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1. A data storage and/or retrieval system implemented on one or more digital data

processing systems, comprising:

storage media comprising a plurality of data tunnels for each entity type and a fi
plurality of data tunnels for each attribute, one or more of which data tunnels

plurality of data cells,

where each of the data cells contain data associated with a respectivefnstance of an

attribute for a respective instance of an entity type,

where for one or more of the data tunnels, the data cells in egch of which have data for
which a respective operator evaluates to a boolean result idicating either the likely
possibility or the impossibility of a respective instance/df an attribute being characterised

by said operator for a given set of one or more opergnds,

a storage engine that is in communications cofipling with the storage media and that
accesses one or more data tunnels based opone or more of said operators and a given set

of one or more operands.

2. A data storage and/or retrieval syffem 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 conpfctive data tunnels for each attribute, one or more of which

connective data tupfiels comprise a plurality of connective data cells,

where each of the connective data cells contain data associated with a respective instance

of an attriflite for a respective instance of an entity type,

wheyin each respective instance of an attribute has one respective connective data cell in

offly 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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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,

operators and a given set of one or more operands.

3. A data storage and/or retrieval system of claim 2, comprising

storage media comprising a plurality of connective data tunnelg/for each entity type and a
fixed plurality of connective data tunnels for each attribute, ghe or more of which

connective data tunnels comprise a plurality of connectivg data cells,

where each of the connective data cells contain daty/associated with a respective instance

of an attribute for a respective instance of an entyy type,

where for one or more of the connective dgfa tunnels, the connective data cells in each of
which have data for which a respective £quivalence operator evaluates to a boolean result
which indicates either the likely posgfbility or impossibility of a respective instance of an
attribute being equivalent for a giyen set of one or more operands and where the majority

of connective data cells yield afike result for a given set of one or more operands,
a storage engine that is ip/communications coupling with the storage media and that
accesses one or more gonnective data tunnels based on one or more of said equivalence
operator and a giveA set of one or more operands.
4. A data storagf and/or retrieval system of claim 3, wherein
the conyfective data cell contains a digest of the respective instance of the attribute,
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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A data storage and/or retrieval system of claim 4, wherein the digest of the respective
instance of the attribute is the value of the respective instance itself when the size of t
respective instance is sufficiently small, whereby the equivalence operator can be ceftain

of equivalence.

A data storage and/or retrieval system of any of claims 1, 45, 75, 76, 77, 7Y and 81,
comprising

storage media comprising a plurality of combinative data tunnels §6r each entity type and
a fixed plurality of combinative data tunnels for each attribute, #ne or more of which data
tunnels comprise a plurality of combinative data cells,
where each of the combinative data cells contain data g#sociated with a respective
instance of an attribute for a respective instance of gh entity type,
wherein each respective instance of an attribyfe has one respective combinative data cell
in all respective combinative data tunnels,
where for one or more of the combinAtive data tunnels, the combinative cells in each of
which have data for which a respe€tive bounding operator evaluates to a boolean result
which indicates either the likely possibility or the impossibility of a respective instance of
an attribute being bounded §4r a given set of one or more operands,
a storage engine that if'in communications coupling with the storage media and that
accesses one or mofe combinative data tunnels based on one or more of said bounding
operator and a gi#en set of one or more operands.

A data stofage and/or retrieval system of claim 6, wherein
eac

nstance of a respective attribute is expressed in unitary scale and as a significand

th 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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all combinative data tunnels enclose the whole of the said signficand

8. A data storage and/or retrieval system of claim 7, the further improvement for the
evaluation of a bounding operator during the read access of said combinative tunfels of

said attribute of said storage system, comprising the steps of

converting each respective boundary operand in the said bounding opergfor to a

significand of unitary scale with a fixed radix point;

comparing the significand bits of respective boundary operandy/in descending
significance order to find the first significand bit that differspetween said operands and

taking all prior common bits as a determinant data value;

finding the combinative data tunnel of lowest signiffcance that comprises a strict subset
of the significance of said determinant value and/taking said combinative data tunnel as

the determinant data tunnel;

accessing the said determinant data tungfl first before other combinative data tunnels

respective of said attribute;

inspecting all combinative datg/cells of said determinant data tunnel and deeming the
relevance of each respectivefentity instance as impossible for said bounding operator
where said combinative dlta cell is not equal to the said determinant data value; whereby
only combinative datgfells, respective of entity instances not deemed of impossible
relevance, in combjfiative data tunnels other than said determinant data tunnel need be
inspected for thg/purposes of determining relevance of respective entity instances to the

respective bofnding operator and its respective operands.

0, A data gtorage and/or retrieval system of any of claims 1, 45, 75, 76, 77, 79, and 81,

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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where each of the characteristic 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 characteristic Aata cell
in all respective characteristic data tunnels,

where for one or more of the characteristic data tunnels, the characterist) data cells in
each of which have data for which a respective possessive operator eyfaluates to a boolean
result which indicates either the likely possibility or the impossibiffty of a respective
instance of an attribute possessing a property for a given set of gne or more operands,

a storage engine that is in communications coupling withhe storage media and that
accesses one or more characteristic data tunnels basedAn one or more of said possessive
operator and a given set of one or more operands.

10. A data storage and/or retrieval system of claipd 9, wherein

each characteristic data tunnel is respecfve of one or more properties.
a characteristic data cell contains

boolean indication of possession of a respective

property by the respective instghice of the attribute,

11. A data storage and/or retfleval system of claim 10, wherein a characteristic tunnel is
chosen to be respectivf of a property by hash encoding the property identity and applying
a modulo of the nugfiber of plurality of characteristic data tunnels to said hash encoding.
12. A data storagf and/or retrieval system of claim 10, wherein a characteristic tunnel is
chosen to Je respective of a property by assigning a strictly monotonically increasing
ordinal fo each unique property identity and applying a modulo of the number of plurality
chargcteristic data tunnels to said ordinal; whereby the possessive operator can be certain
ofpossession if (M - T) <P < 2T where P is the ordinal of the property; M is the

maximum ordinal assigned and T is the number of characteristic tunnels.

A data storage and/or retrieval system of claim 10, wherein a characteristic tunnel is

chosen to be respective of a property by assigning a strictly monotonically increasing
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ordinal to each unique property identity for the respective attribute and applying a
modulo of the number of plurality characteristic data tunnels to said ordinal; whereby tfie
possessive operator can be certain of possession if (M - T) <P < 2T where P is the
ordinal of the property; M is the maximum ordinal assigned for the respective attfibute

and T is the number of characteristic tunnels.

14. A data storage and/or retrieval system of any of claims 1, 45, 75, 76, 77//9, and 81,
comprising
storage media comprising a plurality of collective data tunnels JOr each entity type, one or

more of which collective data tunnels comprise a plurality of/collective data cells,

where each collective data tunnel contains data associgfed with a respective instance of

an entity type.

where each of the collective data cells contaip/data associated with a respective instance
of an attribute for a respective instance of gh entity type,
where each of the collective data cel}f contain data which is characterised as one of
identity, measurement, enumeratigh or opacity.
15. A data storage storage and/of retrieval of claim 14, wherein a collective data cell
characterised as one of ig€ntity comprises of a sequence of bits that denote the identity
such that certainty of gfjuivalence of identity for the respective instance of the respective
attribute can be detfrmined by comparison of said bits in like sequence order.
16. A data storagf and/or retrieval system of claim 14, wherein a collective data cell
characterig€d as one of measurement comprises of a sign bit, a plurality of significand
bits ang/a plurality of exponent bits such that certainty of a respective instance of the
respgltive attribute being bounded by a range can be determined by comparison of the

rehpective sign, significand and exponent bits.

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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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.

18. A data storage and/or retrieval system of claim 14, wherein each data tunnel is
individually encrypted during write access to storage and individually decryptfd during

read access from storage.

19. A data storage and/or retrieval system of claim 14, wherein each datgfell is individually
encrypted during write access to storage and individually decrypted during read access

from storage.

20. A data storage and/or retrieval system of any of claims 1,A4, 45,75,76,77,79, and 81,
wherein a specific set of one or more tunnels are accegfed for each of the said operators

and their respective operands, that comprise a query/

21. A data storage and/or retrieval system of claipd 20, wherein one or more data tunnels are
accessed independently and simultaneouslyfor the evaluation of each said operators and

their respective operands

22. A data storage and/or retrieval sygfem of claim 20, wherein each operator evaluation
includes a boolean indication gf certainty or uncertainty for each respective instance

deemed likely possible.

23. A data storage and/or fetrieval system of claim 22, wherein operator evaluations are
combined conjunctfely for a common respective entity type such that some uncertain

respective entity/instances may be discarded from operator evaluations.

24. A data stofage and/or retrieval system of claim 22, wherein subsequent materialisation of
an opeftor evaluation can resolve any uncertainty by inspecting the respective collective

data/fell for the respective instance of an attribute deemed uncertain.
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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A data storage and/or retrieval system of any of claims 1, 45, 75, 76, 77, 79, and 81,

wherein distinct attributes may be correlated by the equivalence of their respective

instances by comparison of their respective data cells in corresponding data tunnels

A data storage and/or retrieval system of any of claims 1, 45, 75, 76, 77, 79, afd 81,
wherein distinct attributes may be correlated by the equivalence of their regpective
instances by comparison of their respective connective data cells in corggsponding

connective data tunnels.

A data storage and/or retrieval system of any of claims 1, 45, 7, 76, 77, 79, and 81,
wherein a plurality of data tunnels and respective operators ylate to instances of entities

of arbitrary structure.

A data storage and/or retrieval system of claim 28, #herein a plurality of connective data

tunnels and respective operators relate to instancfs of entities of arbitrary structure.

A data storage and/or retrieval system of cjiim 28, wherein a plurality of combinative

data tunnels and respective operators rejate to instances of entities of arbitrary structure.

A data storage and/or retrieval sygfem of claim 28, wherein a plurality of characteristic

data tunnels and respective opgfators relate to instances of entities of arbitrary structure.

A data storage and/or retfleval system of claim 28, wherein a plurality of data tunnels and

respective operators rgfate to instances of an entity type wherein distinct instances of said

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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35. A data storage and/or retrieval system of claim 32, wherein a plurality of characteristic
data tunnels and respective operators relate to instances of an entity type wherein disti

instances of said entity type differ in structure.

36. A data storage and/or retrieval system of any of claims 1, 45, 75, 76, 77, 79,
wherein data cells consist of data independent of the domain and the encodfhg for the
respective attribute whereby distinct instances of said attribute may diffgf in domain or

encoding.

37. A data storage and/or retrieval system of claim 36, wherein copfiective data cells consist
of data independent of the domain and the encoding for the yspective attribute whereby

distinct instances of said attribute may differ in domain offencoding.

38. A data storage and/or retrieval system of claim 36, J#herein combinative data cells consist
of data independent of the domain and the encod#ng for the respective attribute whereby
distinct instances of said attribute may differ A domain or encoding.

39. A data storage and/or retrieval system gf claim 36, wherein characteristic data cells

consist of data independent of the dgghain and the encoding for the respective attribute

whereby distinct instances of saidAttribute may differ in domain or encoding.

40. A data storage and/or retrieyhl system of any of claims 1, 45,75, 76, 77,79, and 81, the
further improvement for Aiscerning from a database schema the operators and respective
data tunnels that are agplicable to a respective attribute, comprising the steps of

discerning an applicability of an equivalence operator from relationship constraints for

said attribute guch that data for instances of said attribute are stored in connective data

apithmetic 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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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 respgctive

of said attribute;

discerning the inapplicability of said operators from the object or binary d
external reference for said attribute such that data for instances of said agfribute are not
stored in any connective, combinative or characteristic data tunnels rgSpective of said

attribute.

A data storage and/or retrieval system of claim 40, whereby fhe further improvement for
discerning from a relational database schema the operatoyf and respective data tunnels

that are applicable to a respective attribute, comprising/the steps of

discerning an applicability of an equivalence opgfator from primary key and foreign key
constraints for said attribute such that data foy/instances of said attribute are stored in
connective data cells within connective dagh tunnels respective of said attribute;
discerning the applicability of a bouglling operator from the numerical or time domain or
arithmetic check constraints for sgfd attribute such that data for instances of said attribute
are stored in combinative data gells within combinative data tunnels respective of said
attribute;

discerning the applicafility of a possessive operator from the character domain or
enumeration check/£onstraints for said attribute such that data for instances of said

attribute are stopfd in characteristic data cells within characteristic data tunnels respective

of said attribyfe;

discernjfig the inapplicability of said operators from the large object domain or external
refeynce for said attribute such that data for instances of said attribute are not stored in

connective, combinative or characteristic data tunnels respective of said attribute.

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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re-factoring the query expression to produce a disjunctive normal form expression of

operators and their respective operands;

removing each operator and respective operands from each conjunctive term of
disjunctive normal form expression where the outcome of said operator is impfied by one

or more other operators in the same said conjunctive term;

removing each conjunctive term from said disjunctive normal form efpression where said
conjunctive term contains an operator and respective operands thafis deemed to be

always false;

evaluating each operator of said disjunctive normal form #£xpression where said operator
is respective of a single entity type to produce a separge relevant set of entity instances
for each said operator independently and simultanegiusly for each said operator, for
storage in computer memorys;

reducing said relevant sets of entity instang€s where said sets are respective of a common
entity type such that members of said sgfs not respective to every said set for said entity
are discarded to produce a common gt of entity instances for said entity type
independently and simultaneously/for each respective entity type in each conjunctive
term of said disjunctive norma}/form, for storage in computer memory;

correlating said common/ets of entity instances for said entity types paired by binding
operators in a sequengg 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 mephory;

accessing #ata tunnels respective to each said correlated set of entity instances to produce
a set of fuery result instances independently and separately for each respective entity

typeAndependently and simultaneously for each said conjunctive term, for storage in

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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merging said 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;

A data storage and/or retrieval system of claim 42, the further improvement fi

correlating pairs of common sets of entity instances across a mutuglly respective bind
operator in a defined visit sequence of bind operators, for storage in memory;
updating the cardinality of entity instances in respective ghrrelated sets of entity instances
in reverse order of said visit sequence, for storage in
A data storage and/or retrieval system of claim 44 the further improvement for deciding
said visit sequence of said bind operators with/said conjunctive term, comprising the
steps of

selecting a common set of entity inst#nces with the least number of respective entity
instances within said conjunctive &rm as the origin set of entity instances;

selecting one of the said bingd operators respective to the said origin set of entity instances
as the first bind operator A the said visit sequence;

selecting a subsequyfnt bind operator from those bind operators respective to the same
common set of efitity instances as the bind operator most recently visited and which have
the said visit sequence or which have already appeared in said visit
sequence Wit 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.

A data storage and/or retrieval system implemented on one or more digital data

processing systems, comprising
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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

where all data segments are maintained within a contiguous data heap of arbitrarysize;

where all new data segments are appended to the data heap and assigned tofespective

transactions and respective entity instances in arbitrary order;

a storage engine that is in communications coupling with the storgge 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.

A data storage and/or retrieval system of any of claimy/1, 45, 75, 76, 77, 79, and 81,
wherein storage write operations are performed sucy that all said data segments within
said data heap are written to storage in a minimy of storage write requests.

A data storage and/or retrieval system of affy of claims 1, 45, 75, 76, 77, 79, and 81,
wherein storage write operations for saif data heap only occur at prefined regular
intervals, such that transactions compitting their state cannot complete said commit until
the next storage write operation fof said data heap has successfully completed.

A data storage and/or retrieyal system of any of claims 1, 45, 75, 76, 77, 79, and 81,

wherein

an instance of a enyfty type is logically deleted by appending an inversion of the

respective instapCe,

agingle 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.

A data storage and/or retrieval system of claim 48, wherein

116



WO 2011/127158 PCT/US2011/031405

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

read access resolves entity instance inversion by accumulating inversions and discounting

corresponding entity instances as they are encountered.

50. The data storage and/or retrieval system of any of claims 1, 45, 75, 7¢, 77, 79, and 81,
wherein a plurality of the cells of at least one said tunnel are group€d in frames based on

common characteristics of their respective entity instances.

51. The data storage and/or retrieval system of claim 50, whefein a plurality of the cells of at
least one said tunnel are grouped in frames based on cgmmon characteristics of the
respective entity instances such that cells across all funnels respect common frame

boundaries.

52. The data storage and/or retrieval system of/Claim 51, wherein said common characteristic

is time period.

53. The data storage and/or retrieval gfstem of claim 52, comprising a database engine that is
coupled to the storage engine ghd that manages a retention of cells in the storage media

with respect to the age of thf data retained.

54. The data storage and/¢f retrieval system of claim 52, comprising a database engine that is
coupled to the storghe engine and that eliminates frames from read access during a query

with respect to gAime threshold expressed within said query.

55. The data sggorage and/or retrieval system of claim 51, wherein said common characteristic

is volugie 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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57. The data storage and/or retrieval system of claim 51, 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 storgfe

system files.

38. The data storage and/or retrieval system of claim 51, comprising a databas¢/engine that is

coupled to the storage engine and that manages a retention of cells in thg/storage media.

59. The data storage and/or retrieval system of claim 50, wherein a cofimon characterisation
of respective cells within a plurality of frames is maintained acybss a plurality of frame

intervals and across a plurality of frame interval sizes where}fy a plurality of frames and

respective data cells may be eliminated from consideratigh by a respective operator and
its operands.

60. The data storage and/or retrieval system of clainy59, wherein a plurality of bit sequences
common to all respective instances of attributgs for data cells within a plurality of frames
is maintained across a plurality of frame igfervals and across a plurality of frame interval
sizes whereby a plurality of frames and fespective data cells may be eliminated from
consideration by a respective equivalfnce operator and its operands.

61. The data storage and/or retrievl system of claim 59, wherein bounds common to all

respective instances of attribfites for data cells within a plurality of frames is maintained

across a plurality of fram# intervals and across a plurality of frame interval sizes whereby

a plurality of frames afd respective data cells may be eliminated from consideration by a

respective bounding operator and its operands.

62. The data storgge and/or retrieval system of claim 59, wherein properties common to all
respectivefnstances of attributes for data cells within a plurality of frames is maintained
across g/plurality of frame intervals and across a plurality of frame interval sizes whereby

a plyfality of frames and respective data cells may be eliminated from consideration by a

refpective possessive operator and its operands.

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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64. The data storage and/or retrieval system of claim 63, wherein said common characteristic

is time period.

65. The data storage and/or retrieval system of claim 63, wherein said common chargCteristic

is volume of respective entity instances.

66. The data storage and/or retrieval system of claim 63, comprising a storage engine that
appends data cells to respective data tunnels for instances of respectiyf entities contained

in data segments that comprise a complete frame.

67. The data storage and/or retrieval system of claim 66, comprjfing a storage engine and
that appends data cells to respective data tunnels for instgfces of respective entities
contained in data segments that comprise a complete #fame, as and when each frame

becomes complete.

68. The data storage and/or retrieval system of clfim 66, comprising a storage engine and
that appends data cells to respective data tyfinels for instances of respective entities
contained in data segments that comprig€ a plurality of complete frames, as and when

said plurality of frames become comglete.

69. A data storage and/or retrieval £ystem of claim 66, the further improvement for resolution
of duplicate entity instancesfluring query access of said storage system, comprising the

steps of

assigning said framy€s of the data storage system of claim 63 in identical manner to that

used for the daty/storage system of claim 50;

accessing #aid frames of the data storage system of claim 63 prior to accessing said

frames #f the data storage system of claim 50 during said query access;

djfcounting any said frames 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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70. The data storage and/or retrieval system of any of claims 1, 14, 45, 75, 76, 77,79, and 81

wherein a complete definition of respective entity types and respective attributes is stoped
within distinct storage system file identified by a unique version identity whenever

definition is changed.

71. The data storage and/or retrieval system of claim 70, wherein each distinct £ntity type
definition is assigned a unique ordinal identity from a single monotonicyly increasing

ordinal number sequence.

72. The data storage and/or retrieval system of claim 70, wherein efch distinct attribute
definition is assigned a unique ordinal identity from a monogbnically increasing ordinal

number sequence for the respective entity type.

73. The data storage and/or retrieval system of claim 7/ wherein each complete definition is
assigned a unique version identity from a single fhonotonically increasing version
number sequence.

74. The data storage and/or retrieval systenyof claim 70 and/or claim 50, wherein each

complete definition is assigned the ig€ntity of the respective frame in which said

definition is created.

75. A data storage and/or retrieyAal system, comprising

storage media compriging a plurality of connective data tunnels for each entity type and a
fixed plurality of cghnective data tunnels for each attribute, one or more of which

connective data finnels comprise a plurality of connective data cells,

where eacf of the connective data cells contain data associated with a respective instance

ibute for a respective instance of an entity type,

erein 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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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,

operators and a given set of one or more operands.

76. A method of data storage and/or retrieval system implemented on ongor more digital

data processing systems, comprising:

providing storage media comprising a plurality of data tunngfs for each entity type and a
fixed plurality of data tunnels for each attribute, one or mypre of which data tunnels

comprise a plurality of data cells,

where each of the data cells contain data associaffd with a respective instance of an
attribute for a respective instance of an entity fype,

where for one or more of the data tunne)§, the data cells in each of which have data for
which a respective operator evaluatefto a boolean result indicating either the likely
possibility or the impossibility of £ respective instance of an attribute being characterised
by said operator for a given set/0f one or more operands,

accessing, with a storage/£ngine that is in communications coupling with the storage
media, one or more dgfa tunnels based on one or more of said operators and a given set of

one or more opera
7. A data storagf and/or retrieval system, comprising

edia comprising a plurality of connective data tunnels for each entity type and a
fixeg/ plurality of connective data tunnels for each attribute, one or more of which

nective 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,
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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 re

which indicates either the likely possibility or impossibility of a respective instance Af an

accesses one or more connective data tunnels based on one or more gf said equivalence

operator and a given set of one or more operands.

A method of data storage and/or retrieval implemented on ope or more digital data

processing systems, comprising

providing storage media comprising a plurality of cdnnective data tunnels for each entity
type and a fixed plurality of connective data tunp€ls for each attribute, one or more of
which connective data tunnels comprise a pluyality of connective data cells,

where each of the connective data cells fontain data associated with a respective instance
of an attribute for a respective instange of an entity type,

wherein each respective instangf of an attribute has one respective connective data cell in
only one respective connectfe data tunnel,

where for one or more/of the connective data tunnels, the connective data cells in each of
which have data fowhich a respective equivalence operator evaluates to a boolean result
which indicates /ither the likely possibility or impossibility of a respective instance of an

attribute being equivalent for a given set of one or more operands,

accessifg, with a storage engine that is in communications coupling with the storage

medy, one or more connective data tunnels based on one or more of said equivalence

opferators and a given set of one or more operands.

A data storage and/or retrieval system, comprising
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storage media comprising a plurality of combinative data tunnels for each entity type and

a fixed plurality of combinative data tunnels for each attribute, one or more of which

tunnels comprise a plurality of combinative data cells,

where each of the combinative data cells contain data associated with a respegfive
instance of an attribute for a respective instance of an entity type,
wherein each respective instance of an attribute has one respective cgfmbinative data cell
in all respective combinative data tunnels,

where for one or more of the combinative data tunnels, the ¢dmbinative cells in each of
which have data for which a respective bounding operatofevaluates to a boolean result
which indicates either the likely possibility or the impgAsibility of a respective instance of
an attribute being bounded for a given set of one or/nore operands,

a storage engine that is in communications cofpling with the storage media and that

accesses one or more combinative data tuggiels based on one or more of said bounding

operator and a given set of one or more fpperands.

A method of data storage and/or gftrieval implemented on one or more digital data

processing systems, comprisin

providing storage media gomprising a plurality of combinative data tunnels for each
entity type and a fixed/plurality of combinative data tunnels for each attribute, one or
more of which datg/tunnels comprise a plurality of combinative data cells,

where each of'the combinative data cells contain data associated with a respective

instance of/an attribute for a respective instance of an entity type,

whep€in each respective instance of an attribute has one respective combinative data cell

ip/all respective combinative data tunnels,

where for one or more of the combinative data tunnels, the combinative cells in each of

which have data for which a respective bounding operator evaluates to a boolean result
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which indicates either the likely possibility or the impossibility of a respective instance o

an attribute being bounded for a given set of one or more operands,

accessing, with a storage engine that is in communications coupling with the stojdge
media, one or more combinative data tunnels based on one or more of said bognding

operator and a given set of one or more operands.

A data storage and/or retrieval system, comprising

providing storage media comprising a plurality of characteristig/data tunnels for each
entity type and a fixed plurality of characteristic data tunnely/for each attribute, one or

more of which characteristic data tunnels comprise a plutflity of data cells,

where each of the characteristic data cells contain dfta associated with a respective

instance of an attribute for a respective instance gt an entity type,

wherein each respective instance of an attgbute has one respective characteristic data cell

in all respective characteristic data tunngls,

where for one or more of the charfcteristic data tunnels, the characteristic data cells in
each of which have data for whAch a respective possessive operator evaluates to a boolean
result which indicates eitheythe likely possibility or the impossibility of a respective

instance of an attribute pgssessing a property for a given set of one or more operands,

accessing, with a syprage engine that is in communications coupling with the storage
media. one or mfre characteristic data tunnels based on one or more of said possessive

operator and £ given set of one or more operands.

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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where each of the characteristic 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 characteristic Aata cell
in all respective characteristic data tunnels,

where for one or more of the characteristic data tunnels, the characterist) data cells in
each of which have data for which a respective possessive operator eyfaluates to a boolean
result which indicates either the likely possibility or the impossibiffty of a respective
instance of an attribute possessing a property for a given set of gne or more operands,
accessing, with a storage engine that is in communication# coupling with the storage
media. one or more characteristic data tunnels based off one or more of said possessive

operator and a given set of one or more operands.
83. A method data storage and/or retrieval, compyfsing
providing storage media comprising a pfurality of collective data tunnels for each entity

type, one or more of which collectiv¢/data tunnels comprise a plurality of collective data

cells,

where each collective data tfnnel contains data associated with a respective instance of
an entity type.
where each of the ghllective data cells contain data associated with a respective instance
of an attribute fof a respective instance of an entity type,

where eacyf of the collective data cells contain data which is characterised as one of
measurement, enumeration or opacity.

84. method data storage and/or retrieval, comprising

providing storage media comprising a plurality of collective data tunnels for each entity

type, one or more of which collective data tunnels comprise a plurality of collective data

cells,
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where each collective data tunnel contains data associated with a respective instance of

an entity type.

where each of the collective data cells contain data associated with a respective iffstance

of an attribute for a respective instance of an entity type,

where each of the collective data cells contain data which is characterisedl as one of
identity, measurement, enumeration or opacity.

85. The method of any of claims 76, 78, 80, 82 - 84, wherein
the connective data cell contains a digest of the respectivg/instance of the attribute,
the respective connective data tunnel is chosen fronf a defined hash encoding of the

respective instance of the attribute and by applyjig a modulo of the number of the

plurality of connective data tunnels to said hagh encoding.

86. The method of claim 85, wherein the dygest of the respective instance of the attribute is

the value of the respective instance iffelf when the size of the respective instance is

ivalence operator can be certain of equivalence.

sufficiently small, whereby the e

87. The method of any of claimg 76, 78, 80, 82 - 84, wherein

each instance of a respfctive attribute is expressed in unitary scale and as a significand

with respect to a fiyed radix point,

each combingfive data tunnels is respective to part of the said significand,

all compinative data tunnels are mutually exclusive in respect of the said signficand
afl combinative data tunnels enclose the whole of the said signficand

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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converting each respective boundary operand in the said bounding operator to a

significand of unitary scale with a fixed radix point;

comparing the significand bits of respective boundary operands in descending
significance order to find the first significand bit that differs between said opefands and

taking all prior common bits as a determinant data value;

finding the combinative data tunnel of lowest significance that comppfses a strict subset
of the significance of said determinant value and taking said comb#native data tunnel as

the determinant data tunnel;

accessing the said determinant data tunnel first before othfr combinative data tunnels
respective of said attribute;

inspecting all combinative data cells of said dete/minant data tunnel and deeming the
relevance of each respective entity instance ag/impossible for said bounding operator
where said combinative data cell is not eqyél to the said determinant data value; whereby
only combinative data cells, respective g entity instances not deemed of impossible
relevance, in combinative data tunne)s other than said determinant data tunnel need be
inspected for the purposes of deteynining relevance of respective entity instances to the
respective bounding operator afd its respective operands.

89. The method of any of clg#ms 76, 78, 80, 82 - 84, wherein

each characteristic Aata tunnel is respective of one or more properties.

data cell contains a boolean indication of possession of a respective

property by the respective instance of the attribute,

90. The fhethod of claim 89, wherein a characteristic tunnel is chosen to be respective of a
pyOperty by hash encoding the property identity and applying a modulo of the number of

plurality of characteristic data tunnels to said hash encoding.

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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identity and applying a modulo of the number of plurality characteristic data tunnels to
said ordinal; whereby the possessive operator can be certain of possession if (M - T)
< 83T where P is the ordinal of the property; M is the maximum ordinal assigned agd T is

the number of characteristic tunnels.

92. The method of claim 89, wherein a characteristic tunnel is chosen to be resgective of a
property by assigning a strictly monotonically increasing ordinal to each/unique property
identity for the respective attribute and applying a modulo of the number of plurality
characteristic data tunnels to said ordinal; whereby the possessive pperator can be certain
of possession if (M - T) < P < 83T where P is the ordinal of thefroperty; M is the
maximum ordinal assigned for the respective attribute and TAs the number of

characteristic tunnels.

93, A data storage storage and/or retrieval of any of clagns 76, 78, 80, 82 - 84, wherein a
collective data cell characterised as one of identify comprises of a sequence of bits that
denote the identity such that certainty of equiyllence of identity for the respective
instance of the respective attribute can be g€termined by comparison of said bits in like

sequence order.

94, The method of claim 92, 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 certgfnty of a respective instance of the respective attribute being
bounded by a range can b€ determined by comparison of the respective sign, significand

and exponent bits.

95. The method of ¢faim 92, wherein a collective data cell characterised as one of
enumeration gomprises of a plurality of properties wherein each property is comprised of
a sequencg/of bits such that certainty of possession of a property by the respective
instancg/of the respective attribute can be determined by a comparison of said bits in like

sequfnce order for one or more respective properties.

he 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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97. The method of claim 92, wherein each data cell is individually encrypted during write

access to storage and individually decrypted during read access from storage.

98. The method of any of claims 76, 78, 80, 82 - 84 and/or claim 92, wherein a specific set of
one or more tunnels are accessed for each of the said operators and their respeftive
operands, that comprise a query.

99. The method of claim 98, wherein one or more data tunnels are accesg€d independently

and simultaneously for the evaluation of each said operators and tjir respective operands

100. The method of claim 98, wherein each operator evaluation igcludes a boolean indication
of certainty or uncertainty for each respective instance defmed likely possible.

101. The method of claim 100, wherein operator evaluatfons are combined conjunctively for a

common respective entity type such that some upfcertain respective entity instances may

be discarded from operator evaluations.

102. The method of claim 100, wherein subsgquent materialisation of an operator evaluation
can resolve any uncertainty by inspeging the respective collective data cell for the

respective instance of an attribute fleemed uncertain.

103. The method of claim 98, wh€rein data tunnels are read accessed in bulk from storage

media for the evaluation #f each said operators and their respective operands

104. The method of anyf claims 76, 78, 80, 82 - 84, wherein distinct attributes may be

correlated by thg/equivalence of their respective instances by comparison of their

105. The meghod of any of claims 76, 78, 80, 82 - 84, wherein distinct attributes may be
corrglated by the equivalence of their respective instances by comparison of their

rghpective connective data cells in corresponding connective data tunnels.

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.

129



WO 2011/127158 PCT/US2011/031405

107. The method of claim 106, wherein a plurality of connective data tunnels and respective

operators relate to instances of entities of arbitrary structure.

108. The method of claim 106, wherein a plurality of combinative data tunnels and regpective
operators relate to instances of entities of arbitrary structure.

109. The method of claim 106, wherein a plurality of characteristic data tunn#ls and respective
operators relate to instances of entities of arbitrary structure.

110. The method of claim 106, wherein a plurality of data tunnels apdl respective operators

relate to instances of an entity type wherein distinct instanc

of said entity type differ in

structure.

111. The method of claim 110, wherein a plurality of copfnective data tunnels and respective
operators relate to instances of an entity type whefrein distinct instances of said entity type

differ in structure.

112. The method of claim 110, wherein a plyfality of combinative data tunnels and respective
operators relate to instances of an enyfty type wherein distinct instances of said entity type
differ in structure.

113. The method of claim 110, wherein a plurality of characteristic data tunnels and respective

operators relate to instan.

s of an entity type wherein distinct instances of said entity type

differ in structure.

114. The method of gy of claims 76, 78, 80, 82 - 84, wherein data cells consist of data
independent gh the domain and the encoding for the respective attribute whereby distinct

instances ¢gf said attribute may differ in domain or encoding.

115. The fhethod of claim 114, wherein connective data cells consist of data independent of

domain and the encoding for the respective attribute whereby distinct instances of

said attribute may differ in domain or encoding.
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116. The method of claim 114, wherein combinative 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.

117. The method of claim 114, wherein characteristic data cells consist of data indgbendent of
the domain and the encoding for the respective attribute whereby distinct igitances of

said attribute may differ in domain or encoding.

118. The method of any of claims 76, 78, 80, 82 - 84, the further improfement for discerning
from a database schema the operators and respective data tunnefs 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 attpfbute are stored in connective data

cells within connective data tunnels respective offsaid attribute;

discerning the applicability of a bounding gperator from the numerical or time domain or
arithmetic domain constraints for said affribute such that data for instances of said
attribute are stored in combinative dfa cells within combinative data tunnels respective

of said attribute;

discerning the applicability #f a possessive operator from the character domain or
enumeration domain confraints for said attribute such that data for instances of said
attribute are stored in gharacteristic data cells within characteristic data tunnels respective

of said attribute;

discerning th¢'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 j/ any connective, combinative or characteristic data tunnels respective of said

119. The method of claim 118, whereby the further improvement for discerning from a
relational database schema the operators and respective data tunnels that are applicable to

a respective attribute, comprising the steps of
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discerning an applicability of an equivalence operator from primary key and foreign key
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 timg/domain or
arithmetic check constraints for said attribute such that data for instances offsaid attribute
are stored in combinative data cells within combinative data tunnels resp€ctive of said

attribute;

discerning the applicability of a possessive operator from the cjfaracter domain or
enumeration check constraints for said attribute such that dayh for instances of said
attribute are stored in characteristic data cells within charfteristic data tunnels respective

of said attribute;

discerning the inapplicability of said operators fypm the large object domain or external
reference for said attribute such that data for iAstances of said attribute are not stored in

any connective, combinative or characterigfic data tunnels respective of said attribute.

120. The method of any of claims 76, 78,40, 82 - 84 and/or claim 92, the further improvement
for accessing data tunnels for the gurpose of materialising a query result, comprising the

steps of

re-factoring the query exgression to produce a disjunctive normal form expression of
operators and their regpective operands;

removing each gferator and respective operands from each conjunctive term of said
disjunctive ngimal form expression where the outcome of said operator is implied by one

or more otfier operators in the same said conjunctive term;

ing each conjunctive term from said disjunctive normal form expression where said
cghjunctive term contains an operator and respective operands that is deemed to be

always false;

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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for each said operator independently and simultaneously for each said operator, for

storage in computer memory;

are discarded to produce a common set of entity instances for said entity tyge
independently and simultaneously for each respective entity type in eacl/conjunctive

term of said disjunctive normal form, for storage in computer memowy;

correlating said common sets of entity instances for said entity #ypes paired by binding
operators in a sequence to produce a correlated set of entity pistances for each respective
entity type independently and simultaneously for each sajd conjunctive term, for storage

in computer memory;

accessing data tunnels respective to each said copfelated set of entity instances to produce
a set of query result instances independently ghd separately for each respective entity
type independently and simultaneously forfach said conjunctive term, for storage in

computer memorys;

marking query result instances as #oid where query result instances conflict with the

respective conjunctive term ing€pendently and simultaneously for each said conjunctive
term, for storage in computef memorys;
merging said sets of gfery result instances for each said conjunctive term such that

respective query refult instances from each said set are combined into a single set of

of epfity 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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updating the cardinality of entity instances in respective correlated sets of entity instance
in reverse order of said visit sequence, for storage in memory.
122. The method of claim 121 the further improvement for deciding said visit sequeng€ of said

bind operators with said conjunctive term, comprising the steps of

selecting a common set of entity instances with the least number of respgctive entity

instances within said conjunctive term as the origin set of entity instafces;

selecting one of the said bind operators respective to the said opfgin set of entity instances
as the first bind operator in the said visit sequence;

selecting a subsequent bind operator from those bind gferators respective to the same
common set of entity instances as the bind operator/nost recently visited and which have

not appeared in the said visit sequence or which fave already appeared in said visit

sequence but have been affected by a bind opgrator subsequently visited;

repeating the prior step until no more bjid operators are available to be selected; such
that correlated sets of entity instancef are produced in the said visit sequence for storage
in computer memory.
123. A method of data storage apdl/or retrieval implemented on one or more digital data
processing systems, co
storage media comygrising a plurality of data segments for each instance of an entity type
manipulated by £ database operation in a respective database transaction

where all gata segments are maintained within a contiguous data heap of arbitrary size;

whey all new data segments are appended to the data heap and assigned to respective

tiAnsactions and respective entity instances in arbitrary order;

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.

134



WO 2011/127158 PCT/US2011/031405

124. The method of claim 123, wherein storage write operations are performed such that all
said data segments within said data heap are written to storage in a minimum of stora

write requests.

125. The method of claim 123, wherein storage write operations for said data heapAnly occur
at prefined regular intervals, such that transactions committing their state cghnot
complete said commit until the next storage write operation for said dat.
successfully completed.

126. The method of any of claims 76, 78, 80, 82 - 84 and/or claim 13, wherein

an instance of a entity type is logically deleted by appendghg an inversion of the

respective instance,

the said inversion appears identical to the respecfve instance in all respective connective,

combinative and characteristic data tunnels;

a single inversion data tunnel for each eftity type contains a plurality of data cells

wherein a data cell denotes an inversfon of a respective instance of said entity type.

127. The method of claim 126, whey€in

append access to data tupfiels and data heaps occurs in chronological order,

read access to datafunnels and data heaps occurs in reverse chronological order

read access rgholves entity instance inversion by accumulating inversions and discounting

corresponging entity instances as they are encountered.

128. The /nethod of data storage and/or retrieval of any of claims 76, 78, 80, 82 - 84, wherein
aflurality of the cells of at least one said tunnel are grouped in frames based on common

characteristics of their respective entity instances.

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 fatabase engine
that is coupled to the storage engine and that manages a retention of ¢€lls 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, cgfnprising a database engine
that is coupled to the storage engine and that eliminates fpAmes from read access during a

query with respect to a time threshold expressed withiyf said query.

133. The method of data storage and/or retrieval of cfaim 129, wherein said common

characteristic is volume of respective entity ipStances

134. The method of data storage and/or retrighal of claim 133, comprising a database engine
that is coupled to the storage engine #nd that manages a retention of cells in the storage

media with respect to the volume ff the data retained.

135. The method of data storage And/or retrieval of claim 129, wherein a plurality of data
cells respective of a plurgity of data tunnels respective of a plurality of frames are
accumulated within a /ingle logical storage system file of a plurality of logical storage

system files.

136. The method ¢f data storage and/or retrieval of claim 129, comprising a database engine

that is coypled to the storage engine and that manages a retention of cells in the storage

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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138. 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 pluraffty
of frames is maintained across a plurality of frame intervals and across a plurality o
frame interval sizes whereby a plurality of frames and respective data cells may
eliminated from consideration by a respective equivalence operator and its opgfands.
139. 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 frgfmes 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.

140. The method of data storage and/or retrieval of claim 147, wherein properties common to
all respective instances of attributes for data cells w#thin a plurality of frames is
maintained across a plurality of frame intervals gAd across a plurality of frame interval
sizes whereby a plurality of frames and respegfive data cells may be eliminated from
consideration by a respective possessive opfrator and its operands.

141. The method of data storage and/or refiieval of claim 123, wherein a plurality of said data

segments are grouped in frames b#sed on common characteristics of their respective

entity instances.

142. The method of data storage and/or retrieval of claim 141, wherein said common

143. ta storage and/or retrieval of claim 141, wherein said common

144. od 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

tained 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
and that appends data cells to respective data tunnels for instances of respectiy€ entities
contained in data segments that comprise a plurality of complete frames, agand when
said plurality of frames become complete.

The method of claim 144, the further improvement for resolution ¢gf duplicate entity
instances during query access of said storage system, comprisipg the steps of

assigning said frames of the data storage system of claimA41 in identical manner to that

used for the data storage system of claim 128;

accessing said frames of the data storage system/0f claim 141 prior to accessing said

frames of the data storage system of claim 12 during said query access;

discounting any said frames in the data florage system of claim 128 that correspond to
said frames accessed in the data storgge system of claim 141 during said query access;
such that each entity instance canpe persisted in the data storage system of claim 141 and
in the data storage system of clfim 128 at the same time to ensure persistance of said

entity instances without affefting the result of said query access.

The method of data stgrage and/or retrieval of any of claims 76, 78, 80, 82 - 84 and/or
claim 92, wherein complete definition of respective entity types and respective
attributes is storgd within distinct storage system file identified by a unique version

identity whepfver said definition is changed.

od of data storage and/or retrieval of claim 148, wherein each distinct entity
typefefinition is assigned a unique ordinal identity from a single monotonically

reasing 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 increasin

version number sequence.

152. The method of data storage and/or retrieval of claim 148 and/or claim 128, wierein each

complete definition is assigned the identity of the respective frame in whicjf said

definition is created.
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CLAIMS

A data storage and/or retrieval system implemented on one or more digital data

processing systems, comprising:

storage media comprising a plurality of data tunnels for each entity type and a fixed
plurality of data tunnels for each attribute, one or more of which data tunnels comprise

a plurality of data cells,

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.

A data storage and/or retrieval system according to Claim 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,

in which 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 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,
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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.

A data storage and/or retrieval system according to 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.

A data storage and/or retrieval system according to Claim 3, in which

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.

A data storage and/or retrieval system according to Claim 4, in which the digest of the

respective instance of the attribute is the value of the respective instance itself when the size

of the respective instance is sufficiently small, whereby the equivalence operator can be

certain of equivalence.

6.

A data storage and/or retrieval system according to Claim 1, comprising
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storage media comprising a plurality of combinative data tunnels for each entity type
and a fixed plurality of combinative data tunnels for each attribute, one or more of

which data tunnels comprise a plurality of combinative data cells,

where each of the combinative data cells contain data associated with a respective

instance of an attribute for a respective instance of an entity type,

in which each respective instance of an attribute has one respective combinative data

cell in all respective combinative data tunnels,

where for one or more of the combinative data tunnels, the combinative cells in each
of which have data for which a respective bounding operator evaluates to a boolean
result which indicates either the likely possibility or the impossibility of a respective

instance of an attribute being bounded 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 combinative data tunnels based on one or more of said bounding

operator and a given set of one or more operands.

A data storage and/or retrieval system according to Claim 6, in which

each instance of a respective attribute is expressed in unitary scale and as a significand

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
all combinative data tunnels enclose the whole of the said signficand

A data storage and/or retrieval system according to Claim 7, 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

converting each respective boundary operand in the said bounding operator to a

significand of unitary scale with a fixed radix point;

comparing the significand bits of respective boundary operands in descending
significance order to find the first significand bit that differs between said operands

and taking all prior common bits as a determinant data value;
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finding the combinative data tunnel of lowest significance that comprises a strict
subset of the significance of said determinant value and taking said combinative data

tunnel as the determinant data tunnel,

accessing the said determinant data tunnel first before other combinative data tunnels

respective of said attribute;

inspecting all combinative data cells of said determinant data tunnel and deeming the
relevance of each respective entity instance as impossible for said bounding operator
where said combinative data cell is not equal to the said determinant data value;
whereby only combinative data cells, respective of entity instances not deemed of
impossible relevance, in combinative data tunnels other than said determinant data
tunnel need be inspected for the purposes of determining relevance of respective entity

instances to the respective bounding operator and its respective operands.

A data storage and/or retrieval system according to Claim 1, comprising

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,

where each of the characteristic data cells contain data associated with a respective

instance of an attribute for a respective instance of an entity type,

in which each respective instance of an attribute has one respective characteristic data

cell in all respective characteristic data tunnels,

where for one or more of the characteristic data tunnels, the characteristic data cells in
each of which have data for which a respective possessive operator evaluates to a
boolean result which indicates either the likely possibility or the impossibility of a
respective instance of an attribute possessing a property 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 characteristic data tunnels based on one or more of said

possessive operator and a given set of one or more operands.

A data storage and/or retrieval system according to Claim 9, in which

each characteristic data tunnel is respective of one or more properties.
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a characteristic data cell contains a boolean indication of possession of a respective

property by the respective instance of the attribute,

11. A data storage and/or retrieval system according to Claim 10, in which 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.

12. A data storage and/or retrieval system according to Claim 10, in which a characteristic
tunnel is chosen to be respective of a property by assigning a strictly monotonically increasing
ordinal to each unique property identity and applying a modulo of the number of plurality
characteristic data tunnels to said ordinal; whereby the possessive operator can be certain of
possession if (M - T) <P < 2T where P is the ordinal of the property; M is the maximum

ordinal assigned and T is the number of characteristic tunnels.

13. A data storage and/or retrieval system according to Claim 10, in which a characteristic
tunnel is chosen to be respective of a property by assigning a strictly monotonically increasing
ordinal to each unique property identity for the respective attribute and applying a modulo of
the number of plurality characteristic data tunnels to said ordinal; whereby the possessive
operator can be certain of possession if (M - T) <P < 2T where P is the ordinal of the
property; M is the maximum ordinal assigned for the respective attribute and T is the number

of characteristic tunnels.

14. A data storage and/or retrieval system according to Claim 1, comprising
storage media comprising a plurality of collective data tunnels for each entity type, one
or more of which collective data tunnels comprise a plurality of collective data cells,

where each collective data tunnel contains data associated with a respective instance of

an entity type.

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,

where each of the collective data cells contain data which is characterised as one of

identity, measurement, enumeration or opacity.

15. A data storage storage and/or retrieval according to Claim 14, in which a collective

data cell characterised as one of identity comprises of a sequence of bits that denote the




10

15

20

25

109

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.

16. A data storage and/or retrieval system according to Claim 14, 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 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 according to Claim 14, in which a collective
data cell characterised as one of enumeration comprises of a plurality of properties in which
each property is comprised of 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.

18. A data storage and/or retrieval system according to Claim 14, in which each data
tunnel is individually encrypted during write access to storage and individually decrypted

during read access from storage.

19. A data storage and/or retrieval system according to Claim 14, in which each data cell
is individually encrypted during write access to storage and individually decrypted during read

access from storage.

20. A data storage and/or retrieval system according to Claim 1 or 14, in which a specific
set of one or more tunnels are accessed for each of the said operators and their respective

operands, that comprise a query.

21. A data storage and/or retrieval system according to Claim 20, in which one or more
data tunnels are accessed independently and simultaneously for the evaluation of each said

operators and their respective operands

22. A data storage and/or retrieval system according to Claim 20, in which each operator
evaluation includes a boolean indication of certainty or uncertainty for each respective

instance deemed likely possible.
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23. A data storage and/or retrieval system according to Claim 22, in which 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 according to Claim 22, in which 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 according to Claim 20, in which data tunnels are
read accessed in bulk from storage media for the evaluation of each said operators and their

respective operands

26. A data storage and/or retrieval system according to Claim 1, in which distinct
attributes may be correlated by the equivalence of their respective instances by comparison of

their respective data cells in corresponding data tunnels.

217. A data storage and/or retrieval system according to Claim 1, in which 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.

28. A data storage and/or retrieval system according to Claim 1, in which a plurality of

data tunnels and respective operators relate to instances of entities of arbitrary structure.

29. A data storage and/or retrieval system according to Claim 28, in which a plurality of
connective data tunnels and respective operators relate to instances of entities of arbitrary

structure.

30. A data storage and/or retrieval system according to Claim 28, in which a plurality of
combinative data tunnels and respective operators relate to instances of entities of arbitrary

structure.

31. A data storage and/or retrieval system according to Claim 28, in which 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 according to Claim 28, in which a plurality of
data tunnels and respective operators relate to instances of an entity type in which distinct

instances of said entity type differ in structure.




10

15

20

25

111

33. A data storage and/or retrieval system according to Claim 32, in which a plurality of
connective data tunnels and respective operators relate to instances of an entity type in which

distinct instances of said entity type differ in structure.

34, A data storage and/or retrieval system according to Claim 32, in which a plurality of
combinative data tunnels and respective operators relate to instances of an entity type in which

distinct instances of said entity type differ in structure.

35. A data storage and/or retrieval system according to Claim 32, in which a plurality of
characteristic data tunnels and respective operators relate to instances of an entity type in

which distinct instances of said entity type differ in structure.

36. A data storage and/or retrieval system according to Claim 1, in which 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.

37. A data storage and/or retrieval system according to Claim 36, in which connective 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.

38. A data storage and/or retrieval system according to Claim 36, in which combinative
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.

39. A data storage and/or retrieval system according to Claim 36, in which characteristic
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.

40. A data storage and/or retrieval system according to Claim 1, the further improvement
for discerning from a database 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
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attribute are stored in combinative data cells within combinative data tunnels

respective of said attribute;

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;

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.

A data storage and/or retrieval system according to Claim 40, whereby the further

improvement for discerning from a relational database schema the operators and respective

data tunnels that are applicable to a respective attribute, comprising the steps of

42.

discerning an applicability of an equivalence operator from primary key and foreign
key 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 check 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;

discerning the applicability of a possessive operator from the character domain or
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.

A data storage and/or retrieval system according to Claim 1 or 14, the further

improvement for accessing data tunnels for the purpose of materialising a query result,

comprising the steps of
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re-factoring the query expression to produce a disjunctive normal form expression of

operators and their respective operands;

removing each operator and respective operands from each conjunctive term of said
disjunctive normal form expression where the outcome of said operator is implied by

one or more other operators in the same said conjunctive term;

removing each conjunctive term from said disjunctive normal form expression where
said conjunctive term contains an operator and respective operands that is deemed to

be always false;

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 for each said operator independently and simultaneously 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;

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;

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 memory;

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 memory;

merging said 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 memory;
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A data storage and/or retrieval system according to Claim 42, the further improvement

for correlating said common sets of entity instances within said conjunctive term for the

44,

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;

updating the cardinality of entity instances in respective correlated sets of entity

instances in reverse order of said visit sequence, for storage in memory.

A data storage and/or retrieval system according to Claim 43, the further improvement

for deciding said visit sequence of said bind operators with said conjunctive term comprising

the steps of

45.

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;

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.

A data storage and/or retrieval system implemented on one or more digital data

processing systems, comprising

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
where all data segments are maintained within a contiguous data heap of arbitrary size;

where all new data segments are appended to the data heap and assigned to respective

transactions and respective entity instances in arbitrary order;
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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.

46. A data storage and/or retrieval system according to Claim 1 or 45, in which storage
write operations are performed such that all said data segments within said data heap are

written to storage in a minimum of storage write requests.

47. A data storage and/or retrieval system according to Claim 1 or 45, in which storage
write operations for said data heap only occur at prefined regular intervals, such that
transactions committing their state cannot complete said commit until the next storage write

operation for said data heap has successfully completed.
48. A data storage and/or retrieval system according to Claim 1 or 45, in which

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 in

which a data cell denotes an inversion of a respective instance of said entity type.

49. A data storage and/or retrieval system according to Claim 48, 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

read access resolves entity instance inversion by accumulating inversions and

discounting corresponding entity instances as they are encountered.

50. A data storage and/or retrieval system of according to Claim 1 or 45, 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.

51. A data storage and/or retrieval system according to Claim 50, 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.
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52. A data storage and/or retrieval system according to Claim 51, in which said common

characteristic is time period.

53. A data storage and/or retrieval system according to Claim 52, 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.

54. A data storage and/or retrieval system according to 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. A data storage and/or retrieval system according to Claim 51, in which said common

characteristic is volume of respective entity instances

56. A data storage and/or retrieval system according to 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.

57. A data storage and/or retrieval system according to Claim 51, in which 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.

58. A data storage and/or retrieval system according to Claim 51, comprising a database
engine that is coupled to the storage engine and that manages a retention of cells in the storage

media.

59. A data storage and/or retrieval system according to Claim 50, in which 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.

60. A data storage and/or retrieval system according to Claim 59, 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
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interval sizes whereby a plurality of frames and respective data cells may be eliminated from

consideration by a respective equivalence operator and its operands.

61. A data storage and/or retrieval system according to Claim 59, 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.

62. A data storage and/or retrieval system according to Claim 59, 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.

63. A data storage and/or retrieval system according to Claim 1 or 45, in which a plurality
of said data segments are grouped in frames based on common characteristics of their

respective entity instances.

64. A data storage and/or retrieval system according to Claim 63, in which said common

characteristic is time period.

65. A data storage and/or retrieval system according to Claim 63, in which said common

characteristic is volume of respective entity instances.

66. A data storage and/or retrieval system according to Claim 63, 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.

67. A data storage and/or retrieval system according to Claim 66, 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 complete frame, as and when each frame becomes

complete.

68. A data storage and/or retrieval system according to Claim 66, 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 plurality of complete frames, as and when said

plurality of frames become complete.

69. A data storage and/or retrieval system according to Claim 66, 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 according to Claim 63 in identical

manner to that used for the data storage system according to Claim 50;

accessing said frames of the data storage system according to Claim 63 prior to
accessing said frames of the data storage system according to Claim 50 during said

query access;

discounting any said frames in the data storage system according to Claim 50 that
correspond to said frames accessed in the data storage system according to Claim 63
during said query access; such that each entity instance can be persisted in the data
storage system according to Claim 63 and in the data storage system according to
Claim 50 at the same time to ensure persistance of said entity instances without

affecting the result of said query access.

70. A data storage and/or retrieval system according to any of Claims 1, 14 and 45, 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.

71. A data storage and/or retrieval system according to Claim 70, in which each distinct
entity type definition is assigned a unique ordinal identity from a single monotonically

increasing ordinal number sequence.

72. A data storage and/or retrieval system according to Claim 70, in which each distinct
attribute definition is assigned a unique ordinal identity from a monotonically increasing

ordinal number sequence for the respective entity type.

73. A data storage and/or retrieval system according to Claim 70, in which each complete
definition is assigned a unique version identity from a single monotonically increasing version

number sequence.
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A data storage and/or retrieval system according to Claim 70 and/or Claim 50, in

which each complete definition is assigned the identity of the respective frame in which said

definition is created.

75.

76.

A data storage and/or retrieval system, 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,

in which 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 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,

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.

A method of data storage and/or retrieval system implemented on one or more digital

data processing systems, comprising:

providing storage media comprising a plurality of data tunnels for each entity type and
a fixed plurality of data tunnels for each attribute, one or more of which data tunnels

comprise a plurality of data cells,

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,
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accessing, with a storage engine that is in communications coupling with the storage
media, one or more data tunnels based on one or more of said operators and a given set

of one or more operands.

A data storage and/or retrieval system, 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.

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 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,

in which 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
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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,

accessing, with a storage engine that is in communications coupling with the storage
media, one or more connective data tunnels based on one or more of said equivalence

operators and a given set of one or more operands.

A data storage and/or retrieval system, comprising

storage media comprising a plurality of combinative data tunnels for each entity type
and a fixed plurality of combinative data tunnels for each attribute, one or more of

which data tunnels comprise a plurality of combinative data cells,

where each of the combinative data cells contain data associated with a respective

instance of an attribute for a respective instance of an entity type,

in which each respective instance of an attribute has one respective combinative data

cell in all respective combinative data tunnels,

where for one or more of the combinative data tunnels, the combinative cells in each
of which have data for which a respective bounding operator evaluates to a boolean
result which indicates either the likely possibility or the impossibility of a respective

instance of an attribute being bounded 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 combinative data tunnels based on one or more of said bounding

operator and a given set of one or more operands.

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 combinative data tunnels for each
entity type and a fixed plurality of combinative data tunnels for each attribute, one or

more of which data tunnels comprise a plurality of combinative data cells,

where each of the combinative data cells contain data associated with a respective

instance of an attribute for a respective instance of an entity type,

in which each respective instance of an attribute has one respective combinative data

cell in all respective combinative data tunnels,




10

15

20

25

30

81.

82.

122

where for one or more of the combinative data tunnels, the combinative cells in each
of which have data for which a respective bounding operator evaluates to a boolean
result which indicates either the likely possibility or the impossibility of a respective

instance of an attribute being bounded for a given set of one or more operands,

accessing, with a storage engine that is in communications coupling with the storage
media, one or more combinative data tunnels based on one or more of said bounding

operator and a given set of one or more operands.

A data storage and/or retrieval system, 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,

where each of the characteristic data cells contain data associated with a respective

instance of an attribute for a respective instance of an entity type,

in which each respective instance of an attribute has one respective characteristic data

cell in all respective characteristic data tunnels,

where for one or more of the characteristic data tunnels, the characteristic data cells in
each of which have data for which a respective possessive operator evaluates to a
boolean result which indicates either the likely possibility or the impossibility of a
respective instance of an attribute possessing a property for a given set of one or more

operands,

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.

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,

where each of the characteristic data cells contain data associated with a respective

instance of an attribute for a respective instance of an entity type,
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in which each respective instance of an attribute has one respective characteristic data

cell in all respective characteristic data tunnels,

where for one or more of the characteristic data tunnels, the characteristic data cells in
each of which have data for which a respective possessive operator evaluates to a
boolean result which indicates either the likely possibility or the impossibility of a
respective instance of an attribute possessing a property for a given set of one or more

operands,

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.
A method data storage and/or retrieval, comprising
providing storage media comprising a plurality of collective data tunnels for each

entity type, one or more of which collective data tunnels comprise a plurality of

collective data cells,

where each collective data tunnel contains data associated with a respective instance of

an entity type.

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,

where each of the collective data cells contain data which is characterised as one of

identity, measurement, enumeration or opacity.
A method data storage and/or retrieval, comprising
providing storage media comprising a plurality of collective data tunnels for each

entity type, one or more of which collective data tunnels comprise a plurality of

collective data cells,

where each collective data tunnel contains data associated with a respective instance of

an entity type.

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,
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where each of the collective data cells contain data which is characterised as one of

identity, measurement, enumeration or opacity.

85. A method according to any of Claims 76, 78, 80 and 82 to 84, in which

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.

86. A method according to Claim 85, in which the digest of the respective instance of the
attribute is the value of the respective instance itself when the size of the respective instance is

sufficiently small, whereby the equivalence operator can be certain of equivalence.
87. A method according to any of Claims 76, 78, 80 and 82 to 84, in which

each instance of a respective attribute is expressed in unitary scale and as a significand

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
all combinative data tunnels enclose the whole of the said signficand

88. A method according to 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

converting each respective boundary operand in the said bounding operator to a

significand of unitary scale with a fixed radix point;

comparing the significand bits of respective boundary operands in descending
significance order to find the first significand bit that differs between said operands

and taking all prior common bits as a determinant data value;

finding the combinative data tunnel of lowest significance that comprises a strict
subset of the significance of said determinant value and taking said combinative data

tunnel as the determinant data tunnel,
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accessing the said determinant data tunnel first before other combinative data tunnels

respective of said attribute;

inspecting all combinative data cells of said determinant data tunnel and deeming the
relevance of each respective entity instance as impossible for said bounding operator
where said combinative data cell is not equal to the said determinant data value;
whereby only combinative data cells, respective of entity instances not deemed of
impossible relevance, in combinative data tunnels other than said determinant data
tunnel need be inspected for the purposes of determining relevance of respective entity

instances to the respective bounding operator and its respective operands.

89. A method according to any of Claims 76, 78, 80 and 82 to 84, in which

each characteristic data tunnel is respective of one or more properties.

a characteristic data cell contains a boolean indication of possession of a respective

property by the respective instance of the attribute,

90. A method according to Claim 89, in which 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. A method according to Claim 89, in which a characteristic tunnel is chosen to be
respective of a property by assigning a strictly monotonically increasing ordinal to each
unique property identity and applying a modulo of the number of plurality characteristic data
tunnels to said ordinal; whereby the possessive operator can be certain of possession if (M -
T) <P < 83T where P is the ordinal of the property; M is the maximum ordinal assigned and T

is the number of characteristic tunnels.

92. A method according to Claim 89, in which a characteristic tunnel is chosen to be
respective of a property by assigning a strictly monotonically increasing ordinal to each
unique property identity for the respective attribute and applying a modulo of the number of
plurality characteristic data tunnels to said ordinal; whereby the possessive operator can be
certain of possession if (M - T) <P < 83T where P is the ordinal of the property; M is the
maximum ordinal assigned for the respective attribute and T is the number of characteristic

tunnels.
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93. A data storage storage and/or retrieval according to any of Claims 76, 78, 80 and 82 to
84, 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.

94, A method according to Claim 92, 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 respective attribute being
bounded by a range can be determined by comparison of the respective sign, significand and

exponent bits.

9s5. A method according to Claim 92, in which a collective data cell characterised as one
of enumeration comprises of a plurality of properties in which each property is comprised of 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. A method according to Claim 92, in which each data tunnel is individually encrypted

during write access to storage and individually decrypted during read access from storage.

97. A method according to Claim 92, in which each data cell is individually encrypted

during write access to storage and individually decrypted during read access from storage.

98. A method according to any of Claims 76, 78, 80 and 82 to 84 and/or Claim 92, in
which a specific set of one or more tunnels are accessed for each of the said operators and

their respective operands, that comprise a query.

99. A method according to Claim 98, in which one or more data tunnels are accessed
independently and simultaneously for the evaluation of each said operators and their

respective operands

100. A method according to Claim 98, in which each operator evaluation includes a boolean

indication of certainty or uncertainty for each respective instance deemed likely possible.
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101. A method according to Claim 100, in which operator evaluations are combined
conjunctively for a common respective entity type such that some uncertain respective entity

instances may be discarded from operator evaluations.

102. A method according to Claim 100, in which 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.

103. A method according to Claim 98, in which data tunnels are read accessed in bulk from

storage media for the evaluation of each said operators and their respective operands

104. A method according to any of Claims 76, 78, 80 and 82 to 84, in which distinct
attributes may be correlated by the equivalence of their respective instances by comparison of

their respective data cells in corresponding data tunnels.

105. A method according to any of Claims 76, 78, 80 and 82 to 84, in which 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. A method according to any of Claims 76, 78, 80 and 82 to 84, in which a plurality of

data tunnels and respective operators relate to instances of entities of arbitrary structure.

107. A method according to Claim 106, in which a plurality of connective data tunnels and

respective operators relate to instances of entities of arbitrary structure.

108. A method according to Claim 106, in which a plurality of combinative data tunnels

and respective operators relate to instances of entities of arbitrary structure.

109. A method according to Claim 106, in which a plurality of characteristic data tunnels

and respective operators relate to instances of entities of arbitrary structure.

110. A method according to Claim 106, in which a plurality of data tunnels and respective
operators relate to instances of an entity type in which distinct instances of said entity type

differ in structure.

111. A method according to Claim 110, in which a plurality of connective data tunnels and
respective operators relate to instances of an entity type in which distinct instances of said

entity type differ in structure.
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112. A method according to Claim 110, in which a plurality of combinative data tunnels
and respective operators relate to instances of an entity type in which distinct instances of said

entity type differ in structure.

113. A method according to Claim 110, in which a plurality of characteristic data tunnels
and respective operators relate to instances of an entity type in which distinct instances of said

entity type differ in structure.

114. A method according to any of Claims 76, 78, 80 and 82 to 84, in which 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.

115. A method according to Claim 114, in which connective 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.

116. A method according to Claim 114, in which combinative 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.

117. A method according to Claim 114, in which characteristic 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. A method according to any of Claims 76, 78, 80 and 82 to 84, the further improvement
for discerning from a database 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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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;

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.

A method according to Claim 118, whereby the further improvement for discerning

from a relational database schema the operators and respective data tunnels that are applicable

to a respective attribute, comprising the steps of

120.

discerning an applicability of an equivalence operator from primary key and foreign
key 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 check 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;

discerning the applicability of a possessive operator from the character domain or
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.

A method according to any of Claims 76, 78, 80 and 82 to 84 and/or Claim 92, the

further improvement for accessing data tunnels for the purpose of materialising a query result,

comprising the steps of
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re-factoring the query expression to produce a disjunctive normal form expression of

operators and their respective operands;

removing each operator and respective operands from each conjunctive term of said
disjunctive normal form expression where the outcome of said operator is implied by

one or more other operators in the same said conjunctive term;

removing each conjunctive term from said disjunctive normal form expression where
said conjunctive term contains an operator and respective operands that is deemed to

be always false;

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 for each said operator independently and simultaneously 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;

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;

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 memory;

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 memory;

merging said 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 memory;
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A method according to 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;

updating the cardinality of entity instances in respective correlated sets of entity

instances in reverse order of said visit sequence, for storage in memory.

A method according to Claim 121 the further improvement for deciding said visit

sequence of said bind operators with said conjunctive term, comprising 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;

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.

A method of data storage and/or retrieval implemented on one or more digital data

processing systems, comprising

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
where all data segments are maintained within a contiguous data heap of arbitrary size;

where all new data segments are appended to the data heap and assigned to respective

transactions and respective entity instances in arbitrary order;
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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.

124. A method according to Claim 123, in which storage write operations are performed
such that all said data segments within said data heap are written to storage in a minimum of

storage write requests.

125. A method according to Claim 123, in which storage write operations for said data heap
only occur at prefined regular intervals, such that transactions committing their state cannot
complete said commit until the next storage write operation for said data heap has successfully

completed.

126. A method according to any of Claims 76, 78, 80 and 82 to 84 and/or Claim 123, in
which

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 in

which a data cell denotes an inversion of a respective instance of said entity type.

127. A method according to Claim 126, 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

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 according to any of Claims 76, 78, 80 and
82 to 84, 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.

129. The method of data storage and/or retrieval according to Claim 128, in which a

plurality of the cells of at least one said tunnel are grouped in frames based on common
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characteristics of the respective entity instances such that cells across all tunnels respect

common frame boundaries.

130. The method of data storage and/or retrieval according to Claim 129, in which said

common characteristic is time period.

131. The method of data storage and/or retrieval according to 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 according to 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 according to Claim 129, in which said

common characteristic is volume of respective entity instances

134.  The method of data storage and/or retrieval according to 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 according to Claim 129, in which 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 according to 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 according to Claim 128, in which 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.

138.  The method of data storage and/or retrieval according to Claim 137, in which a

plurality of bit sequences common to all respective instances of attributes for data cells within
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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.

139. The method of data storage and/or retrieval according to Claim 137, 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.

140. The method of data storage and/or retrieval according to Claim 137, 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.

141. The method of data storage and/or retrieval according to Claim 123, in which a
plurality of said data segments are grouped in frames based on common characteristics of their

respective entity instances.

142. The method of data storage and/or retrieval according to Claim 141, in which said

common characteristic is time period.

143. The method of data storage and/or retrieval according to Claim 141, in which said

common characteristic is volume of respective entity instances.

144. The method of data storage and/or retrieval according to 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.

145. The method of data storage and/or retrieval according to 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 complete frame, as and when each frame

becomes complete.

146. The method of data storage and/or retrieval according to Claim 144, comprising a

storage engine and that appends data cells to respective data tunnels for instances of respective
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entities contained in data segments that comprise a plurality of complete frames, as and when

said plurality of frames become complete.

147.

A method according to Claim 144, the further improvement for resolution of duplicate

entity instances during query access of said storage system, comprising the steps of

148.

assigning said frames of the data storage system according to Claim 141 in identical

manner to that used for the data storage system according to Claim 128;

accessing said frames of the data storage system according to Claim 141 prior to
accessing said frames of the data storage system according to Claim 128 during said

query access;

discounting any said frames in the data storage system according to Claim 128 that
correspond to said frames accessed in the data storage system according to Claim 141
during said query access; such that each entity instance can be persisted in the data
storage system according to Claim 141 and in the data storage system according to
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 according to any of Claims 76, 78, 80 and

82 to 84 and/or Claim 92, 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.

149.

The method of data storage and/or retrieval according to Claim 148, in which each

distinct entity type definition is assigned a unique ordinal identity from a single monotonically

increasing ordinal number sequence.

150.

The method of data storage and/or retrieval according to Claim 148, in which each

distinct attribute definition is assigned a unique ordinal identity from a monotonically

increasing ordinal number sequence for the respective entity type.

151.

The method of data storage and/or retrieval according to Claim 148, in which each

complete definition is assigned a unique version identity from a single monotonically

increasing version number sequence.
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152. The method of data storage and/or retrieval according to Claim 148 and/or Claim 128,
in which each complete definition is assigned the identity of the respective frame in which

said definition is created.

153. A data storage and/or retrieval system according to any of Claims 45, 75, 76, 77, 79

and 81 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,

in which 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 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,

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.

154. A data storage and/or retrieval system according to any of Claims 45, 75, 76, 77, 79

and 81, comprising

storage media comprising a plurality of combinative data tunnels for each entity type
and a fixed plurality of combinative data tunnels for each attribute, one or more of

which data tunnels comprise a plurality of combinative data cells,

where each of the combinative data cells contain data associated with a respective

instance of an attribute for a respective instance of an entity type,

in which each respective instance of an attribute has one respective combinative data

cell in all respective combinative data tunnels,
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where for one or more of the combinative data tunnels, the combinative cells in each
of which have data for which a respective bounding operator evaluates to a boolean
result which indicates either the likely possibility or the impossibility of a respective

instance of an attribute being bounded 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 combinative data tunnels based on one or more of said bounding

operator and a given set of one or more operands.

A data storage and/or retrieval system according to any of Claims 45, 75, 76, 77, 79

and 81, comprising

156.

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,

where each of the characteristic data cells contain data associated with a respective

instance of an attribute for a respective instance of an entity type,

in which each respective instance of an attribute has one respective characteristic data

cell in all respective characteristic data tunnels,

where for one or more of the characteristic data tunnels, the characteristic data cells in
each of which have data for which a respective possessive operator evaluates to a
boolean result which indicates either the likely possibility or the impossibility of a
respective instance of an attribute possessing a property 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 characteristic data tunnels based on one or more of said

possessive operator and a given set of one or more operands.

A data storage and/or retrieval system according to any of Claims 45, 75, 76, 77, 79

and 81, comprising

storage media comprising a plurality of collective data tunnels for each entity type, one

or more of which collective data tunnels comprise a plurality of collective data cells,

where each collective data tunnel contains data associated with a respective instance of

an entity type.
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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,

where each of the collective data cells contain data which is characterised as one of

identity, measurement, enumeration or opacity.

157. A data storage and/or retrieval system according to any of Claims 45, 75, 76, 77, 79
and 81, in which a specific set of one or more tunnels are accessed for each of the said

operators and their respective operands, that comprise a query.

158. A data storage and/or retrieval system according to any of Claims 45, 75, 76, 77, 79
and 81, in which distinct attributes may be correlated by the equivalence of their respective

instances by comparison of their respective data cells in corresponding data tunnels.

159. A data storage and/or retrieval system according to any of Claims 45, 75, 76, 77, 79
and 81, in which 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.

160. A data storage and/or retrieval system according to any of Claims 45, 75, 76, 77, 79
and 81, in which a plurality of data tunnels and respective operators relate to instances of

entities of arbitrary structure.

161. A data storage and/or retrieval system according to any of Claim 45, 75, 76, 77, 79 and
81, in which 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.

162. A data storage and/or retrieval system according to any of Claims 45, 75, 76, 77, 79
and 81, the further improvement for discerning from a database 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
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attribute are stored in combinative data cells within combinative data tunnels

respective of said attribute;

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;

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.

A data storage and/or retrieval system according to any of Claims 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

re-factoring the query expression to produce a disjunctive normal form expression of

operators and their respective operands;

removing each operator and respective operands from each conjunctive term of said
disjunctive normal form expression where the outcome of said operator is implied by

one or more other operators in the same said conjunctive term;

removing each conjunctive term from said disjunctive normal form expression where
said conjunctive term contains an operator and respective operands that is deemed to

be always false;

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 for each said operator independently and simultaneously 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;
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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;

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 memory;

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 memory;

merging said 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 memory;

A data storage and/or retrieval system according to any of Claims 75, 76, 77, 79 and

81, in which storage write operations are performed such that all said data segments within

said data heap are written to storage in a minimum of storage write requests.

165.

A data storage and/or retrieval system according to any of Claims 75, 76, 77, 79 and

81, in which storage write operations for said data heap only occur at prefined regular

intervals, such that transactions committing their state cannot complete said commit until the

next storage write operation for said data heap has successfully completed.

166.

A data storage and/or retrieval system according to any of Claims 75, 76, 77, 79 and

81, in which

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 in

which a data cell denotes an inversion of a respective instance of said entity type.
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167. A data storage and/or retrieval system according to any of Claims 75, 76, 77, 79 and
81, 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.

168. A data storage and/or retrieval system according to any of Claims 75, 76, 77, 79 and
81, in which a plurality of said data segments are grouped in frames based on common

characteristics of their respective entity instances.

169. A data storage and/or retrieval system according to any of Claims 75, 76, 77, 79 and
81, 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.

170. A data storage and/or retrieval system implemented on one or more digital data

processing systems, comprising:

storage media comprising a plurality of data tunnels, one or more of said plurality of
data tunnels having a plurality of data cells, in which the plurality of data tunnels
include a plurality of entity type data tunnels for each of a plurality of entity types and
a plurality of attribute data tunnels for each of a plurality of attributes, in which a

number of data tunnels for each attribute is fixed for a given attribute,

in which each of the data cells contain data associated with a respective instance of an

attribute for a respective and distinct instance of an entity type,

in which each of the data cells of the plurality of attribute data tunnels has data for
which a respective operator evaluates to a boolean result indicating either the likely
possibility or the impossibility of the attribute instance corresponding to said data cell

being characterised by said operator for a given set of one or more operands, and

a storage engine that is in communications coupling with the storage media and that
accesses one or more of the plurality of data tunnels based on one or more of said

operators and a given set of one or more operands.

171. A data storage and/or retrieval system according to Claim 170,

in which the plurality of entity type data tunnels comprise a plurality of connective

data tunnels, the plurality of attribute data tunnels comprise a plurality of connective
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data tunnels, and the plurality of data cells of said connective data tunnels are

connective data cells,

in which each respective instance of an attribute has one respective connective data

cell in only one respective connective data tunnel,

in which each of the connective data cells has data for which a respective equivalence
operator evaluates to a boolean result which indicates either the likely possibility or the
impossibility of the attribute instance corresponding to said connective data cell being

equivalent for a given set of one or more operands, and

in which the storage engine accesses one or more of the plurality of connective data
tunnels based on one or more of said equivalence operator and a given set of one or

more operands.

A data storage and/or retrieval system according to Claim 171,in which

the majority of the connective data cells yield a like result for a given set of one or

more operands.

A data storage and/or retrieval system according to Claim 172, in which:

each of the connective data cells contains a digest of the attribute instance

corresponding to said connective data cell, and

the respective connective data tunnel for each instance of an attribute 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.

A data storage and/or retrieval system according to Claim 173, in which the digest is

the value of the attribute instance corresponding to said connective data cell when the size of

said attribute instance is sufficiently small, whereby the equivalence operator can be certain of

equivalence.

175.

A data storage and/or retrieval system according to Claim 170,

in which the plurality of entity type data tunnels comprise a plurality of combinative

data tunnels, the plurality of attribute data tunnels comprise a plurality of combinative
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data tunnels, and the plurality of data cells of said combinative data tunnels are

combinative data cells,

in which each respective instance of an attribute has one respective combinative data

cell in all respective combinative data tunnels,

in which each of the combinative data cells has data for which a respective bounding
operator evaluates to a boolean result which indicates either the likely possibility or the
impossibility of the attribute instance corresponding to said combinative data cell

being bounded for a given set of one or more operands, and

in which the storage engine accesses one or more of the plurality of combinative data
tunnels based on one or more of said bounding operator and a given set of one or more

operands.

A data storage and/or retrieval system according to Claim 175, in which

each instance of a respective attribute is expressed in unitary scale and as a significand
with respect to a fixed radix point,

each of the combinative data tunnels is respective to part of the significand,

all of the combinative data tunnels are mutually exclusive in respect of the signficand,

and
all of the combinative data tunnels enclose the whole of the signficand.

A data storage and/or retrieval system according to Claim 170,

in which the plurality of entity type data tunnels comprise a plurality of characteristic
data tunnels, the plurality of attribute data tunnels comprise a plurality of characteristic
data tunnels, and the plurality of data cells of said characteristic data tunnels are

characteristic data cells,

in which each respective instance of an attribute has one respective characteristic data

cell in all respective characteristic data tunnels,

in which each of the characteristic data cells has data for which a respective possessive
operator evaluates to a boolean result which indicates either the likely possibility or the
impossibility of the attribute instance corresponding to said characteristic data cell

possessing a property for a given set of one or more operands, and
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in which the storage engine accesses one or more of the plurality of characteristic data
tunnels based on one or more of said possessive operator and a given set of one or

more operands.

178. A data storage and/or retrieval system according to Claim 177, in which:

each of the characteristic data tunnels is respective of one or more properties, and

each of the characteristic data cells contains a boolean indication of possession of a
respective property by the attribute instance corresponding to said characteristic data

cell.

179. A data storage and/or retrieval system according to Claim 178, in which each of the
characteristic data tunnels is chosen to be respective of a property by hash encoding the
property identity and applying a modulo of the number of the plurality of characteristic data

tunnels to said hash encoding.

180. A data storage and/or retrieval system according to Claim 178, in which each of the
characteristic data tunnels is chosen to be respective of a property by assigning a strictly
monotonically increasing ordinal to each unique property identity and applying a modulo of
the number of the plurality of characteristic data tunnels to said ordinal; whereby the
possessive operator can be certain of possession if (M - T) <P <2T where P is the ordinal of
the property; M is the maximum ordinal assigned; and T is the number of characteristic data

tunnels.

181. A data storage and/or retrieval system according to Claim 178, in which each of the
characteristic data tunnels is chosen to be respective of a property by assigning a strictly
monotonically increasing ordinal to each unique property identity for the respective attribute
and applying a modulo of the number of the plurality of characteristic data tunnels to said
ordinal; whereby the possessive operator can be certain of possession if (M - T) <P <2T
where P is the ordinal of the property; M is the maximum ordinal assigned for the respective

attribute; and T is the number of characteristic data tunnels.
182. A data storage and/or retrieval system according to Claim 170,

in which the plurality of entity type data tunnels comprise a plurality of collective data

tunnels, the plurality of attribute data tunnels comprise a plurality of collective data
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tunnels, and the plurality of data cells of said collective data tunnels are collective data

cell,

in which each of the collective data cells contain data which is characterised as

one of identity, measurement, enumeration or opacity.

183. The data storage and/or retrieval according to Claim 182, in which a collective data
cell characterised as one of identity comprises a sequence of bits that denote an identity such
that certainty of equivalence of identity for the attribute instance corresponding to said

collective data cell can be determined by comparison of said bits in like sequence order.

184. A data storage and/or retrieval system according to Claim 182, in which a collective
data cell characterised as one of measurement comprises a sign bit, a plurality of significand
bits and a plurality of exponent bits such that certainty of the attribute instance corresponding
to said collective data cell being bounded by a range can be determined by comparison of the

respective sign, significand and exponent bits.

185. A data storage and/or retrieval system according to Claim 182, in which a collective
data cell characterised as one of enumeration comprises a plurality of properties, in which
each property comprises a sequence of bits such that certainty of possession of a property by
the attribute instance corresponding to said collective data cell can be determined by a

comparison of said bits in like sequence order for one or more respective properties.

186. A data storage and/or retrieval system according to Claim 182, in which each of the
plurality of data tunnels is individually encrypted during write access to the storage media and

individually decrypted during read access from the storage media.

187. A data storage and/or retrieval system according to Claim 182, in which each of the
plurality of data cells is individually encrypted during write access to the storage media and

individually decrypted during read access from the storage media.

188. A data storage and/or retrieval system implemented on one or more digital data

processing systems, comprising:

storage media comprising a plurality of connective data tunnels, one or more of said
plurality of connective data tunnels having a plurality of connective data cells, in
which the plurality of connective data tunnels include a plurality of entity type data

tunnels for each of a plurality of entity types and a plurality of attribute data tunnels
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for each of a plurality of attributes, in which a number of connective data tunnels for

each attribute is fixed for a given attribute,

in which each of the connective data cells contain data associated with a respective

instance of an attribute for a respective and distinct instance of an entity type,

in which each respective instance of an attribute has one respective connective data

cell in only one respective connective data tunnel,

in which each of the connective data cells of the plurality of attribute tunnels has data
for which a respective equivalence operator evaluates to a boolean result which
indicates either the likely possibility or the impossibility of the attribute instance
corresponding to said data cell being equivalent for a given set of one or more

operands, and

a storage engine that is in communications coupling with the storage media and that
accesses one or more of the plurality of connective data tunnels based on one or more

of said equivalence operator and a given set of one or more operands.

189. A data storage and/or retrieval system according to Claim 170, in which a specific set
of one or more data tunnels are accessed for each of the said operators and their respective

operands, that comprise a query.

190. A data storage and/or retrieval system according to Claim 189, in which one or more
data tunnels are accessed independently and simultaneously for the evaluation of each said

operators and their respective operands.

191. A data storage and/or retrieval system according to Claim 189, in which each of a
plurality of operator evaluations includes a boolean indication of certainty or uncertainty for

each respective attribute instance deemed likely possible.

192. A data storage and/or retrieval system according to Claim 191, in which operator
evaluations are combined conjunctively for a common respective entity type such that some

uncertain respective entity instances may be discarded from operator evaluations.

193. A data storage and/or retrieval system according to Claim 191, in which subsequent
materialisation of an operator evaluation can resolve any uncertainty by inspecting a

respective collective data cell for a respective instance of an attribute deemed uncertain.
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194. A data storage and/or retrieval system according to Claim 191, in which data tunnels
are read accessed in bulk from the storage media for the evaluation of each of said operators

and their respective operands.

195. A data storage and/or retrieval system according to Claim 170, in which distinct
attributes may be correlated by the equivalence of their respective instances by comparison of

their respective data cells in corresponding data tunnels.

196. A data storage and/or retrieval system according to Claim 170, in which 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.

197. A data storage and/or retrieval system according to Claim 170, in which the plurality

of data tunnels and respective operators relate to instances of entities of arbitrary structure.

198. A data storage and/or retrieval system according to Claim 197, in which a plurality of
the data tunnels are connective data tunnels, and the plurality of connective data tunnels and

respective operators relate to instances of entities of arbitrary structure.

199. A data storage and/or retrieval system according to Claim 197, in which a plurality of
the data tunnels are combinative data tunnels, and the plurality of combinative data tunnels

and respective operators relate to instances of entities of arbitrary structure.

200. A data storage and/or retrieval system according to Claim 197, in which a plurality of
the data tunnels are characteristic data tunnels, and the plurality of characteristic data tunnels

and respective operators relate to instances of entities of arbitrary structure.

201. A data storage and/or retrieval system according to Claim 197, in which the plurality
of data tunnels and respective operators relate to instances of an entity type in which distinct

instances of said entity type differ in structure.

202. A data storage and/or retrieval system according to Claim 201, in which a plurality of
the data tunnels are connective data tunnels, and the plurality of connective data tunnels and
respective operators relate to instances of an entity type in which distinct instances of said

entity type differ in structure.

203. A data storage and/or retrieval system according to Claim 201, in which a plurality of

the data tunnels are combinative data tunnels, and the plurality of combinative data tunnels
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and respective operators relate to instances of an entity type in which distinct instances of said

entity type differ in structure.

204. A data storage and/or retrieval system according to Claim 201, in which a plurality of
the data tunnels are characteristic data tunnels, and the plurality of characteristic data tunnels
and respective operators relate to instances of an entity type in which distinct instances of said

entity type differ in structure.

205. A data storage and/or retrieval system according to Claim 170, in which the plurality
of data cells of the plurality of attribute data tunnels consist of data independent of the domain
and the encoding for their respective attribute whereby distinct instances of said attribute may

differ in domain or encoding.

206. A data storage and/or retrieval system according to Claim 205, in which the plurality
of data cells of the plurality of attribute data tunnels are connective data cells, and the
connective data cells consist of data independent of the domain and the encoding for their
respective attribute whereby distinct instances of said attribute may differ in domain or

encoding.

207. A data storage and/or retrieval system according to Claim 205, in which the plurality
of data cells of the plurality of attribute data tunnels are combinative data cells, and the
combinative data cells consist of data independent of the domain and the encoding for their
respective attribute whereby distinct instances of said attribute may differ in domain or

encoding.

208. A data storage and/or retrieval system according to Claim 205, in which the plurality
of data cells of the plurality of attribute data tunnels are characteristic data cells, and the
characteristic data cells consist of data independent of the domain and the encoding for their
respective attribute whereby distinct instances of said attribute may differ in domain or

encoding.
209. A data storage and/or retrieval system according to Claim 170, in which

the plurality of data tunnels are connective data tunnels and the plurality of data cells

are connective data cells,
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each of the connective data cells of the plurality of attribute data tunnels has data for
which a respective equivalence operator evaluates to a boolean result which indicates
either the likely possibility or impossibility of the attribute instance corresponding to
said data cell 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, and

the storage engine accesses one or more of the plurality of connective data tunnels
based on one or more of said equivalence operator and a given set of one or more

operands.

A method of data storage and/or retrieval implemented on one or more digital data

processing systems, comprising:

211.

providing storage media comprising a plurality of data tunnels, one or more of said
plurality of data tunnels having a plurality of data cells, in which the plurality of data
tunnels include a plurality of entity type data tunnels for each of a plurality of entity
types and a plurality of attribute data tunnels for each of a plurality of attributes, in

which a number of data tunnels for each attribute is fixed for a given attribute,

in which each of the data cells contain data associated with a respective instance of an

attribute for a respective and distinct instance of an entity type,

in which each of the data cells of the plurality of attribute data tunnels has data for
which a respective operator evaluates to a boolean result indicating either the likely
possibility or the impossibility of the attribute instance corresponding to said data cell

being characterised by said operator for a given set of one or more operands, and

accessing, with a storage engine that is in communications coupling with the storage
media, one or more of the plurality of data tunnels based on one or more of said

operators and a given set of one or more operands.

A method according to Claim 210, in which

the plurality of data cells include a connective data cell that contains a digest of the

attribute instance corresponding to said connective data cell,

the plurality of data tunnels include a plurality of connective data tunnels, which

include a respective connective data tunnel that is chosen from a defined hash
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encoding of the attribute instance corresponding to said connective data cell and by
applying a modulo of the number of the plurality of connective data tunnels to said

hash encoding.

A method according to Claim 211, in which the digest of the attribute instance

corresponding to said connective data cell is the value of the attribute instance itself when the

size of the attribute instance is sufficiently small, whereby the equivalence operator can be

certain of equivalence.

213.

214.

A method according to Claim 210, in which

each instance of a respective attribute is expressed in unitary scale and as a significand

with respect to a fixed radix point,

each of a plurality of combinative data tunnels is respective to part of the significand,
all of the combinative data tunnels are mutually exclusive in respect of the signficand
all of the combinative data tunnels enclose the whole of the signficand

A method according to Claim 213, further comprising, for the evaluation of a

bounding operator during read access of said combinative data tunnels, the steps of:

converting each respective boundary operand in the bounding operator to a significand

of unitary scale with a fixed radix point;

comparing the significand bits of respective boundary operands in descending
significance order to find the first significand bit that differs between said operands

and taking all prior common bits as a determinant data value;

finding the combinative data tunnel of lowest significance that comprises a strict
subset of the significance of said determinant value and taking said combinative data

tunnel as the determinant data tunnel,

accessing the determinant data tunnel first before other combinative data tunnels

respective of said attribute;

inspecting all combinative data cells of said determinant data tunnel and deeming the
relevance of each respective entity instance as impossible for said bounding operator
where said combinative data cell is not equal to the said determinant data value;

whereby only combinative data cells, respective of entity instances not deemed of
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impossible relevance, in combinative data tunnels other than said determinant data
tunnel need be inspected for the purposes of determining relevance of respective entity

instances to the respective bounding operator and its respective operands.

215. A method according to Claim 210, in which

each of a plurality of characteristic data tunnels is respective of one or more properties,

and

a characteristic data cell of said characteristic data tunnels contains a boolean
indication of possession of a respective property by the attribute instance

corresponding to said characteristic data cell,

216. A method according to Claim 215, in which each of the characteristic data tunnels is
chosen to be respective of a property by hash encoding the property identity and applying a

modulo of the number of the plurality of characteristic data tunnels to said hash encoding.

217. A method according to Claim 215, in which each of the characteristic data tunnels is
chosen to be respective of a property by assigning a strictly monotonically increasing ordinal
to each unique property identity and applying a modulo of the number of the plurality of
characteristic data tunnels to said ordinal; whereby the possessive operator can be certain of
possession if (M - T) <P < 2T where P is the ordinal of the property; M is the maximum

ordinal assigned; and T is the number of characteristic data tunnels.

218. A method according to Claim 215, in which each of the characteristic data tunnels is
chosen to be respective of a property by assigning a strictly monotonically increasing ordinal
to each unique property identity for the respective attribute and applying a modulo of the
number of the plurality of characteristic data tunnels to said ordinal; whereby the possessive
operator can be certain of possession if (M - T) <P < 2T where P is the ordinal of the
property; M is the maximum ordinal assigned for the respective attribute; and T is the number

of characteristic data tunnels.

219. A method according to Claim 210, in which the plurality of data cells include a
plurality of collective data cells, and in which a collective data cell characterised as one of
identity comprises a sequence of bits that denote an identity such that certainty of equivalence
of identity for the attribute instance corresponding to said collective data cell can be

determined by comparison of said bits in like sequence order.
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220. A method according to Claim 210, in which the plurality of data cells include a
plurality of collective data cells, and in which a collective data cell characterised as one of
measurement comprises a sign bit, a plurality of significand bits and a plurality of exponent
bits such that certainty of the attribute instance corresponding to said collective data cell
bounded by a range can be determined by comparison of the respective sign, significand and

exponent bits.

221. A method according to Claim 210, in which the plurality of data cells include a
plurality of collective data cells, and in which a collective data cell characterised as one of
enumeration comprises a plurality of properties, in which each property comprises a sequence
of bits such that certainty of possession of a property by the attribute instance corresponding
to said collective data cell can be determined by a comparison of said bits in like sequence

order for one or more respective properties.

222. A method according to Claim 210, in which each of the plurality of data tunnels is
individually encrypted during write access to the storage media and individually decrypted

during read access from the storage media.

223. A method according to Claim 210, in which each of the plurality of data cells is
individually encrypted during write access to the storage media and individually decrypted

during read access from the storage media.

224. A method according to Claim 210, in which a specific set of one or more data tunnels

are accessed for each of the said operators and their respective operands, that comprise a

query.

225. A method according to Claim 224, in which one or more data tunnels are accessed
independently and simultaneously for the evaluation of each said operators and their

respective operands

226. A method according to Claim 224, in which each of a plurality of operator evaluations
includes a boolean indication of certainty or uncertainty for each respective attribute instance

deemed likely possible.

227. A method according to Claim 226, in which operator evaluations are combined
conjunctively for a common respective entity type such that some uncertain respective entity

instances may be discarded from operator evaluations.
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228. A method according to Claim 226, in which subsequent materialisation of an operator
evaluation can resolve any uncertainty by inspecting a respective collective data cell for a

respective instance of an attribute deemed uncertain.

229. A method according to Claim 224, in which data tunnels are read accessed in bulk
from the storage media for the evaluation of each of said operators and their respective

operands

230. A method according to Claim 210, in which distinct attributes may be correlated by the
equivalence of their respective instances by comparison of their respective data cells in

corresponding data tunnels.

231. A method according to Claim 210, in which 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.

232. A method according to Claim 210, in which the plurality of data tunnels and respective

operators relate to instances of entities of arbitrary structure.

233. A method according to Claim 232, in which a plurality of the data tunnels are
connective data tunnels, and the plurality of connective data tunnels and respective operators

relate to instances of entities of arbitrary structure.

234. A method according to Claim 232, in which a plurality of the data tunnels are
combinative data tunnels, and the plurality of combinative data tunnels and respective

operators relate to instances of entities of arbitrary structure.

235. A method according to Claim 232, in which a plurality of the data tunnels are
characteristic data tunnels, and the plurality of characteristic data tunnels and respective

operators relate to instances of entities of arbitrary structure.

236. A method according to Claim 232, in which the plurality of data tunnels and respective
operators relate to instances of an entity type in which distinct instances of said entity type

differ in structure.

237. A method according to Claim 236, in which a plurality of the data tunnels are

connective data tunnels, and the plurality of connective data tunnels and respective operators
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relate to instances of an entity type in which distinct instances of said entity type differ in

structure.

238. A method according to Claim 236, in which a plurality of the data tunnels are
combinative data tunnels, and the plurality of combinative data tunnels and respective
operators relate to instances of an entity type in which distinct instances of said entity type

differ in structure.

239. A method according to Claim 236, in which a plurality of the data tunnels are
characteristic data tunnels, and the plurality of characteristic data tunnels and respective
operators relate to instances of an entity type in which distinct instances of said entity type

differ in structure.

240. A method according to Claim 210, in which the plurality of data cells of the plurality
of attribute data tunnels consist of data independent of the domain and the encoding for their
respective attribute whereby distinct instances of said attribute may differ in domain or

encoding.

241. A method according to Claim 240, in which the plurality of data cells of the plurality
of attribute data tunnels are connective data cells, and the connective data cells consist of data
independent of the domain and the encoding for their respective attribute whereby distinct

instances of said attribute may differ in domain or encoding.

242. A method according to Claim 240, in which the plurality of data cells of the plurality
of attribute data tunnels are combinative data cells, and the combinative data cells consist of
data independent of the domain and the encoding for their respective attribute whereby

distinct instances of said attribute may differ in domain or encoding.

243. A method according to Claim 240, in which the plurality of data cells of the plurality
of attribute data tunnels are characteristic data cells, and the characteristic data cells consist of
data independent of the domain and the encoding for their respective attribute whereby

distinct instances of said attribute may differ in domain or encoding.

244. A method according to Claim 210, further comprising, for discerning from a database
schema the operators and respective data tunnels that are applicable to a respective attribute,

the steps of:
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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;

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.

A method according to Claim 244, further comprising, for discerning from a relational

database schema the operators and respective data tunnels that are applicable to a respective

attribute, the steps of:

discerning an applicability of an equivalence operator from primary key and foreign
key 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 check 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;

discerning the applicability of a possessive operator from the character domain or
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; and

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
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stored in any connective, combinative or characteristic data tunnels respective of said

attribute.

246. A method according to Claim 210, further comprising, for accessing data tunnels for

the purpose of materialising a query result, the steps of:

re-factoring the query expression to produce a disjunctive normal form expression of

operators and their respective operands;

removing each operator and respective operands from each conjunctive term of said
disjunctive normal form expression where the outcome of said operator is implied by

one or more other operators in the same said conjunctive term;

removing each conjunctive term from said disjunctive normal form expression where
said conjunctive term contains an operator and respective operands that is deemed to

be always false;

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 for each said operator independently and simultaneously 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;

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;

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 memory;
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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 memory; and

merging said 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 memory.

A method according to Claim 246, further comprising, for correlating said common

sets of entity instances within said conjunctive term for the purpose of producing a correlated

set of entity instances, the steps of

248.

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 computer

memory; and

updating the cardinality of entity instances in respective correlated sets of entity

instances in reverse order of said visit sequence, for storage in computer memory.

A method according to Claim 247, further comprising, for deciding said visit sequence

of said bind operators with said conjunctive term, the steps of:

249.

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.

A method of data storage and/or retrieval implemented on one or more digital data

processing systems, comprising:
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providing storage media comprising a plurality of connective data tunnels, one or more
of said plurality of connective data tunnels having a plurality of connective data cells,
in which the plurality of connective data tunnels include a plurality of entity type data
tunnels for each of a plurality of entity types and a plurality of attribute data tunnels
for each of a plurality of attributes, in which a number of data tunnels for each attribute

is fixed for a given attribute,

in which each of the connective data cells contain data associated with a respective

instance of an attribute for a respective and distinct instance of an entity type,

in which each respective instance of an attribute has one respective connective data

cell in only one respective connective data tunnel,

in which each of the connective data cells of the plurality of attribute data tunnels has
data for which a respective equivalence operator evaluates to a boolean result which
indicates either the likely possibility or impossibility of the attribute instance
corresponding to said connective data cell being equivalent for a given set of one or

more operands, and

accessing, with a storage engine that is in communications coupling with the storage
media, one or more of the plurality of connective data tunnels based on one or more of

said equivalence operators and a given set of one or more operands.

A data storage and/or retrieval system, comprising:

storage media comprising a plurality of combinative data tunnels, one or more of said
plurality of combinative data tunnels having a plurality of combinative data cells, in
which the plurality of combinative data tunnels include a plurality of entity type data
tunnels for each of a plurality of entity types and a plurality of attribute data tunnels
for each of a plurality of attributes, in which a number of combinative data tunnels for

each attribute is fixed for a given attribute,

in which each of the combinative data cells contain data associated with a respective

instance of an attribute for a respective and distinct instance of an entity type,

in which each respective instance of an attribute has one respective combinative data

cell in all respective combinative data tunnels,
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in which each of the combinative data cells of the plurality of attribute data tunnels has
data for which a respective bounding operator evaluates to a boolean result which
indicates either the likely possibility or the impossibility of the attribute instance
corresponding to said combinative data cell being bounded for a given set of one or

more operands, and

a storage engine that is in communications coupling with the storage media and that
accesses one or more of the plurality of combinative data tunnels based on one or more

of said bounding operator and a given set of one or more operands.

A method of data storage and/or retrieval implemented on one or more digital data

processing systems, comprising:

252.

providing storage media comprising a plurality of combinative data tunnels, one or
more of said plurality of combinative data tunnels having a plurality of combinative
data cells, in which the plurality of combinative data tunnels include a plurality of
entity type data tunnels for each of a plurality of entity types and a plurality of attribute
data tunnels for each of a plurality of attributes, in which a number of combinative

data tunnels for each attribute is fixed for a given attribute,

in which each of the combinative data cells contain data associated with a respective

instance of an attribute for a respective and distinct instance of an entity type,

in which each respective instance of an attribute has one respective combinative data

cell in all respective combinative data tunnels,

in which each of the combinative data cells of the plurality of attribute data tunnels has
data for which a respective bounding operator evaluates to a boolean result which
indicates either the likely possibility or the impossibility of the attribute instance
corresponding to said combinative data cell being bounded for a given set of one or

more operands, and

accessing, with a storage engine that is in communications coupling with the storage
media, one or more of the plurality of combinative data tunnels based on one or more

of said bounding operator and a given set of one or more operands.

A data storage and/or retrieval system, comprising:
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providing storage media comprising a plurality of characteristic data tunnels, one or
more of said plurality of characteristic data tunnels having a plurality of characteristic
data cells, in which the plurality of characteristic data tunnels include a plurality of
entity type data tunnels for each of a plurality of entity types and a plurality of attribute
data tunnels for each of a plurality of attributes, in which a number of characteristic

data tunnels for each attribute is fixed for a given attribute,

in which each of the characteristic data cells contain data associated with a respective

instance of an attribute for a respective and distinct instance of an entity type,

in which each respective instance of an attribute has one respective characteristic data

cell in all respective characteristic data tunnels,

in which each of the characteristic data cells of the plurality of attribute data tunnels
has data for which a respective possessive operator evaluates to a boolean result which
indicates either the likely possibility or the impossibility of the attribute instance
corresponding to said characteristic data cell possessing a property for a given set of

one or more operands, and

accessing, with a storage engine that is in communications coupling with the storage
media. one or more of the plurality of characteristic data tunnels based on one or more

of said possessive operator and a given set of one or more operands.

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, one or
more of said plurality of characteristic data tunnels having a plurality of characteristic
data cells, in which the plurality of characteristic data tunnels include a plurality of
entity type data tunnels for each of a plurality of entity types and a plurality of attribute
data tunnels for each of a plurality of attributes, in which a number of characteristic

data tunnels for each attribute is fixed for a given attribute,

in which each of the characteristic data cells contain data associated with a respective

instance of an attribute for a respective and distinct instance of an entity type,

in which each respective instance of an attribute has one respective characteristic data

cell in all respective characteristic data tunnels,
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in which each of the characteristic data cells of the plurality of attribute data tunnels
has data for which a respective possessive operator evaluates to a boolean result which
indicates either the likely possibility or the impossibility of the attribute instance
corresponding to said characteristic data cell possessing a property for a given set of

one or more operands, and

accessing, with a storage engine that is in communications coupling with the storage
media, one or more of the plurality of characteristic data tunnels based on one or more

of said possessive operator and a given set of one or more operands.




