w.ite request;

P nab I g6 st biegp e thane dE FoRE SRR o RE ol Msttr = icsion,

Vi ew sghahti® eiudeydd. W I | be appreciated that a |arge nunmber of
transactions can renmain isolated and operate concurrently and be persisted
in s%8£a e with mnimal storage wite requests.

61 Prior to inverting one or more collection instances, a transaction must identify which
collection instances may be inverted and acquire an exclusive inversion lock on each one. A
transaction that is not granted an inversion lock immediately must wait for the lock to be acquired
and if the lock has not been granted within a defined time period, the transaction must release all of
the inversion locks it has acquired to resolve potential deadlocks. Thereafter, the transaction must

either be abandoned or repeat the attempt to identify and lock the collection instances that may be

inverted.

[0462] In large concurrent user environments where many transactions are active and short
lived resulting in frequent transaction applications, it is useful to provide a cycle whereby

transactions apply at predefined intervals. Any transaction wishing to apply waits for the next
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[0416] I n view of the above, it will be appreciated that the separation of
heap files and frane files allows heap files to be | ocated on storage nedi a
wi th m niwornwi2tessl at ency such that transactions are alpCe/useop@®ssist their
stat %vhi?abﬁé‘f p§£9rct1ee§ﬁél PRES! Rhindd JHn tlleozﬁ)é?}] @?e%ag%\%ﬁ {e'tJtcf:‘ witlle' @RROAAS to a
single Ime AT ame and new eaps are ope S an en T me noves across
absoldétag ahiindvidualneanoaisiod ait dess. noMtiegraddihsou@b pinras vety@apy @misastionieap i s
deened cl osed and can no | onger be appended to. [0418] When a transaction is
cl os&@mplate Yrthe prn&sE¥Aent s rel ating to the transaction are considered to
exist within the tine franme that corresponds to the transaction closure,
regarngi@ss of Jhen iﬁt&%al%@ﬂ%ﬁﬁp‘iy YRS EisCIDRAL ehis Qéaséé\ﬁb%!i‘y fifh&s HeANSRRE Wofle Was
first opéned. [0419]1n one enbodiment, a heap file i's closed once its tine
f r ameequmsts éx pioragd and droyetgremegligibletdelydd osedchempydifihgtodpipbh pertain to

cl osed transactions are inmmedi ately mgrated to corresponding frame fil es.
[ 042 anot.her enbodi.nent. a.he file is closed once its tine frane has
expi &Mﬁ&énd hgggplryﬁyglg 1%?9131)96&15}1%% NERETTS ALPMILE %f‘péi?{'ansacti ons segnents
have been accumnul at ed; whereupon the segnents in all closed heap files

whi chope3]t ai In dre cehtgl@derdt tha daetibn 0f thar@plyi gtRtiededidedanr the ap@beli otg f r ame
files. [0421] Transaction segnents within a heap file are created and

assi gHEENTHACKVE ARSHET ﬁl@&lﬂh%t thig surssian ivgsaEn EdherpetistsPnBnonsHVE r ansact i on
any HHRBREoR hnd Ml AEAGANEASIANGENNBRLABS. Al HARGEIAH: AbLEERhan Pat s
may be arbitrarily created or inverted. Thereafter the transaction may be
abandong@duortim@pl i ed. [ 0422] When a transaction is abandoned, all of the
transaction segnents created within the context of the transaction are

| ogi di scarded by markjng,their assjgned transaction a bandoned

o Tl s BORFE T 1 gt LA b4 e TREL B0 Sl Rk s S BRI 58

tr an%?ﬁéﬂr@rﬁse‘aetg RN dMﬂghi ﬁnél@ 8r AiRDhuBaRf flzir%@ stofaBe RIte 'lregu@éis thereblyOr age,
regardl ess of their transaction status. WO 2011/ 127158PCT/ US2011/ 031405

[ 042Frayiflipgigpath varstarioen hegnebputddaratoiting he dighglagpipariséad rateaprosisied bris ar e

m gr at to fr files. Therefore all frame files contain only applied
trané:gg{%fngnraé Fﬁongaggﬁ&&%gsﬁ be considered available to all query operators.
[0424] I n view of the above, it will be appreciated that operators

navi ge467mg t Aschf speerahsdceion dassighed Dsdprlibaivalnvatber whén AnSAGt dened Sbkain on
or read-consi stency synchronjsation activities as the transactional context
of althismpaber isionggreatet Ehagithelagrgt serighisasion nNBMbeisef Bk GusinHe 8RFdngagsions.
accouh el hRla@h hhiBenRaRvid B ARUIEALIAN, LES58L TheliihSacBBhQdidIR on &l |
col | ection patlhs; el enent paths wthin coﬁ ection paths; and tunnels within
pat hswarkdr fsnaek® aserculmtgpelators thepect fliegchnbaction demaitics uedngned byhiqubryar e never
re-used and are assigned sequentially to avoid m ssing ordinals. These

or di JL are_ysed t hroughout t.o 1atddrfss at hs and tﬁnnel.s to ‘Iﬁc}o access
ot rudDHle + YRR HsBER THAHAS oo RUSH ot SHEr OPghSasReaN <eap dsdue i gpen
or di RahsdduBheszofi@bre@ol | ecti on and el enent paths are used within

[0469] When a query requires no isolation from other applied transactions it can include all

applied transactions encountered.

[0470] When a query requires isolation from transactions applied since the query began, it can
ignore transactions that have a serialisation number higher that the highest serialisation number at

the start of the query.

[0471] When a query requires isolation from transactions applied since the query transaction
began, it can ignore transactions that have a serialisation number higher that the highest

serialisation number at the start of the query transaction.
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directory and file nanes rather than their correspondi ng path names to
allow for path nanes to be arbitrarily changed within nmeta data and w t hout
undue i npaioR20IM2r158 St orage system [0427] The storage sPCEHAISa01g/0880F equi red
to pepsist defi.niti-ans i ‘ :

ol e 2y ol By o teBle JE QIR SrorfRd €651 AN (adl AT AEhER R
menoy pacvddédendabaqrh@tiplesins@tiop aohtida fohdiet tanbe suppattadsipritanedielg. on
storage within a new and separate neta-data file as and when a definition

is changed. Fach neta-data .file nanme inc|ludes a strict nmonot oni cal |y
i ncr éﬁé g v@r‘élf‘\’.‘ig? QY e-dhpilt breaﬁnr%éat?4 é‘ﬁbﬁlﬁ{?ﬁﬁéP ngﬁf{ ﬁ%ﬁénx ?Cﬁ?étw?t he

updatfechdRERE td AEELE £ép%fa‘ée RhRAcERRReAEs Wihiithe LdHRe G 8P hﬁﬂipl@@oﬁcﬂﬁ‘reﬁﬂ dp%n
[ 0428] A data definition conmand cannot conplete until the new neta-data

fil e thhasacbeen successfully witten and synchronised to storage.

[ 0429] Advant ageously, in this enbodinment, a process failure is recovered by
findi Q%t]he ignata- data file with the hi ghest version nunber in its nanme and
a cor{ i stent {718}631}48%8 nunber within it. [0430]1n view of the above, it wll
be appreciated that neta-data files my be del eted where they correspond to
framged1at pacceeaeritpactholdigiata ffand@mtdied afrn@d map thdtlsud@ldries tHheqgrdppRatibs .
[0431]In view of the above, it will be appreciated that if the content of

t he (PAekBiabingBaerstier the cleaiedt pah opeiaNeeeding fiprass dhis maps afpRged aSARWA al |

frame < j . [ C can
o1 ol B R B S T bR R T S B M A BT P g
aboventriytin thielakrabeompins evinataedinfdratation fdreh¢ pah widdhhearendceiding nt pphatips. may
be dynamically and arbitrarily introduced at any point in tine and that

their respondi ng definitions. are retai.ned indefinitely..[0433] Fra File
srrud0fR [ oaBa e Ehidine PREmE hFubS RREDaohRA il it p kR an

sect (anoMpBshBs each sector relates to a particular entity path (collection
or elenment) and is conposed of multiple sub-sectors and where each
sub-sector relates to a specific tunnel. [0435] The hierarchy is arranged as
showlO+ W1FI GAt scale | ghgs sEVtagh seiey wlatpsstog fspragiingsmaliogsiadtsy and each hi gher
| evel sector contains a sector map to the encl osed sub-sectors at the next
| evel gﬂ;ﬁm [ ' r sub-sectors is |ocated at

t he Qar of p?%%%g%%egmg%%%lﬁm[ﬁoﬁg%%eelrs{]gp%f;ggt or maps are arranged a one
di mension array of fixed sized entries that contain the starting address of
t he J067Hect At sdatr 0, eacthinsurbalseetred fomdi;nal - as shown in FIG 18.

[0480] At scale 1, each interval covers 8 frames;
[0481] At scale 2, each interval covers 64 frames;
[0482] At scale 3, each interval covers 512 frames;

[0483] Overall, this map can cover 4096 frames (8 x 512).

[0484] The number of scales and intervals is chosen such that I*S is larger than the number of
time frames to be retained. Advantageous values are 4 and 256 for scales and intervals respectively.

This allows for the retention of over 4 billion time frames of data.
[0485] The interval number 1 in a frame map for scale s and time frame F is derived as follows:

[0486] 1= (F/(I1"s) modulo 1), for s in 0..(S-1); where S is the number of scales and 1 is the

number of intervals.

[0487] As each frame boundary is crossed,

66



[ 0438] The address of sub-sector N is found by |ooking at the offset N The
size of sub-sector N can be determ ned fromthe subsequent entry as sectors
are stor edocontizguseusl y. [0439] To reach tunnel T in el ememtuspatio3Hos equires
navi iQn v I

[0448 %? h tzﬁ%gﬁge%hﬁaln fgﬁ%gﬁﬁ%%h?%h P%Q?f?ﬂﬁg&?ﬂﬂﬁeYéﬁgéﬁﬁ ﬂf(znnel to
its corresponding tunnel in the preceding frame. The tunnel link all ows
navi da48%n alfahgingervalnia@ht walkeossghere ardandisth@il), thea themdp entries Sirteveigct or
maps .in each franme. Therefore, each tunnel is arranged as shown in FIG 19
mnth1%¢?mﬁébIE?%@ﬁe?ﬁﬁﬁ%sﬁ@Wﬂ@F -fixed sized tunnel address which
identify the frane and the address within the frane file respectively where
the tomg! CORd frBMESnap [f@ﬂﬂl@h’é‘@@?&n@ 1senifhlideatid! b€ teQdAdlad iRNEREIdi ARy PEBRENt S
are accunulated mnthln a heap file. The heap file has a waternmark mhlch is
ext edtheeE- when nore space is required. The contents of the heap file are
synchroni sed back to storage (up to the watermark) whenever one or nore
tran lonspare I T |

ar i a0 LR ARR i oI PR 035F el B bOSRL e e o
are iffingy. | i nked to create segnent chalns mnthln a transaction. The heap

wat ermark i s extended by adding one or nore segnents. WO
2011/é%%158PCT/U82011/031405 [ 0444] Each_transacti on segnent bel ongs to one
t r andB¢tilon. MASIGRRPS G dP NHEHAdS oS BEY Py eipiATRg frRmpy Gat 3re 4erfachne or
nor e ;5eQ0RAts to the chain. [0445] Each segnent contains a header that
identifies the collection path and transaction it belongs to. It also
contains a pointer to the next transaction segnment in the chain and a

poi nt[@493c]o t Wathiesachsegted ditanierant dperaerrongdtsl tee frama npaith datsrrsimo\m next Fl G

446] The t nsactlon nf or mat.i rtai.ning to th tion
c ograne Lot G, FRORRS srPR et SR byl e el bbb EBO5R pffiatty ay os
the siditatitahR Mimber)sindgh&edi@aischiek @s edcB4da1t Txhheash @ifheﬁ\ﬂ@d’ Murfdrlogct i on
path chain and transaction chain is maintained in nennré Therefore, it is

possiibipected ifteryals at # sedayieaches theanatipyygn pynkerob axprvpls). W keidvant igterval is
segment &, hie! ik fi‘%n% RuidbSROGih e @Qéﬂv%‘?&l{l%@alé’%\ﬂs ddQ4g] Both the chain

header s and segnen p0|nters contarn a frame nunber and a segnment number
wherein the frane identifies the frane nunber of the heap file in which the

tscra]g ng64943el Oﬁgsfcélnd;imgﬁﬁﬁﬁqmr%ﬂfmltwsnhﬁmﬁ{eadgdém a frhms ntabaledr albaadd of?k)a?idt dnon ?f

e segne I N . n IS € ain (0] ransactl on
segnel gan%X“ atbth @%S&@§@§3§2 a%cﬁégteﬁsﬁwnquﬁ@ CP tfrras% E flamgy 5t pel ong
to a cavagg@p&o de8GE inQNinRALLHSS. ThERBBAGhI aﬁng@b&e«e&pﬁ%@dgpm 207 PWe e

si ngl e chain.
highlighted.

[0495] Frame map with S=4;1=4 at frame 191

Table 35:

Interval
Scale 0 1 2 3
0 188 189 190 191
1 176->179 [180->183 |184->187 |188->191
2 128->143 [144->159 |160->175 |176->191
3 1->63 64->127 128->191 |-

[0496] Frame map with S=4;1=4 at frame 192
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[0449] I n view of the above, i
the heap file allows predicate operators to swiftly navigate the heap
st orage iwoOzenriehsef

information relevant to it.

t will

be appreciated that the structure of

[ 0450] PaTMISRAY10B14DH e

abov%‘w:3émll be appreciated that the segnments contain sufficient

Nf OHBEFBRTHe—Be—abl-e—o—F-egeRstrtetThe—h Aenory chai n headers shoul d
t he atabasebﬁ@@dlto recover |[from a process fdilure. [0451] Segnents
relatgﬁg ﬁpplled Fansactijgns are mgrated|to frame files after a heap
file bedn closedl” A heaplfile mistl-be retdined until all applied
trangacti on |[gegnent s| \got hi n |n9@ave beeg m grdted; thereafter it may be
del etred- [G S2vren g U}JCIQ scanstHrotir—ire 9] files and frane fi'eS, it
i gnofés any AP2re fi)186-xiiteh |48 r |€¥FPE2hdnding to a previously scanned
heap[file. | 3]I'n t F e, W4 I| be appreciated that frane
files5 96? 130 180217 }Zéjﬁﬁtio storage before a heap file
is roﬁnved th&Bsure(Mth7ev ﬂg&cﬂDlecIQDn i ndt ance safely exists in one or
ot he bott ncap Fre—amd—frame—frte =t arry given time. WO
2011/ 58PCT/

tr anié%‘{

Hon se&
finally closed,

#ﬁ?ﬁ&é%{i%g’ﬁlﬁmefl

files.

When the transaction is

454] Long running transactions nmay contain
’8“ﬁ$hﬁ’

heap files between the open and cl osure franme nust be

Vi si tfegbg]o NEgHefr@né Rp eh@ $6Ghii@htFR TS ¢ 18mbmtpAtcdntAREInfdrition about

[ 0455] Tr ansacti on Managenent [0456] There is an upper

l[imt to the nunber of

concurlighbitswishiathe elamsaidnstenss valhgs aigegommen (@ afllj slergeny emstaslpewu@@éhe frame

transacl,p

active un

i

H@%gl xférv\ﬁﬂs (%lhscgﬁﬁt ({ ﬁro ycclo%g

r ansac 1 on
heap ffankecinteasal ld6 @bt cdreespshd \Whﬂe tﬁeeﬁq@ ifi tHeevalu® c£f|tlﬁk51ﬂdntW§l®Blnghea1€thriBﬂt frame

een

hesiEesy

hoP¢
one

Aﬁ%ﬁlrﬁo e

and t he

expires or when transaction handl es need to be reclained. [0457] A pool of
transggtlon handl es i s intained in ne y.to allom/rapld apsaction
i nspeltdn akeriAntydahicoRAms map SEMRHHY go PB ASBICACHIASLf18 %5{3% nEPShi t f or

tran
syst

mis stopped

When t he dat abase systemis started or

and dP$0Q]1r andaeninpenabgnahssMar e recl ai med and nade avail abl e for
| ast beyond a storage engi ne shut down.

gsgqﬁ opgrc%gnqno&ﬁyys%aueence%egrrents wi thin the context of an open

open transacti on cannot

pr edi
tran

[0502]

reason -

are
restart

gggﬁb@nmgﬁﬁg&g§“ﬂ§n§§§éénmg0459]Any open transacti ons when the database
for whatever

consi dered to be abandoned.

ed a new heap file is created
reuse. An
[ 0460] Each

Mask M contains a set bit where the corresponding bit in all element instances within

the interval is either always set or always clear. The corresponding bit in B indicates if that bit is

always set or always clear. For example, if the maximum number of bits in the element path is 8

then M=0 implies all bits differ while M=1 and B=1 implies that the least significant bit is always

set for the element instances in that interval.

[0503]

as follows,

[0504]
M.

[0505]

[0506]

[0507]

As each element instance E is added to the frame, the bit patterns M and B are updated

If this is the first element instance of the frame then B becomes E and all bits are set in

Otherwise, if (E AND M)=(B AND M) then do not change M or B;

Otherwise derive the following

Difference D = NOT((E AND M) XOR (B AND M))
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and operators scanning segnents need to be aware of foreign transaction
state and skip or include the content of segnents that correspond to
forei gn twansuact2isRs dependi ng on the precise transacti @oTAS@NBGSS bei ng
obey 046 i.or i ing one or nore collection instances, a
trangg%¥$on %%@%Oﬁl%ﬁgfégﬁﬁ%%ch col l ection instances may be inverted and
acquire an exclusive inversion | ock on each one. A transaction that is not
gr ant[ésD%n i Bwerahen(B ABID Dimedi ately nmust wait for the | ock to be acquired
and if the | ock has not been granted within a defined tine period, the

tran [ on t rel ease al f the inversion |logcks.it has acquired to
Fcaonethor edrine ik geRistudbatEastEFIng g Wy ieaen JHRHaEBiEher be
abandgngrdicaf toreR@dateNgeriiy €MPIC WD 88Nt hddeq@dol(BANDM).CcOl | ection

i nstances that may be inverted. [0462]In |arge concurrent user environments
where many transactions are active and short lived resulting in frequent

t rand@2tlilon appYleasatcimentElement Eramedylap t o provi de a cycl e wher eby
transactions apply at predefined intervals. Any transaction wi shing to

cyol 403 Cai 0B PR st Dl A e A B PR RS )

may deinayuannd adixilhgdalenienainsantd vdlyes derado €s fivohe thegyada ftantcomghypitis as very

many transactions can conplete at the sane tinme. [0463] A useful interval

for é%scablﬁr:&rew e nalgfrgtun F%ar?}blgél%tgﬁp’i/”F‘?Wltb@“flﬁ%fl%%m@é(?#% it the
requeshdd st QhAded fdpd provides a negligible delay to transactions waiting
to apply. [0464] An apply cycle is skipped if no transactions are waiting to
apply. [0465]1n one enbodi ment, the duration of the apply cycle is decided
by t H8SMinbeEadfrane mepehlyy aenthve two arsescior alhslemsatinstahess in Hiegngvaht i on i s
zero if there exists only one active transaction and this duration

i ncr w th t he nunber of en transacti.ons tgQ.a.defi ned maxi pum

e 105 Gdo6] P Ut . Bl g et pR AR R0, lbucetiffCe EC oY B

t r ansaetvabns can be applied and synchronised to storage using a single or

m ni mal nunber of |arge storage wite requests thereby providing good
transaction throughput by exploiting the high data transfer rates provided
by cdH? Bpor apyleaf i38inad SitbHdeP PR ERRRIYHR fleMeahDaRhs oY 1&2es i Rhed a
seri g)dgaji on nunber when it is first opened wherein this nunber is one
greater than the largest serialisation nunber of all currently open
transactions. This serialisation nunber is 1 when no other transactions are
open.[05HE t r Ansadtdlonegenstaice $ais nddedrtatireirans, therdutsdN end Xrwpdatedtas oper at or s
resp%c@ the transaction semantics required by a query. [0468]Wien a query
requi? T"ho isolation from ot her open transactions it can include all open
transactions encountered. [0469] When a query requires no isolation from

ot her0spp! | el thik aNBAEHit@Msndnt irCAB flaffel theleNaht Xapplbogtket toasact i ons
encountered. [0470] When a query requires isolation fromtransactions
applied since the_querg began, . it can ignore transactions that have a

seri 4P 8t i oRtKtvisEH TP ghBienPhistset IR hi ghest serial i sation nunber at the

start of the query.
[0519] Otherwise if E < N then N is set to E.

[0520] A frame interval is excluded when searching for measurement element instances within

a bounded range of minimum A and maximum B if (B < N) OR (A > X).
[0521] Enumeration Element Frame Map

[0522] Each frame map entry in an enumeration element path contains a sequence of T bits

wherein there is one bit corresponding to each property tunnel.
[0523] As each element instance E is added to the frame, the bit sequence is updated as follows,

[0524] If this is the first element in the frame then all bits are cleared first
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[0471] When a query requires isolation fromtransactions applied since the
query transaction began, it can ignore transactions that have a
seri al i savpamivmants8r hi gher that the highest seriali satipom/useohmsides t he

o o gl TR Yl AR S30, 0P SO APATARET) RRAEA G Ryt
i sol ahiseentepdlgstaaed) be provided and that nultiple transaction isolation

nodes can be supported sinultaneously. [0473]1n view of the above, it wll

be appreciated that there i eed for. any additional] nmechani sns to
r esoﬁ5%26§epa§affaén% sl P B athes SearenR rHEURSHER Flemenhmsmﬁ%hat
CONCUGLAEAM a PBBAtY PAGRPEd QBs-in[[0474] Frame Maps [0475] Each el ement path
within a frane contains a frame map that summaries the popul ati on of

el enent instances for the elenent path over preceding franmes. This map is
arranfgzlas a towlediigrePdh drnamhe Mlapay addressed by scal es in one di mension
and intervals in another dinension. Each entry in the array contains

oa7ay i marne Bbseftphe helifed R Sl Bt Eo ARR A IR R Dol Bimey, | ¢

fixed across all elenent paths. [0477] At scale s where s<S, each entry

rel atf@s2%]o aEfdhafinEme mapeuay fafa illzaiodspat] Eshi8h$avo exalbgps,e, with a scal e of
4 and an interval of 8; [0479] At scale 0, each interval covers 1 frane;
[048%52% scale 1, each interval gcovers 8 franmes; [0481] At scale 2, each

i nt er Y0l coverQUBLRPLREON th At scale 3, each interval covers 512
frames; [0483]Overall, this map can cover 4096 franes (8 x 512). [0484] The

nuanoygp scal @sn@srdollBdtRnM Y ssibss ohosen such that AS is |larger than the
nunber of tinme franmes to be retai ned. Advantageous values are 4 and 256 for

scales and intervals respectively. This allows for the retention of over 4
bi | | il8#3i meThesamesmaintagzadzs fple8s]) The i nterval nunber i in a frame map for
scale s and time frane F is derived as follows:

[0533] If this is the first instance being added to the frame then they are set to C=1;D=0 for a

non inverted collection and C=1;D=1 for an inverted collection.

[0534] Otherwise, C is incremented for each collection added; and both are incremented for

each inversion.

[0535] These counts are used to assess whether inversions will need to be resolved within the
frame interval and for inferring the frame boundaries in accumulated tunnels within element path

tunnels.
[0536] Cells

[0537] Each tunnel comprises of a sequence of cells. The structure of a cell varies according to
the tunnel family in which it appears and the operator it supports. The following describes the cell

types that are used.
[0538] Identification Cell

[0539] This represents a whole instance of an identification element for a single collection
instance within a collective tunnel. It is a sequence of bytes with a preceding cell size, path and

domain - as shown in FIG. 22.

[0540] The path identifies the element path to which the element instance belongs.
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[0486]i = (F/(1”s) nmodulo 1), for s in 0..(S-1); where S is the nunber of
scales and | is the nunber of intervals. [0487] As each frane boundary is
crossed, W02B0112/ 58 7158PCT/ US2011/ 031405 [ 0488] The frameCways2@niositod or t he

f IS, - i i i - 1. .EQ489] I f
b MY ATRE b kO g BB LRSS B el oitauh 00
for every interval (0..1) are reset for all scales less than s. [0490] The

framd0ft®) f oAntitkentifiewvidn dementsell v ddnaldeeddqtivaleat tohaecandideteddentiffier if and
imedi ately prior frame, [0491]Frange S operate as acc | ators and are
copi sutly H b e S&P}%Fﬂ&%&?@om dOBABHA A Paace fo ff@fi@#mlaﬁs are used
to navigate across frames by elimnating franes that are deened irrel evant.

[ 049333 hi NTRAGIpeVIrTEl 8Cuskl ATRoRMNARERIOthe GARB WY b idcRBfibARTR IRt O
determ ne the next relevant frame. The map intervals are consulted by

decr eagineg fiom asngle aelledson igftanam t he currently visited franme nunmber) and
i ncreasi ng scales as each scale is exhausted (when the nunber of inspected

i nter at a I s the maxi mum nunber of intervals). \Wen a
rel eJQ%ﬁi nt er Vl\é?a%}nge@egﬁﬁ ? the first frame nunber within that interval and

scale is visited next. [0494] The foll owi ng exanpl e shows the coverage for a
framg0ft) W Thisaegeshs aobhdle anchnadiof niretstadmaft elenaint fararsagld&dleatich 192.
Each i ntersection @r‘? scal e an | shows the frame coverage provided

nas ‘
at t HAYANCRPEMRE CPRATIV HInge Ftﬂ@'k@wg-‘_{e | dbngtiycioBtTaisn iFqIsHET. 20 SXBRIENATS have
been s\l?n%@ahg I e pré LARE Fa3RBudSRRE (¥ LiPmemd s Sho?h i FRIT®3191 Tabl e 35:

| nt er val

[0546] The path identifies the element path to which the element instance belongs.
[0547] The domain defines the number system or time zone used to encode the native value.
[0548] The sign indicates if the magnitude is positive or negative.

[0549] The exponent defines how many bits the significand must be shifted to be normalised

into a fix radix point.

[0550] The significand contains only sufficient bits or bytes to represent the precision of the

magnitude of the measurement.

[0551] A measurement cell is compared to a candidate measurement by examination of their
relative magnitudes. Comparisons must assume a common offset and scale to perform consistent
comparisons. For example, time values are represented in standard UTC with the domain denoting

the original time zone.

[0552] This type of cell is used to store and retrieve the value of a measurement element

instance from a single collection instance.
[0553] Enumeration Cell

[0554] This represents a whole instance of an enumeration element for a single collection
instance within a collective tunnel. It is a sequence of property identifiers each preceded by a
property size and the enumeration sequence preceded by a cell size, path and domain — as shown in

FIG. 24.
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Scale 0 1 2 3 0 188 189 190 191 1 176->179 180->183 184->187 188->191 2
128->143 144->159 160->175
WO 2011/127158 PCT/US2011/031405

[0555] The path identifies the element path to which the element instance belongs.

[0556] The domain defines the number system or character set used to encode the native

property value.

[0557] An enumeration cell is considered to contain a candidate property if the domain
encodings are the same and the sequence of properties contains a property of the same size and byte

sequence.

[0558] This type of cell is used to store and retrieve the value of an enumeration element

instance from a single collection instance.
[0559] Opaque Cell

[0560] This represents a link to a whole instance of an opaque element for a single collection
instance within a collective tunnel. It contains the cell size, path, domain, opaque element size and

the link to where the opaque data is stored — as shown in FIG. 25.

[0561] The path identifies the element path to which the element instance belongs.

[0562] The domain defines the encoding system used to store the opaque value at the link
location.

[0563] The element size specifies the size of the opaque object contained at the link location.
[0564] The link denotes the location where the contents of the opaque element instance are

stored. The opaque element is considered to be a large data object such as a document and is stored

at an external location such as a file. Usefully, the link may be a URL.

[0565] This type of cell is used to retrieve the value of an opaque element instance from a

single collection instance.
[0566] Inversion Cell

[0567] This represents an inversion of a previously created collection instance within a

collective tunnel. This cell contains fixed size frame and tunnel numbers — as shown in FIG. 26.

[0568] The inverted frame and inverted tunnel numbers refer to the location of the collection
instance that has been inverted. The inverting tunnel number refers to the tunnel location of the

inverting cell in the current frame.
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176->191 3 1->63 64->127 128->191 - [0496]Frame map with S=4;1=4 at franme

192 WD 2011/127158 Table 36: Interval Scale 01230
WO 2011/127158 PCT/US2011/031405
[0569] This type of cell is used to indicate the inversion of a collection instance within a

collective tunnel.
[0570] Digest Cell

[0571] This represents a partial instance of an identification element within a connective tunnel.

Each cell contains a cell size, digest and fixed size tunnel number — as shown in FIG. 27.

[0572] The digest is computed from the domain and byte sequence of an identification element
instance and the tunnel number refers to the collective tunnel that contains the respective collection

instance for which the digest was computed.

[0573] This type of cell appears in a connective tunnel for each element instance in an
identification element path and is used by the IS operator to evaluate the likelihood of equivalence
between the element instance and the operator operand; whereby a cell digest that is equivalent to

the digest of the operator operand is considered to be a likely equivalence; or impossible otherwise.

[0574] The digest calculated is the value of the identification element itself for identification
element instances below a certain size. In this case, the equivalence of element instances are

considered as certain rather than just likely.

[0575] For element instances at or above the size threshold, the digest can be calculated from an

industry standard digest algorithm such as MD5.

[0576] In each case, the digest is derived from the combined domain and identification byte
sequence.

[0577] Rank Cell

[0578] This contains a single unsigned byte from a measurement of fixed precision and fixed

radix point and without sign. For example, a measurement may be normalised into 2048 bits of
precision with a fixed radix point immediately after the 1024"™ bit. This is divided into 256 rank

cells of rank 1..256 with rank 1 being the most significant rank.

[0579] This type of cell appears in a combinative tunnel for each element instance in a
measurement element path and is used by the IN operator to evaluate the likelihood of the element
instance being bounded by the operator operands. It is also used by aggregation operations to

accumulate part of the element instance value.

[0580] Boolean Cell
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192 189 190 191 1 192 180->183 184->187 188->191 2 192 144->159 160->175
176->191 3 1->63 64->127 128->191 192 [ 0497] I dentification El enent Frane
Map WO 2011/127158 PCT/US2011/031405

[0581] This is a fixed size cell that contains an indicator of TRUE or FALSE. In its most
effective form this cell is a single bit that indicates TRUE when set. This type of cell is used by
HAS and EXISTS operators to determine the existence of a property or element instance

respectively. It appears in multiple tunnel types described below.

[0582] Tunnels

[0583] The following describes the tunnels created within each tunnel family.

[0584] Collective Tunnels

[0585] The following collective tunnels are created for each collection path.

[0586] There is one collection tunnel created for every collection instance created. This tunnel

contains one cell per element instance within the collection instance. Each cell is one of the

identification cell, measurement cell, enumeration cell or opaque cell type.

[0587] There is one collection tunnel created for every collection instance logically removed.
This contains one inversion cell followed by one cell per element instance copied from the

collection instance that has been deemed removed.

[0588] The order in which these tunnels are created reflects the order which collection instances
are created and removed and the number of these tunnels in each frame will vary. The tunnel

numbers for collection tunnels are assigned in strict incremental order starting at 1 for a new frame.

[0589] There is exactly one inversion tunnel per frame. This contains one inversion cell for

every inverting collection tunnel. This tunnel is always assigned tunnel number O.

[0590] Connective Tunnels
[0591] The following connective tunnels are created for each identification element path.
[0592] There is a fixed number (N) of digest tunnels per frame where each digest tunnel

contains zero or more digest cells.

[0593] For every identification element instance in this element path in this frame, a digest cell
is created where the digest is computed from the domain and byte sequence of the element value
and the tunnel number of the corresponding collective tunnel is assigned to this digest cell. The
digest cell is assigned to the digest tunnel given by a hash function which maps to 1..N and is

computed from the domain and byte sequence of the element value.

74



[ 0498] Each franme map entry for an identification elenent path contains
i nformati on about which bits within the el enent instance val ues are comopn
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bits iffcfr Whii{bﬁ: M1 and B=1 inplies that the least significant bit is

e

al way'SC8EY "FRBS el enent instances in that interval. [0503]As each
el enent instance E is added to the franme, the bit patterns Mand B are

updatigsb@s f wWHeade didebQ]1lif sifhitienilp shbi@ahd Ehpride@ B tHe dldisdndNtenoé tHehe
frame then B becones E and all bits are set in M [0505] Ot herwise, if (E

AND IjuivRlepsds dpenebes ¢pstaiiotathengiagdikglyor B [ 0506] Ot herwi se derive the
following [0507] Difference D= NOT((E AND M XOR (B AND M) W

2011@?@9[7%5@ A&%’%&&éﬁ%ﬂé‘&ég&&%@@ddg Eﬁgﬁiﬁﬁvﬁ Thld c%'HBn? o&%gﬁhﬁaa@&qugrg< B

AND 510 rame imterval is ex en searching for i1denti tion
el enentledtivattamet m theuovalpending ramecad didiattes if derddmant stadne OrANDelmens not

equal to (B AN . 10511 sur enent enment _ Frame Ma
g path exgsts ﬁ\l the ¢ rresE)on m& 'é/oel?ecgon tunnel. lﬂlis tunnel 1Fs a?ways asElgned tunnel number 0.

[0598] Each frame contains the count of boolean cells that are TRUE in the existence tunnel.

[0599] Each frame also contains a cell count per digest tunnel number. This is a one-
dimensional array addressed by tunnel number (1..N) to yield the count of cells in that tunnel — as

shown in FIG. 29.

[0600] Each collection instance appears in one digest tunnel only. Therefore, there is a digest
tunnel map within each frame for an identification element. This map is a one-dimensional array
addressed by collection tunnel number to yield a corresponding digest tunnel number — as shown in

FIG. 30.

[0601] The digest tunnel map contains one entry per collection tunnel in the frame. Where a
corresponding element instance does not exist within a collection tunnel, the digest tunnel number

set as 0.

[0602] To find the digest cell for a collection instance requires inspection of the digest tunnel
map by collection tunnel number to find the digest tunnel and then inspection of digest cells in that

digest tunnel to find the corresponding collection tunnel number.

[0603] To find collection instances that correspond to an identification value requires a
calculation of the digest and digest tunnel number to retrieve all matching digest cells for the

calculated digest.

[0604] An effective number for N is 65535.
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[0512] Each frame map entry for a neasurenent el enent path contains
i nformati on about the m ni mum and nmaxi nrum el enent i nstance val ues across
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el ement maxima X that represents the maxi mum el enent instance val ue across
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o o BBy 2 TR ok RS (R DG rank Sapaie Fiaig 185 gh Py ] SFEAins
the T hheradl &nd X are both set to E [0518]Otherwise if E> X then Xis

set to E[0519]Oherwise if E<Nthen Nis set to E. [0520] A frane interval

I s excl uded when searching for nmeasurenent elenent instances within a
bound@e0& angEoigtvery elpmemhipstansg inthis elamen nath phisdjaneRN 1ank cols are created

[ 0521 ragio | e E . ry. i
oy 5ty BF <Bf b Bk SIRRNEHESR LR M S R PRIl < one
bit clerpesipiondr ag-hteell @@ e hark tope tyrréspond with He23]1Asiveasiheeh@nBditthitnst ance E
Is added to the frame, the bit sequence is updated as follows, [0524]If

t hi s PBtafdhg elpmentdpytprastfos Rissssl. frane then all bits are cleared first WO
2011/ 127158PCT/ US2011/ 031405 [ 0525] The bit that corresponds to tunnel t is

set figgogachEhdnagk ahnbhi@dbr&O¥aak QRown iHHHE. 8¢hidf @ il &HpelRaBRLuicNSt ance.

chronological order within each tunnel.

[0610] There is exactly one sign tunnel per frame. This contains one boolean cell for every
collection tunnel in the corresponding frame and indicates if the element instance for this element
path has a negative magnitude in the corresponding collection tunnel. This tunnel is always

assigned tunnel number N+1.

[0611] Combinative tunnels are traversed by the IN operator to evaluate the likelihood or
impossibility of an element instance being bounded by the operator operands. Where a sign cell or
rank cell has a value that cannot fall within the operator bounds then the bounding is deemed
impossible; otherwise it is deemed likely. For a likely bounding the IN operator may inspect further

rank cells for the same element instance to further determine impossibility or certainty.

[0612] There is exactly one existence tunnel per frame. This contains one boolean cell for every
collection tunnel in the corresponding frame and indicates if the element instance for this element

path exists in the corresponding collection tunnel. This tunnel is always assigned tunnel number O.

[0613] Each collection instance appears once in every combinative tunnel.
[0614] Each frame contains the count of boolean cells that are TRUE in the existence tunnel.
[0615] Each also frame contains a cell count per possible unsigned cell value per rank tunnel.

This is a one-dimensional array per rank tunnel addressed by byte value (0..255) to yield the count

of cells in that rank tunnel that contain the corresponding cell value — as shown in FIG. 32.

[0616] The cell counts are used directly for the purposes of summation where there are is a

common sign and no inversions across the frame and no predicate operators. In these circumstance,
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[0526] A frane interval is excluded when searching for enuneration el enent
i nstances that contain a property Pif bit Pis clear in T.
[ 0527] Colwecbiion7Bat h Fr ane Map [ 0528] Frane maps are al soTruseetiasresl f or
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[ 0535] These counts are used to assess whether | nversfons w néed to be
r esolsved awi ¢cmtnnediior fheaareurnwliper vedul talWldnifreranid mhaimp pee thh @1gfnrtam®1 boundari es

n accumul at ed tunne ithin.el ement path tunnel 0537] Each
| R HBR S0 whk bt Bt p B MER e afedoaet gieh Prdng % L
acco H%gt thfk bh@el WIBE bordt@iftt hyn-z&rowBll Ghlubd firBRE &L catiddtb EclRPBleAagtEr the

or The foll ow ng describes the cell types t hat are used.

[ 053$]an<éié¢t@$ frie geduicoth bioepnsuftmg 3ol FHiog ding deweriainnls tuanelh direct] ynigtcandidate forden

i dent i t t a single collection instance within a collective
tunneaflﬁtlf%deg&nﬁ gq%g(n%lfgg%f bytes with a preceding cell size, path and

domain - as shown in FIG 22. [0540] The path identifies the elenent path to
whi chio6183 el Eogintl con&ttian diestdnebothgScorrespond to a measurement value requires a scan of

the sign and rank tunnels that are relevant. The position of each cell found corresponds to the

collection tunnel number.

[0619] To find the value of a byte at rank R for a collection instance C requires that the cell in

tunnel R at position C be inspected.

[0620] When searching for a measurement within a bounded range, the rank bytes of the low

and high bounds are compared to determine the highest rank where the bounds differ. This is the

determinant rank and rank tunnels below the determinant rank need only be inspected for specific
collection instances identified as of possible relevance by scanning the ranks higher than

determinant rank first.

[0621] In view of the above, it will be appreciated that many cells may be deemed as of

impossible relevance without the need to examine all rank tunnels.

[0622] The cell counts for ranks above the determinant rank values are consulted prior to a scan
to quickly determine if the required rank value exists in the corresponding rank tunnel or not. If not,

the entire frame is discounted.

[0623] An effective number number for N is 256, which provides a precision of 2048 bits.
[0624] Characteristic Tunnels

[0625] The following characteristic tunnels are created for each enumeration element path.

[0626] There is a fixed number (N) of property tunnels per frame where each property tunnel

contains zero or more boolean cells.
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WO 2011/ 127158PCT/ US2011/ 031405 [ 0541] The domai n denotes the nunber system
or character set used to encode the identifier. [0542] An identification
el enent c&DI20i1g12¢38si dered equi val ent to a candi dat e | deaTidse@n/osfs0mind only
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23. [0546] The path i'dentifies the elenment path to which the el ement

i nst aptweneddlydhgpropfi0b harh TTakubomaithe adfin tes tiunhel in getinthersyss teneedlris tlepedzone
used to encode the native value. [0548] The sign indicates if the magnitude

o gnitptina Pl PSR ey o e REP b B MR Pt

[ 055Rhdienighdpriobéepiden @@t Bhé@nadl ivintbef fsi detieed bphpyiap akyddso HON k& Heesent
the precision of the magnitude of the measurenent. {0551]A measur enent cel
i s conperePrdisala candi date measurement by examination of their relative
magni t udes. Conpari sons nust assune a common offset and scale to perform

consi t c ' o I
R LR e S SR U S A S
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el ement i nstan fr single coll ection instance. [0553] Enuneration Cel
[0554??%@%34%%&@§€ﬁggbahﬁﬂ@ @TYﬂgwgice of an enuneration element for a
single collection

[0631] Characteristic tunnels are traversed by the HAS operator to evaluate the likelihood or

impossibility of possession of a property by an element instance. Where a cell indicates possession

then possession is deemed likely; otherwise it is deemed impossible.

[0632] Where the tunnel number is derived from a property ordinal, possession is deemed as
certain rather than likely if (M-N) < P < 2N where P is the ordinal of the property identifier, M is

the maximum ordinal assigned and N is the number of tunnels.

[0633] The position of each cell in a property tunnel corresponds with the tunnel number of the

collection tunnel that contains the corresponding element instance.

[0634] There is exactly one existence tunnel per frame. This contains one boolean cell for every
collection tunnel in the corresponding frame and indicates if the element instance for this element

path exists in the corresponding collection tunnel. This tunnel is always assigned tunnel number O.

[0635] Each collection instance appears once in every tunnel.
[0636] Each frame contains the count of boolean cells that are TRUE in the existence tunnel.
[0637] Each frame also contains a count of true cells per enumeration tunnel. This is a one-

dimensional array addressed by property tunnel number (1..N) to yield the count of TRUE cells in

that tunnel — as shown in FIG. 33.

[0638] An effective number for N is 65535.
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I nstance within a collective tunnel. It is a sequence of property

i dentifiers each preceded by a property size and the enunerati on sequence
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2011/ 58 31405 [0555] The path identifies the elenment path to
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system or character set used to encode the native property value. [0557] An
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i nstance within a collective tunnel. It contains the cell size, path,

domal,In 1 OpAgue el egwE,nbl size and the link to where the opaque data is stored

s&m—a—n—p&?-j 056 HFra—pat-h—deptiH-es—the—elergnt path to which
t he ¢Nement i nst rFanplbgéenr (jalarycmz}ﬁﬂseiod pPrepartwienf Nembehg¢ encodi ng system
used|to store theNlpabme Mal ue gRatde |ink |ocation. [0563] The el enent size
specifTEs ne ST ZE e 7 Uq-object cpntarned at_tihe fli nk | ocati on.
[0564$ der]er es t hg 6 atli on _where Wﬁ)e contents of |the opaque

el em fg}lnljg§gsance ape storeggoo'bhe 10pasue elgpent is considgred to be a |large
dat a eb{-eect—stHeh—fas—a—doect ' 4/ | ocation such
as a|Bob Browgsef ul[3), the 1]30000gYy508%a URL200 0565] This type of cell is used
to reTrreve tne varue of _anm opague el enent _rnstance rroma single

col | elca% 60318 | nst ance. [0566] I nversion Cell [0567] This represents an

I NV e FS+er—ef p+eviredusty—ef§ eat ed col l ection instance within a
Collection Path Collection
Path #
Employees 1
Department 2
Region 3
Table 39:
Element Path Element [Collection [Intent
Path # Path #
Name 1 1 Enumeration
Employee Number |2 1 Identification
Salary 3 1 Measurement
Commission Rate 4 1 Measurement
Department Number |5 1 Identification
Table 40: Collection Path 1
Collective  |Collective Tunnel
Tunnel #
0 (inversion) |(empty)
1 [S.1,D,5,'Simon’,5,'Smith'][S,2,D,10][S,3,D,+,0,10000][S,5,D,100]
2 [S.1,D,4,John',5,Jones'][S,2,D,20][S,3,D,+,0,20000][S.4,D,+,-2,1000][S,5,D,200]
3 [S,1,D,3,'Bob',5,'Brown’][S,2,D,30][S,3,D,+,0,30000][S,4,D,+,-2,1500][S,5,D,200]
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[0577] Rank Cel |

est is derived fromthe conbi ned domai n and
[0578] This contains a single

unsi grable 4y téenieny Peth hreasur enent of fi xed precision and fixed

Connective
Tunnel #

Connective
Tunnel

0 (existence)

[1ICT[T]

hash(10) [S.digest(10),1]
hash(20) [S.digest(20),2]
hash(30) [S,digest(30),3]
65535

Table 43: Element Path 3

Combinative |Combinative
Tunnel # Tunnel
0 (existence) |[1][1][1]
1 (rank 1) [1112][3]
2 (rank 2) [0][0][0]
3 (rank 3) [0]1[O][0]
4 (rank 4) [01[0][0]
5 (rank 5) [0]1[O][0]
(radix point)

6 (rank 6) [0]1[O][0]
7 (rank 7) [01[0]1[0]
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Table 45: Element Path 5

Connective
Tunnel #

Connective
Tunnel

0 (existence)

[1I0T[1]

hash(100) [S.digest(100),1]
hash(200) [S.digest(200),2]
hash(300) [S.digest(200),3]
65535
[0641]

[0642]

The following provides example operator navigation routes

EXISTS('Employees.Commission’) — Follow existence tunnel O in element path 4. This

yields collection tunnel numbers 2 and 3.
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ar r angah a%isPeMe coifechibfFund®l W th the cells appended in strict
chronol ogi cal” order within each tunnel. [0595] Connective tunnels are

traversed by the IS operator to evaluate the |ikelihood or inpossibility of
equi \864ice Hf%S&EHeﬂl@fthamn‘sme?é'J@mesaﬁ Keplewaandreoohércaprdperiphieneclagiven |  has

acemtd TrRergon R HACEET h Stk BB RE% FORsehaRBrEY e ar gost

cell is sufficiently small and conprlsed of the elenent instance then
equi Jeb4o)ce Tenmdeeorpprasioaertain rather than likely. [0597] There is exactly
one exi stence tunnel per frame. This contains one bool ean cell for every

colle Qn tunnel in the correspondin rane and indicates if the el enent
i nst éﬁé It or Many of hedpals %é?%beéﬂf%tl %ﬂv‘f%m%w egb%ﬁwﬁaﬂmlﬁ gessgHn

tunngl, tﬁ@ﬁc%dfr%rlﬂ Slaucs u%ln}é‘las\ffe ARSh HNRE aldenslin T%Hf‘? Ghnd: fad B0 RBIERE R Ly e

cont al s the cdunt of boolean cells that are In the existence tunnel.
[ 0599¢1fgsiT Bndodangss exlsostoehy avesede]l eatherecandrsd ipeot diicgest anyhnéler hemeber . Thi s
is a one- dinensional array addressed by tunnel nunber (1..N) to yield the

count celLs. in that ach collection
ot dRBL81 o o ERivteRre, M prb B upn S SR o e % ORISR ) gest

t unnebquBRBesWftsBi ¢t B¢ Bité a@mefyomhaefdr@l%gé funf@t hRMNisefuBN Bl lendthi hcb®id. | S a
one- dlnenS|onaI array addressed by collection tunnel nunber to yield a

corresgondln digest tunnel nunber - as shown in FIG 30. [0601] The di gest
t unndPO4tHp cBfithin ek dwmelsder § msaturementstanest hytasvalues At @ gacn ragkare fdy e a

cor ' G5 BOUIiRg CLATRM, & 034408 AES AR gtk ik Nt Ane gl ATk B L unnel

the digest tunn set as t he gest cel or a
col | qxophlatioﬂlsrtfftzanﬁ@tas eguey. Fherefisp emikitomeds are heefdilygasitledginasdoded.

[0650] Collection Sets

[0651] Each of the predicate and bind operators defined generate and manipulate collection sets

of collection instance members.

[0652] Each collection set is generated by a predicate operator evaluation and contains the

following information for each collection instance considered relevant to the operator evaluation,

[0653] The Collection Frame and Collective Tunnel Number that uniquely identifies the

collection instance considered relevant to the predicate operator evaluation;

[0654] The Certainty of the predicate operator evaluation. A boolean indicator assigned by the
predicate operator evaluation to indicate either certainty or likely possibility of the relevance of the

collection instance to the predicate operator evaluation;

[0655] The Visit Ordinal assigned during bind operations and assigned as zero by the predicate

operator evaluation;
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map by collection tunnel nunber to find the digest tunnel and then

i nspection of digest cells in that digest tunnel to find the correspondi ng
col | ecti omotzarwmer1saunber. [0603] To find col I ection inst aﬂmflfszolhmuos

corr dt di gest
and aronl; ¢ TS BETAL S I B DR R A7 SR AR by R, e

cal cyratiede dpgadt evdl @id4] An ef fective nunber for Nis 65535. MD

2011/ 127158PCT/ US2011/ 031405 [ 0605] Conbi nati ve Tunnel s [ 0606] The follomjng
conbi nat j. ve n els re crea d for ach measuy enent el ement

[oeoi?%?ér o T UL mg bind psiRieT, Ssigpedt ok %@’r gredisg rank
tunnq}eﬁ@ﬁQQMﬂgngpro or nore rank cells. [0608] For every el enment instance
|nth|selmmntpaﬂwlnthlsframa N rank cells are created where the cell
in rank tunnel N represents rank N in the normalised neasurenent

r epr d8eritlat i dhe Digest Twsfﬁt intmbeusffmethc himléig elgmery immk:e aspngned deong &5Wonds wit h

the coll ctlv tgnn as rﬂﬁyte at nt%gas egﬁ enent i nstance for this
cell. pF@' cRYEAN fﬁﬁ h|£ %&%& 85% "in FIG 31 with the cells
appended in strict chronol ogical order within each tunnel. [0610] There is

exactbgsane Fh@MehiberieOrdigdl pokitior withiv Se@oNédionseand ikaomeanll g adsignbd@byevery
collection tunnel in the corresponding franme and indicates if the el enent

i nst ARBCHOPPYMPECWIERSAL path has a negative magnitude in the
correspondi ng collection tunnel. This tunnel is always assigned tunnel

nunbepedil. {l“ﬁ’@é% SO R R EAPRE] By HeBihdi @lreﬁf‘cgt B¥tahferol MeQBRERLAM O

evaluate the It kelihood or 1npossibility of an el enent | nstance being
boundedartry. Afsegnepeinatg bindpperndss addmsrigned & ggro bethe ppedicankpaatol has a

val ue that cannot fall within the operator bounds then the bounding is
deensd®PA¥5si bl e; otherwise it is deemed likely. For a |ikely bounding the
I N operator may inspect further rank cells for the sane el enent instance to

furt hescidet eameneihgPaRsdtéd by h predicateedpesitdtt ¥ach[BBda{ohher will &heviegdddy one
exi stence tunnel per frame. This contains one bool ean cell for every

col | dexmcolrcalitnaed collectiprinsneasspdrigiongered withingaeh fiatliccat es i f the el enent
|nstance for this elenment path exists in the correspondlng col l ection

t”““ C 60 gh' ?A’db‘zﬂﬂ%‘ﬁeohs‘i aJoYY@é’tﬁ)nas%%'ag@ﬁ&ktéd‘iﬂ’?ﬁér%&’g@%ms‘ar %lé[f%gﬂbﬂ] Each

coII n i nstance appears once in every co ative tunne
f r amadeanigeonssttveire it cobibctimaleen 1se bf xddrdtedamemdRUHocks. Thie ielustiraat e
t unnel 0615]Each al so franme contains a cell count per possible unsigned
cel | 1§ E{%e ©%er rank tunnel .
[0663] Advantageously, unused memory blocks are pooled to allow rapid construction of

collection sets without a need to make calls to low level memory allocation services at the operating

system level.

[0664] Advantageously, as the bind operation progresses, any block that only contains members
irrelevant to the current and subsequent stages of the bind process are removed from the list and

returned to the pool of unused memory blocks.

[0665] A collection sets are used to materialise the query result by accessing combinative
and/or collective tunnels. The certainty indicator for each collection member is used by query

materialisation to determine if it is necessary to retrieve an element instance to resolve uncertainty.
[0666] Database Processes

[0667] The access model and storage structures defined above are used to persist data within
storage and retrieve query results from storage within a database. The architecture of that database

consists of the layers and components illustrated in FIG. 35.
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This is a one-di mensional array per rank tunnel addressed by byte val ue
(0..255) to yield the count of cells in that rank tunnel that contain the
corr espormiongiwerissval ue - as shown in FIG 32. [0616] TireTaské1106uns s are
used ctl .Qf | I n
o on (BTG T Bhed BCPHYRRIERR or HEPRRORE AR WREE, ALl uSrf AT
thesewemﬂabﬂﬁmﬁMQﬁpfﬁﬁxc%ﬁh&ﬁ&ﬂhkﬁ%&58Bﬁﬁ&&S&@l&ﬁ@S&ﬁQﬁmﬂﬂ&huby&a value is
mul tiplied by corresponding cell count and these are conbi ned with respect

to rdpRtionadsidrh AR RatfveqomiRask langvege- syt eget-on Medakd raélﬁla@a% Fran'drﬁ(lst unnel
in ty thbl@fgf wn%&s%%ﬁv{eﬁl%@natﬁ%rdaﬁ%%é aﬁ%ﬂthe%%{?&s WK1 ds8d B %

t he correspondi ng sign cel separately an ese suns are conbi ned r the
accurhingatedd. Thesitbtage Kngine& arldspnnsab]renfomlsaesmth@ cﬂuaggestpaﬁnklfinﬁtmml ahér m ne

whi ch sign apd wheth m ni mum or Pﬁf iﬁ are ggt t hen scans
t he HICHHESE RS {Q F“%Inéﬁfln%eéﬁfl% & Ftl%"r“ﬁl §1jt &stanCEs £ i ng
candig@liRd®s!duesied hereafter the candldates are reduced by consulting
correspondi ng | ower rank tunnels directly in candi date order and then
descendi ng rank order. [0618] To find collection instances that correspond

to a [%@é ur efinterfice eravedndi h’yel‘§0@eléfcr@m1a§1fontﬂw@ th¢ Hatakare Engine A gapaids onhat

are r t, ti 0 n | I ection
O R R OV R S T
|nstaﬁaﬁlémb@ﬁﬂkﬁ@auiﬂﬁﬁﬁkb@zgebﬂowm tunnel R at position C be inspected.

[ 0620] When searching for a neasurenent within a bounded range, the rank
bytes of the | ow and hi gh bounds are conpared to determ ne the hi ghest rank
wher 40018 bolleds! Hiapslalion ferace s t he determinant rank and rank tunnels
bel ow the determ nant rank need only be inspected for specific collection

i nst apeRsyg:dentified as of possible relevance by scanning the ranks higher
than UEL Sl [T Tiarllt Id.IIK I I rst. UOLJ.] 1T VI cew UI Llle dUUVE I L V\II I I Ue
apprv@kﬁ?éd t hat many cells N%VSbe deened as of inpossible relevance

Wi t he )H%atEbgtaﬂﬁggi 015 0 exam ne @Iréaters%rﬂ@v\;dﬂmlsesrnst[agghz\%itﬂ_%nﬁ arﬁpét'&ra for
rankg ‘above the determ nant Io% I?;Iﬂ‘ﬂﬁsnﬁ greegéagﬁlﬂ%&/%gorgééh fuchiPe G

qui ckly determne if the req exi sts € correspon |n
r ank Lt.unnel or not Lf _not 4 F‘I’ITI re frame is discounted [0623]An

effeg¢ (ﬂﬂoEBatﬁUzﬁﬁé@D nunber for [Nrégs aﬁ@@mmﬁ@d@tﬁbzﬁé%@tﬁﬂéW@thﬂﬂ&ﬁit?don of 204¢

b' oW hilWa')
ltS vl UTAl abLCI IDLIb UIIIICIDlgUUL\J IIIC IUI IUV

funnessataFleéht ed for eachCemtnristie | pihil dapbate ipgtapce d

createColumn(d,t,c,I) Creates column ¢ with constraint 1 within an existing table t in
database instance d

3&1
A =gy

renameTable(d,o,n) Renames an existing table o to new name n within database
instance d
renameColumn(d,t,0,n) Renames an existing column o to new name n in an existing

table t within database instance d

dropTable(d,t) Drops an existing table t in database instance d

dropColumn(d,t,c) Drops an existing column ¢ in existing table t in database
instance d

truncateTable(d,t) Truncates existing table t in database instance d

openSesion(d) return s Opens a transactional session s in database instance d

closeSession(s) Closes the transactional session s

openTransaction(s,i) return n Opens a new transaction n within session s (potentially within

the context of an existing open transaction) using transaction
isolation semantics i

commitTransaction(s) Commits and close all currently open transactions in session s
rollbackTransaction(s) Rollback and close all transactions open in session s
rollbackTransaction(s,n) Rollback and close all open transactions in session s up to
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[0626] There is a fixed nunber (N) of property tunnels per franme where each

property tunnel
2011/ 1271\569@'1//1@%911/ 031405 [0627] For every eI enment

contai ns zer

WO
[ nftamseommmbi S

o or nore bool ean cells.

el emg
Pr op¢

IIL PClLII III LIIID IIClIIl',',

brty tunnel. [0628] A has

alrt Crruriel ClL I"UTI1 bUI | | bS] QPPUIIUUU l. U TVCTlYy
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i ncr
t unng

Aol I UI II(J.I I b= QDDI Yl
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SR AR o8
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LIIC IMAaAT TTUriT Ul UI Ild.l d.bbl IICU d.llu I\I ID LIIC
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t unn
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[ 0635] Each col |l ecti on instang

oot o HBRRYPREIEY],

t unnel
TRUE

RetIuQxﬁs‘?lﬁl Eﬁﬁ&nfxfaﬁfﬁnt%w]ifoﬁb&ﬁmttﬂeﬁ&ﬂ lﬂlfg cu(?lfent

tdlv &Mt 2LSOSE

setColumnValue(u,c,v)

Sets the value v for column ¢ in the current row context of
cursor u.

getRowldentity(u) Returns the row identity of the current row context of cursor u.
update(u) Updates the current row context within the table

delete(u) Deletes the current row context from the table

close(u) Closes the cursor u

openQueryCursor(s) returns q

Opens a query cursor q for query within the current transaction
of session s.

setWhereClause(q,w)

Sets the where clause w in cursor q

addSelectExpression(q,x)

Adds an expression x to the query select clause in cursor q

addGroupExpression(q,x)

Adds a group by expression for aggregation

execute(q) Executes the cursor q for the current where clause, select
expression and group expression

setFirstRow(q) Sets the first row context for cursor q

setNextRow(q) Advances the row context for cursor q

isNull(qg,x) Indicates if select expression x of the current row is null

getExpression(q,x,v)

Gets the value of select expression x into v for the current row
context of cursor q

close(q)

Closes the cursor q
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[ 0637] Each franme al so contains a count of true cells per enuneration
tunnel. This is a one- dinensional array addressed by property tunnel
nunber (IwoNpire7y8el d the count of TRUE cells in that PomuskoH/0as05hown in

FI G [ 06 . -

2011 A8 st OBt PEY IO TR%er HikEC RACRTReL byopisnlosr Bowpry

pr OVItﬁkEﬁcca:ﬁ; RXd@pp&atdnsand opeiages. lIayoel tisefdrent@ldl merdlistihterfedesis hofollohs

Enpl oyee tabl e described earlier. Cells are illustrated as enclosed in
square brackets ell siz are shown as S and donai ns are shown as D. For
clari§§zzlt g“%§§ﬁﬁﬁﬁ ééc%ll enpl oyee col | ection instances exist within
the sanme tine frane and that no enpl oyee i nstances have been del eted. Table
37: Bnplcoyees Tabl e Name Enpl oyee Nunmber Sal ary Conmi ssion Rate Depart nment

Nunb ("T_%I'H'D'H_SHTFH_IO_IO‘O‘O‘O'

Method Notes ’

createDatabase(d,p) Creates a new database instance with identity d at storage
location path p. This creates a new storage structure and meta
data path.

dropDatabase(d) Drops an existing database instance with identity d.

defineCollectionPath(d,c) Defines collection path ¢ within database instance d

defineElementPath(d,c.e,i) Defines element path e with intent i within collection path ¢

within database instance d

redefineCollectionPath(d,o,n) Renames existing collection path o to new name n within
database instance d

redefineElementPath(d,c,0,n) Renames existing element path o within collection path c to
new name n within database instance d

undefineCollectionPath(d,c) Removes existing collection path c in database instance d

undefineElementPath(d,c) Removes existing element path e within collection path ¢ in
database instance d

truncateCollectionPath(d,c,f) Truncates existing collection path c in database instance d,
removing all frames prior to f

openSesion(d) return s Opens a transactional session s in database instance d
closeSession(s) Closes the transactional session s
openTransaction(s,i) return n Opens a new transaction n within session s (potentially within

the context of an existing open transaction) using transaction
isolation semantics i

applyTransaction(s) Applies and closes all currently open transactions in session s
abandonTransaction(s) Abandons and closes all transactions open in session s
abandonTransaction(s,n) Abandon and close all open transactions in session s up to

transaction n

openCollectionInstance(s,c) Returns a collection context ¢ for appending to collection path ¢
return ¢ within the current transaction in session s.
setNotExists(c) Sets all element instances as non existent for all element paths

in collection instance context ¢

setNotExists(c,e) Sets element instance as non existent for element path e in
collection instance context c

setElementInstance(c,e,v) Sets element instance to value v for element path e in collection
instance context ¢
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200 Bob Brown 30 30000 15.00% 200 Table 38: Collection Path Collection
Path # Enpl oyees 1 Departnent 2 Region 3 Table 39: Elenent Path El enent

Pat h # CoWbeotwiamsPat h # | nt ent PCT/US2011/031405
append(c) Appends collection instance context ¢ in the current transaction
closeCollectionInstance(c) Closes collection instance context c.

openUpdateCursor(s,c) returns u |Opens a cursor u for collection instance updates against
collection path ¢ within the current transaction of session s.

setUpdateCriteria(u,b) Sets the update criteria for update cursor u to boolean
expression b of predicate operators

execute(u) Executes the cursor u for the current update criteria
setFirstInstance(u) Sets the first collection instance context for cursor u
setNextInstance(u) Advances the collection instance context for cursor u
exists(u,e) Indicates if the instance for element path e exists in the current

context of cursor u

getInstanceValue(u,e,v) Gets the instance value into v for element path e from the
current context of cursor u.

setlnstanceValue(u,e,v) Sets the instance value for element path e from v for the current
context of cursor u.

getCollectionldentity(u) Returns the collection identity of the current context of cursor u.

replace(u) Inverts the existing collection instance for the current cursor
context and appends the current context

invert(u) Inverts the existing collection instance for the current cursor
context

close(u) Closes the cursor u

openQueryCursor(s) returns q Opens a query cursor q for query within the current transaction

of session s.

setQueryCriteria(q,b) Sets the query criteria for query cursor q to boolean expression
b of predicate and bind operators

addElementPath(q,c,e) Adds element path e in collection path c to the result path in
query cursor q

execute(q) Executes the cursor q for the current query criteria and result
paths

setFirstInstance(q) Sets the first collection instance context for cursor q

setNextInstance(q) Advances the collection instance context for cursor q

Exists(q,c.e) Indicates if an instance exists for element path e in collection

path ¢ in the context of cursor q

getElementlnstance(q,c,e,v) Gets the value of the element inatnce into v for element path e
in collection path c in the current context of cursor q

close(q) Closes the cursor q

[0673] Commands are accepted in a native language by the User Interface A1 and parsed by a

native Language Parser A2.
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Nanme 1 1 Enuneration Enpl oyee Nunber 2 1 ldentification Salary 3 1
Measur enment Conmmi ssion Rate 4 1 Measurenent Departnent Nunber 5 1
| denti fi cwiDi20n/12TesBl e 40: Col | ection Path 1 PCT/US2011/031405

[0674] Commands that involve changes to the native schema update the Schema Definition A4
and are passed through Model Translation B into Entity Conversion B1 for conversion from native
entities into access model entities. Schema changes that involve changes to collection path and/or
element path definitions are passed into the Storage Engine C for persistence by Path Definition
C1. Any declared schema constraints are passed into Entity Conversion B1 to allow it to ascertain

the intent of each element path defined.

[0675] Commands that involve transactional updates pass through Command Execution A5 and
through Model Translation B into the Storage Engine C via Entity Conversion B1, Operation
Conversion B2, and Data Type Conversion B3 into the Storage Structure C6 via Path Definition
C1. During the pass though, Entity Conversion B1 converts native data model entities into
collection and element path entities; Path Definition C1 resolves collection and element path
identities; Operation Conversion B2 converts any collection instance updates into access model
collection instance inversion and creation operations; Data Type Conversion B3 converts native
data types into access model data types for identification, measurement, enumeration and opaque

element instances.

[0676] Commands that involve queries pass through Command Execution A5 and through
Model Translation B into the Storage Engine C via Entity Conversion B1, Operation Conversion
B2, Data Type Conversion B3, Operator Conversion B4, Path Definition C1, Expression Re-
factoring C2, Operator Fetching C3 and Operation Binding C4, Retrieval and Merging CS5. During
the pass though, Entity Conversion B1 converts native data model entities into collection and
element path entities; Operation Conversion B2 converts any compound query statements into its
component queries; Data Type Conversion B3 converts native data types into access model data
types for identification, measurement, enumeration element and opaque instances; Operator
Conversion B4 converts all native language operators into the access model operators (IS, IN, HAS,
EXISTS and BIND). The Storage Engine C uses Path Definition C1 to resolve collection path
names and element path names; Expression Re-factoring C2 to converts composite boolean
expressions into Disjunctive Normal Form form; with Operator Fetching C3 from the Storage
Structure C6 to generate collection sets for each operator; with Operator Binding C4 binding
collection sets from operators in conjunctive terms; with Retrieval and Merging CS retrieving and
merge all results from all bound collection sets and conjunctions via the Storage Structure C6.
Query results pass back through Operation Conversion B2 for any aggregation and expression
evaluation operations and then through Data Type Conversion B3 for the conversion of access

model data types into native model data types. These results are ultimately pass back to
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| ective Tunnel # Collective Tunnel O (inversion) (enpty) 1

1,D,5 'Sinon' ,5,'Smth'][S,2,D,10][S, 3,D, +, 0, 10000][S, 5, D, 100] 2

, 1, D, 4,woahn/125158Jones' ][ S, 2, D, 20] [ S, 3, D, +, 0, 20000] [ SpeTMS20H423W0D0] [ S, 5,
20

qjﬁesgntago%A:*)gor %nal remﬁngg 501'[51’1%16 e[r §/h§ uBtlateS tlé %166)! éesgnia)tlon A2’» 1i 50 0] (S, 5,D
200]respTBﬁsbble fédthe BnalgintingPaldrorde{dasfakd tbsmlsdprese]iwﬂnel # Characteristic
Tunnel 0 (existence) [1][1][1] ... bhash('Sinmon') [1][0][0] hash('Smith")

m-UEEQ

1 . . . o .
[T (H)é%]] During query execution, Operator Conversion B4 indicates any potentially lossy
predicate operator translation to Operation Execution B2 which can elect to request the predicated
element instances as well as the result set sought so that it can verify the results returned by

applying the original operator criteria and filter results that arise from a lossy translation.

[0678] Constraints, such as domain definitions, are defined within the native Schema Definition
A4 and enforced within the Database Engine A by Command Execution AS. Command Execution
AS will issue queries as described above to determine the existence or otherwise of entities when

enforcing uniqueness and logical relationship constraints.

[0679] The following is described with the context of a relational database but applies similarly

to any other data models supported by the access model described.

[0680] When a user submits a command using the SQL language via A1 to create a new
database instance, the SQL statement is parsed into its language components by A2 wherein the
database name and database location are extracted. The database engine will verify that it is a valid
command and update the schema definition accordingly via A4. The database and location names
are passed through B1 for derivation of the storage location path into the Storage Engine C
wherein a new file system directory is created for the new database instance and subdirectories and

meta data files are created within C6.

[0681] When a user submits a command using the SQL language via A1 to create a open an
existing database instance, the SQL statement is parsed into its language components by A2
wherein the database name is extracted. The database engine will verify that it is a valid command
using its schema definition in A4. The location associated with the database name in A4 is passed
through B1 for derivation of the storage location path into the Storage Engine C wherein the file

system directory is assigned to the user and the latest meta-data file is loaded into memory from C6.

[0682] When a user submits a command using the SQL language via A1 to drop an existing
database instance, the SQL statement is parsed into its language components by A2 wherein the
database name is extracted. The database engine will verify that it is a valid command using its
schema definition in A4. The location associated with the database name in A4 is passed through
B1 for derivation of the storage location path into the Storage Engine C wherein the file system

directory, its sub-directories and files contained within are deleted from within C6.
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hash(' John') [O0][1][0O] hash('Jones') [O][1][0] hash('Bob') [O][O][1]
hash('Brown') [O][O][1] ... 65535 Tabl e 42: El enent Path 2 Connective
Tunnel # wonnacetivse Tunnel O (existence) [1][1][1] ... Poadis¢@@pP31405

[S, di[@@SQBt]( 10%111611 a user submits a command using the SQL language via A1 to create a table
structure, the SQL statement is parsed into its language components by A2 wherein the table and
column names are extracted. The database engine will verify that it is a valid command and update
the schema definition accordingly via A4. The table and column names are passed along with the
column data types and constraints into Model Translation B. Therein, the table name (including any
schema and database qualifiers) is interpreted as a collection path; each column name is interpreted
as an element path; each constraint is used to determine element path intent by B1. The collection
path, element paths and element path intents are passed to C1 wherein the collection path is
assigned a unique collection path ordinal and each element path is assigned a unique ordinal within
the collection path. File system directories for the new collection path are created within each

tunnel family directory by C6. The database meta data is persisted within C6.

[0684] When a user submits a command using the SQL language via A1 to add one or more
columns to an existing table structure, the SQL statement is parsed into its language components by
A2 wherein the table and column names are extracted. The database engine will verify that it is a
valid command and update the schema definition accordingly via A4. The table/column identifiers
are resolved into collection path and element paths respectively by B1 and element path intent
derived from the column data type and constraints. The collection path, element path and element
path intent are passed to C1 wherein the the element path is assigned a unique ordinal within the

collection path. The database meta data is persisted within C6.

[0685] When a user submits a command using the SQL language via A1 to drop a table
structure, the SQL statement is parsed into its language components by A2 wherein the table name
is extracted. The database engine will verify that it is a valid command and update the schema
definition accordingly via A4. The table name is passed into the Model Translation Layer B where
the collection path is identified via B1. The directories specifically relating to the collection path
and all files within are deleted from the file system within C6. Then the collection path is marked as

deleted and the database meta data is persisted within C6.

[0686] When a user submits a command using the SQL language via A1 to drop one or more
columns from a table structure, the SQL statement is parsed into its language components by A2
wherein the table and column names are extracted. The database engine will verify that it is a valid
command and update the schema definition accordingly in A4. The table name and column names
are passed into the Model Translation Layer B wherein the collection path and element paths are
identified by B1. Then the element path is marked as deleted and the database meta data is persisted
within C6.
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hash(20) [S, digest(20),2] hash(30) [S,digest(30),3] ... 65535 Tabl e 43:
El enent Path 3 Conbinative Tunnel # Conbinative Tunnel 0 (existence)
[1][ 1] [ 1]wWoO 20r1zm2k158) [1][2][3] 2 (rank 2) [0][0][0] 3 (rmamks3)i1jo8i4sp®][0] 4

(r ameé@ﬂ[ 0] WCLIOA]HSCI' submits a command using the SQL language via A1 to rename a table
structure, the SQL statement is parsed into its language components by A2 wherein the old and new
table names are extracted. The database engine will verify that it is a valid command and update the
schema definition accordingly in A4. The table names are passed into the Model Translation Layer
B wherein the collection path is identified from the old table name by B1. Therein, the collection
path for the old name is assigned the new collection path name in C1 and the database meta data is

persisted within C6.

[0688] When a user submits a command using the SQL language via A1 to rename a column
within a table structure, the SQL statement is parsed into its language components by A2 wherein
the table and column names are extracted. The database engine will verify that it is a valid
command and update the schema definition accordingly in A4. The table name and column names
are passed into the Model Translation Layer B wherein the collection path and element path for the
old column name are identified by B1. The element path is assigned the new column name in C1

and the database meta data is persisted within C6.

[0689] When a user submits a command using the SQL language via A1 to truncate a table
structure, the SQL statement is parsed into its language components by A2 wherein the table name
is extracted. The database engine will verify that it is a valid command using A4. The table name is
passed into the Model Translation Layer B wherein the collection path is identified by B1. Within
C6, all frame files relating to the collection path are deleted; all transaction segments for the

truncated collection path that belong to closed transactions are deassigned from the collection path.

[0690] When a user submits a command using the SQL language via A1 to insert an explicit
row into a table structure, the SQL statement is parsed into its language components by A2. The
database engine will verify that it is a valid command via A4 and associate column values with
column names. The table name, column names and column values are passed into the Model
Translation Layer B wherein, the collection path and element paths are identified by B1 and C1.
Each column value supplied is converted into an element cell (identification, measurement,
enumeration or opaque cell) according to the element path intent by B3. Within C6, one or more

transaction segments are created in the current heap file and the element cells are added to them.

[0691] When a user submits a command using the SQL language via A1 to query rows from
one or more table structures, the SQL select statement is parsed into its language components by A2
which will create a hierarchical expression tree for each select clause and a hierarchical SQL
operator tree for each where clause. These are passed into the Model Translation Layer B. Therein,

the collection path and element paths in the expression trees and the operator trees are identified by
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5 (rank 5) [0][0][0] (radix point) 6 (rank 6) [O0][O][O] 7 (rank 7)
[0][0][0] WO 2011/127158PCT/ US2011/031405 8 (rank 8) [O0][0][0] 9 (rank 9)
[0] [ O] [ O]woCo(wiamkss10) [O][O0][ O] 11 (sign) [+][+][+] Tabrasdeil/oE4esent
Pat h

Ifl. %%'o%%{u\fc? S&Eﬂﬂl@%y datements are decomposed into distinct queries by B2 which

submits them as separate queries. For each query, the SQL operators in an operator tree are
converted to the predicate and bind operators of the access model by B4 and passed together with a
list of collection and element path names from the expression tree into the Storage Layer C wherein
the operator tree is refactored into disjunctive normal form by C2. Thereafter, separate collection
sets are generated for each predicate operator by C3; then collection sets within conjunctive terms
of the operator tree are bound by bind operators in C4. Instances for the required collection paths
and element paths are fetched from C6 via each collection set in each conjunctive term of the
operator tree via C5 and de-duplicated between conjunctive terms in the operator tree in C5 and
returned to the Model Translation Layer B. Wherein B2 will perform any required filtering,
aggregation or recombination of component queries. These results are converted back to SQL data
types from the access model data types and the results handed back to the Database Engine A for
presentation by A3.

[0692] When a user submits a command using the SQL language via A1 to query rows from a
table structure for the purpose of updating or deleting rows, the SQL select statement is parsed into
its language components by A2 which will create a hierarchical SQL operator tree that defines the
predicate conditions for the query. The name of the table and the operator tree are passed into the
Model Translation Layer B. Therein, the collection path and element paths are identified by B1; the
SQL operators in the operator tree are converted to the predicate operators of the access model by
B4. The collection path and operator tree passed into the Storage Engine C wherein the operator
tree is re-factored into a disjunctive normal form by C2. Thereafter, separate collection sets are
generated for each predicate operator by C3 and merged within each conjunctive term within the
operator tree. Collection sets are de-duplicated between conjunctive terms in the operator tree by
CS. An exclusive inversion lock is requested for ever member of the final collection set prior to
processing that result. Where the user has chosen to delete rows, each collection instance in the
result set is retrieved from its collective tunnel by and copied to create a collection instance
inversion by C5 wherein one or more transaction segments are created and appended with an
inversion cell and the collection instance element cells. Where the user has chosen to update rows,
each original collection instance is inverted as described above and then a new collection instance is
inserted with the modified element cells where one or more transaction segments are created in the

heap file and the element cells are added to them.

[0693] The following operations occur in the Storage Engine C independently of the native data

model used.
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Combi native Tunnel 0O (existence) [O][1][1] 1 (rank 1) [O][0O][O0] 2 (rank 2)
[0][O0][0] 3 (rank 3) [O][O][O] 4 (rank 4) [O][1][1] 5 (rank 5) [0][0][5]

(radi x powvotpir/®7(s8ank 6) [0][0][0] 7 (rank 7) [O][O][ OpC3/uSe@nio3Bys
[ O]

[ (R)&&é\]] 9 (’\fh%ﬂlﬁ tlga)nsaction is opened an available transaction handle is assigned from the pool

of available transaction handles and the heap file transaction header is updated with the transaction

status (open) but is not written back to storage.

[0695] When a transaction is applied, the heap file transaction header is updated with the
transaction status (applied) but is not written back to storage. The transaction then waits for the next

apply cycle to complete. Any inversion locks held by the transaction are relinquished.

[0696] When a transaction is abandoned, the heap file transaction header is updated with the
transaction status (abandoned) but is not written back to storage. Any update lock held by the

transaction are relinquished.

[0697] When an apply cycle completes, all new and updated content in the heap file is written

and synchronised back to storage.

[0698] When a collection instance is appended to a heap file by a transaction, a collective
tunnel is created for the transaction. The tunnel number used is one greater than the last collective
tunnel number for the same collection path within this heap file. One or more transaction segments
are created for the collective tunnel and a cell corresponding to each element instance value is

appended to transaction segments created.

[0699] When a collection instance inversion is appended to a heap file by a transaction, a
collective tunnel is created for the transaction. The tunnel number used is one greater than the last
collective tunnel number for the same collection path within this heap file. One or more transaction
segments are created for the collective tunnel. One inversion cell is appended to the created
segments followed by a cell corresponding to each element instance value from the original

collection instance.

[0700] When a DNF expression is being evaluated within the context of a query within an open

transaction,

[0701] For each conjunctive term within the DNF a collection set is created for each predicate
operator literal in that conjunctive term as described below. Each operator can generate its own

collection set simultaneously with other operators across the DNF.

[0702] All collection sets for the same collection path alias are merged together within each
conjunctive term such that only set members that occur with the same frame number and collective

tunnel number in every collection set in that collection path are retained.
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[0O][O][O] 10 (rank 10) [O][O][O] 11 (sign) [+][+][+] Table 45: El enent
Path 5 Connective Tunnel # Connective Tunnel O (existence) [1][1]]1]
hash( 100)wp3pdigesss( 100), 1] hash(200) [ S, di gest(200), 2] Phadise@@0}1405

[S, di[@?(%t]( 209?16 g’cllle‘ctiOn se@s*r’é/i?tﬁin each conjunctive term are bound by the bind operators
appearing within the same conjunctive term as described below. The binding of a conjunctive terms

can happen simultaneously with the binding of other conjunctive terms.

[0704] Each collection set is sorted by sequence order. Collection sets may be sorted

simultaneously across the DNF.

[0705] Each collection set is used to retrieve data from corresponding collective tunnels and/or
combinative cells identified in those collection sets and retrieved in sequence order. The entries for
each collection set are retrieved entry by entry synchronously across all collection sets in the
conjunctive term and merged entry by entry. Retrieval occurs sequentially across conjunctive terms
in the DNF and results de-duplicated so that the same result produced by two conjunctive terms is

not repeated.

[0706] Where a query only requires measurement element instances to be returned, for each
member retrieved, the corresponding combinative tunnels are read from frame files using the
collection set frame number; and the collective tunnel numbers are used to address specific rank
cells in the rank tunnels; otherwise collective tunnels are read from the frame files using the

collection set frame number and collective tunnel numbers.

[0707] When a DNF expression (for a single collection path) is being evaluated within the

context of an update within an open transaction,

[0708] For each conjunctive term within the DNF a collection set is created for each predicate
operator literal in that conjunctive term as described below. Each operator can generate its own

collection set simultaneously with other operators across the DNF.

[0709] All collection sets are merged together within each conjunctive term such that only
entries that occur with the same frame number and collective tunnel number in every collection set

are retained. Thereafter, there will only be one collection set per conjunctive term.

[0710] Each collection set is used to directly return the frame number and collective tunnel
number. Retrieval occurs sequentially across conjunctive terms and results de-duplicated so that the

same result produced by two conjunctive terms is not repeated.

[0711] As each result is retrieved, an exclusive lock is requested against the combined frame
number and tunnel number. If the lock is not granted immediately, the process must wait until it is

granted. A transaction that already owns a lock is granted the lock immediately.
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[ 0641] The foll ow ng provides exanpl e operator navigation routes
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oper glositien dé fhemachlgpevatha eheand mani pul ate col l ection sets of collection
i nstance nenbers.

[0716] The digest tunnel and ordinal position are then sorted and re-arranged into ascending
frame and digest tunnel and position order; then the digest entries are populated for all entries in

tunnel number order in each frame.

[0717] As each bind operator is visited, the terminating collection set is attenuated whereby any
members that have no corresponding digest tunnel numbers in the originating set have their
cardinality reset to zero. This is determined from the cell counts associated with the originating

digest tunnels.

[0718] The correlated originating members are propagated through the bind operator as
described previously. Any two correlating entries across collection sets must have an equivalent
digest tunnel number and equivalent digests. If either the tunnel number or digest differs, the

members are discounted from potential correlation; otherwise the entries are correlated.

[0719] The bind cardinalities are reflected back through the bind operator into the origination

collection set as described previously.

[0720] As the bind process proceeds, all members relating a previous propagation sequence —

that is with a visit ordinal less than the set visit ordinal are discarded.

[0721] When generating a collection set for the exists() operator in the context of an open

transaction,

[0722] For each heap file in reverse frame order, the transaction segments for this collection

path and relevant to this transaction or any closed transaction are navigated in reverse chronological
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[ 0652] Each col l ection set is generated by a predicate operator eval uation
and contains the followng information for each collection instance
consi der edonelienars8 t o t he operator eval uation, [0653] TireT@skéiemsidsoh Frame

f"‘”d %?Jiérel%ﬂ e4éh Ié‘lptglngd C IN see[n i%b&%'oﬂ 44 lc%rdb%eﬁtﬁgﬂl«% Eurhlpe? afd lc{)]?e%hlvg Hinnel
i nst ance consi dered relevant to the predi cate operator eval uation;

[ 0654 uiver et inambiybastd td1ef pivedicadl Anppelsahgiicortdl anpdleraent cAll baahe quired
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to t Lgat: : [Worak Msit Odinal assigned
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eval uation; WD 2011/ 127158PCT/ US2011/ 031405 [ 0656] The Sequence nunber

assi diéBldur Thgmieimedy spielesitiransmapdordbs elgmeut pash Bexemimedtinesqendidg seale

operat or eval.uatjon; [0657] The Cardi nality assi gpned during bind operation
P el R 10, S A e e e R PR s PHab P [ 0658) The
Di gest Tunnel nunber for the binding el ement instance assigned during bind

oper gh7ons amtheass ndttBthodrardeinerbyl i RO REES @ege HHOE at RAst@VMaklaichORhen
[ 0659] The Menber's Ordinal position within the collection set and

i ncr dhefipme nymhesthatrsdtsyatinteriat Brehospe ke fravanyabers that Fage 69 e fegest
val u igest cell for the binding elenent instance for the

col | ga(I:I{eiQ(%nstC?ﬁnsetqance. Assi gned during bind operations and assi gned as zero
by the predicate operator evaluation. [0661] After being generated by a

pr edi[6@3 opHtk digserefraine aombercit inotiths étamal dumbex b the tcugewty dpearfeanteofilal i ty

and col | ection instances wi.ll be ordered within each frane.
[ 0662?%&35&@3@&86 z‘?f;}?e e@lef:%%q PYRC CélV%FlElHﬁ]ég’l{l(é&lC%F@%%?f?f ths elgmgng path 5 i g
accegsnRMhn@lY with the chosen frame number are opened.

[0726] The inversion tunnel for the collection path and the existence tunnel for the required
element path are read from the opened frame files. A bit map map of inversions is created with a

clear bit for each collection tunnel in the current frame.

[0727] The inversion tunnel is scanned for inversion cells and for each cell found, the combined
inverted frame and inverted tunnel number are added to the memory based set of inversions and a

bit corresponding to the inverting tunnel is set in the bit map of inversions .

[0728] The existence tunnel is scanned for cells that indicate element existence. Any cell that
has a corresponding entry in the memory based set of inversions is ignored; otherwise each cell that
has a corresponding bit set in the bit map of inversions is ignored; otherwise the frame number and

collective tunnel number are added to the collection set.
[0729] A collection set entry is always marked as certain.

[0730] The element path frame map is read from the currently open frame file related to the
element path to determine the next relevant frame and continues as described above until no more

frames can be found.

[0731] When generating a collection set for the is() operator in the context of an open

transaction,

[0732] The connective tunnel number and digest number is derived from the operator operand.
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[0737] The inversion tunnel for the collection path and the digest tunnel derived from the
operator operand are read from the opened frame files. A bit map map of inversions is created with

a clear bit for each collection tunnel in the current frame.

[0738] The inversion tunnel is scanned for inversion cells and for each cell found, the combined
inverted frame and inverted tunnel number are added to the memory based set of inversions and a

bit corresponding to the inverting tunnel is set in the bit map of inversions.

[0739] The digest tunnel is scanned for matching digest cells. Any digest cell that has a
corresponding entry in the memory based set of inversions is ignored; otherwise each cell that has a
corresponding bit set in the bit map of inversions is ignored; otherwise the frame number and

collective tunnel number are added to the collection set.

[0740] A collection set entry is marked as certain if the digest cell is sufficiently otherwise it is
marked as uncertain where the entry arises from a frame file; whereas entries arising from heap files

are always marked as certain.
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dr opDat abase(d) Drops an existing database instance with identity d.
createTable(d,t) Creates table t within database instance d
cr eat eColwonfd/n71581) Creates columm ¢ with constraint PCHUSRéN/0aROEXI Sting
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o to new name n W thi'n database i nstance rena enanes an
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i nstance d dropTable(d,t) Drops an existing table t in database instance d
dr opEfnsey b fwndpr ops an existing colum ¢ in existing table t in

dat abase instance d truncateTabl e(d,t) Truncates existing table t in

dat ahgse;i nsmﬁ%e%rgﬁ?g@&ﬁie%&géet FGLHE Th(PofdPRBSindhd EANISAGK hPBAdn session s
i n dat abase instance d cl oseSession(s) Closes the transactional session s

openTraassgioni on(s,i) return n Qpens a new transaction n within session s
(potentially within the context of an existing open transaction) using

tr a”'°[8’7’ AH] on hﬁ)%ltha(g}%e(r)ﬂors ()epr]é?‘gr}dls Gre Ii)ositive then let the required sign be positive and let the
required range be between the low and high absolute magnitude of the operator operands; otherwise
if both operands are negative then let the required sign be negative and the required range be
between the low and high absolute magnitude of the operator operands; otherwise divide the search
into two with a required range between the minimum operator operand and zero and a required sign
of negative and a range between zero and the maximum operator operand and zero and a required

sign of positive.

[0744] Both bounds of the required range are normalised into a fixed number of significand
bytes around a fixed radix point. The determinant rank is determined from the normalised bounds
where the pivot rank is the lowest rank with a common signficand byte in both normalised bounds.

Refer to the common byte value at the pivot rank as the pivot value.

[0745] For each heap file in reverse frame order, the heap segments for the collection path and
relevant to this transaction or any closed transaction are navigated in reverse chronological order.
For each cell that contains an inversion add the combined frame number and collective tunnel
number to a memory based set of inversions. Any cells that contain a measurement element cell for
the required element path with a value within the required range and required sign are included in
the collection set provided its combined frame number and collective tunnel number is not included

in the memory based set of inversions.

[0746] The memory resident frame map for the element path is examined in ascending scale

order and descending frame order from the current frame number.

[0747] Where a matching frame interval is found (where the frame interval range overlaps the
operator operand range) then the frame number that starts that interval is chosen. Ignore frame

numbers that relate to heap files already scanned.

[0748] If the chosen frame number is not the frame number of the currently open frame file,
then the frame files for collective tunnels and combinative tunnels for the collection path with the

chosen frame number are opened.
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comm t Transaction(s) Commts and close all currently open transactions in
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row dERIchE. A DitERELMARAT IVEISINS Segraated Mifhhd cdear bityey gah \90111%“96\99111@6%%&%

i nserd,fEde IsErts row context within the current transaction cl oseRow(r)

[0750] The inversion tunnel is scanned for inversion cells and for each cell found, the combined
inverted frame and inverted tunnel number are added to the memory based set of inversions and a

bit corresponding to the inverting tunnel is set in the bit map of inversions.

[0751] The cell counts for the combinative tunnel for the pivot rank are examined to see if any
relevant cells exist for the pivot value. If not, move on to the prior frame in the current frame map

and continue as above.

[0752] For each rank from the highest rank down to the pivot rank, use the cell counts to find
the lowest rank where all cells are zero in the tunnels above that rank and where the corresponding

rank value in both operands is zero. Refer to this rank as the high rank.

[0753] For each rank from the lowest rank up to the pivot rank, use the cell counts to find the
highest rank where all cells are zero in the tunnels below that rank and where the corresponding

rank value in both operands is zero. Refer to this rank as the low rank.

[0754] The combinative tunnel for the pivot rank is scanned for rank cells that match the pivot
byte. A rank cell that does not have a corresponding existence cell is ignored; otherwise a rank cell
that has a corresponding entry in the memory based set of inversions is ignored; otherwise each cell
that has a corresponding bit set in the bit map of inversions is ignored; otherwise consult the
corresponding sign cell and rank cells between the high rank and low rank to ensure that the sign is
the required sign and combined tunnel rank magnitude is within the required range and if so, the

frame number and collective tunnel number are added to the collection set.
[0755] A collection set entry is marked as certain.

[0756] The element path frame map is read from the currently open frame file related to the
element path to determine the next relevant frame and continues as described above until no more

frames can be found.

[0757] When generating a collection set for the has() operator in the context of an open

transaction,

[0758] The characteristic tunnel numbers are derived from the operator operands.
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Cl oses row context r. openUpdateCursor(s,t) returns u Opens a cursor u for
row updates against table t within the current transaction of session s.
set Wher eGvause(127188 Sets t he where cI ause w in cursor uPexasaaiesi40EXxecut es

the qUrsa’ Upb,0ycf H?a Pt I{EXFEER%X@MF{% gel>the 3 IE&Jg?ﬁeﬁ%%P%he%@h tloﬁ aft 3t T OW

cont cursor vahces e “row con ursor u
I sNulrkleugre o ihﬁlﬁﬂrzﬁﬁh@&nl dr ahfeloval ﬂﬂzﬁlsﬁ@i’on@é bamigated rte{f:&se:ctlrrémtagmﬂwmmnt ext
of cursor u is null getColumValue(u,c,v) Returns the columm value into v

for doF b cSlIREPRRBS TP ERIOR 84 W6 fekined fragimagtbegand collective tunnel
set CQI'HH‘[U%%/ & éjﬁéfﬂofy Vase PEL Sf hﬁgrs‘ﬁﬂ'}s yz? 3}' célf%rthgt(%lol'fﬁ& n éﬂﬁrﬁe?zﬁloﬁ%ﬁé eg'Jth célﬁ%r

context of cursor "u. get Rowl ntit Returns the row 1 denti ty

cur r eéhd reqoieccdamenttpadf which sontain. allugfdb¢ efanitoljpcdptey opdrendsiare matudedw thont ext
hin th I

wit Icollgctl%ntsgtbprgvﬁecll 1tg %ryﬂ?)ined frame number and collective tunnel number is not included in

the memory based set of inversions.

[0760] The memory resident frame map for the element path is examined in ascending scale

order and then in descending frame order from the current frame number.

[0761] Where a matching frame interval is found (where all required characteristic tunnel
numbers have their bits set) then the frame number that starts that interval is chosen. Ignore frame

numbers that relate to heap files already scanned.

[0762] If the chosen frame number is not the frame number of the currently open frame file,
then the frame files for collective tunnels and characteristic tunnels for the collection path with the

chosen frame number are opened.

[0763] The existence tunnel and the required characteristic tunnels derived from the operator
operands are read from the element path frame file and the inversion tunnel is read from the
collection path frame file. A bit map map of inversions is created with a clear bit for each collection

tunnel in the current frame.

[0764] The inversion tunnel is scanned for inversion cells and for each cell found, the combined
inverted frame and inverted tunnel number are added to the memory based set of inversions and a

bit corresponding to the inverting tunnel is set in the bit map of inversions.

[0765] The required characteristic tunnels are conjunctively combined as a bit map wherein
only bit positions that have a bit set at corresponding collection instances in all required
characteristic tunnels are set. The combined bit map is scanned for set bits and any set bit that does
not have a corresponding existence cell is ignored and any set bit that has a corresponding entry in
the memory based set of inversions is ignored; otherwise each cell that has a corresponding bit set
in the bit map of inversions is ignored; otherwise the frame number and collective tunnel number

are added to the collection set.

[0766] A collection set entry is marked as certain where the property tunnel number is derived

from a unique property ordinal and (M-N) < P < 2N where P is the property ordinal, M is the
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Del etes the current row context fromthe table close(u) C oses the cursor u
openQueryCursor(s) returns g Opens a query cursor q for query within the
current twensacRisa of session s. set\WiereC ause(q,w) Secs/ush@vnbang cl ause

[ - ] ' ' .
v IR BRB RS 0B A0 A RPRARE gl bR
expr ggsheofilef @heragntdatarismgexas itg( ks kxedwiwsniked sided@m.q for the current

where cl ause, sel ect expression and group expression setFirstRow(q) Sets
the fir row context for cursor, q set NextRo Advances_t he row cont ext
for dFSHr q PSREMPEPA frpimaimag iy eaf r%ﬁ@&%&ﬂ% Qg G tilsrelated e die ent

FOW ieferfiidk batﬁ% BXRAEHS MR Yt Yoldhn(PBhife LBHRHE RdeS@l1RELb&VARE AL b | NTO
v for the current row context of cursor g close(q)

frames can be found.

[0768] When generating a collection set for the true() operator in the context of an open

transaction,

[0769] For each heap file in reverse frame order, the transaction segments for this collection
path and relevant to this transaction or any closed transaction are navigated in reverse chronological
order. For each cell that contains an inversion add the combined frame number and collective tunnel
number to a memory based set of inversions. Any collection instance identities for the required
collection path are included in the collection set provided its combined frame number and collective

tunnel number is not included in the memory based set of inversions.

[0770] The memory resident frame map for the collection path is examined at the lowest scale
in descending frame order from the current frame number. Ignore frame numbers that relate to heap

files already scanned.

[0771] Where a frame map entry indicates one or more inversions then open the collective
frame file and read the inversion tunnel; a bit map map of inversions is created with a clear bit for
each collection tunnel in the current frame; scan the inversion tunnel and for each inversion cell
found add the combined inverted frame and inverted tunnel numbers to the memory based set of
inversions for each inversion found and the bit corresponding to the inverting tunnel is set in the bit

map of inversions.

[0772] Append a contiguous sequence of collection instance tunnels starting at tunnel 1 and
finishing at the number of collection instances specified by the frame map but excluding those that
either have an bit set in the bit map of inversions or have a corresponding entry in the memory
based set of inversions. The frame number of these entries is the frame number used to inspect the

frame map entry.

[0773] A collection set entry is always marked as certain.
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Closes the cursor g WO 2011/127158PCT/ US2011/ 031405 [0671] The interface
provi ded by Storage Engine C to the Mddel Translation Layer B supports the
access nowel2ooperssi ons and operators. |In one useful enpodiuseor/o3t4hs s

i nter S |). or ine face - - Met hod
Not egbiﬁﬁat e@%%@%glé?d, zb%l ?%K%]a(?%)slsg&ﬁlew é%a%llélts&elﬁ?ﬁ %nafﬁ%—rgp\%\ﬁ?et %‘%@%ﬁqt y d
at stdes@ibed labewat ot thegiréreping Thinse. Thiado@finges e destibed g veluhtiChidimerafsgneet a
data pat h. dropDatabase(d) Drops an existing database instance with

i dent®R Pe&undef i neCol | ecti onPat h(d, c) Defines collection path ¢ within

dat abase i nstance d defineEl ement Path(d,c,e,i) Defines elenent path e with
I nt enp7i5W tWH%nQQité@aqiTsin%rﬁ o%%}dﬁcﬁvé’\ﬂehﬁ i RLARIESE dn’hﬁkﬁ'&%ﬁsa‘étion,

redefi neCol | ecti onPat h(d, 0, n)” Renanes exi sting collection path o to new
nane n within database instance d redefineEl enent Pat h(d, ¢, 0, n) Renanes

exi stiPntplel ehermachander@ingnttyi in asolleaionisoithp getiesponding eqllagtine tumneli it e

dat aqg‘ésdeanldq}?t ance 8 (Hndelf LSRRl Set Ongg‘gnhs gdtgc? to determine certainty or

¢ corresponding element 1nstance must
impossibility.
[0777] Where an element instance is subsequently deemed impossible, its cardinality is marked

as zero and the entry is treated as void in the collection set and voids all corresponding entries

during the merge of collection sets within a conjunctive term.
[0778] When migrating segments from a heap file into a frame file,

[0779] Only segments that that relate to applied transactions which have not yet been migrated
are migrated. Segments that relate to abandoned transactions are ignored. Segments that relate to

open transactions are counted.
[0780] Migrate each collection path individually in turn.

[0781] Create a memory sector map and tunnels for each tunnel family and each element path

within the collection path. Initialise the tunnel link at the start of each tunnel as the prior frame.

[0782] Prior to migrating a collection path, read the frame maps for the collection path and its

related element paths into memory from the frame files that precede the frame being migrated.

[0783] Prior to migrating a collection path, read the storage maps; the inversion tunnel for the
collection path and the tunnels for all related element path tunnels into memory from any frame

files that are required to be accumulated into the frame being migrated.

[0784] For each segment being migrated, create a new collective tunnel in memory and copy
the segment cells into the collective tunnel. For an inversion, append an inversion cell to the
inversion tunnel. Update the collection path frame map as described previously. Then migrate each

element cell within the segment and update the collection path storage map.

[0785] For each identification element construct a digest cell, as described previously, and

append it to the related digest tunnel. Append the digest tunnel number to the tunnel map. Append
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Renoves existing collection path ¢ in database instance d
undef i neEl enent Pat h(d, c) Renoves existing elenent path e within collection
path c inwoapabasesi nst ance d truncaterIIectionPath(d eCT)USTINEER S

exi Stah%%sfe% oL EGEIRe %@ntc%attﬁ‘?ﬂgttgﬁ‘%a}gﬁgél ?é(ﬁl’?&&le erﬁe%FPA’th Pt thaf FrBMGRe

prior to T open e5|on ransac 'onal session s In

dat alkhseent Rsluaacdesdribdpesessy and spdad deetenidne pithansaetmgnal session s

openTransaction(s,i) return n Qpens a new transaction n within session s
xt of an exi st pen tr sact n)

§'r°§tn§9ﬁ<ﬁ " yFérMoqtag %Qﬁgﬁéﬂﬁf‘é&wc wirrélﬁkaglﬂ ey 3 3@&@8 a%\ﬁ%F%{%l"%fges

al l %‘ﬂéxﬁ@m} Bén@ REfEnb RS a8tk 90 8tell Parkaa A Abp ahandondEansaats gigdmapandons
and closes all transactions open in session's abandonTransaction(s, n)

Abangeth exidersk dsmed|Updafsehe tleamsimth tagieinmpdews itwrelemens vabretas dagaibed on n
urn ¢ Returns a collection context c for

Col . t t
ggggﬁﬁ?ﬂég %S ﬂ%@%qﬁggggé%%ﬁﬁhﬁPFWFH“?he current transaction in session s.

set Not Exi sts(c) Sets all element instances as non existent for all el enent
pat hg078v]col FecdacpBnim&hantceememnt @xktnict 8 piddeitkets f&{eacleproperty tunnel, as

described previously, and append them to the related property tunnels. Append an existence cell to
the element path existence tunnel. Update the element path frame map from the element value as

described previously and update the element path storage map.

[0788] After migrating every element cell in a segment, append a non-existence cell to the
existence tunnel for every element path not included in the segment; append zero rank cells to every
rank tunnel in all non-existent element paths in the segment; append non-existent property cells to

every property tunnel in all non-existent element paths in the segment.

[0789] After migrating all segments, create frame files using the highest heap file frame number
and overwrite any such frame files that might already exist. Write the sector maps, frame maps and

tunnels to each frame file.

[0790] Mark all migrated transaction handles in the heap file as migrated and synchronise the
heap file back to storage.

[0791] Make each migrated transaction handle available for re-use.

[0792] If the heap file contains any segments relating to open transactions then retain the heap

file otherwise delete it.

[0793] Described above are apparatus, systems, and methods meeting the objects set forth
previously, among others. It will be appreciated that the embodiments discussed and shown herein
are merely examples of the invention and that other embodiments, incorporating changes to that

shown and described here, fall within the scope of the invention, of which I claim:
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Sets el enment instance as non existent for elenment path e in collection
I nstance context c setEl enentlnstance(c,e,v) Sets el enent instance to val ue
v for el ewenoiparisse in coll ection instance context ¢ WOI/US2011/031405

2011/ 1l 27158 FACa-zltt%i’J ﬁt%?%%/ agg/%flpérie\%'? %g%g&ﬁ ft%e%léﬁgﬁtgg ?{1 %ﬁé lox(e %;l)blre%] %i!tzﬂ%ta?an ce cont ext

c in the curren saction clo i on ance ses coll ection

I nst ance compiex¢tsitg syepanUpsiapedug:sor (s, c) returns u Opens a cursor u for
col l ection instance updates agai nst collection path ¢ within the current
transaction of session s. setUpdateCriteria(u,b) Sets the update criteria

for update Hﬁ%‘}rm&iﬁ gorﬁgr‘?éi %‘5‘ pﬁ:?f:?ftf%? EQQ afhn@fs £Bf &Ph CAGEG (PRELRALLfied
execut e(u) ecutes the cursor u for the current update-criteria

set Fi r st | nstphurelétfywyf dSattenrelsefof eachtattciblifeeaia @mom of ahidh daontuendls E@npigierasor u
sethbxtlnsta?cgéu) Advan?es the collection instance context for cursor u
exi st s(u, e) PPHBIYf da2icflly ne i nstance for el ement path e exists in the
current context of cursor u

where each of the data cells contain data associated with a respective instance of an

attribute for a respective instance of an entity type,

where for one or more of the data tunnels, the data cells in each of which have data for
which a respective operator evaluates to a boolean result indicating either the likely
possibility or the impossibility of a respective instance of an attribute being characterised

by said operator for a given set of one or more operands,

a storage engine that is in communications coupling with the storage media and that
accesses one or more data tunnels based on one or more of said operators and a given set

of one or more operands.

2. A data storage and/or retrieval system of any of claims 1, 45, 75, 76, 77, 79, and §1

comprising
storage media comprising a plurality of connective data tunnels for each entity type and a
fixed plurality of connective data tunnels for each attribute, one or more of which

connective data tunnels comprise a plurality of connective data cells,

where each of the connective data cells contain data associated with a respective instance

of an attribute for a respective instance of an entity type,

wherein each respective instance of an attribute has one respective connective data cell in

only one respective connective data tunnel,

where for one or more of the connective data tunnels, the connective data cells in each of

which have data for which a respective equivalence operator evaluates to a boolean result
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get |l nstanceVal ue(u, e,v) Cets the instance value into v for elenment path e
fromthe current context of cursor u. setlnstanceValue(u,e,v) Sets the
i nst ance wal2oa/R20r58el enent path e fromv for the currenCrarst@ito3ads cur sor

u. get Col | e%ﬂla{‘mﬁﬁ%kk elf‘)thé(:i% l& E(\?/sg%bm?ty%ﬁ gﬁs::sis @ﬂx ogg?{' Eé’t V%flnsttgh%e%w h ent

context of cursor u. replace g co ton i nstance
for the Curm&ﬁbmﬁ%éﬁ@mqﬁﬂﬁkﬁwﬁma@ﬁ@ﬁmaﬂﬁd&ebhﬁuﬁﬁb@@ﬂkﬁpOnteXt i nvert (u)
Inverts the existing collection instance for the current cursor context
cl ose(u) Cl oses the cursor u openQueryCursor(s) returns g Opens a query

cursor g for a stithr eyen%ﬁe hat it CodtithlifiPAeidnk @g@lﬂ%&'ﬁﬁl @t st%?a%%'n%ﬁﬁand that

setheryCrlterla ets the query crit for query cursor q to bool ean
expressi on tacm‘ssep fodd oc atoee amtiedtivediaopenadobsed dd Bhe membRaifhsai, cepdjpleAdds

el ement path e in coJlection path ¢ to the result path in query cursor q
execut e(q) EREARBY %%WE%W§8E°E3@6PmFH?e€Wp?ent query criteria and result
paths setFirstlnstance(q) Sets the first collection instance context for

cursor q
3. A data storage and/or retrieval system of claim 2, comprising

storage media comprising a plurality of connective data tunnels for each entity type and a
fixed plurality of connective data tunnels for each attribute, one or more of which

connective data tunnels comprise a plurality of connective data cells,

where each of the connective data cells contain data associated with a respective instance

of an attribute for a respective instance of an entity type,

where for one or more of the connective data tunnels, the connective data cells in each of
which have data for which a respective equivalence operator evaluates to a boolean result
which indicates either the likely possibility or impossibility of a respective instance of an
attribute being equivalent for a given set of one or more operands and where the majority

of connective data cells yield a like result for a given set of one or more operands,
a storage engine that is in communications coupling with the storage media and that
accesses one or more connective data tunnels based on one or more of said equivalence
operator and a given set of one or more operands.

4. A data storage and/or retrieval system of claim 3, wherein
the connective data cell contains a digest of the respective instance of the attribute,
the respective connective data tunnel is chosen from a defined hash encoding of the

respective instance of the attribute and by applying a modulo of the number of the

plurality of connective data tunnels to said hash encoding.
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set Next I nstance(q) Advances the collection instance context for cursor q
Exi sts(q,c,e) Indicates if an instance exists for elenent path e in

col | ecti omopatin2e1s8n t he context of cursor q get El enent PoStiseeie0s1405 e, V)
Gets 4 he valpyu . } el L0,

o T e Fon AL IE RUBTERISL9F o 0 ¥ R0 BB Bobie
cursor q [ GestdlcCommendsibakes aecapiced tharespedatd MstahanigudEgehdpythé kiee biste
Interface Al and parsed by a_native Language Parser A2. WO )
2011/ 127158 PEPELsSEonstAtys 1194 ifioptminey Ytthaequi Yalgics @Peiais Gal be eertaie
native sche%@e&ggg}g@ce@ he Schema Definition A4 and are passed through Model
Translation Binto Entity Conversion Bl for conversion fromnative entities
into access nodel entities. Schema changes that involve changes to

col | ecti on path and/ or enent path definitions ar S into t St or age
Engi fe C for® {7 SOEAE AR Oh{FUR{aN SYSEATR H{ 1Y, 1¥nSin§5’3’3c?§?78d%éﬁé%§

constraints gfgrig@gsed into Entity Conversion Bl to allow it to ascertain
the intent of each elenent path defined. [0675] Commands that involve
transacti onal updates pass through Conmmand Execution A5 and through Mdel

Transl ati on into the Storage Engine.C via Ent| Conversi gn eration
Conver of on 89TShbe R raTRYEE CBIGAHE P6HmE A nes R gateenr P ands
via Path DefifiletiipRitalidy of Bohbi@tivd@ath assiels BOUABR afaMbité YonSRRURES bORhiBR data
converts native data nodel entities into collection and el enment path
entities; Paumebebmprise apluoility of epmbivativ! daseedlsn and el ement path
identities; QOperation Conversion B2 converts any coll ection instance
updates into access nodel collection instance inversion and creation

oper ati ons; viRtdealll PE tHoQUIWMDI QB dE3 ceNMRItdis diatakioeiatkal with ¥ p&Pedtive0 access
nodel data types for identification, measurenent, enuneration and opaque

el enent i nsttnes of pogtEut frrgierPee vt inptaRes) of @n et teke- pass t hr ough Conmand
Execution A5 and through Mddel Translation B into the Storage Engine C via
Entity Conversion Bl, Operation Conversion B2, Data Type Conversion B3,
Oper at or Conuerdn emchBéspeBatdinRaifideriftan antribhte heX piiegspaetivieorhbiahive duga &2,
Operator Fetching C3 and Operation Binding C4, Retrieval and Merging C5.
During the phadIeheRiyR cophtnatiye ¢¥aieiSon B1 converts native data nodel
entities into collection and el enent path entities; Operation Conversion B2
converts any conpound query statenents into its conponent queries; Data
Type Conver sihere 188 osoovmptesofribt comgbidative dayquesndlnitiee asclasaiverdBs indathof ypes
for identification, nmeasur nt, enuneration elenent and o ue instances;
Oper ator CorVESTsHE 98 10bHDER LS eser I R UpAME ARG & Vst oqletngyle
access nodelypRematcales elthethd NelyPsvsiviity F theaRhoRliNRly of @spekal@BgakRtdbme C
uses Path Definition C to resolve colléction path ndanes and el enent path
nanes; Expr essituhutRbeingdoondaddoC given sgfof ene sr morgpersiands.bool ean expr essi ons
into Disjunctive Normal Formform wth Operator Fetching C3 fromthe
Storage Structure C6 to generate collection sets for each operator; wth
Cper at or Bi RGtdiggehghienBANQirCnhiBieditA1dnS 86§l nk WMIOMEK @idMeSnddia &RNhENCEI ve
terns; with Retrieval and Merging C5 retrieving and nmerge all results from
al | bound c@r¢esesionn osaose egnabiadnjedata tiords basad phenspomatpeofsaidhoundiag C6.
Query result k [0 ' nversion B2 for any aggregation
and expr essioﬁﬁlgg\?/%fl%g%yghq%tpog%g %ﬁ%%an}ge@ﬂ%h t hrough Data Type Conversion
B3 for the conversion of access nodel data types into native nodel data
types. These results are ultimtely pass back to WO
2011/1127158Pcttusipoee Aod/on i sxsia of GJainnG. Whsteini nal rendering for the
user who initiated the query. Presentation A3 is responsible for the final
sorting and ordering of the results presented. [0677] During query
execution, @pdriatancdainvesmicove Bdibundis eapressed ity upiatre pdaladdyasl aosgnificand

with respect to a fixed radix point,
each combinative data tunnels is respective to part of the said significand,

all combinative data tunnels are mutually exclusive in respect of the said signficand
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predi cate operator translation to Operation Execution B2 which can elect to
request the predicated el enent instances as well as the result set sought
so that iwocan/neers8fy the results returned by applyi ng Ph@/useéigiosshs
operator criteria. ' I t j - ssy transl ation.

[ 0678] Const ragi%ﬁ@,uﬁgg%Eg‘%gﬁ{élé?%aeﬁ%glogéﬁ’n| Oﬂ%%fstﬁgééléggkﬁf%“éﬁd within the

nati ve Schema Definition A4 and enforced within the Database Engine A by
Command Execution A5. Command Execution A5 will issue queries as_ described
above-t 0 det’efi#f HeragsandRr staqbsystenpphdrip dethefurthst imprasempd Aoihe or ci ng

uni queness i cal i | : ral [ 9] : i IS
descri bed w??ﬂu%ﬁgh%gﬂ?%é?ﬁ%fggﬁggPgﬁﬁgﬁ%f@%g%%ﬁgéggéafggggkﬁgéagkggpgrIy

t o any ot heraidattabotwedéssid stpgersyetdmbyorhpésiagheseproflel descri bed.

[ 0680] Whien a user submits a command using the SQL | anguage via Al to create
a new dat abase instance, the SQL statenent is parsed into its |anguage
conponent s QMnﬁ%ﬁM@&kﬁ&QﬁkaﬁwQQhﬂ&§§%p&ﬁ&?hﬁﬁ@sQﬁ%@Hﬁﬁﬁgbﬁﬁﬁkt&ﬂlare
extracted. The database engine wll verify that it is a valid command and
updat e t he sighdmandef imiary scnalawobadixediradivpainAd. The dat abase and | ocation
names are passed through Bl for derivation of the storage |ocation path
into the Storage Engine C wherein a newfile systemdirectory is created
for the newcdapakas@eisRaiRAGE bAVOL BYRLIi{EBS IR AAAERE destledind i1 | es are
created mﬁthianB. [06%%]When a useg&gubnits agig%nand usi ng tﬁ% SQL

| anguage vi aigaificanceordert to faddhefirsapigaiicand big thab didisastetiven @ntenerands aghL

st at enent i§ﬂgar%?d.HQ%p igsbﬂfggHﬂggngggFﬁagngﬁlby A2 wherein the database
name is extracted. Pihe Gat dbase engi ne W v rle that it is a valid
command using its schema definition in A4. The | ocation associated with the
dat abase nane in A4 is passed through Bl for derivation of the storage

| ocati on patfidingtthe e¢rabigatiyesdiea EREGL0E laveshaigrifigandgshaticompsigest asiiiefispbset or y

locati on patfdingtbee . heeerhandrdhatio .
om0 [ 08sSFWiHaRe 84l e Bha vallEL A AL W for By WA ABAATETR)Y

to drop an ekd &dtérhgnadhadabaseel;nst ance, the SQL statenent is parsed into its
| anguage conponents by A2 wherein the database nane is extracted. The

dat abase engine will verify that it is a valid command using its schenm
definition i DEIAN ' ' t - j AL TS
passed thro&dﬁééﬁgﬁgﬁaggrivaﬁ&g%a%?%?ﬁ%ﬁg?g?%ggnﬁggg?%%%%%g%Eﬁ??#gﬁkhe

St or age Engirespe@ivetvd saidntttibatef i | e system directory, its sub-directories and
files contained within are deleted fromwithin C6. WO

2011/ 127158PCT/ US2011/ 031405 [ 0683] When a user submits a command using the
SQL | anguageyg k&ir@' alt @i RANVE datal RN 6f Sid YL MiBant UG (el SAPUGHBRE (HeS
parsed into its | anguage conponents by A2 wherein the table and col um
nanes are extleawred! edChecgattatvanatyenstane asimpossgrle for saiddtounding operateal i d

command and date . th .s%he tdeli.nittion fp rdi$gu viatQ4 Tge'tiblﬁ and
col umn nanmes &F e FhETTAPANG G AT HS PREUBE TR it SryHaR LAl @R PPgieRY s

i nto Mdel baan@niihiveBata RRE Sbdpectifibrlecabilydnfiai®@s hbiwdendt O idpossHENena and
dat abase qualifiers) is interpreted as a collection path; each colum nane
i s inter pretd@vanse.dh cembingtive grit Fnnely othes SHatspigl deteringnags éata funnglenesd b ne

el ement path_ in | . Th | i th, cel N I nt
path 1 nt ot 4 RPR R bou e Mo Sl e BeBef o RBFRL R T BRH Bufe

uni que col | eedpeatvepdiihdias dpsrator andliteaspectiveopiitingdat h i s assi gned a uni que
ordinal within the collection path. File systemdirectories for the new
collection path are created within each tunnel famly directory by C6. The
dat akpse net j St Al ] a r ihs a
conngﬁd usiﬁgdgﬁggg@ﬁaﬁgﬁgﬁggggig%&ﬁﬁ8¥%§H§%%§§§1X%§2€f@£§§rGﬁ%@HFg’an

exi sting takbmpstingcture, the SQL statenent is parsed into its |anguage
conponents by A2 wherein the table and col um nanes are extracted. The

dat abase engine will verify that it is a valid conmand and update the
schema defi Ridh i@ 05HhAGhY a pluiaifi of diadilielus@l iThd [EDAdfdnfily Bt ©
resol ved into collection pat nd el enent paths respectively by Bl and

el enent pat hnd affiznd pteslity eficliararerishie dewl tumeldiat eachyateibardomoorsheiofwdiichThe

col l ection path, elenent path and.el enent. intent are passed to C
wherein ¢ he chHaceliuRr wRRH ERGE BRI FE ST di nal w thin ¢ he

coll ection path. The database neta data is persisted within C6. [0685]Wen
a user submts a command using the SQ | anguage via Al to drop a table
structure, the SQL statenent is pars into its | anguage conponents by A2
wherein the table nane is extracted. e database engine will verify that
it is a valid conmand and update the schema definition accordingly via A4.
The table nane is passed into the Mddel Translation Layer B where the

o, o N e - . N e oy e



[ 0687] When a user submts a command using the SQL | anguage via Al to renane
a table structure, the SQ statenent is parsed into its |anguage conponents
by A2 wheweiznitthze1ssl d and new tabl e names are extract ed PCThS2@datatzas e
engine will oy t a.val.i 0 T he

definition ac%(%ér %a\é}rllg? ny/h |ér}115r&ﬁ&n‘%hce&’4tgag€flgs C%%Q&%?%%Q%%é&“%ﬁ rc??ﬁ%gv%bdel
Transl at i on ihseyree oBanwheiigitd fdrgegpetdiecihstamcepdtah engtyitgdent i fied fromthe ol d
tabl e nane by Bl. Therein, the collection path for the old nane is assigned
the new coll ection path nane in C and the database neta data is persisted
within C6. | I a
Al to renangggﬁg% eH ?%mga?%bﬁzngpﬁggggggOH§%8&§dLgCé§%gﬁgﬁ?%?gQﬁgrsed
intoits Iart@m]agﬂpe@wp@hamtsrlmcd%?awhmlel n the table and col um nanes are
extracted. The database engine will verify that it is a valid command and
update the schema definition accordingly in A4. The table nane and col um
names are p%@§ﬁ9&h6£9of&8mﬂ9Q&ldﬂﬁﬁﬂﬁhﬁ%b&ﬁt&ﬂ%ﬁ!ﬂﬁc%@&&éhﬁmi&ﬁa&9h1§0t'0”
path and el ement path for the ol d colum nanme aré identified by Bl. The

el enment pat ka¢hsofagkiclyhad dateefonewkicdhod erpechaepodsessGle O@ndltartwaldatteabazsboqm

dat within C5. [068 bni t d th
SAL | anglagd VI i (g B Rt dhe ke pa By g PRokao ey L RGN s
parsed i nt o jhdishck dNGHAAELHEO PPRORMHeS HYpAR R 8 eBIeh st dndlok thor@BFerhifis,

extracted. The database engi ne w Il verlfy that it is a valid command usi ng
A4. The table name is passed into the Nbdel Transl ati on Layer B wherein the

col l ection Rat h is ide |f|ed b |l ating to
Che ool o Ptdhbersftiehiyts feohimGiranl RalbiiRflthe MoRFE e id Gt 09 LS

col I ection patdisdshvat obeto@dwglamtsﬁsasa@tatuﬁraie'@saﬁtwms(naer@ rdaamszga@dssfsgm t he
coll ection path. [0690] When a user submts a conmand using the SQ | anguage
via Al to i RBeiRforand agpiensetofioBf/or Aose aPardise structure, the SQL st at ement
is parsed into its |anguage conponents by A2. The dat abase engine w |
verify that it is a valid command via A4 and associate columm values with
col un. nanesA dakhetotablagd/oaresievadbysam obeieisn nwhaeihumm val ues are passed
into the Model Translation Layer B wherein, the collection path and el enent
paths are identified by Bl and C. Each colum val ue supplied is converted
into an ele i £ Iy tion or opaque
cell) accorggﬂgj%%kfm%hgﬁgﬁg%k£g%t Fﬂ?&%ﬁ% 5%5 .ﬂaﬁaﬁgﬁégﬁ one or nore
transaction segnents are created in the current heap file and the el enent
cells are added to the 691] When a user _subnmits a cammapd u3|n t he SQL
| anguage vi &€ r"‘%‘rléﬂfe {?f‘g “}"P%?rﬁ bofleagyindisation offogsestipy 8 *ttFeéEeCt fe sQ
sel ect st at euBRltyiby RAFIHLVOIREnES of @RANABReCOMPONENT S by A2 which will
Create a hlerarchlcal expression tree for each select clause and a

hi erarchi cal SQL operator tree for each where clause These are passed into
t he del Translation L B. Therein, .the l ectio and el ement
pathalin ¢ nd G SlBraRTPE g uahi o Srpirbe §ovicraba S BB P E by vo
20111 127153069204 1B 05r Brophly pgomAURAAREn e SIiehRTRIL 3 Al e
deconposed into distinct queries whi ch subm ts them as Separate

queri es. Fom reedifo giltae yluntbheofsarabtyecrfah@ﬁastenﬁtlcaqlﬂt@blenelﬁ 7 sai¢ bashgneoding.
converted to the predicate and bind operators of the access nodel by B4 and
passed together with a list of collection and el ement path nanes fromthe
expr e9si on tA @fa kdtdeah@/ oDt AQE s ysne bf Eaith €0 6l likrdiRa capatREific fuhge id S
refactored into disjunctive normal form by C2. Thereafter, separate

col I ection $BeEn4e be Foneting €f 2 PEIPCEy ON ApviHng aswicdp arorosmiqslly amreasHign

col l ection by
bi nd oper at ord gy By Bl Bha Folling g MELR Xk AL & RS

el ement pat kbharacteriftzt dbednhi¢lom Gad tvndmatga:@ﬂere:hyl thepdaSSesm&etpeialtorecan be certain
conjunctive termof the operator _tree via dupl i cat ed. betmeen

conj unct i ve °f BPTESSIGN if HM oEéfé’tf)?Twh@ée PK t&oml Pgthﬁ‘rﬂli‘éﬁf“tyolvt Kdhavpdel

Transl ation n%ﬁYr‘ﬁﬁm%rdMleis%gﬂecﬁ%dV‘t J thPRAMBE B RANaLRAUI S fndld | Tering,
aggregation or reconbi nati conponent queries. These results are

converted back to SQL data types fromthe access nodel data types and t he

results han back to e Dat abase En I.ne faor presentati.on

[ Ge0dPwhon & (BSOS AR RO RPN o HG Tt AL St h GAG0AGE IS query
rows from achehqo B Fdpsive of@br&ﬂ%ﬂy@?@@s@?ﬁ gﬁ smeq?htdhgtdatcaﬂalu%édagl ows
the SQL select statenment is parsed anguage comnponents b EZ

w Il create a hierarchical SQL operatﬂi tree that defines the predlcate
conditions for the query. The nane of The table and the operator tree are
passed into the Model Translation Layer B. Therein, the collection path and
eIenent pat hs are |dent|f|ed by BI t he SCL operators |n the operator tree

Y T . e o



transaction status (abandoned) but is not witten back to storage. Any
update | ock held by the transaction are relinquished. [0697] When an apply
cycl e compbevasi27e8l new and updated content in the heapCTiuseon®3mnitten
and synchronj t . 0l | i | nst IS
appended toqg]ﬁgégg%%fgﬁﬂ%I§5$%§Hgégﬁ?§%¥ﬁ§ﬂggrﬁg%F?@%h?gﬁ%@ﬁﬂﬁgggreated
for the tramsakild 6fithe hiti@béoTipdhrantyroheractesistit data anaelgtealiEordirdnwlidreby tst
col l ective tunnel, nunmber for the sane collection path within this heap

file. One OPOMSFBVE PREHUSACTINAG ceBph Pessarstorcif &M eb) ¢ Bi< 4 hwhets|H isdhs ve
tunnel and a,gglilore! §65080 41 Ndnt ‘%ﬂﬁ]'ﬂﬂ%hﬁﬁﬁ% LR BPGE VB el furdRReNded
to transactign sébne ]éﬁgggated. P8699 Wen a c% ?%%t?onr%ﬁgtgﬁCen?nversion
i s appended ahd Tas Heamnitiel ef tharatdristinsamtison, a col |l ective tunnel is created
for the transaction. The tunnel nunber used is one greater than the | ast
col l ective tunnel nunber for the sane collection path within this heap

file.jqOne orp gmh Seoldo@RAG6} F@ie it TR 8f AyPofCl ARk qg4§,g/r5, ’?(15‘,9/79%,%8"8:1,\/9

tunnel. One inversion cell is appended to the created segnents foll owed by
a cell corresporisingg to each el enent instance value fromthe origina

coll ection instance. [0700] Whien a DNF expression is being evaluated within
the context of a query within an open transaction, [0701] For each

conj unct i ve stoekd® Médidtompiien ONPIuRal R bf 88ltccaTe 884 tinels F&IaBK ch@Y tARCBne or
predi cate operator literal in that conjunctive termas described bel ow.
Each oper at érore ahwhishepHewive datagupnetotdneiise erplwakitysif gollecsive daglopllsi t h ot her
operators across the DNF. [0702]All collection sets for the sane collection
path alias are nmerged together within each conjunctive termsuch that only
set nenber s vilRad caoh culledtive Dath henreae@tdinad®a Asobiafedavith £RLpREVE B tdnbn oL
nunber in every collection set in that collection path are retained. WO
2011/ 127158PCTNUSAPAC/ 031405 [0703] The col | ection sets within each
conjunctive termare bound by the bind operators appearing within the sane
conjunctive termas described bel ow. The binding of a conjunctive terns can
happen si nmulvileresids oy thsi doledthve datandilngorafin@iatiedssabngdiwith avrespeetivesinstance

[ 0704] Each callection set is sorted by sequence order. Collection sets may
be sorted siofAN fHBERER IgtReaEYE NHANGSNE AN[CHROSYRECh col | ection set is used
to retrieve data from correspondi ng coll ective tunnels and/or conbinative
cells identified in those collection sets and retrieved in sequence order.
The entri es where eab lof deldoedtivenlasatellarentaigtdatacvieidh enthayacteyis@hisrgne of
synchronousl.y across all collection sets .in the conjunctive term and nerged
entry by enﬂ%?““$¥ﬁ?§%9@Fmb%@ﬁﬁ?a%%&ﬁRWWW%WIy across conjunctive terms in
the DNF and results de-duplicated so that the sanme result produced by two
conjunctive terns is not repeated. [0706] Where a query only requires
measubenent Aefl@asiotagensragecad/ar actheval ef dlamed4, Wiwreisacdollngmeatataellr i eved,

t he correspondi .canbi natjve tunnels are read fromfrane fi]es using the
ol 1 et | on SBttPd R RS ok 1 nl WPeRsd] F aceRipact Shhia At dieBhifeq o
addr ess spegiidt tal @naineebt Squiivhldnde of RIBktityUBINGE $éspedthelimdtSifte ©P tHeasige¥@ve
tunnels are read fromthe frame files using the collection set frame nunber

and col | ect jattebyutgsaebe detptyaipned by comparison of said bits in like sequence order.

16. A data storage and/or retrieval system of claim 14, wherein a collective data cell
characterised as one of measurement comprises of a sign bit, a plurality of significand
bits and a plurality of exponent bits such that certainty of a respective instance of the
respective attribute being bounded by a range can be determined by comparison of the

respective sign, significand and exponent bits.

17. A data storage and/or retrieval system of claim 14, wherein a collective data cell
characterised as one of enumeration comprises of a plurality of properties wherein each

property is comprised of a sequence of bits such that certainty of possession of a property
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[0707] When a DNF expression (for a single collection path) is being

eval uated within the context of an update within an open transaction,

[ 0708] Forweaet/reorsguncti ve termwi thin the DNF a col | ecPCoUss@il/oBsioEr eat ed
for each predi f j L0 . | i . cr i bed
B o A R e SR LTk

W th ot her opefiabik i lay @§GericherdoiNFor dne 0 Slofd Fespakiveptdpenieset s are mner ged
toget her within each conjunctive termsuch that only entries that occur
with the sanme franme nunber and coll ective tunnel nunber in every collection
set ake ret gy r : i 0 i set per

conj agét i veq% g@%smg%?fg?lgggﬁrl%\%%%%%ks@?h?/’s‘aﬁeééelg%? &ol (%ﬂtfgl%%l ;ls return the
frame nunberindindugld} ¢rectptadeddringnetitenucdse ta stape ielmdividally seagpted duiiag | vy
across conjunctive terns and results de-duplicated so that the sane result
produced by "fAFCETHOTIPAE t erms i s not repeated. [0711] As each result is
retrieved, an exclusive |ock is requested agai nst the conbi ned frane nunber
and tunnel nunber. If the lock is not granted i nmediately, the process nust
wai t 19ntil i4 dits stgragataed/or Kttigvahsytm ohclhinal 4,av reecid gpadwima eell isakdividuglhyant ed

the lock imedi ately.. WO 2011/ 127158PCT/ US2011/ 031405 [0/712]1f after a
Cont 1 gut abl SRV AEE SHnG SFOHCeTi1E STogE HASH O ERAT e BT e B o
process rel ifRuiisR@s. al | coll ection set resources and | ocks acquired so far

and continues to wait for the lock to be granted. Once the | ock has been
granted the lock is retained and the DNF eval uation as described here is

re-started [0713]Wien binding collectipn s Wit hi h n of
conj unctive éaélt?r]lst\/?nr ialﬁd@rfﬁ{%vaﬁ)@ﬁeﬁ i) aényc(%f ‘r”'lelr(]?tgitlt);fp’s4 tzs’a d%ﬁﬁﬁda%dpglfators

are Vi sitedwHerdihe speciiRd scdsf Biesaithde dumictMir® &deYsed [(Or/chbh A thRaeid dpetat@st | on
set is visited, the digest tunnel nunber for each nenber is popul ated

directly fr@ndthed rgingede ereRHEs. theliropyise AQUSYndi ng el ement path which is
accessed by correspondi ng coll ection tunnel nunber; the nenber ordinal
position is populated with the ordinal position of the nenber within the
set. 210716] Pheatdsigesk ahdbonsdtrianad sprah ofitlaipo30,twieneiabae bh@pbresditd edndndre
re-arranged into ascending frane and di gest tunnel and position order; then
the digest eRISIEdnEGPEN |ag¢l sinylispeepsty fonthe; cvaluation offaeh s¥dppeRtast #ik i n
each frame. Q7 LliAgvegshaRisnd operator is visited, the termnating
collection set is attenuated whereby any nenbers that have no corresponding
di gest tunnel nunbers in the originating set have their cardinality reset

to zero. This is determ ned fromthe cell. counts assogiated with the
or | giat i ng HTYESOIREARYPE iYL BYHE SEO P P LR PR ORI HEY SYONBUPE ar e
propagat ed tk@Kdh HoBRaRiHiaBBRLAEQTAIRS or uncertainty for each respective instance

deemed likely possible.

23. A data storage and/or retrieval system of claim 22, wherein operator evaluations are
combined conjunctively for a common respective entity type such that some uncertain

respective entity instances may be discarded from operator evaluations.

24. A data storage and/or retrieval system of claim 22, wherein subsequent materialisation of
an operator evaluation can resolve any uncertainty by inspecting the respective collective

data cell for the respective instance of an attribute deemed uncertain.
25. A data storage and/or retrieval system of claim 20, wherein data tunnels are read accessed

in bulk from storage media for the evaluation of each said operators and their respective

operands
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described previously. Any two correlating entries across collection sets
must have an equi val ent di gest tunnel nunber and equival ent digests. If
ei t her thwotammeli1saunber or digest differs, the menber s ParTASdI1I3ooUnt ed from
potential c ; S correl at e The bi nd
POt e ot COLUEL BRI HEAP LI ST A8 58 4, 24 A

ori gi nati on vieldiedistingt as€ibu@s nﬂ@%rcbbeldteﬁrt@\th@etﬁjlyaler{ceBzmaﬁﬁetﬁ&eut&i nd
process proceeds, all nenbers relating revi ous propagati on sequence -
that is wi t ANSANgPshY copparingn of ey rmaﬁltew@ws@&lsw s9rrespelingfata panglss car ded.
[0721] When generating a collection set for the exists() operator in the
context of an open transaction, [0722] For each heap file in reverse frane
order27.t he tA dmsatigenndlegnerntwl fyatent bi snycat]d@cikilofs,¥at 7#6,a7d79,enéant to
this transacti on any cl osed transact ated in reverse

i e naV|
chr onol ogi carhe{ gtﬁ%&‘itfﬁ Hepepy BeseHgln 83%16 © 6%‘@\1 nce oF heHdRSREEIYE t hat
contains an1ﬁ£%ﬁé§b%&nﬁﬂﬂm6@%fﬁ@ﬂ@é@@gnkkéﬁﬁx%%gﬁ%hc@ﬂ@n&%hk%ﬁ%,M@ tunne
nunber to a nmenory based set of inversions. Any cells that contain an
el enment cel lcofimctivhdata agueised el enent path are included in the collection
set provided its conbined frame nunber and collective tunnel nunber is not
included in the nenory based set of inversions. [0723] The nenory resident
framegmap f of dithetoflg@MBAor RAL&Val SyseabT Aol dhidsaensli7zag7scal 2o,endan, and
within that in descending frame order fromthe current f rame nunber.

[ 0724] Wher e véherain & ipiviglity of detaityingls\ead respetoigrrperapie raate fie restanees plsendities east
one elenent)farenz1r hg Hﬁ%ne nunber that starts that interval is chosen.

| gnor e framg AUnDer STYHET rel ate to heap files already scanned. [0725]If
the chosen frame nunber is not the frame nunber of the currently open frane
file, then the frame file for the collection path collective tunnels and
the Pane fiA @atg étoratgﬁ@né/pérﬁémvab axstem ghelaim E&nvheyeipjaiphuraliy of §earastive date
nunber are [ e th and

t he eX|steng£ﬁ@§%ﬁgf9% \£Q§e%@¥55§%8@3 g%@%%(ﬁ%Ph&%fg%g%a ﬁpgﬁyf e opened
frame files. A bit map map of inversions is created with a clear bit for
each collection tunnel in the current franme, [0727] The inversion tunnel is

scann®d for 4 fRfRperass aeder getrafhval fysfeneabHame s, wheisin 2 Awaliyafspmbinativger t ed
frame and i pu@ardgeid Hﬂr}‘é‘é ferA5:8 radded dﬁ&&%ﬁ@ﬁﬂﬁé%ﬁ&ﬁq Syss%tucglfre

inversions and a bit cor espon Ing to the inverting tunnel Is in the
bit map of inversions . [0728] The eX|stence tunnel is scanned for cells
that 3| lndI CatAe dzﬁlt gt%‘raa%te ané)o? %eet'\rrllgv%tl sfs\? m 8 clalm 9? wherein a plurality of characteristic

data tunnels and respective operators relate to instances of entities of arbitrary structure.

32. A data storage and/or retrieval system of claim 28, wherein a plurality of data tunnels and
respective operators relate to instances of an entity type wherein distinct instances of said

entity type differ in structure.

33. A data storage and/or retrieval system of claim 32, wherein a plurality of connective data
tunnels and respective operators relate to instances of an entity type wherein distinct

instances of said entity type differ in structure.
34. A data storage and/or retrieval system of claim 32, wherein a plurality of combinative

data tunnels and respective operators relate to instances of an entity type wherein distinct

instances of said entity type differ in structure.
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has a corresponding entry in the nenory based set of inversions is ignored,
ot herwi se each cell that has a corresponding bit set in the bit nmap of
i nver si orwoize1vignseed; ot herwi se the frame number and ceCraseinestsohnel

nunb [ are d i ] I i

al wa?s mar kgﬁgﬁg Stt((:)g ra}'lE Crll)%pké(sf}%%? %&é&%fﬁeﬁéﬁzg%a@h&%lgﬁﬁﬂﬁgg Ol%gharlrgaélr %ltr omthe
currently opaf thiirdearid re@et@VadReatd rélae telitemots @ainfenticy p¢ ahbienedibiet next
rel evant frame and continues as_ described above until no nore frames can be
found. [O0731]N9sAs Sfevtic atitnlyps ddéariiv e isiHeset for the is() operator in the
context of an open transaction, [0732] The connective tunnel nunber and

di gest nunber is derived fronlthe operator operand. WO

2011/362 7158 PCAdthSD0pt/203/b4 B5ri¢ AT 8B} dRo bf agodt cﬂxﬁmp 1f 45,651 76,178y 89,.ad Bl ane
order, the transaction segne for this collection path and nt to
this transac¥icEnn R RS ‘Eﬂ%élﬁ %‘S dataindepende of fhe "y g‘ﬂi@i‘e echc@%&}

chronol ogi calspetiflRratuibate v@l?b%byccﬁétlnct ﬁ@@an@é%mf%hlﬁ%ttﬁﬁut'e MWAS EfeNinaehathér

conbi ned frane nunber and col I'ective tunnel nunber to a’nenory based set of
i nversi ons. epgndiegl | s that contain an |dent|f|cat|on el ement cell for the
required el enent path with an equival ent value to the operator operand are
included in the collection set provided its conbined franme nunber and

col l egti ve tAlangkiordsRRad/of fetfi@fal bﬂ@‘én‘ﬂ@ﬁ@lainﬂ% hehetBARbYnRAFEgats 8&11stonsist

i nversi ons. %0734 ] The nmenory resident frame map for the elenment path is
exam ned ino §@tém@nepgnd§@a@fet edaapinzng the enspdingHar the resgediventiiihgtefrherabyor der

fromthe CU%»% frame Pnb 735 %ﬁ@ natchlngx{rane interval is
istinct instances aid attri e ma erl m]alrn or eP 1n %
found (where no conmmon s in {erva romihe operator

operand) then the frane nunber that starts that interval is chosen. Ignore

frame nunbers that relate to heap files al ready scanned, £0736]If t he
chosé¥: f r angt %ﬁﬁt@ragwnd/@f rethevad pystaan AlieiREr 3o fWhadin compiatiyg/dyp el lsrqonpist

file, then to?ﬁzéty h?&f tBQ ﬂﬁlQ ta}(f'lﬁlt @&%ch&%gtf&”tﬂgE&p%ﬁg%&ﬂﬂ&%%h‘é?e Y.

tunnel s for co ec I on frame er are

[0737] The |mmmmmnﬁﬂmMmQDEkndamﬂmhenmghhﬁﬁhndampmkheanﬂmm$e di gest tunne
derived fromthe operator operand are read fromthe opened frane files. A
bit map map of inversions is created with a clear bit for each collection

tunn ®_>|9 int %dzﬁh‘ Eﬂ’oﬁ{ye aflfl/%f'}aetrlcg\g? %%16-5}11 &f élQer?Bé R rdiHRRGhc b SsRGARNGH f or

i nversion cells and“or each cell” found, the conbined inverted frane and
i nverted tumnehammdmmnmhmaukddaﬂhedomhmzmﬁnhrymbdmgdbsmtr@@eMn&ausbmns and

a bit corres ing to the inverting.tunnel js set. in. the bi
e st ons. anebs sl Ged Mot iR bUE R BB ominshentodingan: Ccel 1 s.

Any digest cell that has a corresponding entry in the nmenory based set of
inversions is ignored; otherw se each cell that has a corresponding bit set
in tHE. bit ragateptorageandiooretri¢wl S}@tﬂm etianyotfledaings d e43.18, 76 afe’/huandél, thad
col l ective tun Qghnnunber are e.added t.o thg Qlleq% on, s

provement 1or dlscermng rom a datdbase SChema the operators and respective

data tunnels that are applicable to a respective attribute, comprising the steps of

discerning an applicability of an equivalence operator from relationship constraints for
said attribute such that data for instances of said attribute are stored in connective data

cells within connective data tunnels respective of said attribute;

discerning the applicability of a bounding operator from the numerical or time domain or
arithmetic domain constraints for said attribute such that data for instances of said
attribute are stored in combinative data cells within combinative data tunnels respective

of said attribute;
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[0740] A col l ection set entry is marked as certain if the digest cell is
sufficiently otherwise it is marked as uncertain where the entry arises
froma fregeofii2eisswhereas entries arising fromheap fi P€3/UsSc@ 10848y S

mar ked as cegt.ai 11/ .1 8 4 . nt path
frame map ighsrC %Ién gftr o%&? }]%{ncgéfga ?%43%%2’ ' g%éfbg? fh%%fﬂaélljdgt}ggmﬁ%ﬁt e el enent
path to det endina@tibheomeixtconatamanir shidaniibarcuclp tat date Sordastalesc bf Ledl above
until no nore franes can_be found., [0742;3V\h‘en‘ generating a collection, set
for the in(PUEPYEafottoned i sharacsitsds dageednwipiorharagiceistis dasm tunpety ASPestivsot h
oper at or operands«AbQePosi tive then let the required sign be positive and

l et the required range be between the | ow and hi gh absol ute nagnitude of

t he operator operands; otherwise if both operands are negative then |let the
requi red sign be negative. and. the required range be betyween the | ow and

hi gh absol u%éscﬁ%}ﬁ tﬁﬁggpglﬁcagﬂgyagwigmrata Ah ,‘%?‘HQF gi\f“é@/ TA'YE" t he
search i nt o ek \WhaMdebreRed ©F Wil GHrib R IEHIBAMBRE ol DR tdibEY STUMIREHBL e AReT and
and zero and a required sign of negative and a range between zero and the
maxi mum opestrest ingpgcanekcting cpmbmaging onchasagptdristd dstadunnets rpspsicti veves. said

[ 0744] Bot h bﬁugds of the required range are nornmalised into a fixed nunber
of signifi cantd ‘E)‘\?t es around a fixed radi x point. The determ nant rank is
determ ned fromthe nornalised bounds where the pivot rank is the | owest
rank with a common signficand byte in both normalised bounds. Refer to the
commuid. byt e Aty stogageand/oprapiaevar syskena of ¢lpign . wolterehyl the furfhgy yBpreyemedder heap
filein rev%r %grngr rom%rrdl?l{iC)natl G%ta&%%% ﬁe%gan%n%serg%li atlnh reg %lclixgecctlaitg p n%%ltsh and
rel evant to thr s transacti on or any SFBTBUTE PRALREY T 8 Al galie in
reverse chr efelaegippitabds el resfetiveaedbueelcomplisihg endtgisng an i nversion add

t he conbi ned frame nunber and collective tunnel nunber to a nmenory based
set of inversions. Any cells that contain a neasurenent elenent cell for

t he required:. . i . it hi j

Foqui rad o1 SCEiTy tn AR be By ¥Rt dlPuds tock BESERER BRGE By
frame nunberomngdimofdregitianebhtennel thauddveforiisstanets ofivalddeibuteart k@radeinor y
based set of inversions. [0746] The menpry resjdent franme map for the

el ement pat IFOPeCHYG AR EH]S Wﬂggeewmcr%@e"g%rl@nsléa%?e%w& Oggglé@ﬁ&LWQ; frame
order fromthe current frame nunber. [0747] Where a matching frane interval

is found (where the frane interval range overl aps the operator operand
range) then discernfrgaire applivhbility dfat badimgopetaadr franh érevaimarsalcdrasendorhgnor e

frame nunbers that relate ta heap files alre canned. [0748]1.f th
chosen 11 amer T PR iegs iR TorsakaFlber <Bia GOOG PSALESY OLpER e
file, then thesdleam®cdhbifstfeatL ik &GHHIY SorhbiRN®SdaANGnfQTRIspativ ef taanel s
for the collection path with the chosen frame nunber are opened.

2011/ 127158REMpWs2011/ 031405 [0749] The exi stence tunnel, sign tunnel and
all conbinative tunnels for the elenent path are read fromthe el ement path
frame file and the inversion tunnel is read fromthe collection path frane

file. ADbit dmmﬁ@qh@ﬁ%ﬁmmn@ @m}f)dsges@fve@badtdﬂfm the Ch@attebiddmiiglor each
coll ection tunnel in the current frane.
enumeration check constraints for said attribute such that data for instances of said
attribute are stored in characteristic data cells within characteristic data tunnels respective

of said attribute;

discerning the inapplicability of said operators from the large object domain or external
reference for said attribute such that data for instances of said attribute are not stored in

any connective, combinative or characteristic data tunnels respective of said attribute.

42. A data storage and/or retrieval system of any of claims 1, 14, 45, 75,76, 77,79, and 81,
the further improvement for accessing data tunnels for the purpose of materialising a

query result, comprising the steps of
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[ 0750] The inversion tunnel is scanned for inversion cells and for each cel
found, the conbined inverted frane and inverted tunnel nunber are added to
t he nmenorwobasied7set of inversions and a bit correspondiPog/useottiogi4bfverting
tunnel is s ' r the
conbi nat ; ve T TERaC b TRRp Siud U SARES it M G0 BRI RR 2
cel | s exi st oberatdrhigndpthe@ respadtlie.opkfanddgt , nove on to the prior frame in the
current frame nmap and continue as above. [0752] For each rank fromthe

hi ghest rank down to the pivot rank, use the cell counts to find the | owest
rank where Qérhoﬁﬁ%lséch]ad’ Rref& fid!r &?ve dﬁ%@ﬁ%&%@h &&@Bn&%l&r G Were the
correspondi ng ran de in bothh operands I's zero er to t |'s Tank as

t he hi gh r anlisjurc@ivs8diaor feactxkpramionfwiene thheutcowesit stidmpetaporti Oined fhiywot
rank, use the cell counts tq find the hlghest rank where all cells are zero
in the tunndf QBRPEE PRFEFOR AR KemeiAidre TRHENY S I Bspondi ng rank val ue in
both operands is zero. Refer to this rank as the | ow rank. [0754] The

conbi native tunnel for the pivot rank is scanned for rank cells that natch
t he pivot by@aoWAgﬁamkmuﬂmbﬁWhanndmmsammdmhmwéwﬁmmnmlﬁsmnnpkmgommmsmentb
cell is ignored; ermn%ﬁ a rank cel as a corrqgg gdlng try in
the menory 68%188“8& S5t Coias & 8I?F§atP%a‘} ﬁﬂ%eé Ve QR R TS LEMEL? POt hat  has
a correspondivigsthlke;set in the bit map of |nver3|ons is ignhored; otherw se
consult the corresponding sign cell and rank cells between the high rank
and | ow rank to ensure that the sign is the required sign and conbi ned
tunnel rank tude e requi red e.and.if so,  th

nunber and onras G pariler Oh i AR aFa g RIHRER bt abBieoh LoperROP
[0755] A col |1§fé%}b&ﬂv§6ia aﬁglre)enu@ B¢ kastodsce @kp@hi relb ot 6t Ten@lyan®iicepat h
frame map is read fromthe currently open frane file related to the el enent
path to det éPiaagk stiflepefater ipdspenfgptly ppdsuiaeeossltPiensh sad opegtar i96d above
until no nor nd [ 0757] When generating a collection set
for the hasfﬁn%%Era§m§ 9@%@ context of an open transaction, [0758] The
characteristic tunnel nunbers are derived fromthe operator operands WO
2011/ 127158PCT/ US2011/ 031405 [Q759] For each heap file in reverse frane
order, the KRERSESIHERICEAGESOhENEYIMENCFONNFESAIdLRY AFeIcerRashYe Pha epnon

tr ansaCt ! _On eﬁﬁtgqu ﬁlch%l%Q rﬁe'i@d%?sa&{s'aﬁir'se?srlﬁ)t Ra é@@%?@e\?e’? §HY §5tsf§r said entity

chr onol ogi cal er. For each cell that contains an iInversion add the

conbi ned fraﬁahmmnhdno@nﬁmcohbemnkmeetuhmébmmMHmaﬁﬂmGa&hnmmDnmebased set of

i nver si ons. |HS aﬁ ?ontaln ﬂuneratlon .el enment ¢ for.the
required el é”rAF%Fn GHR 2l P Rneausly ’é‘FﬁC SSPEHL e SREPAY B %%%8?&”9“‘68& ands
are i ncl udegerhioft ARl cﬁ%hh&%ln‘éﬁn@%rrﬁrfey kt@%ehﬁ §orﬁ}§m@ﬂ rﬁ@&lmfyr ame number and
col l ective tunnel nunber is not included in the nenory based set of

i nversions. [0760] The nenory resi dent frane nap for the el ement path is
exam ned in ascendi ng,scal e orde d.t cendin der from
The current PSRE B ETT DR J60 PRGNS T HE LT R Fh A o eeroar” Pegund
(where al | pautdreth £L4ahectes pldu€e 4 boRghted set of entity instances for each respective
entity type independently and simultaneously for each said conjunctive term, for storage

in computer memory;

accessing data tunnels respective to each said correlated set of entity instances to produce
a set of query result instances independently and separately for each respective entity
type independently and simultaneously for each said conjunctive term, for storage in

computer memorys;

marking query result instances as void where query result instances conflict with the
respective conjunctive term independently and simultaneously for each said conjunctive

term, for storage in computer memorys;
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nunbers have their bits set) then the frame nunber that starts that
interval is chosen. Ignore frame nunbers that relate to heap files already
scanned. WO262)12f158he chosen frane nunber i s not the frace/useomhesi40f t he
currently o es.. V. el s and
characterlsIt%;%(%g]{ng%@IS&‘!S ? %REQ%%F ‘%gﬁ“ﬁ%% é%é%ﬁﬁ kk@ %%ﬁhcﬁﬁgﬁe nunber
are opened. rés@é’&a]eﬁmer@emst m@@@cetslfmmebaomdldtﬂaeameqmbﬁﬁd mhars&xgﬂeesrdt sfiC
tunnel s derived fromthe operator operands are read fromthe el enment path
frame file &H%FYtrﬁ%ﬂtilH%?“é’Pdﬁr HOrRge M FYNPHHINEIONY t he col | ection path frane
file. Abit map map of inversions is created with a clear bit for each
collection tunnel in the current frame. [0764] The inversion tunnel is
scanr@d for A daeswirage aaédbl standl fworeneatdaioel2, thofumther inprocondit fied | nvert ed

franme and inverted tunnel nunber _are added to nmeno based set. of
i nver si ons &RUCIAURS %al%?m@gaa?fapﬁgntf% ”tsr‘-?éw?%%ﬁltnlsﬁ’& CPHH‘%‘&‘PVQ @“gg?r ey t he

bit map of 'ﬁﬁﬁ%§b9ﬂ%du&9§§§&$ﬁ%e&%&Qﬁ%ﬁ%yQHﬁ&ﬁ%§%BhﬁﬁﬁﬁlRMﬁﬂﬁhﬁﬁare
conjunctlvely conbined as a bit map whereirn only bit p03|t|ons t hat have a
bit set at correspondi ng collectlon instances in all required
characteristic tunnel.s gre set. 0 canne

bi 15 and anySdatRs BuiisSadEy Wiy aiB hEter aptimig ol Fopeie Yol

i gnored and og3Bmtct et a abﬁnerdha§1t Mﬁe@e%@ bIRSHRAM I FoL fibfage iMmeR@ryTenory bas ed
set of inversions is ignored; otherw se each cell that has a correspondi ng
bit set in the bit map of |nver5|ons i s ignored; otherw se the frame nunber

and col l ect| \égatm rlﬂe carﬁlnnp algs g dceg ?n rtehe 89«% %;loer(r:f;[l:!,1t8(|11 sest %ILQ?%%lances
collection s I SHAPK certain P 6paT T el “Atfber

is derived fif m@eufueguesmomrs&q'ueae@,llfaadto@g@m(rwérh%r P < 2N where P is the
property ordinal, Mis the WD 2011/ 127158PCT/ US2011 031405 maxi mum or di na
assigned and N is the nunber of property tunnels where the entry arises
fromg fra .8 I -

e oo S SRR S5 LU AR BRI bl SRy st G
currently Opeﬂwﬁﬁﬁmﬁu&mbefEﬁﬂhhﬂdmb@ﬂhhQMQhﬁﬁBmMpmﬁﬁha%ﬁnﬁ&hﬁﬁﬁh@ﬁhéhe next
rel evant frame and continues as described above until no nore franmes can be
found. [07681°Mheh generating a col lection set for the true() operator in
the context of an open transaction, [0769] For each heap file in reverse
frame order, the transaction segnments for this collection path and rel evant
to this transladingomcanmanyetolf ostig itstaesawith dhe laase nnabegatregpectiver aniey se
chronol ogi cal order, For. each cell that contains an inversion add the

combi ned f r ARANTERBLRINZAY ©8IUnSHYS W@P&Hﬁ&“%%@?e?tﬁyysﬁﬁﬁ%y based set of
inversions. Any collection instance identities for the required collection
path are included in the collection set provided its conbined franme nunber
and col | ect is¢lectingmmel|of thedaat bind opaatorniehpegade tonthe had weigor sgt blaantidly metaneds

i nversi ons. 70] The nenory.resi frame map for the collection path is
exam ned at %ﬁ?fquﬁg?og%gpgnwﬁeﬁ §3§ﬂﬁ?ﬂﬁﬂ??ane order fromthe current
frame nunber. Ignore frame nunmbers that relate to heap files already

scanned. [0771] Wiere a frame map entry indicates one or nore inversions
t hen open t heleetolg eewbpgguent bind operator from those bind operators respective to the same

common set of entity instances as the bind operator most recently visited and which have
not appeared in the said visit sequence or which have already appeared in said visit

sequence but have been affected by a bind operator subsequently visited;

repeating the prior step until no more bind operators are available to be selected; such
that correlated sets of entity instances are produced in the said visit sequence for storage

in computer memory.

45. A data storage and/or retrieval system implemented on one or more digital data

processing systems, comprising
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frame file and read the inversion tunnel; a bit map map of inversions is
created with a clear bit for each collection tunnel in the current franeg;
scan t he wowverigi2orsst unnel and for each inversion cell f®amaSadd/ostaes

conbi ned i nygr . ad. | r [ (o) Ly, d set
of 1 nver si one el oA erS B of S LBl Sac R AR S SRR
inverting t umepulatsd Beh dhtabide@pbitatiofrda kpéddiive dstabays trah&éial Append a
contiguous sequence of collection instance tunnels starting at tunnel 1 and
finishing at the nunber of collection instances specified by the frame map

.b ut ex_cl udi Qoht QB &ach kd f1€ @aﬂﬁéﬁﬁe@@zitﬁinta écﬁlttig{l&lstﬁ?a lgé-aé oFBRiPdr ize;
i nversions or have a cdtresponding entry 1n the“menory baSed set %f
i nversions. The frane nunber of these entries is the frane nunber used to

i nspect the frame map entry. [0773] A col |l ection set entry is always marked
as certain. VAR 2baay §a17 f%@r? US2ORYYIES s dplaean Wga%éwimem%m h

franme map i irah@a%ﬂoﬁsrﬁf@&ﬁﬁc&%@n%@ i_nXtaH&%qHEﬂﬁt%yfoHe@; continues as described
above with the preceding frame. This continues as described above until no

nore frames can be found. [0775]When materialising a conjunctive termin

t he context of an open transaction, [0776] For each. uncertai n.ent din a
borl oot ont adtori SRR iRt el o el e gt o

cor respondi REidlaQMRAp td fi5t@P aRdMaa MRihNTREMeLEr sxt@rag@wtmﬁ&atfo% twdleRt y or
inmpossibility. [0777] Where "an el ement instance is subsequently deened

i npossi bl e, apy eneal wdaiispgtidng comnkedtsatitzer o and the entry is treated as
void in the collection set and voids all corresponding entries during the
merge of collection sets within a conjunctive term [0778]Wen m grating

segneist s fr o0i@a b@edgefahliRr idttioyvadsfstediBf ddyl & cldifhé 194 M5y 76 egnentaad Bhat t hat
relate to applied transacti ons which have not yet been mgrated are
m grated. S&gwERR stordegwiite Pagrations apaerduned seehathaball saihdata pegnaptiow dlin

ol oot on saeesey pf SRRCh br R RRRTh AR R AR R O

tunnels for each tunnel famly and each elenent path within the collection
path. Initialise the tunnel link at the start of each tunnel _as the prior

f ramé’- [ 0782Y #8447 8orags ARG Eatiicyg! aystean Pty Siclgme ; 43-dad’@-Hd: 198k Shaps f or
th |l ecti ' : : ' th
e collec '@ﬁr&ﬁ%r ggvrité %g&?m{s%g{)&hc?ﬁfﬁg hegﬁérﬁg 9&%‘%%@5]%15{%&&&{119{“ e

frame files at pre eth rame being mgrate Prior“to mgrating
a col | ecti onntpatls, suckalht tifaesastionsagpenmigise, theinstateaansti compiate sl codrmamit il

the next storage write operation for said data heap has successfully completed.

48. A data storage and/or retrieval system of any of claims 1, 45, 75, 76, 77, 79, and 81,

wherein

an instance of a entity type is logically deleted by appending an inversion of the

respective instance,

the said inversion appears identical to the respective instance in all respective connective,

combinative and characteristic data tunnels;

a single inversion data tunnel for each entity type contains a plurality of data cells

wherein a data cell denotes an inversion of a respective instance of said entity type.

49. A data storage and/or retrieval system of claim 48, wherein
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collection path and the tunnels for all related el ement path tunnels into
menory fromany frame files that are required to be accunulated into the
frame beiw@ 2nigratsed. [ 0784] For each segment bei ng m gr acediS2enmat4es a new
col | ective tagﬁé}l%' ackdls FRHRE YurfPR 168 BYea 105 SRITR 1&8%1% fﬁmto%éﬁ‘e col [ ecti ve
tunnel . For I nver si on, appen& an rnversion cef o thé T nversion tunnel .
Update the collection path frane nap as descri bed previously. Then mgrate
each elenent cell within the segnent and update the collection path storage
map. [0785] FeAd aSsesh t9 fn ftirmrv@&pg gatadeaeirc i dmsvelrschepnglagicst oder | | as
descri bed previously, and append it to the related digest tunnel. Append

t he di gest tunnel nunber to the tunnel map. Append WO

2011/ 127158 P&t/ 40620 140081 405ty amstaxe $ivenien behdcutmldting ieteesiemnt andatidtounting

exi stence tunnel . %@date t.he el enment path frame map fromthe el ement val ue
as descri be@OPFEONSHE FYLYHBSRASERLEERATANENENEChat h st orage nmap. [0786] For
each nmeasurenent el enment construct a rank cell for each rank tunnel, as
descri bed previously, and append themto the related rank tunnels. Append
an exX0st enc&heelhta st@agdmndéirenteinyal pastbmexiasy ehcleintsuhré] 75, Gpdat, 9t dvel &l enent

path frane f.romthe el.enent val ye as descri bed previ ously and update
Phe. el emont "Barein SPaGY SR el 7B TFsF SRR RHGFSEPORELT T OSHSTT uct
a property eehimdnQhafeehsidsQithidiyrebpanod entd$ iflesesd. bed previously, and
append themto the related property tunnels. Append an existence cell to

the el ement path existence tunnel. Update the elenent path franme map from

Stor ade map. TE o BaApE SR gF e PGV ROHR e PSR MRS SRR AP Tstena
p g

a non- exi st eageoreald tufndl Af @¥hSddERERNTY BRG] InonBN&T ShaedcediBats ¢rahd not
included in the segnent; append zero rank cells to every rank tunnel in al
non- exi st entesPpefermntipantianges seqhethaleqghe asrosseiblaneh Pk cemnewn finsper t y
cells to eviré(gﬁgperty tunnel in all non-existent elenent paths in the
segnent. [O g T Ter mgrating all segments, create franme files using the
hi ghest heap file frane nunber and overwite any such frame files that

m ght_already exist. Wite the sector maps, franme maps.and tunnels to each
framZile. lf{ieﬁg@]smagé dforretgiendl system ok sheniddnWhetrd Bl sammerechnsagiertstice as
m gr at ed anqsé%g?gﬁ&ﬂise the heap file back to storage. [0791] Make each

m grated transaction handl e available for re-use. [0792]1f the heap file
contains any segnents relating to open transactions then retain the heap
file qgtherwise delete it. [0793] Descri bed abqye are.apparatus, systens, and
met hods nmeetPRGARRERE 3é’6’(‘£¥ reEEvE sy iHm élf”i“B??é} Pm datpRase ?ngi{le AP pe
appreci at ed cBﬂs”}Ed e @ﬂ%%@'e AL Snd t}é@ﬁﬁﬁé‘g%s AnLkeRMAVEY RAS &I Re @(o?ag@‘%ﬁ&iié’
exanpl es of the invention and that other "enbodi nents, incorporating changes
to that showrtharsbedemdhé hgedofitbe data fethinedi t hi n t he scope of the invention

of which I claim

54. The data storage and/or retrieval system of claim 52, comprising a database engine that is
coupled to the storage engine and that eliminates frames from read access during a query

with respect to a time threshold expressed within said query.

55. The data storage and/or retrieval system of claim 51, wherein said common characteristic

is volume of respective entity instances
56. The data storage and/or retrieval system of claim 55, comprising a database engine that is

coupled to the storage engine and that manages a retention of cells in the storage media

with respect to the volume of the data retained.
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WO 2011/ 127158PCT/ US2011/ 031405 1. A data storage and/or retrieval system
i npl emented on one or nore digital data processing systens, conprising:
storage mwoi2a1iciomssi sing a plurality of data tunnel s forCeashol@nsisy type
and fixed pluralli 0, ta . for | bu . r re of
whi cf‘ﬁdat a t@ﬁ lréllél sslt(%:% 1 Jrnldgog rgtn%%ig g%t;g?lf?g%a?@g? a%ééelﬂnsa, IB l\ﬁ%ag?}(ggfe%é% of the
data cel | s cesppeaive datpruraBsadidatagtniwid lspecties pecpluvity ostranesaref an
attribute for a respective instance of an entity type, where for one or
more of t he 3gEtlptgANdthin a siRgledagienl skarage sysfemAdln o6 PITIEN Oh IREicay HOREF or
which a respegtig.operator evaluates to a boolean result indicating either
the likely possi blTity or the inpossibility of a respective instance of an
attribute being characterised by said operator for a given set of one or
nore qperangs, a storage engine that is.ip.c ni cations coupling with the
st or ade rredid@eélﬁﬁ StHage %@2‘@%&%@%“@? %ﬂém%%f{lmﬁ%ﬂ %aﬁé@ég C’Eﬁ%g%%t Br
nore of sai doQRed & @F StorlMd el YURA (1R€ MmafigeRRGeRAtidIPS AP R @RIRra mAifat a
storage and/or retrieval sys%em of any of clains 1, 45, 75, 76, 77, 79, and
81 conprising storage nedia conprising a plurality of connective data
tunnels for .each entity type and . a fixe L ural i of connectjve dat
tunnaPs for ToRcAaTtrp st FeRE Y vatphan sPithL e i SPTDES chaffectiuer <
conprise a pfwspbdtivk cOfls #RAMBCHLMBISH EngRlid SaintlféEaceash Piratijorempnect i ve
data cells contain data associated with a respective instance of an
attribute fonteryalsaagaeiosyepiulitaatEanp inervahtizasyvhoyghy a plivehibi of feaeds and
respect i ve i nstance,of AR ALLLIBULS, BR%ANS,HESRAG bV E cBARREILYS datg cel |
in only one Féspective connecrive data tunner, er & f6rPone of “or 6 'of the
connective datopetabdiel s, the connective data cells in each of which have
data for which a respective equival ence operator evaluates to a bool ean
result WO 2011/ 127158PCT/ US2011/ 031405 whi ch indicates either the |ikely
possighi | 1Y 18 dafRASHLII ke @by LGSREFLIANE SONShaRfita Al 8 il LBHL LI O
equi valent for a given se of "one “OF ror e Opérands, a storage engine that
IS in comurbmaidnatalleesppitivegnithaides bhatrituersdgedae dils vaiddn biphiraligof Simaes one
or nore connectjve data tunnels based on one or, nore of said _equival ence
operat ors antmANGIACERSE AP UBhly b framsrBleERET USO8 2 PRIYHY 9 SEBiedBiEnand/ or
retrieval SX&E?Whﬁfeb§hzldﬁ@t of BARTek Shd'Rs S A85a XBW Raf 8L hfHaR fFom
plurality of connectiv datg tunnels for each entity type and a fixed
plurality ofconodaatoin yea dapetive nqel defiaeropestdr aatltitsioperards. one or nore of

whi ch connective data tunnels conprise a plurality of connective data
cells, where each of the connective data cells contain data associated with
a respecti vk diataadfg 8o Odndadt rédikld1RYEEm R Cladm OS RBELIMRDULBSEARESEN & alflN
entity type, where for one or nore of the connective data tunnels, the
connecti ve detpectoglinganogs ebafhiitofes\ipi datta prilsevidun a phuelitwef Elamgs isevpietitede

equi val ence oper atfr 1et'vaﬂuat es L9 bﬁol ean rlesi.l t {\pi ch.i ndilcat es hei %)her
the likely POSST HPITEYY 8t "MRBSEEVAT AT JU'8F LGP PEEIRE R B Y ande™ of"“5ivY
attribute beipigaRguwifaheRhnd &fspéctige\den @ré mal be BRmMatdiDi ém @PaYidRasoratida
where the majority of connective data cells yield a like result for a given
set of one &¢SPAEHE bopadiaagperater spdiageerailyi ne that is in comunications
coupling with the storage nedia and that accesses one or nore connective
data tunnel s based on one or nore of said equival ence operator and a given
set @R.one dheraast@pey aidds . redicvd slatia Bt do, ahetedr propdrtieaoahmsiy &t #m of
claim 3, wherein the connective data cell_ contains a digest of the |
respective ir@gcgw@én%mcphgf %tfrtt}ufquplé(,iata cells within a plurality of frames is maintained

across a plurality of frame intervals and across a plurality of frame interval sizes whereby
a plurality of frames and respective data cells may be eliminated from consideration by a

respective possessive operator and its operands.

63. The data storage and/or retrieval system of any of claims 1, 45, 75, 76, 77, 79, and 81,
wherein a plurality of said data segments are grouped in frames based on common

characteristics of their respective entity instances.
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the respective connective data tunnel is chosen froma defined hash
encodi ng of the respective instance of the attribute and by applying a
nodul o ofwohelwvemser of the plurality of connective dat aCrusa@i93t405 sai d
hash gncodi Ry, ) : r
retrf%bal s92?é%ﬁ%%gé%éﬁﬁﬁiﬁgﬁﬁg?gﬁﬁgﬁﬁéggiéggtég?@¥ﬂ%&$g§%§@?g§gﬁﬁﬂéf%nCe
of the attriibtitne peSod.ne val ue of the respective instance itself when the
size of the respective instance is sufficiently snmall, whereby the
equi val ence operator can be certain of equival ence. 6. A data storage

and/ Q5. retr Y AhtaSYoih n(?i];orqgt}‘ie%l sgét@n'gf ot .45%; WK?’EiJS@l'd Jo?nm&? ch@teric
conprising storage nedia conprising a pIur§P|ty of “conbi native data tunnels
for each entis toluing pé rapettiae ehtigdnphneesl i ty of conbi native data tunnels for
each attribute, one or nore of which data tunnels conprise a plurality of
conbi native data cells, where each of the conbinative data cells contain
dat a @SSoCi JiH@Q i s&é}age e[rﬁ%‘ar&"ri'ev'ﬁ,s&Béﬁn%@%Fairﬁf63§‘£brﬁ1§r§s!’iﬁ§3&'§t8rafg9Engﬂné gapective
i nstance of an entity type, whereih each respective iInstance of™ an

attri but e hagpowde dntesplctoi regecovebdatatunues datinstaaieb of respdclive estpes tbmeined
conmbi nati ve.dat a tunn?lif where for Oﬂg r nore of the conbinative data
tunnel's, thé" EEABTHRTIN BACEINRISE A CREPH'S Wi ch have data for which a
respecti ve boundi ng operator evaluates to a bool ean result which indicates
either the likely possibility or the inpossibility of a respective instance
of ar7att ri Hlicdabestageodimadrityrl sastgined glagatobofonapresing a storage opginaanl, a
storage engine t hat, i connunlcankgyémﬁggﬁguﬁ m%%tgf%ggxggg&%ggsnedla

ag%ends dgta Ichls tO res eﬁ%ve
and that access one Or nore 0] I natl ve unnel s e on one or nore

of said bourdhtithc@Peial Mgn@ihts taGiorEtisé @lcofipled Eradle, ADARI WIRET A0 Sramé. A
data storage and/or retrieval systemof claim®6, wherein each instance of a
respective XetINIROEAC.expressed in unitary scale and as a significand
with respect to a fixed radi x point, each conbinative data tunnels is
respective to part of the said significand, all conbinative data tunnels
are ragt ual | yhexialausiryge and/orestpiecdl softeré chigh &6segmnri teendlst¥¥dge engine and

2011/ 127158PCT/ US2011/ 031405 al|l conbi nati ve data tunnels encl ose the whol e
of the sai d Rt gRpsIEs AfagellstodatPaeica iy Bnasty finiaices aligppestiys eMitiss cl ai m
7 the furt Rehi-REPYRTEAm Rl nbSaRHRL YRRy O AmBRINELAC, APSIAVREL duri ng
t he read access of said conbinative tunnels o? said attribute of said

st or age systahploehyraf $tangs bheonsdt @msplete. converti ng each respective boundary
operand in the said bounding operator to a significand of unitary scale
with a fixed radix point; conparing the significand bits of respective
bound@ry opey afiflStoldpc ARSSLRAIAG] §s8imh bf QRIAE 66, ABRLhEPInPBErhdIR £ Elution
significand bit that differs between said operands and taking all prior
common bi t s cAduplicdtstcatity matancedaluaing ghery acéasndf sagd stheage oyrtdmatoimpaisdegtthe
tunnel of Iopest significance that conprises a strict subset of the

si gni fi canc88f °Sai d det ermi nant val ue and taking said conbinative data
tunnel as the determ nant data tunnel; accessing the said determ nant data
tunnel first before other conbinative data tunnels respective of said
attribute; iapgpueg bngiames ebipidaatstaragadasgnced dlamd3 wdfentigal manvien tmthadat a
tunnel and } t respective entity instance as

i npossi bl e g%%ﬁ?gggc%%h%§%§%§§%%?§{g$ﬁ§ %re said conbinative data cell is
not equal to the said determ nant data val ue; whereby only conbi native data
cells, respective of entity instances not deened of inpossible relevance,

i n conbi nat idgeesting e diames of Berer sorasr vatem eletlairndhamer taacestioamid need be

| nstances t o TRe o SLR T GE Ol no. Cherat o el e B0t ve. oper ands.
9. A data storage and/or retrieval systemof any of claims 1, 45, 75, 76,
77, 79, and d?s]éburgtglgparng/ségig%rames in the data storage system of claim 50 that correspond to said
frames accessed in the data storage system of claim 63 during said query access; such
that each entity instance can be persisted in the data storage system of claim 63 and in the

data storage system of claim 50 at the same time to ensure persistance of said entity

instances without affecting the result of said query access.
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storage nedia conprising a plurality of characteristic data tunnels for
each entity type and a fixed plurality of characteristic data tunnels for
each attrwbuog/12058 or nore of which characteristic datacrurse@h®3ohpri se a
pluralyty of - 4 e~e t he
char ?gt eri stTlhgae1 %tsg&%%ﬁsgfngyaggn?i ég,%jsg%%%%gg&g?é? %’éﬁ/ 1\C/)i/|%t2‘L hgi 7\r§2§?rdggt %E‘HQ%L

i nstance of varrai hicbbplete dedinitor Eapgettivetenting typacadatspoti andtiributdsyipaored
wherein each respective instance_of an attribute has one respective |

char act eri styithigdisangtsforagepystem filg ddsatifipd By & paidye veisigtifentiynpvhenqysheaid
where for onesotL: he characteristic data tunnels, the

characteri s{aigfé%zg?gg%g %esdt'i n each of which have data for which a respective
possessi ve operator evaluates to a bool ean result which indicates either
the I jkely ssibility or, the inpossibility qf a respective instance of an
attri%l;ut e pg@’-gél%?isﬁﬁa%e WGHéFW%&VStﬁmg}f\?{?ﬁ“%«Qt whtrefach AisHprte Py Bhds, a
storage engigegnitiBAts 4sSich®d £ ARTHO bR RRAE R aNehod fBndbRical PIRAasiAEdI a
and that accesses one Or nore characteristic data tunnels based on onhe or
nmore of sai @roadgesdieveequpemeat or and a given set of one or nore operands.
10. A data storage and/or retrieval systemof claim9, wherein each
characteristic data tunnel is respective of one or nore properties. a

char gt eri stjihe dd@tstore@ dndfe@ies sstBAVf @R i70dvaakindAcR tisRR&sasibhen of a
respective property by the respective instance of the attribute, 11. A data
st or age andMefinitien iy asvighedy ypighe ordinal depfityOrompeneatorcallydneeasetrs erdingl
tunnel is c@lgs%nrgeoug%erfgs g(r:ési Y§ ngf nﬁt Rroperty by hash encodi ng the
property iden |Fy gncflappli Vi ngpa nodul'e of "t he nunber of plurality of
characteristic data tunnels to said hash encoding. 12. A data storage
and/or retrieval systemof claim10, wherein a characteristic tunnel is

chosei-t o bdhedaigestarpgeeangforgetsievd sy stominf cladmi’nhgred eaeh remplptedehipitioniical | y
( . el a : A . il
of the: nubae e BRI G AR ESie AR BRANY | AR, (oM ©

wher eby t he npobsesgustecoper at or can be certain of possessionif (M- T) <P
<2T where P is the ordinal of the property; Mis the maxi num ordi nal
assigned and T is the nunber of characteristic tunnels. 13. A data storage

and/ ofy retr iT‘?ﬁé%hta%‘(o?&%egéhggor;réﬁie%ljsgste LR 78 SAHRE Bk %b?&v%&ei%%@t?' s

chosen to be respecti propefty by assigning a strictly nonotonically
i ncreasi ng VWOMPRid defitiGBIPETYigisd 0Hclidodi @5 tlerdspralivd amachwhichqaid property
identity for %he respective attribute and applying a nodul o of the numnber
of plurality® ﬁ%?géig??%iic data tunnels to said ordinal; whereby the
possessi ve operator can be certain of possession if (M- T) <P <2T where P
is the ordinal of the property; Mis the maxi num ordi nal assigned for the
respéétive dt dathbtotageand/oTrdtgevaheystmisempofinghar act eri stic tunnels. 14. A
data storage and/or retrieval systemof any of clainms 1, 45, 75, 76, 77,

79, and 81, conprising storage nedia conprising a plurality of collective
data tunnel idrile BEHH c@zﬁ{)ﬂiiiﬁ(g h ?H@alit BEcEHnebiVetdadd uMiI¢ foreatt &ftlty Wpedal a
tunnels conprise a plurality of collective data cells, where each

col l ective dedptuitlieof egmeativesdagnuanels Saepeh abribwite, long or mepeeftwhieh i nst ance
of an entit . ch_of. I IV ta cells contain data
associ at ed &f%%gﬁv?@@%éﬁwﬁ§g09%§§%%§%§%¥y§ﬁ&gw§9?%ﬁ?%1?%¥’a respective

i nstance of an entity type, where each of the collective data cells contain
data which is characterised as one of identity, nmeasurenent, enuneration or
opaci ty. 15.Whareieach ok thsrcageecsive falgechnenmén fafe ppsogigtedoritie p sispective iRjECei n a
col l ective r - o tity conprises of a
seqguence ofq@%?gﬁﬁﬁg%ﬁggﬁgﬁ%séﬁiﬁgﬂ@%?ﬁ?éE%%%hgﬁ%at certainty of
equi val ence of identity for the respective instance of the respective
attribute can be determ ned by conmparison of said bits in |ike sequence
order. 16. ANGEAe®hJrRgetigranced@piagiinte dos prgrestectyaronneative gt esliing
col l'ective datafeghpethad @nh&ltve@dtadinRne of nmeasurenent conprises of a
sign bit, a pIuraIi#§ of significand bit's and a plurality of exponent bits
such that certainty of a respective instance of the respective attribute

bei ng bounded by_a range ca e determ ped by conpari son of the respective
S one ot gni PSS SHAOCEB: Re TSCOvE ARCugRalS (0L GG Al & FRBOL
system of clyag{ith Hfve dMREHLEIAICR aGRLPeBGTd MR RRinRe BFdrhiof BRI RREEHIaR 1A r&R Of
enuneration conprises of a plurality of properties wherein each property is

conprised of a sequence of bits suchlt at certainty of possession of a
property WD 2011/ 127158PCT/ US2011/ 031405



by the respective instance of the respective attribute can be determ ned by
a conparison of said bits in |ike sequence order for one or nore respective
properti e80208/12458at a st orage and/or retrieval system eCTalSadimioidps wher ei n
each data t s 1 ndivi l . G WL t or age
and i ndi vi gy nifated Sl Pty BREILHRLES ABHS L IVEE L Fe BEGRRIn TP 1A

st or age andharibiitebeing\eghivaleat o @ivealsad ohichd or whoes eparaeBch data cel |l is

i ndi vidually encrypted during wite access to storage and individually
decrypted during read access from storage. 20. A data storage and/or
retrieval s 0 f. i ot : o/ :

wherein a s%%%??%ecgngg{t}%g% 180%45%5@% %F%tﬂo:ﬁa ﬁoﬁ%hélég)?lteh tgggéga gé’? ?dééragfgia%%t of the
sai d oper at arsssnent bemore @spedivevdataapendnbised bhahe oomprd cfead cuamienc@l. A
data storage and/or retrieval .system of claim 20, wherein one or nore data
tunnel s areoﬁﬁr@%%%’lf{‘?%ld%%eﬁ@éﬁ 9 WA WEHBAt-aneousl y for the eval uation of
each said operators and their respective operands 22. A data storage and/or
retrieval system of claim20, wherein each operator evaluation includes a
bool &&n i ndiAcmieihod obHlatetdragering/wrettnca sys¢mimpleornedon anespenstd digitalnst ance
deened |i keld% possi bl e. ?3. A data storage and/or retrieval systemof claim
22, wher ei n “BPFRSH L PRITEY COHRTHPE conbi ned conjunctively for a common
respective entity type such that sone uncertain respective entity instances
may be di scarded from operator evaluations. 24. A data storage and/or
retrieval sysewdingftogdggimedpcomprening mplkidide glidain tumacls forzdack antityhypsfandra
operator eval uation.cap resolv n ncertainty by in cting the
respective st elPiyEdtgRuR PhiactAETLE e Hors REPHIDB MR %t i bute
deemed uncercbaiprise 2plurditglaf @atstarsage and/or retrieval systemof claim 20,
wherein data tunnels are read accessed in bulk fromstorage nedia for the
eval uation of each said operators and their respective operands WO

2011/ 127158RGT/ U 3140 - cet.ri I st em of
any of ol ai ngeic cigg o YR GRS on Gy AL ShPLROR B e LN D e
may be corr altebed fhya tekgecaaeingahensfeanadntithgipe, respecti ve i nstances by
conparison of their respective data cells in corresponding data tunnels.

27. A data storage and/or retrieval systemof any of clains 1, 45, 75, 76,
7n 19, and Jhke WSHEbimBtr AL ba R i BURE BalTRUIOR LK bRV BRLAR Y adelifor
equi val ence of their respective I nstances by conparison of their respective
connecti ve ddtich celspestiva opontoe spdmdentg adwmoivac resul inditaingenhed the 1iR8y A dat a
storage and/or .retrieval systemof any of clains 1, 45, 75 .76, 77, 79, and
31. whor o1 n PRVt O AY P ePe VAR TSP abin FBItBbeit etk Ard o
i nstances ofyy&RididpkRfordhr @gi%ﬁ E@lof ofid bLEbH $peratids, A data storage and/ or
retrieval syStemof claim?28, wherein a plurality of connective data

tunnel s and respective operators relate to instances of entities of
arbitrary struct.ure..tBO.t A dat a siﬁ)ga e and/ or hetri eVﬁI g{zt tlizmtof claim
28, wher ei n 5P 0Fal T § 5 GFsE SAEPRAE P §aTEIRHEN S HRE"S Eé Tivese
operators r eddli€ oh®of MoEANELENHELs Billet bh@%ie OF Mo Jaitl YpePitbid Ghiagivedket &
data storage and/or retrieval systemof claim28, wherein a plurality of
char act er i stone ogacse engiEss and respective operators relate to instances of
entities of arbitrary structure. 32. A data storage and/or retrieval system
of claim28, wherein a plurality of data tunnels and respective operators
rel at’g. t o i nstansesagefandidr ptidvtay sfsype cohgiiging di stinct instances of said
entity type differ in structure. 33. A data storage and/or retrieval system
of claim32, wherein a plurality of connective data tunnels and respective

operators r Ny ofe i p i LSt | ces
oF “sa d ont P ik DRLARE. Borlly BPLE IR REREL frShil LT ohBShAY
retrieval syseépiuwilitgloftonnd2tivendeer @nnelafqleactahttribntgione ombornsadfi wigickdat a
tunnel s and respective operators relate to_ instances of an entity type

wher ei n di sCPHRECHYHLA AEBSls sPmpEsga By of gyweeiverddfa selsst ruct ure. " WO
2011/ 127158PCT/ US2011/ 031405 35. A data storage and/or retrieval system of
claim32, wherein a plurality of characteristic data tunnels and respective
oper at or s r ethetecach of etcancersive fla@melkntdntain tiytp essckiteel witlda stspetiveiimsarences

of said enti type differ in.structure. .
orf Xn a%gbute for a respective instance oef an entity type,
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36. A data storage and/or retrieval systemof any of clains 1, 45, 75, 76,
77, 79, and 81, wherein data cells consist of data independent of the

domai n arwiotha/lemsedi ng for the respective attribute whecehwg2ailosingst

i nstances of f 0 [ a
storage and/'¢ o}fé%r% r%%léeé%‘%}seyosftr{gy}ﬁ: %e&ﬁgl tg&q%ig}rlee‘lgoﬁﬁg‘%ﬁ%é%% ! éﬁgggl S
consi st of datieh havdeparfdewhichfa redpe cdanajuivabinde bp&@aeneadigs tf)Qll’bdohﬁn result
respective attribute whereby distinct instances of said attribute ma

differ in d%?hﬂné%ca@ﬁe%ﬁrﬁ%e likedy psstbality o& {r8pesgilify @f 8respestiiedisincs pEedm of
cl ai m 36, t he
dommi n_and TG s e R o PR s e A Ao Pl

i nst ances ofof sanmtctd datocdlls yiely adike fesultifor dgiven set of onmcmdomgnpeﬁ@ds A dat a
storage and/or retrieval systemof claim 36, wherein characteristic data
cells consist of data independent of the domain and the encoding for the
respective %tswrhé&%n%lﬂ@'tﬁﬁtqpﬁl QnshhME4tidnd b @G Wil the Jloth RUhEdiD M EhaBY
differ in domain or "encoding. 40. A data storage and/or retrieval system of
any of cl ai mscekses4be ovﬁlore7®nn€c7tlvemta tanek18lased he ofigipt mere dfrspidmgeivatence or

di scerni ng fron}iag dgt t(%g" I?e ors and respective data tunnels
that are apPPPéshP §1V§n|58 O@falo\l}gloé?? g conprising the steps of

di scerning an applicability of an equival ence operator fromrelationship
constraints for said attribute such that data for instances of said
attri’But e aremsthoded dpta stesraeedioy getdayad implementgid ohione op meee digital did a
tunnel s reSp(raé:cte'ss\ﬁ? Spfstesal gonal'tltlsrllll bute; discerning the applicability of a
boundi ng opé)rator PORTPhe RRAEYS cal or time dommin or arithmetic domain
constraints for said attribute such that data for instances of said
attribute are stored in conbinative data cells wthin conbinative data
tunnel s respEtidips S@ragsean@h'ca@qu&a plugghity off qgmupctipsaiatariuysiohor cady ongity
di scerni ng ter
domai - or “etUsan GEAHa FeolRlRe 2R Re ARG ALRBlBAP SR ENEE O
for i nstancesidf caaedivatdata thntieds mmpmar;ﬂﬂtaliq/ aflran@ecties dsthicelldat a cel |I's
within characteristic data tunnels respective of said attribute; discerning
the inapplicability of said operators fromthe object or binary domain or
external r elafnGen bPieyBhfedit bh@UbRs el bkl dRkfed in b ASAIREIn@Incsal d
attribute are not stored In any connective, conbinative or characteristic
dat a t unnel f nestelmtte Yo agbsaiice asthndenftas. entltly.typc data storage and/ or
retrieval system of claim40, whereby the further inprovenent for

di scerning froma rel ati onal database schema the operators and respective
data tunnel §yHeRak c@&hGedRBliiCRARL Sl & aft ABBRR Hal ¥ REPCtPYUESINERIIakSEdMGnt he
steps of discerning an applicability of an equival ence operator from
primary key oahdorfegrspiegtvekepnedsivstdpitmrelf or said attribute such that data
for instances of said attribute are stored in connective data cells within
connective data tunnels respective of said attribute; discerning the

appl i cabi | i tyheRf for oROUNAbADIARCERNBE Vel tuhge1§) UREEIn@adtiverdatal d¥8 s e Bf OF
arithmetic check constraints for said attribute such that data for

i nst ances ofwhigll kepvaideta feuwbichrgesiesti edequiy abesed Pprifioy evaleates ©al hoglaan t¢suk
Conb! native V&ila(;}* mEﬂén{%g leﬁhé’r%ﬁeoﬁlgetl ¥g sﬁ)flht?%l gm?é]tsfbﬂﬁgto?a 9s| gcggfrerfhsqglc% %‘? an
applicability o 0Ssessive o t racter dormal noor
enumer at i on aalieeds bemg%tlﬁiazalahsfof agiveaiset @ftdne iobdioge Spegindshat data for
instances of said attribute are stored in characteristic data cells within
characteristic data tunnels respective of said attribute; discerning the

i nappl i cabi | Al i t er nal
reference fglr:éeésalﬁ%’ @ﬁ?ﬁt&&%&%&%ﬁﬁt%%ﬁhﬁgﬁéﬂ E&a?%gétoa g&,‘{[ﬁ ﬂggal% a %(t ri bute
are not st omedid, Pbnanymonrractdtive datactnhneﬁmlbasv@ombne;btanauetcérsalﬂteqmvdkm@e

tunnel s respective of said attribute. 42. A data storage and/or retrieval
system of afyS'BOIE H@VED sof pT opgor rgre op§rands - 79 and 81, the furt her

i nprovenent for accessing data tunnels for the purpose of materialising a
gquery result, conprising the steps of WD 2011/127158PCT/ US2011/ 031405

re-f aét ori ng\ ddte siguee pndopratgsiab systaon, mooguismga di sj unctive normal form
expression of operators and their respective operands; renoving each
operat or and respective operands from each conjunctive termof said

di sjunctive normal form expression where the outconme of said operator is
inplied by one or nore other operators in the same said conjunctive term
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removi ng each conjunctive termfromsaid disjunctive normal form expression
where said conjunctive termcontains an operator and respective operands
that i s dwered/20158e al ways fal se; eval uati ng each oper CoUSed119ai4d5

di sjunctive : |.on: ald o kS ¢ i a
Singl e ent | £ epue S EARAER Bl BEE iRl RE! BRAG, b AAPAET LB AR 2
for each saiadixepehahiosy df oeepaadenddty nmnels $oinaakh amewus |one fod noeachwhiah data
operator, for storage in conputer nenory; reducing said relevant sets of
entity inst AHWEY GRABYise 3 Rlugaliu ok coplinpdeglats ¢8lls: of a conmon entity type
such that nenbers of said sets not respective to every said set for said
entity are discarded to produce a comon set of entity instances for said
entity type whedegehdé ritel cpnibirchtise dutatcahheousdiy ditaraseacked esipe cdspyaivent i ty
type in each conjunctive termof said disjunctive . normal form for storage
in conput er IHEHSE P albﬂ)tfrﬂt&t%{qrﬁde?ﬁFtHVCdBﬂﬁéﬁ? (&@pgngtfy ¥Pftity instances for
said entity types paired by binding operators in a sequence to produce a
correlated set of entity instances for each respective entity type

i ndependent Iwhegaia esihmaspeatneninsthycef dran agtchuts diasl oo pactyve vembigamye dagr cell
storage in conputer nmenory:; accessin ata tunnels respective to each said
correl at ed élégi?BefSp%‘WtVFtcﬁ}m%é%ﬁé%gaé%t”f“ge‘gr oduce a set of query result

i nstances i ndependently and separately for each respective entity type

i ndependent |y and sinul taneously for each said conjunctive term for
storage i n odepufos pnerempeie; of tag karlgjnefinerdata wsngls, thaxgarelioasvcas!ly i cdchvhbr e

query resul fLOSEANGES GONGLLCL WL he nesPeCtiNe. CONEURCE L 8. L oL M,
i ndependent I'y an Y§i%h Panesus y K6 each“v&i %y conj URetive Ty o
storage in Gaighingicaf®eBitlief;the M1y Pdskiblizg b GRGHPISIBility SFAhL4OSecties Gkfagess d
sets of query result instances for each said conjunctive term such that
respective d@iéHyibytedeing boyadedfers Srep sted ORe 8aMATSCIAds conbined into a
single set of query result instances, for storage in conputer nmenory; 43. A
data storage and/or retrieval systemof claim42, the further inprovenent
for corr el ataisagagadngireahnmnirs@insmolicavint tyuplingtvatchs swirddeimedianm] that
conjunctive termfor the purpose. of producing a correlated set of entity

i nst ances, ABTRIISSONAGT BRES cqrehjaathre dakytanelt bRgd parps obmotEHhirall kogpdings

entity inst%?gﬁ%r%ﬁgg Sved sBUrUAL oY nlsshsgiddée bind operator in a defined

visit sequence of bind operators, for storage in nmenory; updating the

cardinality of entity instances in respective correlated sets of entity

i nstances in reyerse order of id visit sequence, for storage in nenory.
24, Aara & BEGE O ARR SR ARy AT TaRc BN S RN Ara ST P0E® digieldaa

i mprovenent pfQksGeeilidnd, sahetidhsi t sequence of said bind operators with
said conjunctive term conprising the steps of selecting a common set of
entity instances with the | east nunber of respective entity instances
within said con'.uncttive termas the orﬂpgiln set ol}; etntic{a%/ tl nstapces;

sel ecting ofE”'dF"ERE B&I U Bt AU THEM AT B a%g&%{l DA 6P i n set
of entity i RAIGNOMSardSa fik@l Jlifafity ¢H OEHHAREGH AU thifhelsTor &@hAtVibsie! of@stuence;
sel ecting a subsequent bind operator fromthose bind operators respective
to the same ewaRbwhisbtdagftuarals egmprissagiealityf combinstivedgpseldt or nost
recently visited and which have not appeared in the said visit sequence or
whi ch have al ready appeared in said visit sequence but have been affected
by a bind opaicad &ich 90 iragudivdtiye dh@ictRd¢ont £ dataiab@clabel With Afespé@peunti | no
nore bind operators are _available to be sel ected; such that correlated sets
of entity i AdtaseesanptEihet]adesreativerHastangeP wpsntityd¥Rfuence for storage in
conputer nenory. 45. A data storage and/or retrieval systeminplenented on
one or nore digital data processing systenms, conprising WO

2011/ 127158 Rt dub2arhlk gt OSinsthideagen netdbate hasrpiid kpegtiae porabiahtiteydand cadlat a
segnents for each in-stanc%, of an entity type mani pul ated by a dat abase
operation i i all FERFRAVECOBDHAtIXHAYR Y8lisact i on where al | data segments are
mai ntai ned within a contiguous data heap of arbitrary size; where all new
data segnents are appended to the data heap and assigned to respective

t ransact i onsvhendfor especmbresfain ¢dmgbinatstcatacetsnnals, andbidmizinativercdBs in each of

which have data for which a respective bounding operator evaluates to a boolean result
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a storage engine that is in communications coupling with the storage nedi a
and wites said data heap to storage nedia in a mnimal nunber of storage
wite opewatnon7isBen any one of said transactions comiPC3/USREI198EDE. 46. A
data storag J . £ (o) i . . (5, . 71
R S s B S I
sai d data segrearibstebeingibdusdiddotdagbeheamf anhe onmotd @erdnds st orage in a

m ni nrum of storage wite requests. 47. A data storage and/or retrieval
system of any of clains 1, 45, 75, 76, 77, 79, and 81, wherein storage
wite operaty 1S Al : 1 {: :

Mt erval s, - cuen PharUpF AR Ree B B o R o AR RE MR MBhEe o1
sai d comm t numlid, lon¢ hemnexdongtimatagelatartih el Opsedidn ome diomosaifdaiddioandiegp has
successful ly conpl eted, 48. @ dat a storag&ﬁénd/or retrieval system of any
of clains 1°PFBLOrARdagEyen;ot olipge on fergqpe rein an instance of a entity
type is logically del eted by appendi ng an inversion of the respective

i nstance, the said inversion appears identical to the respective instance

i n al3l. r espécdity etocagrned/or vtrievabnsiamatdowpriamg characteristic data tunnels;
a single inversion data tunnel for each entity type contains a plurality of
data cells wherein a data cell denotes an inversion of a respective
instance of sai@ingRiokdg¢ hadLeo 'sﬁlﬁﬁ%ﬁraﬁf@()ﬁgﬁrm{sﬁé dh@tidR%Aor Skt em of
claim48, wherein WD 2011/ 127158PCT/ US2011/ 031405 append access to data

t unnel s and edatydypreass: besiplerality dftvheroleosficddta bmdels forreaghl a@idlowe oneor dat a
tunnel s and datac heARs,Q0eHSd M BYSLRS SR onologh gale pr der read access
resol ves entity I nStande |nver3|onu8y accuHqu%Png i*nver'si ons’ and

di scounting corresponding entity instances as they are encountered. 50. The
data storage and/or retrieval systemof any of clainms 1, 45, 75, 76, 77,

79, and 81, Wiser @ich of thsl chprpctietijtiodats pallscontain dita agsogiated twithrierespactve unnel

are grouped.in f RN ; C ISk of their respective
entity insté%%%gggggfagﬁéﬁgggglgﬁbragéﬁgﬁé%ég%%gﬁéﬁggg? system of clai m 50,
wherein a plurality of the cells of at |east one said tunnel are grouped in
frames based on _comon characteristics of the respective entity jinstances
such that ceafheeeingichgespsrtive igpardesofpagabute hanppmrespestee pirdaistisdatagsll The

dat a StOrag?nQ@QQB&xR@Eﬁ&ﬁ&éﬁmﬁ%%@ﬁﬁh&ﬁsC'ai”‘511 wherein said conmon

characteristic is time period. e data storage and/or retrieval system
of claimb52, conprising a database engine that is coupled to the storage
engi ne and t hat nages a retention of cells in the storage.nedia w.th
respect to tHE'HEOBT Of MareRlithe sharagisiis ity tunggls. H&Cia@ftaﬁat&en&%%rm
retrieval sygtesn Whiclk haldRatlior GHWN d 1%'5;'[)'&&% Eésts@sl%%%pgﬁ%rr&‘%alh%é td Sb&ALR ed
to the storage engine and that elimnates frames fromread access during a
query w t h respedtich mdeates egherihekkady dosipliess ¢k wipohsibilisaoich gagactive 55. The

dat t d/ i | t f clai 51 i id
Char act or  5nBRe Ot Y Posel ey Bberfi Rt et oilifete Br oSSR,

accessing, with a storage engine that is in communications coupling with the storage
media. one or more characteristic data tunnels based on one or more of said possessive

operator and a given set of one or more operands.

82. A method of data storage and/or retrieval implemented on one or more digital data

processing systems, comprising
providing storage media comprising a plurality of characteristic data tunnels for each

entity type and a fixed plurality of characteristic data tunnels for each attribute, one or

more of which characteristic data tunnels comprise a plurality of data cells,
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56. The data storage and/or retrieval systemof claimb55, conprising a

dat abase engine that is coupled to the storage engi ne and that manages a
retenti orwof2otiel2rs8i n t he storage nmedia with respect toPChaSeailoseodf the
data retain / - 14 - t .age and/ or
retrieval s$§¥%%¥%¥%gﬁ%ﬁ%&%%éﬁaﬁg@%E%gé%%ﬁ%%H%?%g%g?lggpga%gF%%%ngpective
of a pl ural iiisyanet oflai actilibine &Irs regepeatinmen@fofanphtityalpd,y of frames are
accurmul ated within a single logical storage systemfile of a plurality of

| ogi cal storage systemfiles. 58. The data storage and/or retrieval system
of claimb51, i Sl - da; i i rage
engi no. and THEE e D2 AEhBIRRERAGR 1 chOrEReR PonE AR RIRAT,
dat a st or agen alhddspectivetcharastatisteydtemmodls,cl ai m 50, wherein a common
characterisation of respective cells within a plurality of franes is

mai nt ai ned across a plurality of frame intervals and across a plurality of
frame intervaleSicf 8fe WRLRRY the Matic@lristi¥ d9h thiRIBheaNd LRERGCHdY &1daha
cells may be elimnated fromconsideration by a respective operator and its
oper ands. 6@achildfewkial hawt dutalye vdndy Drespastive pyatsssigsipernt@feveluaicstd®booldrar ei n

a plurality of bit sequences, co to all..respective .jnstances of.
attributes FOPIQHUST REFFES b BRely apSiTil G mpasebiy e rescHEd acr oss
a plurality i@farfct 3MEn h&ﬁtﬁfty?&s%e@ﬁ@ AbPSEy Rr Blgied!ski of Bk of rdvi@opddiRisyal
sizes whereby a plurality of franes and respective data cells may be
elimnated fromconsideration by a respective equival ence operator and its
operands. 64, . T, dafhit, 3L0LAA8APHLL £ ELRLENRLSYSLEM,Of (G SQye wher ei n
bounds comdi to &Y respechi e ek 58 SQMEuniGaors AuR LN Bith ikt SOTE8F | s

wi thin a pl uidlid. biie 6f mbfeadMsactesisi@tlath ainheld basddasiSor dplnbralof §aid phsskysane
intervals and across a plurality of franme interval sizes whereby a
plurality ofpeiatpsasd agivepseird e ve mPig PEIdSs may be el inminated from
consideration by a respective bounding operator and its operands. 62. The
data storage and/or retrieval systemof claim59, wherein properties comon
t o al83. r especieiwdidagtstoregsamaioratiievdut@sprisaig data cells within a plurality
of franmes is nmaintained across a plurality of frame intervals and across a
plurality of franme interval sizes whereby a plurality of franmes and
respective %%ﬁdiﬁglsdoﬁ e&??ccﬁh rﬁgixggﬁ E%&zflftggf ggﬁ%iigie&ﬁﬁ {u(ﬁﬁelmfo LSRRG Ve
possessive oOperator and 1ts operands. . e data storage and/or retrieval
syst em of anypeobnedbanom of whidh collectivebdata/inndl9 cormpidseBilpluvathieyr efi cvllactpleutasd ity
of said data segnents are grouped in frames based on common characteristics
of their re§pettive entity instances. WD 2011/ 127158PCT/ US2011/ 031405 64.
The data storage and/or retrieval systemof claim®63, wherein said common
characteristic is tine period. 65. The data storage and/or retrieval system
of cl ai m 63 ,whehesash gokentige damtwmet bentzos dati gssociated wit arespastive espect oive
entity instances. 66. The data storage and/or retrieval system of claim63,
conpri si ng ﬁnf{lgﬁ'yﬁ%&engi ne that appends data cells to respective data
tunnel s for instances of respective entities contained in data segnents
that conprise a conplete frane. 67. The data storage and/or retrieval

syst em of cIvdiera @6h of eollestivg datastel agpuaiasigiarpssenmied with aapipeelehs idstencecel | s
to respectiv tunnel s for instanc of ..respective entities contained
in data segr?gﬁfggﬁﬁ?}uzi%?O(:rtir‘lrﬁ%)‘qrplegtévealng%rgr%elOetaél T Péﬁtﬁ,e’as and when each frane
beconmes conplete. 68. The data storage and/or retrieval system of claim 66,
conprising a storage engine and that appends data cells to respective data
tunnel s for Whest eaqB &6 thsfcoHee ye datacslle pentein dlatacwiriclhisrddracteriged 3 Yeghent s

t hat conpri I (o] t s, as and when said plurality of
franes beco?r(genggpﬁp%@er.%ﬁ%gf &}A ga% goqls oofrpz%llg ‘and/or retrieval systemof claim
66, the further inprovenent for resolution of duplicate entity instances
during query access of said storage system .conprising the steps of

assi ghtt ng s4t Bethoddate sgrrageandipiretTisy Yy CRIBPIENAE em of claim 63 in identical
manner to that used for the data storage system of claim50; accessing said
frames of the data storage systemof claim63 prior to accessing said
frames of t Ipeovddihg setapeangslisyahpiniof a pluaility 60cdlleriivegdsaiutnels éoryeaelc ety ;

di scounting any said fra .in the. data storage system of. cl ai m 50 that
correspond ttiﬁpesB‘iledoﬁ‘rpﬁﬁ‘?é)rére“aﬁ%‘é‘é@ﬂtw‘#a%@naﬁﬁ g"@?%?%g@“@é@f %farﬁoﬁ]FCté‘ie 4 63
during saidcggery access; such that each entity instance can be persisted
in the data storage systemof claim63 and in the data storage system of
claim50 at the sane tine to ensure plejsistance of said entity instances

wi thout affecting the result of said qgery access. WO

2011/ 127158PCT/ US2011/ 031405 70. The data storage and/or retrieval system
of any of clains 1, 14, 45, 75, 76, 77, 79, and 81, wherein a conplete
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71. The data storage and/or retrieval systemof claim 70, wherein each
distinct entity type definition is assigned a unique ordinal identity from
a singl e wonotionisal |y i ncreasi ng ordi nal nunber sequen®€T/UR2011/DBt0glat a
storage and/ erd %atcfl 'cgl\féacltiv§ )ﬁtta?ﬁﬂ %i c&lt;ﬁhﬂiaﬁg as Y)\@l?t{eﬁ' theefllcelg &*1% in@?atnce of
attribute derinitron 1S a55|gnedla unique ordinal iden |t9 roma

monot oni cal lay ehtigrtg@si ng ordi nal nunber sequence for the respective entity
type. 73. The data storage and/or retrieval systemof claim 70, wherein
each conmplete definition is assigned a unique version identity froma

si ngl e nono ' ' ' ' r :

st or age and%ﬁ%hfg%b%gggﬁ%ggg#gggggngggﬁgygggﬁg%ggﬂg?gﬁﬁﬁé%?e%ﬁ%ﬁﬁ?ﬁﬂgach
conpl et e defoff an hitigbute forassspgneck ink@ndedenientityafpé,he respective franme in
which said definition is created. 75. A data storage and/or retrieva
system conprising storage nedia conprising a plurality of connective data
tunnel s for \gagheRALF e doYP&iVvRREtaelll XS HaiR | Ak hitY i QUhakRRARLT AVshedat @
tunnels for each attribute, one or nore of which connective data tunnels
conpri se a pdantigy, ntepswEmenmereuhdratgordatapaciel.| s, where each of the connective
data cells contain data associated wth a respective instance of an
attribute for a respective instance of an entity type, wherein each
respesti ve imhsthadik® Sfandndf dlaihi PEItR, Bas2ars, wasRact i ve connective data cel |
in only one respective connective data tunnel, where for one or nore of the
connective data tunnels, the connective data cells in each of which have
data for which a respective equival enc erator. eval uates .t o a, bool ean
rosult wo srresdRednr B GBS (T iR B 8 s PR e y
possibility or inpossibility of a respective instance of an attribute being
equi val ent for a given set of one or nore operands, a storage engi ne that

i s in comurthcigspesHye epupstiveglal tuanel iechase gg@ neadingd adh ankedingeEBsses one
or nore con ' - t el.s..has 2 0 saj hval ence
oper at or s ang e Rt SR RERARRT ho B RIS o e Ak ™ 202

st or age and/phiralit§tof cemakti sy/ddte tinhaip kes@dhath edboding or nore digital data
processi ng systens, conprising: providing storage nedia conprising a
plurality of data tunnels for each entity type and a fixed plurality of
dat a g-unnel 1 rd : i rise
Pl Al Tty O e RRRT ik A i O, 1B Bt B TR B oA
associ at ed whd valee ofebpespéotioe imstnaa deelDihanthatsizeiolf tHeae§partiee inetapeciti ve

i nstance of ap. entit ype, where for one or nore of the data tunnels, the
data cells i® ’é&f&ﬂyé%a&hﬁﬁﬂe%&@ cQukvalenes; ORFFAHCA BesSpRa T GRUISHERSSt or

eval uates to a boolean result indicating either the likely possibility or
the inpossibility of a respective instance of an attri bute being

char &0t er i sdtemyetival of mpef ataons 7@r78a8@i82erB4swhewin one or nore operands,
accessing, wth a storage engine that is in comunications coupling with
the storage nedia, one or nore data tunnels based on one or nore of said
operat or s aRgcRindaN@braaksRbti RNRuHutdReRpRRRH dN dfitary {ealfufiPdsth SERHAHA
and/or retrieval system conprising storage nmedia conprising a plurality of
connect i ve ddthaespeahtelasfifedrradiagleingntity type and a fixed plurality of
connective data tunnels for each attribute, one or nore of which connective
data tunnels conprise a plurality of connective data cells, where each of
the connect icléh ebdisn@Blel d@0QRldAL R rélpbéi @36 paitaf 6 wid igmfiedapect i ve
instance of an attribute for a respective instance of an entity type, WO
2011/ 127158PCT/ US2011/ 031405

all combinative data tunnels are mutually exclusive in respect of the said signficand
all combinative data tunnels enclose the whole of the said signficand

88. The method of claim 87, the further improvement for the evaluation of a bounding
operator during the read access of said combinative tunnels of said attribute of said

storage system, comprising the steps of
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where for one or nore of the connective data tunnels, the connective data
cells in each of which have data for which a respective equival ence

oper at or woabuaesst o a bool ean result which indicates ecrhseotloal4hs kel y
possibility e Lol f f VeI . rj bute being
equi val ent fgéwggggéghQé%?&ﬁFqgﬁgm%§%ﬁ§§%d%ﬂgégﬁggggﬁggéﬁégg%{k@inajority
of connecti ¢&nifadaad otlhitary s@llewah hifiked igBxbbdint;or a given set of one or nore
operands, a storage engine that is in comunications coupling with the
storage nedia and that accesses one or nore connective data tunnels based
on one or - : - ne or nore
oper ands. gg@gp%%?ig%qggﬂggygbgggﬁg e%gﬁ%ﬁﬁﬁﬂgg?ﬁF%@gfﬂ}%%f%ﬁ%l ed on one
or nore di gistgaificdataondeicodnsl thefisy sigeifieand birgrat diffegs prtewdndianostrardagad medi a
conprising a Iur?lihy of cognecti e data tunnels for each entity type and
a fixed pluf@ng P BrocoTHRES sfdelerpipart faavaiieoach attribute, one or
nore of which connective data tunnels conprise a plurality of connective
data cells, where each of the connective data cells contain data associ ated
wi th a respéuntinggh¢ nghbinateveafatamnagtltof | dusesipoificancedbpeomipvieesi ngtictrsobsedf an
entity type, erei.n each.respecti.ve instan of an attr.ibute has one
espect i ve. QbHRGMTegs b AT fisten gy vas AT Fahse gt RntiBtiRe e UEn i i
tunnel , whewg §@émBnei Qhta@mR;0f the connective data tunnels, the
connective data cells in each of which have data for which a respective
equi val ence operator evaluates to a boolean result which indicates either
the likely ROSSUBl Moyl dRORRUME LN Bl: Bt E3ARSULNE LRSS ANGS, 012"
attribute bérng e UIVAI et oS given se of Jone or  Hot'é BperanJé,
accessing, WdpBctvesIfQiid@aribigi ne that is in comunications coupling with
the storage nedi a, one or nore connective data tunnels based on one or nore
of said equival ence operators and a given set of one or nore operands. 79.A

data storag rof i: | ) LSl .

2011/ 12715800 QIO R U HATb SRIRIL B A sunpnelpnd doeryine e

conbi nat i ve relatanct uherehsedpectiwatkityeinttahge dsyp@ossitile forfshixiddupdivg abéitator of

conbi native data tunnels for each attribute, one or nore of which data
tunnel s conpyieiesayd pRmpbinptvedagy celldnpriraplie thratad depinynanfataeyagice Whetedy ne
conbi nat i ve (Rl dnffhdiie CORAND 1E3ka; AT LAl RGaWel Rofud BRGNS NSt ance
of an attribute for a respective’instance of an entity type, erelrn each
respective irelstanedanobmhimaayd dithuingels asheo Henrsesipetrmirenc dath iumati need dat a
cell in aII.resggi%ive conbina%ive data tunnel s, where for ane or of e of
the conbi nat?PESEA{A B RHBPSES of fieteroyfme ey nge ObrasReqtiye gAYy IBFanths Hhhave
data for Mh&&Qe&th%ﬂﬁ&h%%ﬁmﬁQHaﬂdﬂQm@ﬁ&ﬁQé@ﬁmﬁMﬁlUat?S to a bool ean result
whi ch indicates either the likely possibility or the inpossibility of a
respective instance of an attribute being bounded for a given set of one or

nore @perands, a storage engine ﬁgt I S5 N, CO ni cations coupling with the
storgge nedﬁ%egﬁﬁifﬁgf 36@8@&3%7% ’%93%5$%”3§%%Phative data tunnel s based
on one or nore of said bounding operator and a given set of one or nore
operands. 80. A nmethod of data storage and/or retrieval inplenmented on one
or nore di gieadl chagacteristiodets simgl syetpeerive o @npOr BIOFRYPIPPSVIEYi ng st or age nedi a
conprising a plurality of conbinative data tunnels for each entity type and
a fixed plurality of conbinative data tunnels for each attribute, one or
more of whi althgat@ribtdued sclCaipiihsSebaol@inuhdichtion sffposstibmat a wspettiva cel | s,
where each of the conbinative data cells contain data associated with a
respective iPRYICHNOY thi reapechiye Hiskieeof e alriPwspect i ve i nstance of an entity
type, wherein each respective instance of an attribute has one respective
conbi native data cell in all respective conbinative data tunnels,

90. The method of claim 89, wherein a characteristic tunnel is chosen to be respective of a

property by hash encoding the property identity and applying a modulo of the number of

plurality of characteristic data tunnels to said hash encoding.

91. The method of claim 89, wherein a characteristic tunnel is chosen to be respective of a

property by assigning a strictly monotonically increasing ordinal to each unique property
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where for one or nore of the conbinative data tunnels, the conbinative
cells in each of which have data for which a respective boundi ng operat or
eval uat eswoaora/taosBean result WO 2011/ 127158PCT/ US2011P03AA0E 1i8Bi40H

i ndi cates ei. ' Y,
A T S
nmor e oper andsid cadiasis sihagby Vhdﬂbs@essl'&fé) b0 B eceirfat ofl Bséelsic® MUMII- d'at<l pns
coupling with the staora one or nore conbinative data tunnels based
on one or nor® ovhagPds gmﬁinﬁ]g‘)fdb%?ré?&’é‘i‘y’dﬂds gegnarenuRetrdignl aspgnet anfok &

oper ands. 81heﬁﬁﬂﬁ%%f§&9&§&%ﬁé Ris.retrieval system conprising providing
storage nedia conprising a plurality of characteristic data tunnels for
each entity type and a flxed plurality of characteristic data tunnels for
each 3ttr|b e, one of which characteristic datae%unnels co rlse a

pl ur a ity of é‘ﬂf‘éh?f’e‘?fr“%al e PRCEEHE B Charagiersstic Aupnet sehpean; te by gspedtivie|
contain dat ﬁsr@p%a%y%ﬁgmﬁg ta@trﬁ:tl'_’y%cﬁﬁ)%dlc\,ﬁ@l '1ﬁk§rEa95'i}fgeor8fna% Akl ﬁfnﬁﬂé ﬁroEJQIrty
respectlve instancé of "an"entity type, mhereln each respective i nstance of
an attri but eddmas,y ﬁ@mdnerrespeum attriboibeaaralopelyiieg @ mOdaltoanctl@I humber F plurdgpect i ve
characterlst %ﬁ nnel s t he charac réftic
Nt or

S e chiiaftRh i BN G Rors 1 G ot g A enHy PR s e e TG b

which a res @eﬁbgsv@1m$ 9IS ST)EP QB Tak Ridre watﬁéair@lﬁam the %@Pé@yﬁfM iegel t which
i ndi cates either the kely possibility or the inpossi

of a
respective imiBRBOrdhalysigned fop theaemsseesairiyteandrbisdhe 9urflé¢roé gi ven set
of one or nghgaagg&?ngﬁmﬂgcce55|ng wWith a storage engine that is in
comuni cati ons cou th the storage nedia. one or nore characteristic
data tunnel s based on one or nore of said possessive operator and a given
set of one or nore operands. 82. A nethod of data storage and/or retrieval

i mpl eent ed AoftpHETage SHbES aalﬂ@rtr%trlewépéaw HcdaIAG: $$Mebi; 8barsisiaiang
providing s i

Plnnel s for “ouapve AR o EATREL LA BB bt B X Rpr S MARE IR bR
tunnel s for deaath t}EilﬂCIlthyIBl&h thate:eaalntmmfeaqofvalhaince:hf 1db1artycf<blehe stspectidat a
tunnels conprise a_plurality of data cells

2011/ 127158 PSHMGR 96 e Mopeaies Ak @ads dsﬁcrff“r?é\/\?@ﬁ&%@f‘réﬁnﬁf spidpifs 4 HF | s
contain dat g.aRa@cé@Ated Wi th a respective instance of an attribute for a
respective instance of an entity type, wherein each respective instance of

an attribute has one respective characteristic data cell in all respective
charagteristjc e ere f ne  or re of t characteristic
Gt o Panne dneuah g antiiner ofeEiga pdleehlt o sRE R S AN e St o o

which a res &%&ﬁr&ﬁeﬂ%&%ﬁbé@f LR B O p18MELUSA Rhitiand bh@@h&@@ldrﬁﬁy bt whi ch
indicates either the likely pOSSIbI|Ity or the 1npossibility of

respective |eﬁm@nt@t&ﬁu0hﬂlaawrannmpéaw@g@yenmja@e of 6§erﬁfep5¢ctﬁm atﬁilt@}mﬂ@ﬂhﬂ& et
of one or r ral essid rage, en

communi cat rg)ns Cgegﬁ)ﬁ’ |rr211§gf§/v| %ﬁb e%er%%ne‘ﬁ" né%l}lgo.n %ﬁge E)e(rgp Fror é % Sl nltlgﬁl’nldstl c
dat a tunnel snbaggmeatbigne or nore of sald possessi ve operator and a given
set of one or nore operands. 83. A nethod data storage and/or retrieval,
conprising providing storage nedia conprising a plurality of collective
dat a gzunnel Y ve data
tunners. comr i EREt I 42 vikRG p PRl FBE EoP it AR bRELE T

col | ecti ve datmeitatiomedmpiises af npludalita odpspeitizt edewiin ach prespeds torapiigedtodnce
of an entity type.

a sequence of bits such that certainty of possession of a property by the respective
instance of the respective attribute can be determined by a comparison of said bits in like

sequence order for one or more respective properties.

96. The method of claim 92, wherein each data tunnel is individually encrypted during write

access to storage and individually decrypted during read access from storage.
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where each of the collective data cells contain data associated with a
respective instance of an attribute for a respective instance of an entity
type, whewe2ench738 t he coll ective data cells contain daca/ushéialo3iqes

char agt eri segh. 8% PN Uaih XN itk Yein FRAMEETRAN ind%%ﬁﬁ%ﬁ,ae%r&?teﬁrduﬁﬁg%&r&x . 84.
A nmet’hod data storage and/or retrieval, conprising providing storage nedi a
conpri sing ac@sutdtdraye afd alvidally decripea dutingedag at@ss gashtaagd.ty type, one
or nore of which collective data tunnels conprise a plurality of collective
data cells, WD 2011/127158PCT/ US2011/ 031405 where each coll ective data

tunn cont &t [ i4h e ' I f nt |
type?JSMer e%ggg%%@?%z@%gF%grggye\{/\ﬂeigdg@a@ce nglhzzo\ég%a:}a@?bggg greglsas%%flg{aesgtt% th
a respecti vent nshancenodls ar aatdssédofior eadharf tlae sa6d p@citorseand nisdiaresgectfe an
entity type, where each of the collective data cells contain data which is
char act er i s©O8°ZEd% HE E9MPHEA IHYY- measur ement, enuneration or opacity. 85.
The nmet hod of any of clains 76, 78, 80, 82 - 84, wherein the connective
data cell contains a digest of the respective instance of the attribute,

t he M9spect iThe noimbaftalaim Wawmdeteimonsd or rsore lasennial are acabefdadriedepeaddntly

encodi ng of the respectjve instance of.the attribute and .by applying a
odul o of t A8 SmBEREEl e AR e e st bt i e s RERY Beiv
hash encodi ng. 86. The nethod of claim85, wherein the digest of the
respective instance of the attribute is the value of the respective

i nst dfiBe i t ddkfmathrshoftdiams%z evhefein rehropsyaetevsluationsinghdes 4 koademnfindicatinn y
smal |, where he equi val ence operator .can bhe certain..of equiyal ence. 87.
The met hod oF Caliy T Lhekalits for 0t Rgfoafs hbgef BBl B St ance of a
respective attribute is expressed in unitary scale and as a significand
with respect to a fixed radi x point, each conbinative data tunnels is
respd@ii ve tldepagthodsf dye Kb, wheicghoderataieyalugtipncypispmhined sonjaraiveliinen s

Gata tunnel SERRHEMFR P REE A nbdBaR U HORBERDE by GRIRCE R

claim87, tlibediwnidsé fromqepatendatuations.t he eval uati on of a boundi ng operator
during the read access of said conbinative tunnels of said attribute of
said storage system conprising the steps of WO

2011/1337158R&T/ LS00 i 3l nd in
t he éggd boﬁﬁging opef%%%fﬁgggggéﬁgﬁkggggﬁﬁﬂg%ﬁaﬁgﬁgﬁgpggﬂ#%ggg%ﬁﬂgﬁ§?xed
radi x poi nt cac csplare iang ubdeetagitghy fnspaniog bhd $spdctivesgictivaréativoelhfbathe oper ands
in descending significance order tq find the first significand bit that

di ffers bet WeBRCESiBSYsEL: ﬁHé“%WHegﬁ%?%§“§PFmBrior common bits as a

determ nant data val ue; finding the conbinative data tunnel of |owest
significance that conprises a strict subset of the significance of said

det erl®Bnant Thalmeghahef daki g whaieth doabimalsiavereddbecesigd ne bulkdranhetorage

det i t data.t | : i th idd i t dat | fi t
bet or 6 o1 heroinis HatoafSt §°qsh tuk SopElstal T Oer B Ped g Bt Brfbut o

104. The method of any of claims 76, 78, 80, 82 - 84, wherein distinct attributes may be
correlated by the equivalence of their respective instances by comparison of their

respective data cells in corresponding data tunnels.
105. The method of any of claims 76, 78, 80, 82 - 84, wherein distinct attributes may be
correlated by the equivalence of their respective instances by comparison of their

respective connective data cells in corresponding connective data tunnels.

106. The method of any of claims 76, 78, 80, 82 - 84, wherein a plurality of data tunnels and

respective operators relate to instances of entities of arbitrary structure.
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i nspecting all conbinative data cells of said determ nant data tunnel and
deem ng the rel evance of each respective entity instance as inpossible for
sai d bourmiDregligpersat or where sai d conbi native data cel | PC3/uset11®8u485 to the
sai d 1(6%'[ er m'[?l@%e;[t (?fc\fﬁ{nuﬁm %glre Y ﬁMl%y 8?%n9&$deva§faqﬁhx?ﬁlgﬁld fespective
respective of entity instancés no aBered o I 'mpossi bl'e relevancée, I'n

conbi nat i ve opatasors teide tesinethies of bakities aff drbd@irestrudiart data tunnel need be

i nspected for the purposes of determ ning rel evance of respective entity

i nstances to the respective bounding operator and its respective operands.
89. 11'@9 met %g ngéthmf cq)ati Ci()%', %Cl%ﬁl a gl%rali%o f &%nﬁinﬁfkﬂe d@(thet{lﬁﬁ&s gtﬁﬁ]as ective
characteristic data tunnel % respective of ‘one or Tor e propertleé? a

char act er i stoperathat eelatetd instamteaiofi sntitich @b hebdtnary ndicatel on of possessi on of a
respective property by the respective instance of the attribute, 90. The
met hod of claim89, wherein a characteristic tunnel is chosen to be
respegbi ve afhe QP dHmPM6NaRBrRNE My EN&aPIRRREL Yath Qﬁﬁfelstahdq‘&%ective
applying a nodul o of the nunber of plurality of characteristic data tunnels
t o sai d hashpentosiage tOibstaif¢es ofrentited ob hrbetrary sir8@@yurewher ei n a characteristic
tunnel is chosen to be respective of a property by assigning a strictly
nonotoni cally increasing ordinal to each uni que property WO
2011/1487158RGE/MPLQLIT Q344 Yo, Wwilertd 4 Ylusily sP@lty tuddeld aR®fb&tRE op&@topimber

of plurality characteristic data tunnels to said ordinal; whereby the
possessi ve ogatede vrstanaes fansatitydype whejgosdistenit ontantes(afisaidpptiyrypgdiffenirer e P
is the ordig&Laqk the property; Mis the nmaxi mumordinal assigned and T is
t he nunber of characteristic tunnels. 92. The method of claim89, wherein a
characteristic tunnel is chosen to be respective of a property by assigning

a strictly nonotonically increasing ordinal to each unique property

i dentlildy f orThemeethadksgfecdaimyiel Oavheiehua Blugghidy abesinppetty calatigdneds 87d rekechvarber
of pluralit [.St LS.t .G ordi. X s
obsCeskrve SpEIERER LI BLeRdRbRah S G R O MRboc BB Y,
P is the ordiffiglin efrudtive. property; Mis the maxi mum ordi nal assigned for the
respective attribute and T is the nunber of characteristic tunnels. 93. A
data storage storage and/or retrieval of any of clains 76, 78, 80, 82 - 84,
whergihh a ¢ i : I | : ' ' 1. Ses
of & Haquencd Sl FR AR NS FEMIAE B AR R M AR L EORELS
equi val ence opératadereidtt jo ihetandch ©f nesp@g typeewharsih alixtiacomhsthines 0€ sgie ettty eype
attribute c%%.be det erm ned by conparison of said bits in |ike sequence
order. 94. LR SRYAYSF ¢l ai m 92, wherein a col lective data cel
characterised as one of nmeasurenent conprises of a sign bit, a plurality of
significand bits and a plurality of exponent bits such that certainty of a
respedBi ve ilismaatios! aiclaiel l0esperin vpluality pbhehasackeishg dive turdets dnyl respeetinge

can be determ ned by conparison.of the respect.ive sign, signifi.can nd
exponent bi Coages RHETBRARGRGF S et PRt s Bur Rt i B S
char act eri segFfasn oeet@k. enuneration conprises of a plurality of properties
wherein each property is conprised of a sequence of bits such that
certainty of possession of a property by the respective instance of the
respaglive ghLribilencan pedst s maned BV @ cRoRArie0RloRaldike In ke
sequence or er "for one or nore respect’i ve properties. : & Trefod of
claim 92, whefepeideansithédbmainndehe érvodingdifvi el adsbyctiad attyipiite dvididbyigstiet t e
access to storage and individually decrypted during read access from
storage. WOIPAPEF FApsEmiributgsnan 4ittys imdmnay or vreedig: hod of cl ai m 92,
wherein each data cell is individually encrypted during wite access to
storage and individually decrypted during read access from storage. 98. The
met hdd5of arfhe afeticddadfidaim6l 147 @hei@h cdBBectiv84laandilotomsiabfMlA2 indehardentofa

specific set, of one or nore tunnels are accessed for each of the sai
oBer ators aff 4981 apdtiseacoqiae E%él?%lﬁa@éctwmtfﬂ%wﬁ?@ey IS ripstanggs Ofdrhe

met hod of  clsaiymBBute WS &Pr ANBnRn F0IRoGALa tunnel s are accessed

i ndependent|y and sinul'taneously for the evaluation of each said operators
and their respective operands 100. The nethod of claim 98, wherein each
operator evaluation includes a boolean indication of certainty or
uncertainty for each respective instance deened |likely possible. 101. The
met hod of cl aim 100, wherein operator eval uations are conbi ned
conjunctively for a common respective entity type such that some uncertain
respective entity instances may be disgarded from operator eval uations.

102. The net hod of cl ai m 100, wherein "subsequent materialisation of an
operator evaluation can resolve any uncertainty by inspecting the
respective collective data cell for the respective instance of an attribute
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105. The nethod of any of clainms 76, 78, 80, 82 - 84, wherein distinct
attributes may be correl ated by the equival ence of their respective

i nst anceswbyotionpesi son of their respective connective aarase@llosi4oh

corr ondi i ta e - e ' 76,
o S1°RS Mg NP e TPGATEORG 4B0 Bt o
oper at ors r ghed@ndio ahdtie@ncadingfor el tebpeesvohttuaiund vhateyy distibatihgtance NI

2011/ 127158PCT/ US2011/ 031405, 107. . The met hod of claim 106, wherein a
plurality ofidsHHBeeinay HHeaindemadt o eadingspect i ve operators relate to

i nstances of entities of arbitrary structure. 108. The method of clai m 106,
wherein a plurality of conbinative data tunnels and respective operators
rel atld7t o i Mt antksl ofclant | 14 edeein drabictaratiy dsth celtt eomeist df0fita ihdepemdthiod of
cl ai m 106, erein a pluralif. f characteristic data tynnels and
respective 3@%@%%? §n‘$ 31%?&18041%@ ?‘?i dRearaRestiyg atbiute pagreRy Hla?PB‘Ftth%?‘%Pes of
structure. 11Q.a.fiB8e TRl WMt Ol dohBiiAdRodipperein a plurality of data
tunnel s and respective ‘operators relate to instances of an entity type
wherein distinct instances of said entity type differ in structure. 111.

The hod cl al 0 [ei pLural ify  of nnective data tunnels and
(espddbive dperathoraay sl eRgt Fadeintal h uR TGP SRt diFRRS | not

i nstances offronah da@bdsk svhedné@e ggérﬁ@&s_ Al 18iPebGiddRa twhhdls thER GreBphemiof 1 ai m
110, wherein a plurality of conbinative data tunnels and respective

oper ators répspeetivedtirihgtcagrieriisiig @a seps Pty type wherein distinct instances
of said entity type differ in structure. 113. The nethod of claim 110,
wherein a plurality of characteristic data tunnels and respective operators
relate to i RisdcamemSanadppababeiidyiof in byiealeher Ppertshi fidrh RelhtidnRBipadaatimt faai d

entity type differ in structure. 114. The nmethod of any of clains 76, 78,
80, 82 - 84 saigigribts sueh hakdaty forduaicet ofoRidpritributewie poifeacoprectife d¢fdmai n
and t he encadjng: far - i i hu .di stinct instances of
sai d attribgg%pﬁg§ﬁé?b@§?kgﬁagg%g¥§I§§ é%%ﬁsiﬁghﬁ%%g%’The met hod of cl aim
114, wherein connective data cells consist of data independent of the

domai n and the encoding for. the respective attribute wherepy distinct
i nst ances ofdisSginiNENe APHiFPRIIRAYT PG WEEGFHm Hie mcsterhey, imggpmain or

20117127158 %%n&&%%%a%&ﬂ@éai%@gﬁffor éga*?&atﬁ%d@@Qlcﬂfthﬁ'd%{a][fbllﬂ{éuanMQ{f%&iﬂ

conbi native data cells consist o ata 1 ndependent of the domain and the
encodi ng f ontttihete messyered iitveorabinativeutae edhle vethyn dirsbinattte darstuandesespdctisai d
attribute may differ in domain or encoding. 117. The nmethod of claim 114,
wher ei n charoéézlléraft’é‘htﬁ’ data cells consist of data independent of the domain
and the encoding for the respective attribute whereby distinct instances of
said attribute may differ in domain or encoding. 118. The nethod of any of

clainms 76, M#cei@ing Beapplgabilithel £ posséreive ioppratoy érppnthefcbaradiesdemainmg from a

appi i cabl o t8 RepHepBRE s Sa e b it T REEhI R LR, fek SR e IR LR i ng an

appl i cabi | i taptribhte aFe @616l VidbiRingteripie dataQell vamin dhakictitehiNa 6ARST épbétsef Or
said attribute such that data for instances of said attribute are stored in

connective @asdd@sribuesi t hin connective data tunnels respective of said
attribute; discerning the applicability of a bounding operator fromthe
nunmerical or tine domain or arithnetic domain constraints for said
attribute suidetniatthedatapplicbilitnst edid 6peraforsSadd tid dbjedd ot binaryedghafied in
conbinative data_cells wthin conbinative data tunnels respective of said

attribute; GXSER! FfFgnenier sporitabe prghthyrda i9p dskasss saidettsibue ¥ Boh t he

char act et - dQuRl {10l SOHRRIiAL IBRIRRL Br GORRIIRLP LR AneRGhdetlitd (il such

that data for 1 nstances of said attribute are stored 1 n chdaracteristic data
cell s withinttdbateacteri stic data tunnels respective of said attribute;

di scerning the inapplicability of said operators fromthe object or binary
donain or external reference for said attribute such that data for

| nstanges ofrsaidhdl STk FlsA0ReRBY dRUANRK hibrAMCRPRABRkL e ORI nati ve

or characteristic data tunnels respective of 'said attribute. "119. The

met hod of clrelronkl 8ataldse s&toynat the oparatohreandirpypeotendatet tuhogls thas ererapphgpbiertom a
rel ational dat abatse aftchega the.oge{hi%t %trps ?nd respective data tunnels that
are appl i caBlePEET S FRDBIE eoDRIPE eBIPE O conpri sing the steps of
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WO 2011/ 127158PCT/ US2011/ 031405 di scerning an applicability of an
equi val ence operator fromprimary key and foreign key constraints for said
attri but everoh/2hes8 data for instances of said attribut @CIUS26OBRAS i N
connective t I ]S, Wh:L.hi . . [V, f j.d
atrribut o areaui rben et i e AR B SR T B RS S R
nuneri cal ofcohdtikntelfuiBhid a@ribateisudtimhhi date foe ¢hstaRBasd i @lddtdibues ars 8fotedaifit 1 i but e
such that data for instances of said attribute are stored in conbinative
data cel|s WPRPFCHVESHBLHE Virkin gapaectivmAdn Smgls sespestipe dpaid StEPWEL r i but e;

di scerning the applicability of a possessive operator fromthe character
domai n or enuneration check constraints for said attribute such that data

f or i nst ancelsscefimpathe applicabibity €f ab@ingdingrapdrater fodmaclectuetdretl @ tohat doraah los
within characteristic data t_ungel sag{ espective of said attri bu%e;, di scerni ng
the i nappl i G4BIMGtCFhEek copsigaipiidpatais &t R &hat dpigdonigtaptes @b Attgpute
external ref,argneg if meEiaheh Addd LN LG Y mbiRALy ARt PuhRELs FABEANESE Al sai d
attribute are not stored in any connective, conbinative or characteristic
dat a t unnel sttribgtpecti ve of said attribute. 120. The net hod of any of clains
76, 78, 80, 82 - 84 and/or claim92, the further inprovenent for accessing
data tunnels for the purpose of materialising a query result, conprising
the steps ofgidc@miCth®bpplRtabiliy GUEHIs@XRERPSIQN flotn MeRHMaEePAdsthShwRCtive
normal form expression of operators and their respective operands; renoving
each oper at ghuapdtipe shrskcpydragpefanaid aftribpiesaehthebdjtyfratipspanceeeitast sai d

di sj unct i ve orRl, f Q5 GXPIESS! A0 WheTent Ney QULGONR of. 21 f.QB6TaL0T /oS

i nplied by one or "nore ot her opéerators 1n the'sae “Sai conjunc Ve term
renovi ng eaeohsgeajtbati ve termfrom said disjunctive normal form expression
where said conjunctive termcontains an operator and respective operands
that is deened to be always fal se; evaluating each operator of said

di sjunctive i . i r Y . { f a
ol rgl o ent | Crorinis O EREARS b E Ry TR Uoide L RS Rl 2
WO 2011/ 127 1&8Fadé 10520id hitfiBiw QbcH ihnt dma for $sstachcopel satdodattribncegre noendley irmnd

simul taneously for each sajd operator, for storage in conputer nenory,
reduci ng saPBy FRIEGYR caBPWAGYS ififiptagterinds daa Bunglidrwedhict saidgtpute:
respective of a conmon entity type such that nenbers of said sets not
respective to every said set for said entity are discarded to produce a
commolset dheamtthddyofi angtofinkéss 7@ r78s 80.B2erdi angd/ar ¢laémif9 dehp émdtem tiproanghent

si mul taneouilﬁy for. e%%h respective entit t%é)e in each conjunctive term of
sai d di sj und?iarEeHiBRMale BBRl [ g @FB‘?SSQ%W TEYHPE A CRE TR CORBHYBE fiS ng
sai d commns&?ggfof entity instances for said entity types paired by

bi ndi ng operators in a sequence to produce a correlated set of entity

i nstances for each respective entity type independently and sinultaneously
for each said.conjunctive term .for storage.i.n computer .Menory; accessing
data tunnel £&TEAPUET 8y CBAEH QDo ediF &y dr RETOG ST TP THEV ces Lo
produce a s@pe@{orgmﬂﬁei&e@pk@tmer@b@ﬁggs i ndependently and separately for
each respective entity type independently and sinmultaneously for each said
conjunctive term for storage in conputer menory; marking query result

i nstances a I r ry [ o lict with respective
conj uncti ve?ff'r}élgvr#% %%epogjﬁgig%t%g rgsigéésvien#?{agiﬁgﬁégﬁ e)% . Séﬁ%%%gst%{l dgf csgﬁdjgunct ive
term for stdj@agevé Ro@einorhesx pi@Ridhwheiethgiongosridd ssidiopeforuiaiplicdsidnt

i nstances for each_ said conjunctive termsuch that respective query result
i nstances f P5MoEReRCEAPIAISHN HiessapEHBIdfOAIUNAYYS 8118) ngl e set of query result
i nstances, for storage in conputer nenory; 121. The nmethod of claim 120, the
further inprovenent for correlating said conmon sets of entity instances

Wi t hi n sai d renoyingeidhwenjuactivd erm tfiloen oid popacfe prrodUformgxaresdon elhateedids et
of entity instances, con('g)ri,sig[g t he steps of .correII‘%téi nqﬁﬁ?i rs of common
sets of ent {CPYPINFHEELAHERSOUUPHIEORETHE A TEYPCHEHBRAFRAS ¢ SPEAdelF in a

defined visijfyg8qnence of bind operators, for storage in nmenory;

evaluating each operator of said disjunctive normal form expression where said operator

is respective of a single entity type to produce a separate relevant set of entity instances
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WO 2011/ 127158PCT/ US2011/ 031405 updating the cardinality of entity
instances in respective correlated sets of entity instances in reverse
order of we@i2d1wvi23is8 sequence, for storage in nenory. 12PCTHse0®sta0s of
claim121 t rLIOpLov i di i i8I ce.of said
bi nd operatggg&g#%%833%HR%%ﬁﬁgﬁng@gg?ggﬁ#ﬂégﬁﬁg'g&ﬁéc ﬁ%dgﬁggggb '

sel ecting asao#aEdn cé@puef meniory;y | nstances with the | east nunber of
respective entity instances within said conjunctive termas the origin set
of entity instances; selecting one of the said bind operators respective to
the said origlimhidbictid b of HiAMEMBSwhilR lia'seh bl AGOREE B LLorhfiohne
said visit sequefice; selecting a subsequent bind operator fromthose bind
oper at or s r eafigaype/aich ohdt hensteneofcainets wetespéctionte eyery sad actdessaakeritie bi nd
oper at or nost &ecg&ﬁ:g vi sited and whi ch have not zﬁpea ed in the said
visit sequerdtedrAroiti RETHAGR 2 SPTERGFCLYFEEPEYS FRCCS AP A DY Y@Guence but
have been afif ReEQRNAY afd BhRHaARREBIBF eRHRSGEUBRdYin iyt frehch EEREALIVRY the
prior step until no hore bind operators are availabl & to be sel'ected; such
t hat corr el &redofsetdsdigfingheinoymilrfetrarforstorge ipeadpednémonyhe sai d visit
sequence for storage in conputer nenory. 123. A nethod of data storage
and/or retrieval inplenented on one or nore digital data processing
systens, CORPfbiaiiAgssd 66R8Bn BE bheRATRIskmcB0fod sl Chddyithpes Phiré@bpbmagiFent s
for each instance of an entity type mani pul ated by a database operation in
a respect i vepgatapasksedpenss 4¢ pioghcavherreclaibd st f anteta givsancss for eaghaicpeatiived

wi thin a contj.gyous. data.h f.arbitrary.size: ere al.l new dat

cegnent s ar oSG8 PRE iRl el Bl T Rl Y, 63 Rorace
transact i onsn asépitespeabiyye entity instances in arbitrary order; a storage
engine that is in comunications coupling with the storage nedia and wites
said data heap to storage nedia in a mniml nunber of storage wite

oper ati ons . id. i. i i
2011/ 12715800 UL 1T Pl B BRRAEPOR-GRET I B Dy s WProduse o
wite oper atisend quesy eeulf mstackssudipetdeatly ahd sqaralelgdbrecaske grypadtive whiityi n sai d
data heap are witten to storage in i ni num of storage wjte requests.
125. The met¥Rsdndireaficsitnapgsim peify g‘fs@g%ldvmnwcsb%ﬁe&ﬁ hSIOFaSE 184 d
data heap onhy,QefHenity;Prefined regular intervals, such that transactions
commtting their state cannot conplete said commt until the next storage
write operation for said data heap has successfully conpleted. 126. The

met hod of any of clains 76, 78, 80,.32 - 84 andIOf.cIain1lzﬁj Mhﬁbﬁin an
instance of "FUEREIINGYIGHE PYAIEY P ANV IEE SteEur By A HEnT 98T “HVET si on of
the respect ip¥@edtNetRBRfBetitdtermS Mddpddiail P hRNsiARRER08 sl F8Makk 3did Bnjuh&ive
respective instance in all respecF|ve connective, coirbinative and

char act er i stt¢ron dentséoragmimedtogtputer siemglr® | nver si on data tunnel for each entity
type contains a plurality of data cells wherein a data cell denotes an
inversion of a respective instance of said entity type. 127. The nethod of

claim 126, whesikRaid sets of query result instances for each said conjunctive term such that
respective query result instances from each said set are combined into a single set of

query result instances, for storage in computer memorys;
121. The method of claim 120, the further improvement for correlating said common sets of
entity instances within said conjunctive term for the purpose of producing a correlated set

of entity instances, comprising the steps of

correlating pairs of common sets of entity instances across a mutually respective bind

operator in a defined visit sequence of bind operators, for storage in memory;
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append access to data tunnels and data heaps occurs in chronol ogi cal order,
read access to data tunnels and data heaps occurs in reverse chronol ogi cal
order reamoOaoterRsIsBesol ves entity instance inversion byPatasaulasing

i nversi ons ' j cor ing.entity i -

encount or od P13He P RN, SR ERARARIIE Ebbccky) ORRADEESe 08 LY ifffces
clains 76, T8rev8fe o8ferof 8dd visiseqiciced Pl ddragd inymerhotyhe cel s of at | east
one said tunnel are grouped in franes based on conmon characteristics of
their respective entity instances. 129. The nmet hod of data storage and/or
retrieyal ofmgl al %&%-W' i f - :
said]?ghnenggg%ggzupe 1|n 1ﬁg§ggﬂ§ggg@%gﬁxgggﬁggﬁé @%%ﬁ%g$?§%¥%§§§?“%ﬁ§ WO
2011/ 127158BaH dfs2@drk MaBlshdbcangapeact tevia, enbprisyng thes@pces such that cells
across all tunnels respect common franme boundaries. 130. The nethod of data
storage and/or retrieval of claim 129, wherein said comon characteristic
I's tine per 'sé’l‘éctirﬂg?’alcorﬂ}ﬂ@n @%ﬁ‘@ﬁtit?fins‘@ﬁkés SR TRABRAGMBE: ch%srﬁegtY@ée fty claim
130, conprising a database engine that is coupled to the storage engi ne and
t hat nanagesnstances erthingaidafongeictive ferm fak thestrigimspe ofredita ivkankes; espect to the
age of the data retained. 132. The nethod of data storage and/or retrieval
of claim 130, conprising a database engine that is coupled to the storage
engi ne and thigétif di¥ St MLsid Eiﬂ%ﬁerﬁfo@ﬁeﬁf@ﬁv@%é Saifl @Fil ke Ro O RItY indah s
respect to a tine threshold expressed within said query. 133. The net hod of
dat a st or ages thedirstrbinéppdratenin e saifl aish se@®nceher ei n sai d common
characteristic is volune of respective entity instances 134. The net hod of
data storage and/or retrieval of claim 133, conprising a database engine
that is cougteéidgh {ubeedicA AECopIHoNFodNEodeltaid SRRABRS e et @fDithotn®f cel |'s
in the storage nedia with respect to the volune of the data retained. 135.
The met hod &Pmgwmgeseiomageinaiaagasms thethingopgrater meptaiceantly yisitgd anéwvich have
plural ity ofoflalR,e8hh ol GRRAGE LB RE B WBEUTDIE bire By (IBbA IR Sic |
respective o plural ity of franes are accumulate In a single |ogical
st orage systequehed eutdbvabdanufiebiet pyafbihdgpecatbr asthecqpgatl gysitain fil es. 136.
The nmet hod of data storage and/or retrieval of claim 129, conprising a

dat abase engine that is coupled to the storage engine and that manages a
retention of : .0, A8Em I; T, . age
and/ or retrfevaﬁh%?wg?%Pﬁ$§%gﬁlmhe?%ﬁ%ﬁﬁo%%%ﬁ%ﬁggﬁgﬁgggg??éggﬁgﬁig &
respective cledtlcsrrelntelisets af phtity &l skdngeodre pratresd inghersdid vaitsegheace fos stoaage
plurality of frane intervals and across a plurality of frane interval sizes
whereby a plUFHPPYS BF™PPanes and respective data cells may be elininated
fromconsideration by a respective operator and its operands. WO

2011/ 127158PCT/ US2011/ 031405 138. The nethod of data storage and/or
retril@dal ofA gietiorhof 87ta stelnagesind/cal rgshievad | intpjerndntdyl on srequenwesligiahddn to al |
respective instances of attributes for data cells within a plurality of
frames is n’&f?ﬁegﬁl?\%wsg oS ' Plurality of frame intervals and across a
plurality of franme interval sizes whereby a plurality of frames and
respective data cells nay be elimnated fromconsideration by a respective
equi val ence stopegeaneshia gerdpiiting o phwalify of data segmungs foi eaabdngsanagpf an sniaiydges
and/or retrieval .of . ¢clai.m 137, wherein ngs mion al.l respective

st ances of iyt Bud bt cptABLF )L RRARRe SATPRR hivSlon 7 hmes 1 s
mai nt ai ned across a plurality of frame intervals and across a plurality of
frame interval sizes whereby a plurality of frames and respective data

cel I's may beévhera # éufe egnpensmire sH&1tdEedMItBH BEonbigpussiagy hopp ob aibierTH gize:
operator and its operands. 140. The nethod of data storage and/or retrieval
of claim 137, wherein properties common to all respective instances of
attributes fwiierdal geve @hth Segvhdrits areappdndedko thy dafa Hehpambadsgnadmidiespaaede acr oss
a plurality of frame intervals and across a plurality of franme interva

si zes wher eSANERCHPRY i TEPeRH Ve GARRUISACES 1 ADAEI Y PEldat a cel |'s may be
elimnated fromconsideration by a respective possessive operator and its
operands. 141. The nethod of data storage and/or retrieval of claim 123,
wher ei n a plastahgd gngofe thatiislindanans@gatont soglmggviduthe dtorapefmatiesndoasied on
comon characteristics of their, respective e tiﬁtﬁ/sfi nst ances. 142. The

met hod of datd %t01eaR e NdBDMefidipadyiaimymugiogr i LaFee Whks SR Ve mon

charact eri sth¢ ohSof daiBrRRAE R cdfhdrits R& @t hod of data storage and/or
retrieval of claim 141, wherein said common characteristic is volune of

respective entity instances. 134




144. The nethod of data storage and/or retrieval of claim 141, conprising a
storage engi ne that appends data cells to respective data tunnels for

i nst anceswoforigepsst i ve entities contai ned in data segnmeoTAISkh@L3IBIONPri se a
conplgye fr i T h Lor r i | ai m
o, ‘Qmprt a1 o A B e AR SRR e B Bl T Ve
dat a tunnel saitlelata ginams edthid sdi¢aqe dbip/ae aitichit@StoM¥@e in a minimum of storage

2011/ 127158PCT/ US2011/ 031405 contained in data segnments that conprise a
conpl et e fr & IeR®HHd when each frame becomes conpl ete. 146. The nethod of
data storage and/or retrieval of claim 144, conprising a storage engi ne and
t hat appends data cells to respective data tunnels for instances of

respdebi ve dhkintdtiesl afaitiail 18dwhoredadtarage gnignogerativat faoajr dasehapphnly acut y - of
conplete franes,. as and when said plurality of franes pecone conplete. 147.
The ot hod 3t PEFBFheRULr Migraals o at AR SV RE e BE bR AR B

duplicate eRbjnbletd 85d RAR U {HRGe JUR Yo AGFRSSpeRltiop@bisatd taBEa 3t €M
conprising the steps of assigning said %ranes of the data storage system of
cl ai m 141 i nu¢adesfitlixcedmpletader to that used for the data storage system of
claim 128; accessing said franes of the data storage system of claim 141
prior to accessing said frames of the data storage system of claim 128
duringesai d T efdhRESERRS of diafBOEI78NG0,B2Y. suaind/dr CRMES 2B 'whdieindat a st or age
system of claim 128 that correspond to said franes accessed in the data
storage systemof claim 141 during said query access; such that each entity

i nstance can _be persisted in t.he data rage syst.emof claimld41l and in
the data ot aPanstEs B Thily el frelGud BRIl Ru by e Reh i er o1 st ance
of said entiréyeitinatindi@rs, W thout affecting the result of said query access.
148. The nethod of data storage and/or retrieval of any of clainms 76, 78,
80, 82 - 84 and/or claim92, wherein a conplete definition of respective
entity type (o i es. . i t.hi i.Sskinct .age
ystem {11 o haa FFRRRT G IRhart e iRl eIl th B 4 BlARE g RIRKRE
definition icesmbhargeand dvhéacteFRac dmblmathe! data storage and/or retrieval of
claim 148, wherein each distinct entity type definition is assigned a

uni que ordinal identity froma single nonotonically increasing ordinal

]n-zgf) e\r/\,h Z re g IU ‘r?]lr&e éa&@grsioﬂhﬁtamﬁhw Q%IOJacﬁi %ét??lz &f&g&i&@g@g{ahﬁg@ daBvasof claim

distinct attribute tionis si g a uni que
ordi nal i dentheteyn fiidatncall Mem@eoam imaéisipniofi arespsctng iostahceall smdrbety tgeguence
for the respective entity type. WD 2011/ 127158PCT/ US2011/ 031405 151. The
met hod of data storage and/or retrieval of claim 148, wherein each conplete

defi nipyi on % ASShANGEIAMUNIGAWRe G Si on identity froma single
nonot oni cal ly i ncreasing version nunber sequence. 152. The nethod of data

storage and/or retrieval of claim 148 and/or claim 128, wherein each

\(,:\Iﬁ Img lh ets g.i ge]:'jllgﬁnh: at%ig%slrs' %(? astg I’;Lg]ngeF]g &%H %atla%ggl;[sl OtCXur%fin E:I?r%nél(e)gi%aelcgrhf\:/r,e frame in

read access to data tunnels and data heaps occurs in reverse chronological order

read access resolves entity instance inversion by accumulating inversions and discounting

corresponding entity instances as they are encountered.

128. The method of data storage and/or retrieval of any of claims 76, 78, 80, 82 - 84, wherein
a plurality of the cells of at least one said tunnel are grouped in frames based on common

characteristics of their respective entity instances.

129. The method of data storage and/or retrieval of claim 128, wherein a plurality of the cells

of at least one said tunnel are grouped in frames based on common characteristics of the
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respective entity instances such that cells across all tunnels respect common frame

boundaries.

130. The method of data storage and/or retrieval of claim 129, wherein said common

characteristic is time period.

131. The method of data storage and/or retrieval of claim 130, comprising a database engine
that is coupled to the storage engine and that manages a retention of cells in the storage

media with respect to the age of the data retained.

132. The method of data storage and/or retrieval of claim 130, comprising a database engine
that is coupled to the storage engine and that eliminates frames from read access during a

query with respect to a time threshold expressed within said query.

133. The method of data storage and/or retrieval of claim 129, wherein said common

characteristic is volume of respective entity instances

134. The method of data storage and/or retrieval of claim 133, comprising a database engine
that is coupled to the storage engine and that manages a retention of cells in the storage

media with respect to the volume of the data retained.

135. The method of data storage and/or retrieval of claim 129, wherein a plurality of data
cells respective of a plurality of data tunnels respective of a plurality of frames are
accumulated within a single logical storage system file of a plurality of logical storage

system files.

136. The method of data storage and/or retrieval of claim 129, comprising a database engine
that is coupled to the storage engine and that manages a retention of cells in the storage

media.

137. The method of data storage and/or retrieval of claim 128, wherein a common
characterisation of respective cells within a plurality of frames is maintained across a
plurality of frame intervals and across a plurality of frame interval sizes whereby a
plurality of frames and respective data cells may be eliminated from consideration by a

respective operator and its operands.
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The method of data storage and/or retrieval of claim 137, wherein a plurality of bit
sequences common to all respective instances of attributes for data cells within a plurality
of frames is maintained across a plurality of frame intervals and across a plurality of
frame interval sizes whereby a plurality of frames and respective data cells may be

eliminated from consideration by a respective equivalence operator and its operands.

The method of data storage and/or retrieval of claim 137, wherein bounds common to all
respective instances of attributes for data cells within a plurality of frames is maintained

across a plurality of frame intervals and across a plurality of frame interval sizes whereby
a plurality of frames and respective data cells may be eliminated from consideration by a

respective bounding operator and its operands.

The method of data storage and/or retrieval of claim 137, wherein properties common to
all respective instances of attributes for data cells within a plurality of frames is
maintained across a plurality of frame intervals and across a plurality of frame interval
sizes whereby a plurality of frames and respective data cells may be eliminated from

consideration by a respective possessive operator and its operands.

The method of data storage and/or retrieval of claim 123, wherein a plurality of said data
segments are grouped in frames based on common characteristics of their respective

entity instances.

The method of data storage and/or retrieval of claim 141, wherein said common

characteristic is time period.

The method of data storage and/or retrieval of claim 141, wherein said common

characteristic is volume of respective entity instances.
The method of data storage and/or retrieval of claim 141, comprising a storage engine
that appends data cells to respective data tunnels for instances of respective entities

contained in data segments that comprise a complete frame.

The method of data storage and/or retrieval of claim 144, comprising a storage engine

and that appends data cells to respective data tunnels for instances of respective entities
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contained in data segments that comprise a complete frame, as and when each frame

becomes complete.

The method of data storage and/or retrieval of claim 144, comprising a storage engine
and that appends data cells to respective data tunnels for instances of respective entities
contained in data segments that comprise a plurality of complete frames, as and when

said plurality of frames become complete.

The method of claim 144, the further improvement for resolution of duplicate entity

instances during query access of said storage system, comprising the steps of

assigning said frames of the data storage system of claim 141 in identical manner to that

used for the data storage system of claim 128;

accessing said frames of the data storage system of claim 141 prior to accessing said

frames of the data storage system of claim 128 during said query access;

discounting any said frames in the data storage system of claim 128 that correspond to
said frames accessed in the data storage system of claim 141 during said query access;
such that each entity instance can be persisted in the data storage system of claim 141 and
in the data storage system of claim 128 at the same time to ensure persistance of said

entity instances without affecting the result of said query access.

The method of data storage and/or retrieval of any of claims 76, 78, 80, 82 - 84 and/or
claim 92, wherein a complete definition of respective entity types and respective
attributes is stored within distinct storage system file identified by a unique version

identity whenever said definition is changed.

The method of data storage and/or retrieval of claim 148, wherein each distinct entity
type definition is assigned a unique ordinal identity from a single monotonically

increasing ordinal number sequence.

The method of data storage and/or retrieval of claim 148, wherein each distinct attribute
definition is assigned a unique ordinal identity from a monotonically increasing ordinal

number sequence for the respective entity type.
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151. The method of data storage and/or retrieval of claim 148, wherein each complete
definition is assigned a unique version identity from a single monotonically increasing

version number sequence.
152. The method of data storage and/or retrieval of claim 148 and/or claim 128, wherein each

complete definition is assigned the identity of the respective frame in which said

definition is created.
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