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Field Name: Type (Format): Interpretation: 
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SYSTEMAND METHOD FOR 
REPRESENTING, ORGANIZING, STORING 

AND RETREVING INFORMATION 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/185,483 filed on Aug. 4, 2008, and 
claims priority to New Zealand patent application 560.372 
filed on Aug. 6, 2007 and U.S. provisional application 61/080, 
600 filed on Jul. 14, 2008 which are all incorporated by 
reference herein in their entirety. 

FIELD OF THE INVENTION 

0002 This invention relates to systems and methods used 
for representing, organizing, storing and retrieving informa 
tion in databases. 

BACKGROUND 

0003 Relational databases and other representations 
require fixed structures (tables, queries, spreadsheets, etc) 
which must be built by programmers to store information. 
Associated structures Such as interfaces and programmed 
modules must be built to allow the user to access and manipu 
late information. These require a great deal of programming 
time and effort to build and maintain. The resulting structures 
are only capable of representing particular content, organized 
in particular forms. When the content of a conventional data 
base needs to be extended, new tables, fields, queries and 
associated objects have to be programmed. Design of the 
table structures and programmed objects is also ad hoc in the 
sense that two independent programmers will generally 
devise distinct structures to represent the same domain of 
information. This means that transfer of information from one 
database to another is difficult, involving dedicated program 
ming tasks to translate or map information from one appli 
cation to another. Integration of diverse information stored in 
a variety of different structures (e.g., databases, spreadsheets) 
is difficult: a new database needs to be designed and pro 
grammed to import and combine various elements of infor 
mation, taking into account the ad hoc rules of the original 
systems. Considerable effort is required to learn the program 
ming methods used in each system as there is little standard 
ization across systems devised by different programmers. 
0004 Conventional representations of information split 
information into two types: conceptual information and 
empirical information. Conceptual information is pro 
grammed or hard-wired into the system design in the con 
struction of tables, queries, and programmed functions. 
Empirical information is soft-coded as data, entered through 
user interfaces. Only the latter—essentially content of 
tables—appears transparently as information. Conceptual 
information underlying the system design including imple 
mentation of calculation functions, correspondences of Vari 
ous fields in different tables, inter-table relations, etc. is only 
visible by viewing construction of objects, and it is difficult to 
find any methods to systematically navigate, extract, repre 
sent or manipulate this information. 

SUMMARY 

0005. The CAT3 representation provides solutions to 
many problems encountered in conventional databases. A 
CAT3 database stores a variety of information, from diverse 
domains, in a single form. CAT3 interfaces designed to view 
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or manipulate information can be used universally for any 
information stored in the system. The CAT3 representation of 
conventional tables is flexible and can be extended by users 
without programming knowledge. New conceptual structures 
corresponding to new tables, queries, functions, etc. are 
inserted by the user as soft data, i.e., by a data entry process 
following semantic rules. New structures are represented 
symbolically; new objects do not need to be programmed to 
extend the database representation. Information in one CAT3 
database can be quickly imported into another, and integrated 
into an alternative conceptual organization by the user, with 
out doing any programming work. Information from diverse 
conventional applications (databases, spreadsheets, etc) can 
be imported into a CAT3 database and integrated into a coher 
ent system by the user without programming tasks. A Small 
number of interfaces and reports can be used over and over 
again, for different domains of information, without needing 
duplication. At the system programming level there is a single 
programming design to be learned, with a highly methodical 
structure, dramatically simplifying the problems for applica 
tion developers. 
0006. The CAT3 representation is fundamentally different 
from conventional means of representation of information in 
databases: conceptual information is represented through the 
same general methods as empirical information. For 
example, the constructions of all calculated functions inserted 
in the database are transparently available as ordinary infor 
mation. All referential identities—e.g., inter-table identities 
between intended references of fields, records or data—are 
transparently available as ordinary information. All concep 
tual relations—e.g., hierarchical relations between catego 
ries, properties, classes, etc.—are transparently available. It is 
possible to search, group, and manipulate this information 
like any other information. For example, one can store infor 
mation defining programmed objects used by the CAT3 Data 
base system as information. The contents of list boxes that 
appear on various screens of an application, for example, is 
stored as information in the CAT3 Database, rather than being 
hard-coded or stored in a multiplicity of separate tables. Prop 
erties of all controls used in Forms can be stored as informa 
tion, and manipulated by editing the data if desired. Even the 
underlying code defining the system can be stored as infor 
mation. 
0007. The features and advantages described in the speci 
fication are not all inclusive and, in particular, many addi 
tional features and advantages will be apparent to one of 
ordinary skill in the art in view of the drawings, specification, 
and claims. Moreover, it should be noted that the language 
used in the specification has been principally selected for 
readability and instructional purposes, and may not have been 
selected to delineate or circumscribe the inventive subject 
matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 illustrating a CAT3 point with edges inaccor 
dance with an embodiment of the present invention. 
0009 FIG. 2 shows the various fields in a CAT3 table in 
accordance with an embodiment of the present invention. 
(0010 FIG. 3 illustrates the interior of a point, the exterior 
of a point and the interior of the exterior of the point in 
accordance with an embodiment of the present invention. 
(0011 FIG. 4 illustrates an arbitrary CAT3 network in 
accordance with an embodiment of the present invention. 
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0012 FIG. 5 illustrates the minimal network formed by 
tiling inaccordance with an embodiment of the present inven 
tion. 
0013 FIG. 6 shows a partition tiling in accordance with an 
embodiment of the present invention. 
0014 FIG. 7 shows an example of general partition tiling 
in accordance with an embodiment of the present invention. 
0015 FIG. 8 shows an example of illegal tiling in accor 
dance with an embodiment of the present invention. 
0016 FIG. 9 shows a general example of illegal tiling in 
accordance with an embodiment of the present invention. 
0017 FIG. 10 shows a network with partition lattice tiling 
in accordance with an embodiment of the present invention. 
0018 FIG. 11 illustrates adjacency rule 1 in accordance 
with an embodiment of the present invention. 
0019 FIG. 12 illustrates adjacency rule 2 in accordance 
with an embodiment of the present invention. 
0020 FIG. 13 shows an example of point being to the left 
of another point in accordance with an embodiment of the 
present invention. 
0021 FIG. 14 illustrates an example of cyclic rows in 
accordance with an embodiment of the present invention. 
0022 FIG. 15 shows a cyclic row order 2 in accordance 
with an embodiment of the present invention. 
0023 FIG.16 shows an example of diamond lattice tiling 
in accordance with an embodiment of the present invention. 
0024 FIG. 17 shows an example of cross tiling in accor 
dance with an embodiment of the present invention. 
0025 FIG. 18 shows an example of two cross tiled points 
joined by diamond lattice tiling in accordance with an 
embodiment of the present invention. 
0026 FIG. 19 shows an example of two points from same 
category joined by cross tiling in accordance with an embodi 
ment of the present invention. 
0027 FIG. 20 shows an example of function-variable til 
ing as a special case of cross tiling in accordance with an 
embodiment of the present invention. 
0028 FIG. 21 shows a function tiling example in accor 
dance with an embodiment of the present invention. 
0029 FIG. 22 shows an example of transitive links in 
accordance with an embodiment of the present invention. 
0030 FIG. 23 shows an example of cyclic link path that is 
illegal in accordance with an embodiment of the present 
invention. 
0031 FIG. 24 shows more examples of cyclic paths in 
accordance with an embodiment of the present invention. 
0032 FIG. 25 shows points representing partitions below 
the CAT3 point in accordance with an embodiment of the 
present invention. 
0033 FIG. 26 shows a CAT3 lattice structure with points 
below partitions in accordance with an embodiment of the 
present invention. 
0034 FIG. 27 illustrates how a table object is inserted in 
accordance with an embodiment of the present invention. 
0035 FIG.28 illustrates how a record in inserted in accor 
dance with an embodiment of the present invention. 
0036 FIG.29 shows multiple table records being inserted 
in accordance with an embodiment of the present invention. 
0037 FIG. 30 shows the insertion of a point representing 
fields in accordance with an embodiment of the present inven 
tion. 
0038 FIG. 31 illustrates how points are inserted for each 
field in accordance with an embodiment of the present inven 
tion. 
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0039 FIG. 32 illustrates insertion of data values in accor 
dance with an embodiment of the present invention. 
0040 FIG. 33 illustrates the CAT3 representation of a 
cell(i, j) in accordance with an embodiment of the present 
invention. 
0041 FIG.34 shows an example of a relationship between 
two tables in accordance with an embodiment of the present 
invention. 
0042 FIG. 35 illustrates how to join between two tables 
using identity edges in accordance with an embodiment of the 
present invention. 
0043 FIG. 36 shows an example of join between two 
tables using identity edges in accordance with an embodi 
ment of the present invention. 
0044 FIG. 37 illustrates how to join using category edges 
in accordance with an embodiment of the present invention. 
004.5 FIG.38 shows how to insert a new class in a CAT3 
network in accordance with an embodiment of the present 
invention. 
0046 FIG. 39 shows how to insert values for properties in 
accordance with an embodiment of the present invention. 
0047 FIG. 40 shows how to insert a representation of the 
property X applied to the class C in accordance with an 
embodiment of the present invention. 
0048 FIG. 41 illustrates how to avoid false inferences in 
CAT3 in accordance with an embodiment of the present 
invention. 
0049 FIG. 42 shows an example representation of infor 
mation in accordance with an embodiment of the present 
invention. 
0050 FIG. 43 shows how to add a common identity point 
as a common parent in accordance with an embodiment of the 
present invention. 
0051 FIG. 44 shows an incorrect method for representing 
a 2-place relation in accordance with an embodiment of the 
present invention. 
0.052 FIG. 45 shows a preferred method for representing 
relations by Cartesian Products in accordance with an 
embodiment of the present invention. 
0053 FIG. 46 shows an example representing relations by 
Cartesian Products in accordance with an embodiment of the 
present invention. 
0054 FIG. 47 illustrates how to represent a relation using 
a Cartesian Product inaccordance with an embodiment of the 
present invention. 
0055 FIG.48 shows the various fields of the CAT3 table in 
accordance with an embodiment of the present invention. 
0056 FIG. 49 shows the first few records of the CAT3 
table in accordance with an embodiment of the present inven 
tion. 
0057 FIG.50 shows relationships between CAT3 tables in 
accordance with an embodiment of the present invention. 
0058 FIG. 51 shows examples of records in the Briefs 
table in accordance with an embodiment of the present inven 
tion. 
0059 FIG. 52 illustrates relationships between CAT3 
tables in accordance with an embodiment of the present 
invention. 
0060 FIG.53 shows the CAT3 Lattice form in accordance 
with an embodiment of the present invention. 
0061 FIG. 54 shows the SQL used in the CAT3 Lattice 
form in accordance with an embodiment of the present inven 
tion. 



US 2012/00231.41 A1 

0062 FIG.55 shows SQL used in the CAT3 Lattice form 
in the query builder view in accordance with an embodiment 
of the present invention. 
0063 FIG. 56 shows the Flatland form in accordance with 
an embodiment of the present invention. 
0064 FIG.57 shows the SQL query used by Flatland form 
in accordance with an embodiment of the present invention. 
0065 FIG. 58 shows the SQL used in the Flatland form in 
the query builder view in accordance with an embodiment of 
the present invention. 
0066 FIG.59 shows the Flatland Link form in accordance 
with an embodiment of the present invention. 
0067 FIG. 60 shows the SQL used in the Flatland Link 
form and its query builder view in accordance with an 
embodiment of the present invention. 
0068 FIG. 61 shows the datasheet view of the tables used 
in the CAT3 implementation in accordance with an embodi 
ment of the present invention. 
0069 FIG. 62 shows the SQL query used in the datasheet 
view and its query builder view in accordance with an 
embodiment of the present invention. 
0070 FIG. 63 shows the Flatland data entry form in accor 
dance with an embodiment of the present invention. 
(0071 FIG. 64 shows the SQL query used in the Flatland 
data entry form and its query builder view in accordance with 
an embodiment of the present invention. 
0072 FIG. 65 shows the Choose Function form in accor 
dance with an embodiment of the present invention. 
0073 FIG. 66 shows the query builder view of a query 
used for inserting a 2-place function in accordance with an 
embodiment of the present invention. 
0074 FIG. 67 shows a page from the Table Report, 
which renders the lattice records in a table-like format in 
accordance with an embodiment of the present invention. 
0075 FIG. 68 shows points included as part of CAT3 
network and point outside the network in accordance with an 
embodiment of the present invention. 
0076. The figures depict various embodiments of the 
present invention for purposes of illustration only. One skilled 
in the art will readily recognize from the following discussion 
that alternative embodiments of the structures and methods 
illustrated herein may be employed without departing from 
the principles of the invention described herein. 

DETAILED DESCRIPTION 

0077. A preferred embodiment of the present invention is 
now described with reference to the figures. Reference in the 
specification to “one embodiment’ or to “an embodiment” 
means that a particular feature, structure, or characteristic 
described in connection with the embodiments is included in 
at least one embodiment of the invention. The appearances of 
the phrase “in one embodiment” or “an embodiment in vari 
ous places in the specification are not necessarily all referring 
to the same embodiment. 
0078 Some portions of the detailed description that fol 
lows are presented in terms of algorithms and symbolic rep 
resentations of operations on data bits within a computer 
memory. These algorithmic descriptions and representations 
are the means used by those skilled in the data processing arts 
to most effectively convey the substance of their work to 
others skilled in the art. An algorithm is here, and generally, 
conceived to be a self-consistent sequence of steps (instruc 
tions) leading to a desired result. The steps are those requiring 
physical manipulations of physical quantities. Usually, 
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though not necessarily, these quantities take the form of elec 
trical, magnetic or optical signals capable of being stored, 
transferred, combined, compared and otherwise manipulated. 
It is convenient at times, principally for reasons of common 
usage, to refer to these signals as bits, values, elements, sym 
bols, characters, terms, numbers, or the like. Furthermore, it is 
also convenient at times, to refer to certain arrangements of 
steps requiring physical manipulations of physical quantities 
as modules or code devices, without loss of generality. 
0079. However, all of these and similar terms are to be 
associated with the appropriate physical quantities and are 
merely convenient labels applied to these quantities. Unless 
specifically stated otherwise as apparent from the following 
discussion, it is appreciated that throughout the description, 
discussions utilizing terms such as “processing or “comput 
ing or "calculating or “determining or “displaying or 
“determining or the like, refer to the action and processes of 
a computer system, or similar electronic computing device, 
that manipulates and transforms data represented as physical 
(electronic) quantities within the computer system memories 
or registers or other Such information storage, transmission or 
display devices. 
0080 Certain aspects of the present invention include pro 
cess steps and instructions described herein in the form of an 
algorithm. It should be noted that the process steps and 
instructions of the present invention could be embodied in 
software, firmware or hardware, and when embodied in soft 
ware, could be downloaded to reside on and be operated from 
different platforms used by a variety of operating systems. 
I0081. The present invention also relates to an apparatus for 
performing the operations herein. This apparatus may be 
specially constructed for the purposes, or it may comprise a 
general-purpose computer selectively activated or reconfig 
ured by a computer program stored in the computer. Such a 
computer program may be stored in a computer readable 
storage medium, Such as, but is not limited to, any type of disk 
including floppy disks, optical disks, CD-ROMs, magnetic 
optical disks, read-only memories (ROMS), random access 
memories (RAMs), EPROMs, EEPROMs, magnetic or opti 
cal cards, application specific integrated circuits (ASICs), or 
any type of media Suitable for storing electronic instructions, 
and each coupled to a computer system bus. Memory can 
include any of the above and/or other devices that can store 
information/data/programs. Furthermore, the computers 
referred to in the specification may include a single processor 
or may be architectures employing multiple processor 
designs for increased computing capability. 
I0082. The algorithms and displays presented herein are 
not inherently related to any particular computer or other 
apparatus. Various general-purpose systems may also be used 
with programs in accordance with the teachings herein, or it 
may prove convenient to construct more specialized appara 
tus to perform the method steps. The structure for a variety of 
these systems will appear from the description below. In 
addition, the present invention is not described with reference 
to any particular programming language. It will be appreci 
ated that a variety of programming languages may be used to 
implement the teachings of the present invention as described 
herein, and any references below to specific languages are 
provided for disclosure of enablement and best mode of the 
present invention. 
I0083. In addition, the language used in the specification 
has been principally selected for readability and instructional 
purposes, and may not have been selected to delineate or 
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circumscribe the inventive subject matter. Accordingly, the 
disclosure of the present invention is intended to be illustra 
tive, but not limiting, of the scope of the invention, which is 
set forth in the claims. 

CAT3 Definition 

0084 A CAT3 Database is a computerized database sys 
tem designed to implementa CAT3 Network as a structure for 
representing information. A CAT3 Network is defined as a 
specific type offinite binary directional graph, represented by 
a structure of points and edges, as defined below. Information 
is represented via an interpretation, which specifies the 
intended semantics for CAT3 Network elements and struc 
tures, and methods for translating between conventional rep 
resentations of information and equivalent CAT3 representa 
tions. When equipped with an interpretation the CAT3 
Network is a representational space, which may be imple 
mented as a computerized database to form a CAT3 Database. 
A CAT3 Database is defined by: (1) A representation of the 
CAT3 Network as a relation. (2) Programmed functions 
designed to manipulate the content of the CAT3 Network. It 
also includes: (3) methods and programmed interfaces for 
building complex relationships between data items in the 
CAT3 Network to represent complex semantic relationships 
or information; (4) programmed tools for importing data from 
conventional representations into the CAT3 Network; and (5) 
programmed tools for outputting information in various for 
mats, rendered as reports, graphs, tables, etc. 
0085. Some benefits of the various embodiments include: 

(i) To provide a system suitable for computerized represen 
tation of information that has significant advantages over 
current methods, in terms of completeness of representation, 
simplicity of programming construction, generality of func 
tions, flexibility and control for the ordinary user, and com 
parative ease of use compared to current methods used for 
equivalent purposes. (ii) To provide a system for constructing 
practical information systems that can be used to represent a 
wide variety of complex information, from a wide range of 
alternative formats, in a single integrated network, with a 
simple and accessible semantics. (iii) To provide a Superior 
system for duplicating conventional database designs with 
very complex structures, e.g., involving large numbers of 
tables and fields with many conceptual or ontological catego 
ries, or requiring flexible expansion or reorganization of 
information by the user. (iv) To provide a system of represen 
tation that facilitates exchange of information between 
diverse users, by establishing a representing a wide variety of 
information through a single, universal formal structure. (V) 
To provide a method of representing objectual information 
that removes the distinction (regarded here as arbitrary) 
between conceptual information, traditionally fixed by 
hard-coded structures (such as table constructions, structured 
query language (SQL) functions, and programmed calcula 
tions designed to represent conceptual categories and analyti 
cally defined relations), and soft-coded data (table records 
and data used to populate tables to record empirical informa 
tion). The current method aims to render all information with 
soft-coded data. (vi) To provide a system for representation of 
information enabling a compositional theory of meaning, 
reflected in representation of all information through a single 
Table (Relation), making possible a unified semantic inter 
pretation for all symbolic representations. (vii) To provide a 
simple, practical programming system for constructing appli 
cations through a systematic method, with a minimal need for 
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ad hoc construction of special programmed objects. (viii) To 
provide a representational space with a fixed range of sym 
bolic constructions, in Such a way that the key operational 
functions can be programmed by general recursive functions 
that refer only to types of structural relations between records, 
rather than being specific to record content. (ix) To provide a 
system of representation with greater flexibility and represen 
tational power than the traditional methods of relational data 
base construction. (X) To provide a system of representation 
suitable for representing hierarchical structures, but with 
greater flexibility and representational power than traditional 
hierarchical databases. (xi) To provide a system of represen 
tation with clearer structure and conceptual transparency than 
traditional spreadsheet constructions. (xii) To provide a sys 
tem of representation with the potential to duplicate key fea 
tures of natural language semantics. 
I0086. The following sections provide details of the follow 
ing topics: (a) An abstract mathematical definition of the 
CAT3 Network, and special structures or sub-graphs of spe 
cial interest. (b) Interpretation of various conventional repre 
sentations of information as CAT3 Network representations. 
(c) Methods for implementing various types of mathematical 
or logical functions or calculations via standard semantic 
elements in the network. (d) A system for programming a 
representation of the CAT3 Network in a conventional rela 
tional database, using a single relation (table) with a fixed 
structure for the fundamental representation. Also included as 
part of a practical implementation, are details of program 
ming methods such as: (a) A system of conventional SQL 
functions to manipulate the content of the CAT3 Network 
through a relational database platform. (b) A system of user 
interfaces (forms, reports, tools) with functionality designed 
for viewing and operating on the CAT3 Network, and con 
ventions for rendering and reading information on screens or 
pageS. 

The CAT3 Network: Definition of a Mathematical Structure 

I0087. A CAT3 Network is defined as a (finite, discrete) 
three dimensional binary directional graph (3-D bigraph), 
comprising a set of points connected (or joined) by edges, 
with edges in three distinct dimensions. The term points is 
used here rather than vertices as is more usual in graph theory. 
The points are assigned specific kinds of data as their content. 
Topology axioms for the network which define the structure 
of edges, are distinguished from content axioms for the net 
work which define the types of data associated with indi 
vidual points. The key axioms of the network topology 
specify that there are three types of edges, representing three 
distinct dimensions (with six directions) and that there is a 
unique maximal point, called CAT3. Edges are directional, 
and each edge may be described as going upwards from a 
child point to a parent point, or alternatively, as going 
downwards from a parent point to child point. Edges are 
considered going upwards from a point as belonging to that 
point. The edges upwards from a point are also called the 
parenting edges of the point. Edges going downwards from a 
point belong to the child points. The three types of edges are 
called left edges, right edges, and identity edges (sometimes 
called links or function edges). Every point has exactly 3 
parenting edges, one of each type, but the identity edge may 
be null, whereas the left and right edges cannot be null. That 
is, each point must have a unique left (parenting) edge and a 
unique right (parenting) edge. These respectively define a 
unique left parent (point) and right parent (point), also called 
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category parents. Each point may also have a unique identity 
edge to an identity parent; but this parent may be null. If the 
identity edge of a point is null the point is said to be anatomic 
point, otherwise the point is said to be linked (or functionally 
dependant on the identity parent). 
0088. Note that points lacking identity parents are consid 
ered as having null identity edges rather than as having no 
identity edge. A null edge may be defined as an edge with the 
upper parent missing or null. This parentless 'edge can be 
understood by regarding edges as partial functions; see the 
note below. In a preferred interpretation null identity edges 
are assigned a special point in the network as parent to rep 
resent the null value, i.e., specifically representing that the 
point is atomic. All connected paths of edges upwards even 
tually converge at a maximal point in the CAT3 Network, 
called the CAT3 point. Note that the CAT3 point itself has 
parenting edges to a point outside the CAT3 Network, called 
the Zero point. The Zero point may provide its own parents, 
but it is not in the CAT3 Network. Only the CAT3 point 
parents directly to the Zero point. Edges for all other points 
have parents in the CAT3 Network, or are null. A point may 
have any finite number of child edges, connecting it down 
wards to dependant points (also called child points). The 
CAT3 Network is defined entirely by its sets of points (includ 
ing their content, see below) and their edges. A CAT3 Net 
work can be regarded as a graphical mosaic, with points and 
their edges forming standard tiles of the mosaic. 
0089. Note that by distinguishing edges as being of three 
distinct types, the network structure can be defined as a three 
dimensional binary directional graph. An alternative formu 
lation is to treat the three edges from each point as forming a 
single 4-place relation (or 3-place function). This is more 
accurate in a certain sense, and directly reflects the table 
representation. In the table representation, the edges from 
each point are directly represented by a set of ordered qua 
druples: (BID, BID1, BID2, BID3), where the BID's are 
integers used as record identifiers referring uniquely to 
points. This represents a (partial) function from each BID to 
an ordered triplet, (BID1, BID2, BID3). This is a partial 
function, with null values allowed for BID3, representing the 
notion of a null identity edge. It is convenient to treat this 
partial function as a combination of three directed binary 
relations for most purposes. 
0090 A CAT3 Network may be embedded as a sub-graph 
of a larger graph structure. Such a Sub-graph is a CAT3 
Network as long as there is a structural isomorphism from the 
sub-graph to a complete CAT3 Network. In a preferred imple 
mentation (below) a CAT3 Network is represented as embed 
ded in a larger network which contains at least one extra point 
(the Zero point), and which may also embody additional 
sub-graphs that strictly contradict the CAT3 properties. 
0091 FIG. 1 illustrates the basic mosaic element for the 
CAT3 Network construction as a point, P. with three types of 
parenting edges. A point P may be inserted into an existing 
CAT3 Network by being connected to any point Q in the 
up-left direction, and any point Q' in the up-right direction. It 
may be also connected to any point P by an identity edge. Q 
and Q are called the left and right parents of P. respectively 
and are considered immediately above P. P is called a right 
child of Q, and a left child of Q'and is considered immediately 
below Q and Q'. Note that Q and Q need not be distinct. The 
third relation (dashed line) between P and P' is called an 
identity link (or function.) P is considered linked to P', or P is 
an image of P', or that P' is a function for P. As shown in FIG. 

Jan. 26, 2012 

1, there may be several points with the same parents. Some 
child points of P (i.e., A, B, C, ..., on the left, and D, E, F, . 
... on the right) are also shown; any number of these may be 
inserted. 

CAT3 Network Axioms 

0092 Axiom 1. Each point P in the network has exactly 
three distinct types of binary, directed edges going upwards, 
a left edge, a right edge (also called parenting edges), and an 
identity edge (also called a link, or a function edge). The edge 
relations are asymmetric, non-reflexive and non-transitive. 
0093. A relation is asymmetric means that if there exists an 
edge of type E from a point P to point Q, (represented as 
E(P,Q)), there cannot exist an edge of type E from Q to P 
(represented as not-E(Q.P), i.e., if E(PQ), then not-E(Q.P). A 
relation is non-reflexive if for any point P, there cannot exist 
an edge from the Point P to itself, i.e., for any P. not-E(PP). A 
relation is non-transitive if there exists an edge of type E from 
point P to point Q and also there exists an edge of type E from 
point Q to point R, then there cannot exist an edge of type E 
from point P to R, i.e., if E(PQ) and E(Q.R) then not-E(PR). 
0094. Every point P is the start-point for each of its own 3 
edges; the higher point the edge maps to is called the end 
point. Edges are considered to go up from start-points to 
end-points. End-points are above the start-points, as parents 
are above children in a family tree. 
(0095 Axiom 2. Every point P in the network, with the 
exception of a unique maximal point called the CAT3 point, 
has left and right edges with end-point in the CAT3 Network. 
Left and right edges of a point may have the same end-points. 
0096 Axiom 3. For every point P in the network, its iden 

tity edge may have an end-point in the network, or may be 
null. A special point in the network may be defined as an 
identity parent to represent null identity edges. An identity 
edge referring to a point in a larger structure outside the CAT 
Network is null. Note that a null identity edge by definition 
does not form part of any path in the CAT3 Network. The 
CAT3 point is conventionally defined as the special point in 
the CAT3 Network and represents the null identity parent for 
identity edges. 
0097 Axiom 4. Any point P in the network may in general 
be the left, right or identity parent (end-point) for an unlimited 
number of other points. If the identity edge of a point P has no 
end-point in the network (is null) then P is an atomic point. 
Otherwise it is not an atomic point. 
0.098 Axiom 5. There exists a unique maximal point in the 
network, here called CAT3, to which every other point P in the 
network is connected by every possible maximally extended 
path of edges going upwards from P. 
(0099 Axiom 6. The maximal CAT3 point does not have 
parents in the network, and there is no path (or extension of 
any paths) upwards from CAT3 to any point within the net 
work. 
0100. The set of all network points in all paths upwards 
from P, including P is called the interior of P. The set of all 
network points that have P in their interior is called the exte 
rior of P. Note P is in its own interior and exterior, and CAT3 
is the only point in every interior). A (finite) path upwards 
downwards is a (finite) sequence of points: P. P. . . . P. 
Such that there is an edge (not including any null identity 
edges) upwards downwards joining eachadjacent pair in the 
sequence: (P. P.). Axiom 5, and the fact the network is 
finite, means that if starting from a point P and following 
edges upwards, choosing left or right parents at each point, it 
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is always possible to eventually reach the CAT3 point in a 
finite number of steps. Although different paths may have 
different lengths, there is no further extension upwards of any 
paths from the CAT3 point. This implies that: there are no 
cyclic paths (loops) in the upward direction and there are no 
cyclic paths in the downward direction. 
0101 There are no cyclic paths (loops) in the upward 
direction. This can be proved as follows. Assume there is a 
cyclic path upwards, i.e., a connected path upwards from 
point P that returns to point P. Repeating this cycle indefi 
nitely represents an infinitely long path upwards in the net 
work. This is a possible maximal extension of the path. But 
Axiom 5 states that every such path connects to CAT3. Then 
either: (i) CAT3 is in this path which is a contradiction, 
since then there could be no extension of the path back to P. by 
Axiom 6; or (ii) CAT3 is not in the path which contradicts 
Axiom 5. Hence, there are no cyclic paths (loops) in the 
upward direction. There are no cyclic paths in the downward 
direction. The reversed sequence of points of a cyclic path 
downwards defines a cyclic path upwards. There can be no 
Such paths by the previous proof. 
0102) So moving exclusively up or exclusively down, it is 
never possible to return to the starting point. However there 
may be cycles in network paths if direction is ignored. For 
Axiom 6 to hold, one must choose either that the CAT3 point 
has no parents at all or define the CAT3 point as a unique point 
having end-points outside the network. The preferred 
embodiment chooses the latter: 

(0103 Axiom 7. There are one or more points, which are 
not in the CAT3 Network, called Zero points, which provide 
the left and right parents of the CAT3 point. There may be just 
one additional point which is not in the CAT3 Network, called 
the Zero point, which provides the left and right parents of the 
CAT3 point, and is also its own left and right parent. 
0104. This means there is at least one additional point in a 
larger relational structure, which is used to implement the 
CAT3 Network. This Zero point does not connect upwards to 
the CAT3 point, and is intuitively not a part of the CAT3 
representation. It does not provide any information in the 
CAT3 representational space. This may be considered as a 
purely practical choice: the Zero point is introduced outside 
the network of CAT3 points because this is the simplest way 
to maintain a universal rule that every point in the networkhas 
a left and right parent, but no point in the network is its own 
parent. This is convenient for implementing a table represen 
tation of the edge relation in a conventional relational data 
base. 

Intrinsic Properties of Points and Edges. 

0105 Axiom 8. The only intrinsic (or defining) properties 
of an edge are its type (left, right or identity edge), and its 
start-point and end-point. For example, if an edge Econnects 
from a point P to Q in the up-left direction, then this is all the 
information used to define E. Therefore edges are represented 
by ordered pairs of points: E=(P. Q). Note that left and right 
edges must have both a start point and end point, but identity 
edges can have only a start point, with null end point. 
0106 Axiom 9. Points have an intrinsic property, called 
content, which is a function associating each point with a 
fixed set of symbolic types or data. Each point is considered 
a data token, interpreted as representing a fact. The sym 
bolic format defined next for content has been chosen as a 
fundamental way of representing empirical, temporal facts. 
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In this scheme, content is represented directly by 5 symbolic 
elements that are needed for interpretation of the structure as 
an information space. 
0107 Interpretation 1: Each point is represented with five 
primary elements of content, equivalent to five symbolic 
fields associated with each point. These have names and 
formats: 

Ontology 
Number Field Symbol format (epistemic base) 

(i) Title (alphanumeric string) Object Names 
(ii) Order (integer - ordinal) Order for Sets 
(iii) Value (decimal - real) Quantitative 

Values 
(iv) Date1 (date-time) Moments of Time 
(v) Date2 (date-time) Moments of Time 

This is the minimal content associated with each point on the 
intended semantic interpretation of points, which takes each 
point to represent an atomic fact. However because of the 
possibility of extending content and potentially reducing con 
tent for pragmatic purposes, this is characterized as an inter 
pretation rather than a fixed axiomatic requirement. The first 
five fields specified in this interpretation gives a structure of 
data that is ideal for specifying empirical information in the 
CAT3 space. This interpretation of point content can be 
extended, but it is already quite general in principle. 
0.108 Interpretation 2: A programmed CAT3 Database 
system can introduce additional content fields, without alter 
ing the functionality or method of the system, or its existing 
interpretations. For example, an additional field called Prob is 
introduced, to represent probabilities of truth (or existence), 
allowing convenient generalization of classical logic, allow 
ing non-deterministic probability laws, or insertion of Baye 
sian probability models. 

Ontology 
Number Field Symbol format (epistemic base) 

(i) Prob (decimal) Probability 

Such extensions may be avoided in principle by methods 
described later, but extending the intrinsic content may pro 
vide the most pragmatically convenient way of solving some 
programming problems. 
0109 Interpretation 3: The minimal content is extended 
with a set of four additional elements, called Hfunction, Hf, 
Hf2, Hf3. These act as parameters allowing us to conveniently 
program a class of hierarchical functions. 

Number Field Symbol format Ontology (epistemic base) 

(i) Hfunction (integer) Index specifying function type 
(ii) Hf1 (Yes/No) Include in Left Parent 

calculations 
(iii) Hf2 (Yes/No) Include in Right Parent 

calculations 
(iv) Hf3 (Yes/No) Include in Identity Parent 

calculations 
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0110 FIG.2 shows the various fields of the CAT3 network 
as implemented in a relational table. Again, this extension of 
point content can be avoided in principle, by adding equiva 
lent information via empirical records associated with the 
exterior of points as discussed below. However the Hfunction 
incorporated here is so integral to the intended application of 
the system that extending the content fields is pragmatically 
sensible. 

CAT3 Network as a Relation. 

0111. The definition of a CAT3 Network can be charac 
terized as a relation (in the language of model theory and 
relational database theory). It is defined over the set of net 
work points, regarded as fundamental objects. Each point is 
associated with: (i) its three parenting edges, and (ii) its 
content elements (symbolic strings). These are called the 
CAT3 Edge Relation and the CAT3 Content Relation, respec 
tively. 
0112 ACAT3 Edge Relation represents edges originating 
from a point P i.e., P->(Q, Q', P), where Q is the left parent of 
P, Q is the right parent of P and P' is the identity parent of P 
(may be null). A CAT3 Content Relation represents the con 
tent associated with a point P, i.e., P->(Title, Order, Value, 
Date1, Date2), where Title is an alphanumeric string, Order is 
an integer symbol, Value is a decimal number symbol, Date1 
is a date-time symbol and Date2 is a date-time symbol. The 
extended content relations (Interpretations 2 and 3 above) are 
represented by CAT3 Content Relation 2, i.e., P->(Prob) 
where Prob is decimal number symbol and CAT3 Content 
Relation3, i.e., P->(Hfunction, Hf1, Hf2, Hf3) where Hfunc 
tion is an integer symbol, Hf1 is a binary value symbol (0,1), 
Hf2 is a binary value symbol (0,1) and Hf3 is a binary value 
symbol (0,1). 
0113. The mapping function is equivalent to a table in a 
relational database representation called the CAT3 Table. 
Table records represent CAT3 Network points and are refer 
enced by a primary keyed field called BID (long integer). The 
edge relation is defined by an ordered triple of fields called: 
BID1, BID2, BID3, with values referencing the primary BID 
field. The primary content relation 1 is defined by fields 
called: Title, Order, Value, Date1, and Date2. The extended 
content relation 2 is defined by a field called Prob and the 
extended content relation 2 is defined by fields called Hfunc 
tion, Hf, Hf2, and Hf3. 

Graph Topology Interiors, Exteriors, Interiors of Exteriors, 
Connected Points. 

0114. Some basic mathematical concepts used to specify 
properties of CAT3 Networks are defined below. 
0115 INTERIORS. The Interior of P in a CAT3 Network is 
the Sub-graph consisting of all the points and edges in the 
Network that are connected by edge paths upwards from P 
(including P and its edges). This includes the left, right, and 
identity edges and parents of P. similarly the parents of the 
parents of P. and so on, up to the CAT3 point. The Interior of 
a set of points is the Sub-graph comprising the union of 
Interiors of each point in the set. The Category Interior of P is 
the Sub-graph consisting all the points and their edges in the 
Network that are connected by Category edge paths (paths 
formed from left and right edges, not identity edges) upwards 
from P(including P and its Category edges). This includes the 
left and right and parents of P. similarly the Category parents 
of the Category parents of P. and so on, up to the CAT3 point. 
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The Category Interior of a set of points is the Sub-graph 
comprising the union of Category Interiors of each point in 
the set. The Identity Interior of P is the sub-graph comprising 
all the points and their edges in the Network that are con 
nected by Identity edge paths upwards from P (Including P 
and its identity edge). 
0116 Properties of the Interior of a point Pare as follows: 
(1) The Interior of P in a CAT3 Network is a CAT3 Network. 
(2) The Interior of any set of points in a CAT3 Network is a 
CAT3 Network. (3) The Interior of any point in the Interior of 
P is a sub-graph of Interior of P (or embedded in the Interior 
of P). (4) The Category Interior of P in a CAT3 Network is a 
CAT3 Network. (5) The Category Interior of any set of points 
in a CAT3 Network is a CAT3 Network. (6) Identity Interiors 
do not form CAT3 Networks. (7) Reflexive: P is always in the 
interior of P. (8) Non-Symmetric: If P is in the interior of Q 
then Q is not in the interior of Punless P-Q. (9) Transitive: If 
P is in the interior of Q and Q is in the interior of R then P is 
in the interior of R. 

0117 Exteriors. The Exterior of P in a CAT3 Network is 
the Sub-graph comprising all the points in the Network that 
have P in their Interior, and all the common edges of these 
points. The Exterior of a set of points is the Sub-graph com 
prising the union of Exteriors of each point in the set. The 
Category Exterior of P in a CAT3 Network is the sub-graph 
comprising all the points in the Network that have P in their 
Category Interior, and all the common Category edges of 
these points. The Category Exterior of a set of points is the 
Sub-graph comprising the union of Category Exteriors of 
each point in the set. The Identity Exterior of P in a CAT3 
Network is the Sub-graph comprising all the points in the 
Network that have P in their Identity Interior, and all the 
common edges of these points. 
0118 Properties of the Exterior of a point Pareas follows: 
(1) The Exterior of the CAT3 point is the entire CAT3 Net 
work. (2) The Exterior of a set of points containing the CAT3 
point is the entire CAT3 Network. (3) The Exterior of any 
point in the Exterior of P is a sub-graph of Exterior of P (or 
embedded in the Exterior of P). (4) The Category Exterior of 
the CAT3 point is the entire CAT3 Category Network. (5) The 
Category Exterior of a set of points containing the CAT3 point 
is the entire CAT3 Category Network. (6) The Exterior of Pin 
a CAT3 Network is never a CAT3 Network unless P is the 
CAT3 point. (7) The Exterior of a set of points in a CAT3 
Network is nevera CAT3 Network unless the set contains the 
CAT3 point. (8) The Category Exterior of P in a CAT3 Net 
work is nevera CAT3 Category Network unless P is the CAT3 
point. (9) The Category Exterior of a set of points in a CAT3 
Network is never a CAT3 Category Network unless the set 
contains the CAT3 point. (10) The Identity Exterior of a point 
P is a Tree (not a CAT3 Network). (11) The Identity Exterior 
of a set of points is a set of Trees (not a CAT3 Network). (12) 
Reflexive: P is in the exterior of P. (13) Non-Symmetric: If P 
is in the exterior of Q then Q is not in the exterior of Punless 
P=Q. (14) Transitive: If P is in the exterior of Q and Q is in the 
exterior of R then P is in the exterior of R. 

0119 Interiors of Exteriors. The Interior of the Exterior of 
P in a CAT3 Network is the Interior of all the points in the 
Exterior of P. The Interior of the Exterior of a set of points is 
the Interior of all the points in the Exterior of the set. Category 
Interiors of Exteriors of points and sets are defined in the 
obvious way. Note that the Exterior of the Interior of any point 
is trivially the CAT3 Network. 
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0120 Properties of the Interior of the Exterior of a point P 
are as follows: (1) The Interior of the Exterior of a point P is 
always a CAT3 Network. (2) The Interior of the Exterior of a 
set of points is always a CAT3 Network. (3) Symmetric: P is 
in the Interior of the Exterior of Qjust in the case when Q is 
in the Interior of the Exterior of P. (4) Reflexive: P is in the 
Interior of the Exterior of P. (5) Non-Transitive: If P in the 
Interior of the Exterior of Q and Q in the Interior of the 
Exterior of R it does not follow that P in the Interior of the 
Exterior of R. 

0121 Connections Between Points. P is directly con 
nected to Qjust in the case when P is in the Interior of Q or the 
Exterior of Q. P is Directly Connected Upwards to Q just in 
the case when Q is in the Interior P. P is Directly Connected 
Downwards to Q just in the case when P is in the Interior Q. 
Direct connections between points are equivalent to the exist 
ence of Upwards or Downwards paths connecting the points. 
Every point is directly connected Upwards to the CAT3 point. 
0122 P is Indirectly Connected (Externally connected) to 
Qjust in the case when P is in the Interior of the Exterior of Q 
but not in the Interior or Exterior of Q. P is Directly Con 
nected Upwards to Qjust in the case when Q is in the Interior 
P. P is Directly Connected Downwards to Q just in the case 
when P is in the Interior Q. Direct connections between points 
are equivalent to the existence of Upwards or Downwards 
paths connecting the points. Every point is directly connected 
Upwards to the CAT3 point. 
0123 P is Indirectly Connected (Exterior Connection) to 
Qjust in the case when P is not directly connected to Q and P 
is in the Interior of the Exterior of Q. Pe-R->Q is an Exterior 
Connection (between P and Q) just in the case when P and Q 
are both in the Interior of R. P is Indirectly Connected to Q 
just in the case when P is not directly connected to Q and there 
is a point R such that P-R-Q is an exterior connection. 
P->Re-Q is an Interior Connection just in the case when P 
and Qare bothin the Interior of R. P->CAT3<-Qisan Interior 
connection for any points PQ. 
0.124. The Closure of P is the minimal sub-graph of the 
CAT3 Network containing P and every point in the Interior of 
the Exterior of P and such that for every point Q in the 
sub-graph except the CAT3 point, if R is in the Interior of the 
Exterior of Q then R is in the sub-graph. The Closure of P is 
a CAT3 Network. Q is in the Closure of P is an equivalence 
relation. The Closure of any point P minimally contains the 
Interior of the Exterior of any CAT3 Partition in the Interior of 
P. If the Closure of two points P and Q are mutually disjoint, 
except for the CAT3 point, then there are no connections 
between P and Q except the interior connection: 
P->CAT3<-Q. 
0.125. The Interior Surface of P is the sub-graph compris 
ing (i) P and its left and right edges, (ii) points on mono 
directional paths left upwards from P with their left edges, 
and (iii) points on mono-directional paths right upwards from 
P with their right edges. The Exterior Surface of P is the 
Sub-graph comprising (i) Pand: (ii) points on mono-direc 
tional paths left downwards from Pand their right edges, and 
(iii) points on mono-directional paths right downwards from 
P and their left edges. 
0126 FIG. 3 illustrates a point I in the interior of P. and a 
point E in the exterior of P. P connects above to I, by some 
parenting-edge path. P connects below to E, by some parent 
ing-edge path. P. I, and E are all directly connected to each 
other. The interior of the exterior of P is all the interior points 
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of all the exterior points of P. Fis in the interior of the exterior 
of P. P and F are indirectly connected through E. 
(O127 Recursive Definitions of Int(P) and Ext(P): The 
Interior and Exterior can be defined recursively. Following is 
a notation which uses the (un-bolded) term: P for the atomic 
graph comprising the point P and its parenting edges. The 
terms: P, P and P. denote the left, right and identity parents, 
respectively, of P. The terms: P, P and P. denote the atomic 
graphs for those parents in turn. Int(P) is defined as the Inte 
rior of P. A recursive definition can then be formulated as: 

I0128. Where + represents network (sub-graph) unions. 
Expanding this: 
I0129. The interior of a point P (i.e., Int(P)) can be defined 
recursively as follows. 

Int(P) = P + Int(P)+ Int(P)+ Int(P) 

= P + (P + Int(P)+ Int(P2) + Int(P)) + 

(P + Int(P)+ Int(P)+ Int(P)+ 
(P + Int(P)+ Int(P)+ Int(P)) 

0.130. The axiom of a maximal point means that this is 
always finite, i.e., Int(P) is finite, and for any P, there is always 
a finite unquantified function defining Int(P): 

Int(P) = P + Pl - P + P + Pll + Pl2 + Pl: ; P2 + 
P22 p23 P3I P32 p33 Pll Pll2 Pll3. 

I0131 The minimal number of terms equals the number of 
points in Int(P). But it is not determined analytically from P 
alone what this minimal number of terms are. 
(0132 A recursive definition of the Exterior of P (i.e., Ext 
(P)) can be similarly given as follows: 

0.133 But this is not such a simple inductive function as 
that for Int(P), because it requires an embedded quantifica 
tion. This is unavoidable because the range of child points 
below P is empirical, not determined analytically, and it can 
only be referred to in general by a quantified expression. This 
leads to an indefinite series of embedded quantifications 
when Ext(P) is expanded. For this reason Ext(P) is a more 
complicated object to define than Int(P). 

Special Structures, Tiling Procedures and Sub-Graphs for 
Representations. 

I0134) A CAT3 Representational Space uses only CAT3 
Network graphs to represent information. However not all 
possible types of CAT3 Network graphs are intended to be 
used as representational structures. Only a Sub-set of special 
types of patterns or Sub-graphs are intended to be used. Since 
this class may be extended by the user it is not strictly defined, 
but key examples of intended structures are given below. 
I0135 A CAT3 Network (or part of a CAT3 Network) 
consisting of these intended graphs is called a CAT3 Space 
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graph. Some types of structures may be excluded as CAT3 
Space structures—see the following example. However these 
are not excluded from being formed via the CAT3 Network. It 
may be necessary to modify a given CAT3 Space structure 
(transforming an existing representation), and certain unin 
tended structures may need to be temporarily formed in the 
transformation process. 
0.136 FIG. 4 illustrates an arbitrary CAT3 network. This 
structure satisfies the definition of a complete CAT3 Network, 
but this graph is not a useful structure from our point of view. 
The entire network comprises the interior of a point, P. and 
shows every parenting path upwards eventually arriving at 
CAT3. Note that every path upward from Preaches CAT3 and 
CAT3 parents to the Zero point. The Zero point parents back 
to itself and is not in the CAT3 network. Rhas Tas both its left 
and right parent. Q. R. R', and T form an example of a 
diamond lattice, a fundamental Sub-graph to be used below. Q 
and Q', the parents of P. split into two different sets of parents, 
failing to form a diamond lattice. Most parents in this network 
maintain consistent hierarchical levels relative to each other, 
except S', where the right parent jumps up a level directly to 
CAT3. Rand Shave exactly the same interiors, meaning they 
have the same conceptual categories, or belong to the same 
group or list. The network defines a partial order relation 
based on the above relation. The pair of R and R' has T as a 
least upper bound (lub), and Qas a greatest lower bound (glb). 
But the pair of points R' and S has no lub, because both Tand 
T' are (distinct) upper bounds, but are not ordered. Con 
versely, the pair of Tand T has no glb, because both R" and S 
are (distinct) lower bounds, but are not ordered. Hence this 
network, which is the interior of P. does not represent a 
mathematical lattice. This is the case for a CAT3 Network 
comprising the interior of P whenever there are two points 
with identical interiors (R' and S) which are both in the 
interior of P (a sufficient, but not necessary, condition). The 
main practical interest is in stricter lattice Sub-graphs, where 
the interiors of points form lattices, and there are no jumps 
across parenting levels, except for functions. If the Sub-graph 
containing all the points is considered but with only left 
parent edges, or only right parent edges, simple hierarchical 
trees are obtained, with variable (arbitrary) numbers of 
branches at each node. 

0.137 Various intended types of graphs and their interpre 
tations are specified later, but first a view of the CAT3 Net 
work as a mosaic construction, generated by a recursive tiling 
process is described. This allows the definition of recursive 
operational procedures for constructing CAT3 Networks with 
necessary Sub-graphs, and rules out undesirable Sub-graphs 
like that illustrated above. This kind of constructive proce 
dure is Suited to the computerized implementation, where 
there is a need to expand and modify CAT3 Networks incre 
mentally, using a limited set of recursively defined opera 
tions. 

Mosaic Construction View. 

0138 Abstract axioms described above identify the defin 
ing properties of a CAT3 Network. But this does not give us 
any idea of how to construct such a network—or how to 
construct useful types of CAT3 Networks to implement 
representational spaces. A second, more practical approach is 
to generate CAT3 Networks via mosaic tiling operations. 
These tilings are called the generators of the space of Net 
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works. It is possible to start with an initial network, and build 
onto it using certain constructions. The most general rules for 
construction are: 

General CAT3 Network Construction Rules. 

0.139 Network Rule 1. Point Insertion. Extension of an 
existing CAT3 Network by insertion of a new point by: (i) 
defining the point content, and (ii) creating left and right 
edges to existing points in the Network. The end-points of the 
edges (parents) can be freely chosen from any existing points. 
A CAT3 Network always results (Consistency condition). 
Furthermore, the left and right edge structure of any CAT3 
Network can be generated by applying this process to the 
minimal Network, comprising just the Zero point and CAT3 
point (Completeness condition). 
0140 Proof of Consistency is as follows. Let P be the new 
point and Q and Q be the new left and right parents. Since Q 
and Q are in an existing CAT3 Network, all their maximal 
paths upwards end at the CAT3 point, with no cycles. All 
paths upwards from P go first to Q or Q', and then follow 
existing paths upwards from these points. Hence all the maxi 
mal paths upwards from Pare simple extensions of maximal 
paths from Q and Q', and the same properties hold. Given all 
other CAT3 Network axioms are satisfied, the axioms must 
remain satisfied by the extended network. 
0141 Proof of Completeness is as follows. Assume, a rank 
ordering of all points is created as a sequence of finite sets, 
beginning with (i) the CAT3 point, then (ii) all the points with 
this point as the sole parent (for left or right edges), then (iii) 
all points with any of the points in (i) or (ii) as the parents, and 
so on, until any more Such classes cannot be found. It can be 
shown that this includes all the points of the Network. Given 
this lemma, the insertion rule can be applied to each of the 
classes, (ii), (iii), etc. in turn, to create the parenting structure 
for all points. To prove the lemma, one can Suppose that some 
points cannot be found in the sequence of (i), (ii), (iii), etc., and 
prove that this must contradict the axiom that there are no 
cycles in paths upwards. 
0142. This only deals so far with the left and right parent 
ing edges. Specification of the third edge (identity edge) for a 
new token is optional, and comes under the fourth rule, below, 
for modifying edges. What is called the content of the point is 
also secondary to the construction of the network. As well as 
inserting points, to change the network shape it is possible to 
delete points, giving the second rule: 
0.143 Network Rule 2. Point Deletion. Contraction of the 
network by deletion of an existing point requires removing all 
edges for which it forms an end-point, which requires: (i) 
deletion all its left and right child points, and (ii) deletion of 
any identity edges for which it forms an end-point. By recur 
sion, deletion of child points requires deletion of their child 
points, and so on. Again it can be easily shown that this rule is 
consistent in always transforming preserving the CAT3 Net 
work property. 
0144 Network Rule 3. Altering Edges 1 & 2. Alteration of 
the network by changing a left or right edge (Switching par 
ents) requires changing the end-point of the edge. A parent of 
P can be changed from Q to Q' just in the case when Q does 
not occur in any downward path from P before the change is 
made. This ensures that there are no cyclic loops upwards. 
0145 Network Rule 4. Altering Edges 3. Alteration of the 
network by changing an identity edge (Switching link) 
requires changing or deleting the end-point of the edge. Any 
identity edge can be consistently deleted. As before, an iden 
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tity parent of P can be changed from Q to Q' just in the case 
when Q does not occur in any downward path from P before 
the change is made. 
014.6 Recursive application of these rules, beginning with 
the minimal Network, allows construction of any CAT3 Net 
work. However these rules encompass the broadest class of 
CAT3 Networks, whereas in practice, there is need to gener 
ate Networks with special properties (incorporating special 
Sub-graph structures). The rules to create this Sub-class are 
more complex, and need not even be strictly fixed at this 
point: it may be necessary to extend the class for future 
interpretations. The following set of rules is not necessarily 
complete, but is Sufficient to illustrate the main concepts. 
0147 FIG. 5 illustrates a minimal tiling network. The 
minimal Network has only the Zero Point and CAT3 Point. 
This is the common nucleus of every CAT3 Network, and 
these two points must be inserted first. They are always 
unique. Starting with this as the minimal Sub-graph, the next 
step is to begin generating structures below the CAT3 point. 
Since no other point can have the Zero Point as a parent, at 
least one point must be inserted to begin with directly below 
the CAT3 point. This is called a CAT3 Partition. As many such 
Partitions can be inserted as necessary. 
0148 FIG. 6 illustrates CAT3 partitioning tiling. At least 
one CAT3 Partition point is used to begin building any struc 
ture. This is a special case of a general Partition tiling as 
illustrated in FIG. 7. A point P may be inserted immediately 
below any point Q(so Q is the left and right parent). P is called 
a Partition of Q. Any number of partitions can be inserted 
below any point. Note that inserting any points with left and 
right edges crossing between Such a Partition point and its 
parent is not allowed, i.e., tiling as illustrated in FIG. 8 is not 
allowed. FIG. 9 illustrates a more general example of illegal 
tilings for any point Q, R. R': 
014.9 These tiling are consistent with the general CAT3 
Network rules, but they directly cross between levels in the 
network hierarchy, and this is forbidden in the representa 
tional space presented. These restrictions apply only to left 
and right edges—identity edges can cross freely across the 
graph structure (as long as they do not create cycles, or cir 
cular loops back to themselves). Tiling rules for identity par 
ents are considered later. 
0150. To proceed, a structure of points called a Partition 
Lattice is inserted as illustrated in FIG. 10. The resulting 
structure is called a Platform. P may be any point, but is 
typically a Partition Point. (If P was the CAT3 point then the 
Partition Row 0 points would be a sub-set of CAT3 Partitions. 
This is admissible; but in the preferred interpretation CAT3 
Partitions are kept separate (unordered, below), and begin 
building this type of structure below CAT3 Partitions, P. (i) 
Inserta Partition Row 0 with n+1 points: P(0), P(1),..., P(n), 
directly below PP provides left and right parents for all points 
in Row 0. (ii) Insert a Lattice Row 1 with n points: P(1,1). 
P(1.2), ... P(1..n) below the Row 0. Left and right parents for 
P(0,i) are P(i-1) and P(i), respectively. (iii) Insert a Lattice 
Row 2 with n-1 points: P(2.2), P(2.3), ... P(2,n) below the 
Row 1. Left and right parents for P(1i) are P(0,i-1) and 
P(0,i), respectively.... (iv) Inserta Lattice Row j with n-j+1 
points: P(j), P(j+1), ... P(n) below the Row 1. Left and 
right parents for P(i) are PG-1,i-1) and PG-1,i), respec 
tively . . . . (v) Insert a Lattice Row n with 1 point: P(n,n) 
below Row n-1. 

0151. The Partition Row 0 forms a Platform beneath 
which is stored information relevant to the partition P in the 
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form of sub-graphs. The Partition P. Partition Row 0, and 
Lattice Rows 1 to n form a mathematical lattice (with x is 
higher thany as the natural partial order relation). This is the 
fundamental type of Sub-graph structure normally used to 
represent information. The purpose of the Partition Lattice 
structure, however, is not to store information directly in the 
Row points, but to provide an ordered structure to begin 
adding points to store empirical information. The lattice rows 
force a row order on Row 0, and provide a set of background 
points to orient ourselves as Sub-graphs are added below the 
Partition Row 0. The Row Order is defined through the fol 
lowing concept of adjacent points (in a row). 
0152 ADJACENT POINTS (IN A ROW). There are two struc 
tures sufficient for adjacency between two points, P and Q. 
Note adjacency is defined asymmetrically, with P to the left of 
Q. This can be distinguished as left-adjacency, and right 
adjacency introduced as the converse relation. 
(O153 (i) ADJACENCY RULE 1: FIXED BY EXTERIOR. P is 
adjacent to Q if there is at least one point, R, with Pfor its left 
parent and Q for its right parent as illustrated in FIG. 11. 
0154 (ii) ADJACENCY RULE 2: FIXED BY INTERIOR. P is 
adjacent to Q if there are 3 distinct, R, R and R", with at least 
two points being distinct, where P has R as its left parent and 
R" as its right parent, and Q has R' as its left parent and R" as 
its right parent as illustrated in FIG. 12. 
(O155. Note that points P(i) and P(i+1) in Row 0 in the 
Partition Lattice above are adjacent by Rule 1: their adjacency 
relations are fixed by their common exterior point, P(1,i--) of 
Row 1, but not by their interior. Points P(ii) and P(i+1) in 
Row j in the Partition Lattice are adjacent by Rule 2: their 
adjacency relations are fixed by the interior points. 
0156 Note that any point (such as the CAT3 point) with at 
least one partition point is self adjacent, being adjacent to 
itself by Adjacency Rule 1. As illustrated in FIG. 13, a point 
Pis (n places) left of Q (in a row) when there is a sequence of 
points: P. P1, ... Pn-1, Q, that are pair-wise left-adjacent to 
each other through the sequence. As illustrated in FIG. 14, P 
is in a cyclic row just in the case when P is left of itself in some 
row of adjacent points. Note that any self-adjacent point is 
trivially in a cyclic row. Of more importance are non-trivial 
cyclic rows, having two or more distinct points. The simplest 
example is shown in FIG. 15. 
0157 Creation of cyclic rows in general should be avoided 
(except trivial cycles of Order 1). However these are not 
strictly banned. Cyclic rows are useful to model special kinds 
of geometric structures, for example. But in the following 
main rule for diamond lattice tilings, the insertion of points 
that would create non-trivial cycles in any rows is banned. For 
example, given R has parents (PQ), insertion of S with par 
ents (QP), as shown above is not allowed 
0158. P and Q are Ordered in a Row. Two points P and Q 
are ordered in a row just in the case when there is a row in 
which either P is left of Q or Q is left of P. Two points Pand 
Qare uniquely ordered in a row just in the case when they are 
ordered in a row and have the same order degree in every row 
in which they appear. 
0159 LEVELS. The Minimal Category Level of P is the 
number of edges in the shortest path of left and right edges 
from P to the CAT3 point. The Maximal Category Level of P 
is the number of edges in the longest path of left and right 
edges from P to the CAT3 point. For example, The CAT3 
point has Category Level 0. A CAT3 partition has Category 
Level 1. Points from a partition row below a point P have a 
Category Level one more than that of their parent point. If the 
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Minimal and Maximal Category Level of P are the same it is 
called the Category Level of P. The Identity Level of P is the 
number of identity edges in the shortest path of identity edges 
to an atomic point. Two points P and Q are uniquely ordered 
in a row just in the case when they are ordered in a row and 
have the same order degree in every row in which they appear. 
For example, Atomic points (with null Identity edges) have 
Identity Level of 0. Points linked directly to atomic points 
have Identity Level 1. The Vertical Level of P is the number of 
edges in the shortest path (of any type of edges) from P to the 
CAT3 point. 
0160 The key tiling rule for generating sub-graph struc 
tures for the representational space is stated: diamond lattice 
tilings. Use of the term “key” in this document does not 
necessarily mean that the feature, element, etc., is a necessary 
condition for all embodiments of the present invention. FIG. 
16 shows a diamond lattice tiling. The conditions for insertion 
of a point P to form a diamond lattice tiling are: (1) There 
exists a point R that is both the left parent of the right parent 
of P and the right parent of the left parent of P. (2) Q and Q'are 
adjacent, or Q and Q are not Ordered in a row. This diamond 
lattice tiling is the most fundamental type of sub-graph in the 
CAT3 Representational Space. There are two distinct cases, 
depending on whether Q and Q' are distinct points. 
0161 Case A. Normal Diamond Lattice Tiling. If Q and Q' 
are distinct, this is called a normal diamond tiling. This is 
the fundamental method for tiling a CAT3 Space Network in 
a consistent manner, and provides the usual way of inserting 
information. This type of tiling is called the generator of flat 
sub-structures, or table-like structures. 
(0162 Case B. Partition Ladder Tiling. Where Q and Qare 
identical, this is called a partition ladder tiling. In this case, 
Q-Q' and is a partition of R, and P is apartition of Q. Note that 
not all Partition tilings are Diamond lattice tilings of Case B. 
If P is a partition of Q but Q is not itself a partition (having 
distinct parents, R and R'), then this does not satisfy the 
diamond pattern (Rule 1). Pmust be at least the second rung 
in a ladder of partitions downward from R, hence the name 
Partition Ladder Tiling. 
0163 Note if R is allowed to be the Zero point one can 
include the case where Q-Q' is the CAT3 point, and P is a 
CAT3 partition, as a Partition Ladder Tiling. Note that Rule 2 
rules out using this tiling to create any new cycles in row 
containing Q and Q' but it allows cyclic relations to be 
added if cycles already exist. For example, if Q is already 
adjacent to Q through a common child P', then Q and Q are 
already ordered in a row. If Q is not already adjacent to Q' the 
diamond tiling rule does not allow us to add P which would 
make Qadjacent to Q' and create a cyclic row. 
0164. The three primitive tilings defined so far parti 

tions, partition lattices, and diamond lattices—are highly 
restricted, and enable only a very special set of Sub-graphs. 
For example, this set of tilings does not (by itself) allow cyclic 
rows to be generated. It does not allow points with different 
Minimal and Maximal Category Levels to be inserted. 
0.165 FIG. 17 illustrates a tiling that permits a much larger 
variety of sub-graphs to be generated. There are two rules that 
need to be followed: Rule 1. The left and right parents Pand 
S of V are not in each others interiors. Rule 2. The identity 
parent V of V if it exists is not in the exterior or interior of P 
or S. (That is, none of the parents of V are directly connected.) 
This is called a Cross Tiling whenever Q' and T are not 
identical. V represents a cross join of P and S. Rule 1 prevents 
tilings that cross levels directly within an interior (like the 
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Illegal Tilings defined earlier). However P and S may still be 
at different levels in the Network. Note that this tiling makes 
P and S adjacent. If two cross tiled points are adjacent, a 
diamond lattice tile may be inserted between them, as below. 
0166 FIG. 18 shows an example of two cross tiled points 
joined by diamond lattice tiling. Point W can be inserted as a 
Diamond Lattice Tiling, not as a Cross Tiling. This is because 
the parents V and Ware already ordered to be adjacent points 
under S. Two non-adjacent Cross Tiled points can also be 
joined from below by insertion of a new point. One example 
of Cross Tiling is to join two points from the same category as 
shown in FIG. 19. In this example, V joins P and P', where 
these have the same left and right parents, Q and Q'. This 
would make P and P' adjacent, with P to the left of P' in a 
row—even though they belong to the same category list. 
However this situation should normally be avoided, and an 
alternative method used to join two points from the same 
category list. Note that this example reduces to a Partition 
Tiling if P=P', but Partition Tiling is not a instance of Cross 
Tiling as defined above, because P is in its own interior and 
therefore excluded by Rule 1. 
0167. In principle one can find alternative tiling methods 
to represent information in the representational space that 
avoids the need to create Cross Tilings—it is generally pre 
ferred to use identity links to create images of points in new 
locations, instead of creating cross tilings. But Cross Tiling is 
allowed as a possible tiling, primarily for the following 
example, used in inserting variables for functions, where it is 
very convenient. 
0.168. The primary use for Cross Tiling is for Function 
Variable Tiling, shown in FIG. 20. In this construction F is 
called a (left) function type, Pa (left) function instance of F, 
Xa (left) variable type, Va (left) variable instance (or valu 
ation) of X, and V the value for V. This tiling is called the 
insertion of a left variable for function type F. The dashed line 
represents an Identity Edge (Link) from P to F. The point V 
crosses from P to X. F and X are shown with full parenting 
structure parenting upwards, to a CAT3 partition called 
FUNCTIONS. The diamond lattice: P, Q, Q', R parents up in 
a normal way to a disjoint CAT3 Partition called FACTS (the 
full parenting structure is not shown above Q, Q', R). Bi 
lateral symmetry of the Network and tiling rules means one 
can define the insertion of a right variable for function type F 
with a similar diagram. 
0169. The process of Function Tiling is illustrated in 
greater detail in FIG. 21, showing the structure of tiling points 
involved in inserting a typical n-place function in the Net 
work. Here a new point (instance of a function), P is inserted, 
which is linked to a function type, F. P is shown as parenting 
above to a CAT3 Partition called “FACTS, in a normal way, 
via a Partition row (the U(i)'s). F will parent above to a 
disjoint CAT3 partition called “FUNCTIONS” in a normal 
way. There is no specific requirement on the category struc 
ture above F, except that it is normally disjoint from the 
partition containing P. A chain of n variable arguments for P 
are inserted below-right, as P. P. . . . P. These arguments 
refer to other points, P', P, ... P.", through identity edges, 
which provide values (content) from various other places in 
the network. P. P., ... P. are parented on the right to a chain 
of variables types, as V. V. . . . V. These variable types are 
in the same list (under G and H). The results of the functional 
calculation are inserted below Pas A, A, etc. There may be 
one or more of these, depending on the type of function. 
Insertion of all the variable arguments, P, is done by cross 
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tiling as the points P, P, ... P. do not form diamonds. V.V. 
. . . V., are called variable types, and are pre-defined in a 
permanent fixed location (variable list), as are the functions 
F' (function list). The same set of variables can be used for 
a range of different functions. In the interpretation it is seen 
that function types are associated with function objects, 
which are programmed functions. To ensure functionality, the 
arguments for functions must be determined from points in 
the network specified by network relations relative to the 
point representing the function type. Note that this is not the 
only method for inserting functions with arguments. Func 
tions are normally identified through identity parents, but 
alternative methods for identifying arguments are possible. 
For example, an alternative method for propositional func 
tions identifies arguments from adjacent points in a row in 
which a propositional function appears, allowing a linear 
sentence-like representation. 
0170 IDENTITY EDGES. Identity edges are used to repre 
sent functions, where the content (or value) of a point is 
determined by a function on the content (values) of con 
nected points. Functions in CAT3 are always represented by 
identity edges, except in the special case of Zero-place hier 
archical functions, noted below, which are functions of points 
that can be specified without needing additional arguments or 
locations to store results. 

0171 Identity Function. The simplest function is the iden 
tity function. Semantically, this is interpreted to mean that the 
child point has the same objectual reference as the identity 
parent. How this is reflected in the Content fields of the point 
depends on their interpretation—i.e., what the point contentis 
used to represent. In the simplest case, the Content fields: 
Title and Value, need to be copied from the identity parent to 
the child point. This is called a simple link. The child point in 
this case represents a duplicate of the parent, in another 
location in the network, and is fixed to its content. Content is 
copied or transferred in the parent-to-child direction (down 
wards). That is, the child is a function of the parent. Normally 
there is no need to copy the Order, Date1, Date2 or other 
content fields from parent to child, since these normally char 
acterize properties relative to the child point in the Network. 
For example, Order normally characterizes a (conventional) 
order of appearance in a list of points, and is usually differs for 
child and parent points. Hence there is need to be able to 
specify variations for implementing the identity function, 
where the rules for transferring Content vary. For example, 
Sometimes a child point is used to represent a different name 
for the object of reference, provided by the Title. In this case 
there is need to maintain the Title of the child point distinct 
from that of the parent. Sometimes the Value of the child point 
represents a different quantity to the Value for the parent 
point, and these should be kept independent. 
0172 To specify these variations in the rules for updating 
content, the Hfunction field is used (an extended content field 
of points) as a parameter to select an update function. For 
example, one may implement a convention that: (i) If the 
Hfunction=0 for point P, the Title and Value for Pare updated 
from its identity parent. (ii) If the Hfunction<0 for point P, the 
Value but not the Title of P is updated to the identity parent. 
(iii) If H function>0 for point P, the edge does not represent the 
identity function, and any updating process involving P 
depends on the identification of a function type by the parent 
point. (iv) If H function>0 for point P. and there is no identity 
edge, the Hfunction value specifies a function for updating 
the content of P. 
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0173 Links: simple identity parents representing referen 
tial identity. Identity edge relations are called links when the 
point does not represent another function type. It is possible 
to: (i) make a transitive chain of links, (ii) have links from 
many child points to the same parent, (iii) have no link if 
needed (meaning the parent is an atomic point). Where links 
exist, there is need to: (iv) maintain a unique parent for each 
link, and (v) avoid circularity of link paths. 
0.174. These determine the basic properties of identity 
edges, as illustrated in FIG.22. Dashed lines indicate identity 
edges, with arrows pointing upwards from child to parent 
points. This illustrates two child points, P and Q, both with 
links to the same identity parent P', which in turn has a link to 
identity parent P". This can be extended indefinitely, through 
a chain of links. When the links are updated, the content of P" 
is copied to P' (according to the Hfunction rule of P'), and the 
content of P' is copied to both P and Q (according to their 
Hfunction rules, which may be selected independently). The 
point P" has no link, and is an atomic point. 
0.175. The identity link from any point to its parent is 
unique, i.e., functionally deterministic in the child->parent 
direction. Links to a given parent may be multiple, i.e., one 
many from parent->child. Transference of content through an 
identity link is in the parent child direction (red lines), which 
is functionally deterministic. FIG. 23 illustrates a viciously 
circular path from P to P' to P" to P. Circular chains like this 
are not allowed, because: The content transferred around the 
path depends on the starting point, which is undetermined or 
arbitrary: unless Some primary data is inserted at a some 
point, there is nowhere to start—but primary data should not 
be inserted into linked points, because it is immediately over 
written when the link is updated. Also, The meaning of P 
depends on the link, but it is not functional because of the 
circularity, as seen from: Value(P)=Value(P)=Value(P") 
=Value(P). However it worth noting that this kind of circu 
larity is not necessarily functionally inconsistent, and there 
could be some interpretation in which it is useful—e.g., to 
model circular paradoxes. Creating cycles needs to be 
avoided through combinations of left or right edges with 
identity edges, as shown in FIG. 24. This illustrates two 
examples where identity edges are not cyclic by themselves, 
but create cycles in combination with another type of edge. 
0176 Calculated Functions. More generally, the function 
represented by an identity edge may be a calculated function, 
not simply an identity function (representing an identity of 
the references of points). In this case, the parent point itself 
represents the function, or function type. For example, “=X-- 
Y” is the Title of a point representing a particular function 
type. An identity link from point P to this point is interpreted 
as defining P as an instantiation (instance) of this function 
type—no longer the simple identity function. (This can be 
flagged by setting the Hfunction field for P to >0, but the 
identity parent itself determines the function type). 
0177 Points representing function types are stored in one 
or more special locations in the network, identified by unique 
category parents. They may be subsequently identified as 
specific function types by either their point identity, or by 
some element of Content. It is convenient to identify function 
types by Titles: e.g., “=X+Y”, “=X*Y”, “=Sum(X), “=If X is 
Y then Z, are conventional names for various function types 
in one implementation. These function types are associated 
with programmed procedures. These functions or procedures 
use one or more variable arguments. For example, "Sum 
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(X) has one argument: “=X+Y” has two arguments: “=If X is 
Y then Z’ has three arguments. 
0.178 A child point with an identity link to a function 
represents an instance of the function type. To calculate Such 
an instance of the function type a programmed procedure 
must be run which can: (i) identify the appropriate valuation 
of the arguments—which must be Supplied from data repre 
sented by existing points in the network; (ii) process the 
calculation correctly to generate the intended result, and Sub 
sequently: (iii) insert points with content to represent these 
results in appropriate locations in the networks. 
0179 The principle that both arguments and results of 
calculations must be stored in the network is fundamental to 
maintaining special properties of functionality, composition 
ality and completeness intended in the design. Naturally the 
programmed procedures for implementing functions may 
store data in intermediary forms, but they must result in 
information represented in the CAT3 Network. 
0180. The system for identifying locations to find argu 
ments for functions, and locations to insert results of func 
tions must also meet a general convention: these locations 
must generally be specifiable by relative positions in the 
Network of points connected to the function points. This is 
fundamental to maintaining universality (or uniformity) of 
the semantic interpretation of functions, both across locations 
in a given network, and across distinct CAT3 Networks. 
0181 Hierarchical Functions. There are also Zero-place 
functions for points that do not need any additional arguments 
specified (besides the point). These are characteristically 
hierarchical statistical functions. For example, one may want 
to use the Value of a category point to represent the number 
(count) of its Left or Right Child points; or the sum of Values 
of its Left child points; or the average of Values of its Left 
child points; etc. Any simple aggregate function of content 
fields of a class of points determined directly by a given point 
can be an hierarchical function of that point. 
0182. The inputs for this type of Zero-place function are 
already determined by the parent point, without needing any 
further variable arguments to be supplied. The location to 
store the result is value field of the point itself. In this case one 
can simply use the Hfunction value as a parameter to specify 
the function directly—there is no need to specify Hfunctions 
via identity parents; and one can specify Hfunctions for 
points with existing links, without deleting those links. 
0183. Manual Operations. Note that functions as dis 
cussed above are quite distinct from manual operations that 
are performed at the discretion of a user. The latter are also 
programmed through database functions acting on the table. 
But they are not defined or determined by the table data itself. 
Functions in the sense above are implemented through infor 
mation inserted in the table itself, and may be updated by 
automatic periodic system-wide procedures, independently 
of user actions. They correspond to calculated functions or 
automated procedures in a conventional database. The differ 
ence is that insertion of CAT3 functions are represented by 
table data, not by ad hoc programming objects such as SQL 
queries or programming modules, as in conventional data 
bases. 

Identifying a CAT3 Network and CAT3 Database. 
0184 CAT3 network may be embedded in a bigger sys 
tem. This section describes a criteria to define similarity 
between a CAT3 network, and other systems or representa 
tional structures. This is based on the mathematical concepts 
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of structural isomorphisms, and isomorphic embeddings, 
combined with the notion of an implementation of a repre 
sentational structure as a computerized system of representa 
tion. 
0185. Isomorphism between two relational structures. A 
structure is defined as consisting of: (i) a class of points, P. 
with (ii) any set of constants, a, a, as . . . . which are points 
in P, and (iii) any set of relations R. R. R. ... on the points, 
and (iv) any set of functions F, F, F, ... on the points. The 
structure is symbolized generally as: <P. a. a. as . . . ; R. R. 
R,...; F, F, F, ... >. Note that when applied to CAT3, this 
serves only to define the basic network structure. The content 
of points is introduced Subsequently through additional func 
tions from points to symbolic strings or quantities (i.e., not 
functions from points back to points). Additional CAT3 Net 
work axioms are introduced as conditions or theories 
imposed on the relations or functions that define the basic 
Structure. 

0186. In general, the relations and functions may have any 
finite degree or arity. This is illustrated first with the simple 
case of a structure: t <P: a, R, with just one constant, a, one 
binary (2-place) relation, and one function F mapping: P->P. 
where: P is the (triple) Cartesian product: PxPxP, i.e., mem 
bers of P are ordered triplets of points from P. (p., p.p.). In 
this case, R is equivalent to a set ordered pairs of points from 
P: R={(p,q): R(p,q). F is equivalent to a set ordered pairs of 
points from P and triplets from P: F={(p, (pl. p. ps)): F(p) 
-(pl. p.2, ps)}. 
0187. Definition: Two structures: LCP; a: R; F) and 
Jt8=<P*: a*: R*. F*> are isomorphic just in the case when 
there is a 1-1 mapping M of the class P point-wise onto P. 
such that: for all p, q in P: 
0188 (a-condition) a p if and only if: a*=M(p), 
0189 (R-condition) R(p,q) if and only if: R*(M(p,q)) 
0.190 (F-condition) F(p)=(p, pp) if and only if: F*(M 
(p))=(M(p1, p.2, p.)) 
0191 where: M(p, p. . . . p.) represents the image: 
(M(p) M(p). . . . M(p)) of any ordered n-tuplet: (p. p. . . 
... p.) of P. 
(0192 a, R*, F* are called the images of a, R, F respec 
tively under the isomorphism. 
0193 For brevity point images can be symbolized as: 
M(p) and generally: 
0194 M(pp., ... p.) (p. p. ... p.)=(p. p. ... p.). 
0.195 Functions on P can generally map ordered n-tuplets: 
(p1, p.2, ... p.) to ordered m-tuplets: (q1, q2, . . . q), with all 
pi, p.2, ... p, and q1, q2, ... q from the class P. 
0196. This can be referred to as mapping a type: (p) to a 
type: (q). 
0197) The previous definition may be generalized to struc 
tures with multiple constants, a1, a2, as . . . , relations: R, R2, 
Rs. . . . . and functions: F. F. F. . . . . by: 
(0198 Definition: Two structures: I <P; a. a. as ...; R. 
R. R. . . . ; F, F, F, ... D and: It’=<P*: a*, a, as . . . 
: R*, R*, R*, . . . ; F *, F*, F*, . . . > are directly 
isomorphic just in the case when there is a 1-1 mapping M of 
the class P point-wise onto P such that: 
(0199 (a-condition) for all p in P: 

(0200 a. p if and only if a., p. 
0201 (R-condition) for each relation R of degree n, 
(0202 for all p. p. ... p. in P: 
0203 R(p, p. . . . p.) if and only if R* (p. p. . . . 
p.) 
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0204 (F-condition) for each function F mapping type: 
(p,) to type: (q.), 

0205 for all p. p. . . . p. in P: 
0206 F (p1, p.2, ... p.)=(q1, q2, . . . q) if and only if 
0207 F* (p *, p. . . . p.)=(q*, q, ... q.) 

0208. The last condition may be put in the more compact 
form: 

0209 (F(p, p. . . . p.)*=F*(p*, p. . . . p.) 
0210 Definition: Two structures: L-P; a , a, as . . . ; R. 
R. R. . . . ; F, F, F, ... Dand: J={P; b, b, b. . . . ; S. 
S2, Ss, . . . . G. G. G. . . . . are isomorphic just in the case 
when there are permutations (re-orderings) of b, b. b. . . . . 
S1, S2, Ss, . . . and G. G. G. . . . to: a*, a2, as . . . . R*, 
R*, R*, ... and F*, F*, F*, ... respectively, where: <P: 
a1, a2, as . . . ; R, R2, Rs. . . . ; F, F2, Fs, ... and: <P*: a*. 
a, a *... : R*, R*, R*, . . . ; F *, F*, F*, . . . > are 
directly isomorphic. 
0211) Isomorphisms of the CAT3 Network Structure. The 
special case of the CAT3 Network Structure is specified here, 
where P is a set of points, and four constants, a, a2, as a are 
defined (which are the CAT3 point, the null identity point 
(serving as a parent for null identity edges), and left and right 
Zero points), and a function, F: P->P, mapping eachpin Pto 
an ordered triplet: (p. p. p.) from P (which represent the 
three edges for each point). A structure of this general type is 
Symbolized: CAT3-sP; acaza, an azezen, azer, F. 
This will be called a CAT3 Structure. (Each distinct instance 
is said to be an instance of the type of structure referred to as 
the CAT3 Structure.) A CAT3 Structure represents a CAT3 
Network Structure (network structure without content of 
points) if it embeds a CAT3 Graph, i.e., if it contains a sub 
structure: CAT3 Graph=<P; as a F, where: P is a 
Subset of Piazzan azer (i.e., P is a subset of P. 
excluding the Zero points, azel azer) which con 
forms to the CAT3 Network Axioms by identifying: (i) P as 
the class of CAT3 Graph points (ii) as as the CAT3 point 
(iii) at as either null or as the unique special point defining 
a null identity parent (iv) az, as the point providing the 
left parent of the CAT3 point (in the CAT3 Structure but 
outside the CAT3 Graph) (v) azer, as the point providing 
the left parent of the CAT3 point (in the CAT3 Structure but 
outside the CAT3 Graph). As shown in FIG. 68, a CAT3 
structure may include additional points or graph structures 
outside any particular CAT3 Network embedded within it. A 
CAT3 Structure used to construct CAT3 Networks may 
embed numerous distinct CAT3 Networks. 
0212. The following definitions are generally equally 
applicable to CAT3 Structures or (the more limited class of 
CAT3 Network Structures). A CAT3 Structure Network 
CAT3-sP; acts, an azezen, azer, F is directly iso 
morphic to a structure: S*=<P*; acts, an’, a *. 
azer, F*>, of the same type, just in the case when there 
is a 1-1 mapping M (denoted by * below) of the class P 
point-wise onto P such that: 
0213 (a-condition) for all p in P: 
0214 as p if and only if a p 
0215 ap if and only if a.*-p* 
(0216) at if and only if a., p. 
0217 zero Right P if and only f azeroRight" p" 

0218 (F-condition) for all p in P: 
0219 F(p)=(p, p. . . . p.) if and only if: 
0220 F*(p*)=(p, p*, ... p.) 
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0221) A CAT3 Structure Network CAT3=<P; as 
at are azer, F is isomorphic to a structure: 
S*=<P*; b, b, b. b. F*> just in the case when CAT3 is 
directly isomorphic to: CAT3*=<P*:b,b,b,b,; F*>, where: 
b,b,b,b is a permutation of b, b. b. 
0222. A CAT3 Structure Network CAT3=<P; as 
an aere, azer, F is isomorphically embedded in a 
Structure: CsC; a 1, a2, as . . . . R, R2, Rs. . . . . F, F2, Fs. . . 
. Djust in the case when there is a sub-structure: It’-(P*; b, 
b,b,b; F*>, with P* a sub-class of Q, and b, b, b. b 
members of {a, a, as ... }, and F* a member of{F, F, F, 
... }, such that CAT3 is directly isomorphic to t. 
0223 Direct Structural Isomorphism. A structure: 
It’-(P*; b,b,b,b; F*>is directly structurally isomorphic 
to the CAT3 Network Structure just in the case when: (i) there 
is an instance: CAT3-P; acaza, an azeoten, azer, F 
of a CAT3 Network Structure that is isomorphic to It, and: 
(ii) For any arbitrary instance: CAT3-(P; as a 
azza, a2, Fs of a CAT3 Network Structure, there is 
a possible structure:Jt8=<P**; b*, b, b*, b,; F*> of the 
same type as at that is isomorphic to CAT3. 
0224). The structure: t: *=<P**; b, *, b, b, b. *; F**> 
has to have the same type of formal structure as: J=<P*; b. 
b,b,b; F*>, and represent a variation of content of P* and 
values of b, b. bs, ba: F*. That is, it can be arrived at by 
altering the point-class P to a new class P**, the identities of 
constants b,b,b,b from P* to constants b, *, b**, b, 
b. ** from P**, and the values of the function F* as a mapping 
from P* to P* to F** as a mapping from P*.* to P**. 
0225. A structure: t <Q; a , a, as . . . ; R. R. R. ..., F. 
F, F, ... D is said to embed a direct structural isomorphism 
of the CAT3 Network Structure just in the case when there is 
a sub-structure: t =<P*; b, b, b, b. F*>, with P* a sub 
class of Q, and b1, b. bs, ba members of (a1, a2, as ... }, and 
F* a member of F, F, F, ... }, and there is an instance: 
CAT3-sP; acats, aui, azeoten, azeorghe F of a CAT3 
Network Structure such that It is directly structurally iso 
morphic to CAT3. (i) A structure it that embeds a direct 
structural isomorphism of the CAT3 Network Structure 
implements a CAT3 Network. (ii) A programmed system that 
represents a structure that embeds a direct structural isomor 
phism of the CAT3 Network Structure implements a CAT3 
Database. 
0226. A given structure can be recognized as a CAT3 
network by one of the following mechanisms: (a) showing 
that the structure satisfies Axioms 1-9 presented above or by 
(b) showing that the structure is structurally isomorphic to an 
existing CAT3 network structure. Any structure that is struc 
turally isomorphic to a CAT3 Network is itself a CAT3 net 
work. 
0227 Content of Points. This model-theoretic representa 
tion (in conjunction with the Network Axioms) gives away of 
formally defining the CAT3 Network Structures. But the 
CAT3 Networks also includes contents of points, i.e., sym 
bolic strings associated with points (Title, Order, Value, 
Date1, Date2). The function Fabove only refers to the graphi 
cal relations. The content is represented by a second function, 
symbolized as G, from points to their symbolic strings or 
numerical values: in the preferred interpretation: 
0228 G: P->(Title, Order, Value, Date1, Date2). 
The previous representation may be expanded to include this: 
0229 CAT3-sP; acaza, an azelen azer, F: G 
as long as it is recognized that G is a function from the class 
P to a class of independent constructions (symbols or num 
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bers or external object references, etc). Because G can be 
implemented in a variety of ways consistent with the CAT3 
Axioms, it is not necessary or possible to specify the previous 
isomorphisms to include any specific form of G. But it can be 
specified that there must be some content function G to imple 
ment the full CAT3 Network as a representational space for 
information. 

0230 CAT3 Databases. A CAT3 Database is a computer 
ized system designed to systematically construct representa 
tions of CAT3 Networks, used as structures for the purpose of 
representing information. A CAT3 Database must implement 
the critical components of the CAT3 Structure i.e., repre 
sent the set of points, P, the edge function, F, the content 
function, G—in some systematic and functional manner. A 
feature is that the class of CAT3 Network Structures of the 

intended form: CAT3-P; a cars, an azelen azer, F: 
G> can be represented by a single relation, implemented as a 
conventional database table. This is because of the functional 
construction of F and G: i.e., they are functions on the class of 
points, P. Hence each point has a unique value for F and G. 
Points can therefore be treated as table records, and the com 
ponents of the functions as fields of a table, with the table 
representing a relation. 
0231. A representation in this systematic form is one way 

to identify that a CAT3 Database has been implemented. Of 
course there can be variations in this implementation. The 
primary example is: (A) Splitting the record set of points 
between a number of tables with the same CAT3 structure. 
This may be necessary to process large record sets. For 
example, in one preferred implementation, a current record 
set is stored in one table, for immediate processing work, and 
a larger record set, called a library, is stored in a table with 
almost identical structure, with programmed functions to 
transfer records representing CAT3 Networks back and forth 
between the two. In this implementation, both tables repre 
sent complete CAT3 Networks. However, it may be desirable 
to split smaller record sets off that do not represent complete 
CAT3 Networks by themselves. But a system like this still 
directly represents a CAT3 Network if at least one table 
directly implements a CAT3 Network. 
0232 A second key variation is: (B) Implementing the 
primary CAT3 Structure, but without implementing strong 
relationships or functions requiring all the CAT3 Network 
Axioms to be consistently satisfied by the complete structure 
(maximal structure). It is not necessary to implement all the 
Networks Axioms in a strong form over all the Table records 
to implement a CAT3 Database. For some transformation 
processes it may be necessary to allow some Sub-sets of 
records (i.e., points) to contradict the Network Axioms, at 
least temporarily. For example, for a Subset of points, cyclic 
paths may be allowed to be defined, or parenting structures 
allowed that do not have all maximal paths upwards to the 
CAT3 point, or parents allowed outside the CAT3 Network. 
This does not contradict the definition of a CAT3 Database as 
long as the representation includes some sub-graph isomor 
phic to a CAT3 Network. 
0233. In general, a CAT3 Database can be expected to 
focus aroundan implementation of a broader CAT3 Structure, 
with only a sub-set of records fully satisfying the CAT3 
Network Axioms. Equally, the CAT3 Structure may be 
expanded to include additional structure: e.g., additional par 
ents might be incorporated for some special purpose. The 
criteria for a CAT3 Database therefore revolves around the 
question of whether there is a systematic representation of the 
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CAT3 Structure structurally embedded within a representa 
tional structure, along with some systematic implementation 
of tools or functions that specifically depend on the features of 
the CAT3 Network Structure. 
0234. Another key variation is: (C) Implementing the pri 
mary CAT3 Structure, but modifying the parenting structure 
at the top, e.g., introducing a multiplicity of CAT3 points as 
the maximal parents, or allowing the CAT3 point to serve as 
its own parents. Such variations may mean that the full CAT3 
Structure (maximal structure) defined below the maximal 
point or points now fails to satisfy the CAT3 Network axioms. 
But there are generally numerous CAT3 Networks isomor 
phically embedded in a CAT3 Network. For example, the 
exterior of apartition point with partition rows at its only child 
points generally defines the CAT3 point of a CAT3 Network 
(although its identity links may now point outside the net 
work, and no longer represent the same information as origi 
nally intended). In general, any realistically useful CAT Net 
work will embed numerous other CAT3 networks as sub 
graphs. Unless something is done to systematically remove 
the characteristic CAT3 Network properties from the whole 
structure, the result of modifying ad hoc elements of the 
original parenting structure leaves a CAT3 Structure system 
atically embodying CAT3 Networks, and hence a CAT3 Data 
base. 

The CAT3 Representational Space: Interpretation of Infor 
mation. 

0235 CAT3 Networks are a class of mathematical struc 
tures with two key features: (i) They can be represented by a 
single Relation (or table), with a simple fixed construction. 
(ii) They can be used to representa wide range of information. 
The first feature makes them especially convenient to imple 
ment in a computerized database. Next is described a method 
of implementation via a relational database platform in more 
detail in the following section. The second feature makes 
them useful as a representational space. The representation of 
information in CAT3 Networks is described by defining vari 
ous interpretations of conventional information in CAT3 Net 
works. Note that this is not intended to be a complete or 
exhaustive account: only examples of interpretations of cen 
tral interest are described, and some general principles under 
lying the intended construction of interpretations are speci 
fied. Certain other significant features of CAT3 Networks that 
distinguish CAT3 representation over conventional table rep 
resentation are described here. 
0236 Plurality of Cell-Values. The second feature plu 
rality of Cell-Values in CAT3—reflects a strength of CAT3: it 
means the CAT3 Lattice representation of table data is more 
flexible (or powerful) than the conventional table representa 
tion. Conventional tables are limited to only one Cell-Value 
for each (Record-Field)-pair. But this is often problematic, 
because often there are fields that naturally have multiple 
values. For example, there is need to record more than one 
value in a "PhoneNumber field for a Client. In conventional 
tables, one must either extend the table by adding extra fields 
(e.g., “Home Phone”, “Work Phone', etc), or insert a sub 
table structure, which is like a list attached to the "Phone 
Number field. The latter method is a complex operation— 
essentially linking two tables to each other while the former 
remains a limited and ad hoc solution—e.g., what if a “Work 
Phone' field is added, but clients have more than one Work 
Phone? (This is seen more clearly with a truly multi-property, 
e.g., “Children of...”: it is impractical to add numerous fields 
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like “First Child”, “Second Child', ... where does it stop?) 
Modifying the conventional table structure by adding new 
fields also means one has to modify other programmed struc 
tures dependant on these fields. In CAT3, this problem is 
automatically solved: one can insert as many "Cell Values” as 
needed between any two points. If a field really corresponds 
to a the-property with unique Cell-Values (e.g., “The Height 
of...) then a single value is inserted. But if multiple values 
need to be added (e.g., for “Phone”, “Child', etc) one can. 
(This makes a plural intersection-list between the two points). 
Where there are truly multiple “Cell-Values' at a given time 
one can distinguish them from each other by the Order prop 
erty of the points. For example, in an “Address' field, one can 
insert numerous address lines (e.g., for street, Suburb, town, 
region, country), and simply distinguish them by their Order 
properties, which will determine their order on reports used to 
generate documents such as letters, etc. 
0237 Dates: Dynamic Records. Alternatively points can 
be distinguished by the Date properties of the point. Each 
point in the CAT3 Lattice has 5 content properties: Title, 
Order, Value, Date1, Date2. The Date1, Date2 properties are 
interpreted as specifying the time interval for which the 
record is valid. This adds a natural dimension of temporal 
logic to the system. Date1 is the initial time at which the 
record is valid (or alternatively, with non-temporal informa 
tion, this can be used for the time of data entry). If Date1 is 
null, then the record is always valid in the past. Leaving Date2 
null means the record is currently valid (up to and including 
the present time). If Date1 and Date2 are both specified, then 
the record is valid only in the interval Date1, Date2. This 
also means that one can record a dynamic series of values very 
simply. For example, if a client's phone number changes to a 
different value at a certain date, one could overwrite the 
existing PhoneNumber value with the new number when that 
date is reached but then the record of their previous phone 
number is lost. In CAT3 one can instead enter the change-over 
date as Date2 in the exiting record, and add a new record with 
the change-over date as Date1 in the new record. The old 
number or the current number can be looked up by referring 
to the date properties. Note that recording dynamic records is 
also often an awkward operation in conventional tables: nor 
mally the Record is labeled with a Start and Finish Date, and 
duplicated at the Record level to represent changing values. 
The CAT3 system is much more flexible, and this is a signifi 
cant advantage over conventional tables, both in terms of 
logical transparency and economy. 
0238 A CAT3 Network can be regarded as a symbolic 
construction. To use a symbolic construction to represent 
information one must Supply it with an interpretation, or a 
system of semantics. The semantics specifies how to interpret 
the intended meanings of symbolic elements. This is a set of 
conventions for reading information from the symbolic con 
structions. A wide range of possible conventions is possible 
for CAT3 semantics. But in the proposed implementation, it is 
intended that these cohere with certain general semantic 
meta-principles—defined in various theoretical studies as 
consistency, compositionality, functionality, transpar 
ency, completeness, etc. Some examples are presented 
which will be common to a wide range of practical applica 
tions envisaged for the system. 
0239) 1. CAT3 Partitions. 
0240 CAT3 Partitions are inserted, along with Partition 
Rows and Lattices, as fundamental locations to begin storing 
data. Examples of CAT3 Partitions in one preferred imple 
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mentation include 9 points named: FUNCTIONS, CON 
STRUCTIONS, FACTS, IDENTITIES, DATABASES, 
PROPOSITIONS, WORLDS, ACTIONS and TRACKS. 
Their locations are immediately below the CAT3 point as 
illustrated in FIG. 25. These points are not ordered, and gen 
erally do not have adjacency relations. Only cross tiled points 
generally have left and right parents crossing between points 
in different CAT3 Partitions—but there are numerous identity 
edges that cross between points in different partitions, e.g., to 
provide reference to functions and constants or to empirical 
objects across different partitions. 
0241. In a preferred implementation, each of these stan 
dard CAT3 Partitions has a pre-defined Partition Platform, 
with 10 Row points, and a Partition Lattice defining a row 
order for these, as defined previously, with structure pictured 
in FIG. 26. (The choice often Partition rows is purely for 
convenience: additional rows may be added as desired). 
0242. The intended interpretation of the Partitions men 
tioned above is described as follows. Note that the program 
ming method for the CAT3 database system stores certain 
kinds of system information in the CAT3 Network itself, 
including functions types, logical constants, system-defined 
lists, and information for defining certain interfaces and con 
trols. An initial set of database records is reserved for this 
purpose, called the core record set. The following CAT3 
Partition Points, and their Row and Lattice Points, are also 
defined in the core record set. Other CAT3 Partitions can be 
added as empirical partitions as desired. 
0243 FUNCTIONS: Provides special locations to store 
system-defined functions types, variables, and certain logical 
constants. Locations are referred to by programmed code 
implementing functions. 
0244 CONSTRUCTIONS: Provides special locations to 
store constructions of system objects for the database imple 
mentation itself; e.g., properties of certain Forms, Controls, 
Reports, Tables, Queries, and Modules. Locations are 
referred to by programmed code implementing functions. 
0245 FACTS: Standard location for storing empirical 
information in an integrated form. CAT3 allows all empirical 
information (about any variety of domains) to be integrated in 
a single partition. But depending on the user's preferences, 
domains of empirical information may be split into indepen 
dent groups (Partitioned) by inserting additional Partitions— 
e.g., business information versus personal information versus 
special projects, etc. Locations are not referred to by pro 
grammed code. 
0246. IDENTITIES: Standard location for fundamental 
empirical object classes with system-wide reference across 
different empirical domains—but these can always be stored 
in other empirical partitions. Locations are not referred to by 
programmed code. 
0247 DATABASES: Provides special locations to store 
imported data, duplicating external database tables and con 
structions. Used via specially programmed data import inter 
face. Locations are referred to by programmed code for this 
interface. 

0248 PROPOSITIONS: Provides special locations for a 
special set of propositional functions, dictionary of words, 
and information defining natural language interpretations. 
Used via specially programmed function interface. Locations 
are referred to by programmed code for this interface. 
0249. WORLDS: Provides special locations to store cop 
ies of other CAT3 Networks. These copies represent informa 
tion, beliefs or knowledge maintained by other agents, includ 
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ing rules for synchronizing point identities with other CAT3 
Networks. Can be used to model counterfactual possibilities, 
multi-agent logics, logics for propositional attitudes, etc. 
Locations are referred to by programmed code for special 
interfaces. 
(0250) ACTIONS: Provides special locations for a special 
set of user-defined actions, similar to the concept of macros, 
so that users can define and execute commonly used groups of 
manual actions. Locations are referred to by programmed 
code for special interfaces. 
0251 TRACKS: Provides special locations to store infor 
mation about ongoing processes or activities or actions per 
formed in the CAT3 Network by users. Analogous to activity 
memory. Used to define common procedures. Locations are 
referred to by programmed code for special interfaces. 

CAT3 Representation of Conventional Tables. 
0252. The following examples generally show empirical 
information stored in a location beginning in the center of the 
FACTS partition, as the typical empirical partition. Relational 
databases use tables to represent relations. A table is a type of 
variable with a fixed functional construction. The table con 
struction is defined by: (i) the table object, (ii) the set of fields. 
The table variables are defined by: (iii) the set of records, and 
(iv) the set of data cells (cell values). A concrete example is 
presented followed by a generalized method. Consider a table 
called Job Charges, which has fields named: Jobs, Client, 
Date, Time (hrs), Charge Rate (S/hr), and Total Charge (s), 
and current records named: Job 1, Job 2. Job 3, Job 4, and the 
data (cells) as illustrated: 

Charge Rate Total 
Jobs Client Date Time (hrs) (S/hr) Charge (S) 

Job 1 Mr. A Jan. 02, 2008 3 50 150 
Job 2 Mrs. B Mar. 04, 2008 5 8O 400 
Job 3 Mrs. B Apr. 04, 2008 7 40 
Job 4 Ms. C Jun. 05, 2008 8 

The CAT3 representation of this table information is con 
structed in 4 steps, corresponding to these four types of object 
in the table construction. Note that each point insertion in the 
following steps is a diamond lattice tiling. 
0253 (i) Inserting the Table Object. First choose (or con 
struct) a location in the CAT3 Network to insert a point to 
represent the table object. For this example, this can be 
inserted under an existing Partition Row below a CAT3 Par 
tition called “FACTS’, as illustrated in FIG. 27. This point has 
the Title: “Job Charges'. The left parent is shown as the 
existing point “FACTS (5). The right parent is shown as the 
existing point “FACTS (6). These are adjacent members of 
an existing Partition Row. The identity parent is null. The 
other content fields do not matter much at this stage, but the 
normal convention followed here is: (a) Order for the new 
point is set to the maximum order of points in this location +1. 
(Note there may be other points already in this location.) (b) 
Value is left null, since this is not a quantitative record. (c) 
Date1 is set to the current date-time of insertion of the point, 
or the earliest date-time at which the point object data is valid 
or exists. (d) Date2 is set to 0 if the point object is currently 
valid; or to the final date-time at which it is valid if it goes out 
of use. 
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0254 (ii) Inserting Records. Next points are inserted to 
represent records. By convention, points are inserted repre 
senting table records on the left under the table object point 
(which forms the right parent for its records). A left parent is 
also needed for these record points. A left parent point, called 
the Record Stem is created with the Title "Job Records', in a 
position left adjacent to the table point as shown in FIG. 28. 
Then a point is inserted for each table record as shown in FIG. 
29. As shown in FIG. 29 the points are as shown correspond 
ing to table records have titles and have null identity parents. 
Other Content fields for these points do not matter much, but 
the following Normal Conventions is preferred: (a) Points 
lists with n members are normally Ordered uniquely from 1 to 
n. However; (b) If the Record title is a unique integer identi 
fier, this may be used as the Order. (c) Value is null for points 
that do not represent quantitative values. (d) Date1 is the 
date-time of record insertion, or of initial validity of the 
record. (e) Date2 is 0 if the record is currently valid, or the 
final date-time of validity of the record data. 
0255 (iii) Inserting Fields. An exactly symmetric opera 
tion is performed on the right to insert points to represent 
fields. By convention, points representing table fields (or 
properties of objects in record lists) are inserted on the right 
under the table object point (which forms the right parent for 
its records). A right parent is needed for these field points. A 
right parent point, called the Field Stem is created, with the 
Title "Job Fields', in a position left adjacent to the table point 
as shown in FIG.30. A point for each table field is inserted as 
shown in FIG. 31. Titles for these points are as shown. Iden 
tity parents are null. Other Content fields follow the Normal 
Conventions, as for the previous Record points. 
0256 (iv) Inserting Data Values (Cells). Finally a point is 
inserted for each Data Cell of the table between its corre 
sponding pair of record-field points as shown in FIG. 32. By 
convention, points representing data cells (or property values 
of objects in record lists) are inserted beneath the correspond 
ing record point and the field point. FIG.32 illustrates this for 
the first record, “Job 1'. Titles for these points are as shown. 
Identity parents are null. Content fields for cells with quanti 
tative values now are used, and take appropriate values: 

Title Order Value Date1 Date:2 

Mr. A. 1 O date-time inserted O 
1/2/08 1 Val(1/2/08) Jan. 02, 2008 O 

3: 1 3 date-time inserted O 
50 1 50 date-time inserted O 

$150 1 150 date-time inserted O 

Note that the table data for Job 3 and Job 4 has empty (null) 
cells, under Total Charge for Job 3, and Total Charge and 
Charge Rate for Job 4. By convention no points are inserted to 
represent null cells of tables. But this is optional: points can 
be inserted with null content if necessary. 

General Representation of Tables. 

0257 The above example is generalized for an arbitrary 
table and has: (i) a table object called Tablek, (ii) a set offields 
called Field1, Field2,..., Field N. (iii) a set of records called 
Record 1, Record 2, . . . . Record M, (iv) a set of data cells 
called Cell(1,1), Cell(1,2),..., Cell(M.N), (v) Cell(i,j) is the 
data for the pair of Recordi, Fieldj. Note that a standard Table 
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representation defines a unique mapping from each ordered 
(Record, Field)-couple to a data value (Cell) as shown in the 
following table. 

Records: Field 1 Field 2 Field N 

Record 1 Cell(1, 1) Cell(1,2) Cell(1, N) 
Record 2 Cell (2, 1) Cell (2, 2) Cell (2, N) 

Record M Cell (M, 1) Cell (M, 2) Cell (M, N) 

0258. A CAT3 representation may generally be con 
structed in the following steps: (1) Decide on a location in the 
CAT3 Network to insert a point for the Table Object (“Table 
k”), with a Parent row of 4 adjacent points to parent the table 
structure. (2) Insert3 points in the next row down for the table 
object, record stem, and field stem. (3) For each Record(i) 
insert a point between the Record Stem k and Table k points. 
(4) For each Field(), insert a point between the Table k and 
Field Stem k points. (5) For each Cell (i,j), insert a point 
between the Record(i) and Field() points. (6) Assign values 
to the Content Fields (Title, Order, Value, Date1, Date2) for 
each point inserted, following the Normal Conventions: 
assign any quantitative values to the Value field of the point. 
As shown in FIG. 33, each data cell (i,j) of the table is then 
represented uniquely by a point forming a diamond lattice 
under the Table object point, with parents determined in the 
pattern illustrated. 
0259 2. Table Relationships: Joins and Foreign Keyed 
Fields. 
0260 Relational databases also allow relationships 
between tables, typically represented by using foreign keyed 
fields in one table to reference records from a related table. 
For instance, the Client field in the previous example of the 
Job Charges table could be related to a second table, called 
Clients, which holds permanent data about clients. Values in 
the Client field reference records of the Clients table, via the 
keyed field of that table. Each record in the Clients table may 
correspond to multiple records in the Job Charges table, via 
the Client field. This is illustrated as follows with few typical 
type of fields in FIG. 34. 
0261 There is a 1-many join (outer join) from the Client 
field in the Clients table, to the Client field in the Job Charges 
table. (Arrow between the Fields). There is a unique value of 
the Client field in the Clients table, identifying each Record 
(row) of that table. There can be multiple values in the Client 
field in the Job Charges table, referencing rows of Clients 
table, via matching records in the Clients field. (Arrows 
upwards between records). 
0262 Next, such relationships are represented in the 
CAT3 Network. Two different methods are defined. 
0263 Method 1. Joining By Identity Edges. First the 
CAT3 sub-graph is constructed to represent the Clients table. 
This is put in the same location as the Job Charges table 
(although for this example, it could be inserted anywhere 
except in the exterior of the Job Charges table point). This is 
illustrated for the first record, “Mr. A', and its data cells as 
shown in FIG. 35. The following identity edges are added: (i) 
from each Client field cell in Job Charges to refer to the 
corresponding record point in Clients, and: (ii) from the Cli 
ent field point in Job Charges to the Clients table point. The 
edges between the Client points themselves (Mr. A-Mr. A. 
etc) represent the semantic notion that the external entity 
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referred to by the Mr. A data point in the Job Charges table is 
the same entity referred to by the Mr. A record point in the 
Clients table. 

0264. As illustrated in FIG. 36, the edge from the Client 
field point in Job Charges to the Clients table point represents 
the same general Semantic notion of identity: that these also 
refer to the same external entity. In this case the entity is an 
empirical property or empirical class. That is, the property of 
being a Client. If the notion that all Client cells under the Job 
Charges field are Clients in the sense of the Clients table class 
needs to be represented, this identity edge is added as well. 
This would be the normal understanding from the relational 
database view of treating the Client field in Job Charges as a 
foreign field referring to Clients records. 
0265. This is what an outer join between the fields, created 
as a fixed system-wide relationship in an SQL database 
means. The CAT3 representation of this allows a weaker 
relationship, however: one can create individual edges 
between the Client cell-records points (Mr. A to Mr. A, etc), 
but leave out the edge between the Client field-table points. 
Individual edges could be created for some of the Client cells 
to Clients record points (Mr. A to Mr. A, etc), but not for 
others—this is equivalent to making the identities contingent 
or ad hoc. This weaker relationship can be implemented in a 
relational database by using special SQL queries as ad hoc 
functions to identify matching records between record sets in 
certain views, without requiring strict joins between the 
tables. In this case the Client field in Job Charges table is no 
longer a foreign field fixed by a system-wide relationship. 
This illustrates how the identity relationship can be weakly 
represented in CAT3 (as a contingent relation). The second 
method creates a stronger identity relationship. 
0266 Method 2. Joining. By Category Edges. First the 
CAT3 sub-graph is constructed to represent the Clients table, 
as before. The category edges of Job Charges Sub-graph are 
modify to enforce a logical relationship between records. 
This is called, moving the Job Charges table into the exterior 
of the Clients table. The parents are modified as shown in FIG. 
37. The steps are (1) Change the left parent of Job Charges 
from Facts(5) to the Clients table point. (2) Change the right 
parent of Job Charges from Facts(6) to Clients Fields. (3) 
Create a new point titled Clients Sub-Fields adjacent left of 
Client Fields. (4) Change the left parent of Job Fields from 
Facts(6) to Clients Fields. (5) Change the right parent of Job 
Fields from Facts(7) to the new Clients Sub-Fields. (6) For 
each Record point (Job 1, Job2, . . . ) under Job Charges, 
change the left parent to the Clients Record point (Mr. A. Mrs. 
B. Ms. C, ...) corresponding to the Client field cell (Mr. A. 
Mrs. B. Ms. C, ...) below the Job Charges record. (Illustrated 
for the Mr. A record only). (7) No other parents in the exterior 
of Job Charges need to be changed. 
0267. After changing the parents in this way, the original 
Client field point and their data cell points under Job Loca 
tions are effectively redundant and may be deleted the 
information is duplicated above. Of course this transforma 
tion depends on the existence of a Client Record point in the 
Clients table corresponding to each Client field data point in 
the Job Locations table the condition for an outer join. 
Conversely, if the Job Charges table is constructed in this 
location, a Job Charges record cannot be entered except under 
a Clients record, enforcing the relationship between the two 
tables. Hence this is a stronger way of representing the rela 
tionship than the first method of using identity edges. These 
representations of table information are examples of a more 
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general interpretation of semantic categories: classes, prop 
erties and relations; and empirical versus categorical facts. A 
more systematic convention for representing these in CAT3 is 
described next. 
0268 3. Classes and Properties. 
0269. The clients in the Clients table is an example of a 
class. The jobs in the Job Charges table is another example. 
Other examples from common experience are the class of 
colors (red, blue, green, yellow, ... ); countries (Afghanistan, 
Algeria, Angola, Antigua, Argentina, Australia, . . . ); authors 
(Shakespeare, Dickens, Joyce. . . . ); astronomical objects 
(stars, galaxies, planets, asteroids, . . . ); stars (Sun, Alpha 
Centauri, alpha Proxima; . . . ); planets (Earth, Mercury, 
Venus, Mars, Jupiter, . . . ); weekdays (Sunday, Monday, 
Tuesday,...); dates (1 Jan. 2008, 2 Jan. 2008, 3 Jan. 2008, . 
. . ) animals (horses, dogs, cats, . . . ); animals (Flipper the 
Dolphin, Gentle Ben, Yogi Bear, Lassie, ...); natural numbers 
(1,2,3,...); files on a computer drive; folders on a computer 
drive; etc. 
0270 Natural language can be ambiguous of course, with 
terms assuming different meanings in different contexts. A 
key ambiguity illustrated above is the difference between 
types and individuals. For example, in referring to the class of 
animals as including horses, dogs, cats. . . . one is really 
referring to a class of types (or species) of animals. In refer 
ring to the class of animals as including Flipper the Dolphin, 
Gentle Ben, Yogi Bear, Lassie,..., one is referring to a class 
of individual animals. The same term (animals) is used 
ambiguously. When natural language information is inter 
preted in a strict symbolic representation like a database or 
CAT3 Network it is necessary to disambiguate Such meanings 
to begin with. Some typical examples of this are considered 
next. First, an unambiguous example of a property applied to 
a class is presented. It is assumed that the classes to be 
represented have: (i) a class name, and (ii) a set of members. 
The set of members may be infinite or unknown but one can 
only explicitly represent discrete, finite classes. (Mathemati 
cal functions can be used to generate open-ended classes via 
functions). 
(0271. 4. Inserting a New Class in CAT3. 
0272. The normal convention in CAT3 for representing a 
new class is: (i) inserta point at a suitable location for the class 
object, with the class-name as its title; (ii) insert a point to the 
left of the class object point, as a record stem for the class, 
with the title class-name members; (iii) inserta point for each 
member of the class between the record stem point and the 
class object point, with the member's name as its title. (iv) The 
default position for a new class object point is under the center 
of a partition row used for empirical objects or facts as shown 
in FIG.38. Note that the term members is standard terminol 
ogy for the class membership property. The earlier terminol 
ogy “records, as in “Client Records”, “Job Records' is used 
for the special case of table memberships, which are tradi 
tionally called records. 
(0273 5. Empirical Properties. 
0274 Members of classes have properties relative to the 
class. Properties can be empirical or categorical, relative to a 
class. For example, empirical properties of Clients may 
include their hair color, weight, height, gender, etc. Categori 
cal properties include: is a client. Categorical properties are 
determined by parenting edges. The empirical properties are 
considered here. It is assumed that the properties to be repre 
sent have: (i) a property name (e.g., hair color), and (ii) a class 
of possible values (e.g., brown, black, white, grey, brunette, 

Jan. 26, 2012 

blond, red, blue, green, yellow. . . . ), and (iii) a class, C, of 
objects to which they apply (e.g., Clients: Mr. A. Mrs. B. . . . 
). Note (iv) in general, an object may have more than one 
value for a property, or no value. 
0275 Properties are more complex than classes. Assump 
tion (i) and (ii) mean that a property already involves a class, 
viz. the class of property values. First a case is considered 
where this is a discrete, finite class. When property values 
form infinite or continuous classes they are characterized 
using numerical values, stored in Value or Date fields. For 
discrete properties, first a class of property values is inserted 
similar to other classes as shown in FIG. 39. FIG. 40 shows, 
how to inserta representation of the property X applied to the 
class C. The class C is assumed to be represented, with a Class 
Object Point, and Class Member Points, as above. To repre 
sent a property for this class the following actions need to be 
done: (i) insert a point adjacent to the Class C point, called 
Class C Properties, as the right parent under which to insert 
the instance of Property X. (ii) insert a point for (this instance 
of) Property X below Class C and Class C Properties, and 
create an identity link to the original Property X point. (iii) for 
each Member C(i) of Class C insert one (or more) points, 
Value X(), corresponding to the value/s of Property X for 
C(i), and create an identity link to the original Value X() 
point. 
0276. If C(i) has no value for Property X, no value point is 
inserted. If C(i) has multiple values for Property X, a point is 
inserted for each distinct value. This applies directly to the 
Hair Color field in the Clients table example above. Note that 
the identity parents for property values represents informa 
tion sufficient to determine inferences about identity of prop 
erties across different instances (instantiations). Such as: (1) 
Mr. A has blue hair color and Mrs. B has blue hair color. 
Therefore: (2) Mr. A has the same hair color as Mrs. B. 
0277. This is a natural language inference. Given the infor 
mation in (1) is represented correctly in CAT3, this represen 
tation needs to be able to support the inference to (2). The 
representation of (1), on the model above, inserts two points 
under Mr. A Hair Color, and Mrs. B. Hair Color, with 
common identity parent blue (a point of the Hair Color class). 
Clearly this supports the natural inference to (2): identity of 
their hair color property values (blue) is represented by the 
existence of the common identity parent. 
0278. This can be seen by contrasting with the case where 
the identity parents to blue are not created, i.e., where there is 
no representation that the point blue for Mr. A is related to the 
points blue for Mrs. B. In this case there is certainly some 
thing missing from the representation: viz. the identity 
referred to by (2) between the values. (Note that a similarity of 
Titles of points does not represent any concept of identity in 
CAT3.) 
0279. Whether natural language propositions like (1) and 
(2) can be directly represented in CAT3 is a separate question: 
is there a method for inserting CAT3 points to directly repre 
sent the information represented by (1) or (2). In an embodi 
ment such a method requires implementing a system of 
propositional functions, to form points to represent complex 
propositions from simple elements of information. Such a 
system can be implemented, but it is a more advanced appli 
cation of the representational method than needed to define 
here, and beyond the present discussion. 
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0280 6. Types of Information: Categorical, Empirical and 
Identity Information. 
0281. It is useful to distinguish three main ways that infor 
mation can be represented in CAT3. The CAT3 categories are 
self-contained. The following ways are defined: (1) Empirical 
information relative to a point P is information represented 
by: (a) exterior connections of P. (b) the Content of points in 
exterior connections, (c) the Content of the point P. (2) Cat 
egorical information relative to a point P is information rep 
resented by (a) the interior connections of P. (b) the Content of 
points in interior connections. (3) Identity information rela 
tive to a point P is information represented by identity con 
nections of P. i.e., by its connections to other points through 
identity edge paths. 

EXAMPLES 

0282) Empirical information: Mr. Ae-blue->Hair Color 
represents empirical information about both Mr. A, and about 
Hair Color. For example, “Mr. A has blue hair color is an 
empirical fact about Mr. A. For example, “blue is a Hair Color 
(of someone) is an empirical fact about Hair Color. 
Value(Job 1-150->Total Charge)=150 represents empirical 
information about Job 1, Total Charge, and the point entitled 
150. For example, “Job 1 has Total Charge with value of 150 
is an empirical fact about Job 1. For example, “150 has value 
of 150' is an empirical fact about 150. Note that it is only a 
convention to (normally) assign Titles to value points with a 
copy of the numerical value as a string. The point 150 could 
equally well get the Title: "Total Charge for Job 1', and the 
previous example would then read: For example, “Total 
Charge for Job1 has value of 150' is an empirical fact about 
Total Charge for Job 1. 
(0283 Categorial Information. Mr. As blue->Hair Color 
represents categorical information about blue. For example, 
“blue is a Hair Color, and “blue is an instance of a property 
for Mr. A. Client Records<-Mr. A->Clients represents cat 
egorical information about Mr. A. For example, “Mr. A is a 
Client’, and “Mr. A is a instance of a property for Client 
Records’. Note in the latter example, consistent with the 
general interpretation of classes and properties specified 
above, one can regard Client Records as an object in its own 
right (a higher-order type of object, which is a member of the 
class represented by the partition row point FACTS (5)). 
Regarded as an object with its own properties, this has Clients 
as its property type, and individual clients (Mr. A. Mrs. B, etc) 
as the values or instances of the Clients property. 
0284. Identity Information. The identity edge: blue->blue 
can be represented from the instance of the Hair Color prop 
erty for Mr. A to the class property with the notation: 
0285 (Mr. As blue->Hair Color)->(Members<-blue 
Hair->Color) 
This represents identity information about Mr. As blue Hair 
Color. Similarly: 
0286 (Mrs. Be-blue->Hair Color)->(Members<-blue 
Hair->Color) 
represents identity information about Mrs. B's blue Hair 
Color. These two items jointly entail identity information 
such as: Mr. A and Mrs. Bhave the same blue Hair Color. 
0287 Another example from classical logic is used to 
illustrate the necessity for identity information. A long, long 
time ago, what is now known as the planet Venus was known 
by two names, identified as two stars: the morning star, 
called Phosphorus, and the evening star, called Hesperus. 
Phosphorus and Hesperus, in the modern scientific view, are 
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really one object, commonly called Venus, seen at two 
different times. And in modern terms, of course, Venus is not 
a star but a planet. But this is empirical information that took 
significant astronomical observation to discover. 
0288 One day a philosopher stayed up all night, and 
observed that Phosphorus and Hesperus appeared to be one 
single, continuous star. Philosophers have been arguing ever 
since about what the two names refer to, and how many stars 
there really are. Some philosophers argued that there are 
indeed two stars, which take turns to appear: at Some point 
during the night, the star Phosphorus disappears, and the Star 
Hesperus appears in its place. Others think that there is one 
star, but it simply changes its name during the night: at Some 
moment, the star loses the name "Hesperus', and at Some 
moment, it gains the name “Phosphorus”. Others think that 
there is one star (or planet) referred to by two different names. 
0289. One of the main difficulties in representing the 
semantics for this is that identity relations are normally con 
sidered to be logical or analytic, and most systems of formal 
logicallow substitution of one side of an identity for the other, 
in any other statement. But this makes it is hard to represent 
the notion that: Hesperus=Phospherus is an empirical fact. In 
particular, what prevents us making the inference: 
0290 (1) Mr. A knows that (Hesperus=Hesperus) knowl 
edge of a trivial logical truth 
0291 (2) Hesperus=Phospherus a fact of identity 
0292. Therefore: 
0293 (3) Mr. A knows that (Hesperus-Phosphorus) iden 

tity substitution of (2) into (1) 
0294. Of course this entails the false logical inference that 
Mr. A must know that Hesperus=Phosphorus. This kind of 
false inference needs to be avoided. This example is repre 
sented in CAT3 as illustrated in FIG. 41. First, two points are 
inserted under a class called “Stars’, representing two distinct 
objects, named “Hesperus' and “Phospherus'. The informa 
tion that Phosphorus is observed in the evening, and Hesperus 
is observed in the morning, as properties is included. 
Subsequently the information that Phosphorus is Hesperus is 
added. This can be done directly with an identity edge 
between the two as shown in FIG. 42. Or one can add a parent 
point, “Venus', as the common identity parent as shown in 
FIG. 43. Also Time Observed properties for Venus are added 
to duplicate those for Phosphorus and Hesperus, with direct 
identity edges between these, to show that they represent the 
same properties. It is clear that the identity edges added 
represent additional empirical information about the identity 
of Phosphorus and Hesperus as a single object. 
0295. At the same time, there is no need to allow the 
problematic inference given above, based on the principle of 
substitution. The principle of substitution stated above is that 
if a=b then one can substitute a for b in any symbolic expres 
sion. But among the symbolic expressions of CAT3, the only 
identities of this kind are the trivial identities of points with 
themselves. It is true therefore that: if point P-point Q then for 
any CAT3 expression (sub-graph of the network) in which P 
occurs, the same expression with Q substituted for P is also a 
CAT3 expression (sub-graph of the network). This is trivially 
true, because P and Q are the same point. 
0296. However, it is never true that: P=Q if there is an 
identity edge: P->Q. Substitution of points with their identity 
parents to form new CAT3 expressions (sub-graphs) is not 
generally permitted. The identity parent relation is not the 
logical identity relation. Rather it is a semantic relation: if P 
has identity parent Q, then the external object of reference of 
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P is the external object referred by Q. But this does not 
represent identity of points P and Qatall. In terms of a more 
complete hyper-intensional Semantic theory, like Transparent 
Intensional Logic (TIL), CAT3 points correspond to hyper 
intensional objects, called constructions in TIL, and points 
with the same reference (orintension) are nonetheless distinct 
constructions, and generally represent distinct information by 
their constructions. A full theoretical interpretation of CAT3 
representations as constructions cannot be given here. 
0297 7. Relations and Cartesian Products. 
0298. A preferred method for interpreting relations in 
CAT3 is presented, beginning with simple 2-place relations. 
Typical examples of 2-place relations are familial relations 
like P is father of Q. P is mother of Q. P is Daughter of Q, P 
is son of Q. These are simple discrete or binary relations, 
where the objects generally belong to a single reference class. 
P Owns Q is another example, where the objects generally 
belong to different reference classes. P is Distance X from Q 
between places (e.g., cities) is an example involving quanti 
tative values. 

0299. Following is an example of familial relations 
between Clients. Suppose that Mr. A is the Father of Mrs. B. 
The most obvious way to represent this is by inserting a new 
point, Father Of, with Mr. A and Mrs. B as left and right 
parents. Similarly suppose that Mr. A is the Father of Ms. C 
and represent this in the same way by inserting a new point, 
Father Of, with Mr. A and Ms. C as left and right parents. 
This incorrect method for representing a 2-place relation is 
shown in FIG. 44. This is possible as a sub-graph (the “Father 
Of points are inserted as cross tilings), but it has serious 
deficiencies: (i) First, it uses cross tilings, and this should be 
avoided wherever possible it is preferred to render the sub 
graphs as diamond lattices whenever possible. The only place 
cross joins are desirable is in inserting variables for functions. 
(ii)Second, the Father Of relation is intended to be the same 
relation in both cases—but as it stands, there is no represen 
tation of identity between the two Father Of points. This 
could be fixed by providing a common identity parent for 
these however. (iii) Third, this method could only work for 
2-place relations—because it depends on using the two cat 
egory parents. It would not work for 3- or higher-place rela 
tions (P is between Q and R, for example). The method cannot 
be arbitrarily limited by the number of parenting edges avail 
able in this way. Instead a different method is adopted as 
illustrated in FIG. 45, which is easily generalized to n-place 
relations, and relations with quantitative values. 
0300 Cartesian Products. The previous example is based 
on the construction of a Cartesian Product of two classes: 
Clients X Clients, as a new class ordered pairs. This is con 
structed adjacent to the original Clients class, but in general it 
may be constructed in an arbitrary location (not in the exterior 
or exterior of the original class). In general, to construct the 
Cartesian Product of two classes, Class 1 and Class 2 we: (1) 
Insert a image of Class 1 and all its members, in a preferred 
location. The image is an isomorphic graph, with identity 
edges to the original graph. (2) The notation used is: (a) The 
members of Class 1 are points: Point(1,i), the image members 
points are: Image(1i). (b) If the members of Class 2 are 
points: Point(2,j), the image members points are: Image(2,j). 
(3) Insert an image of Class 2 and all its members, adjacent to 
the image of Class 1, using the Class 1 image point as the left 
parent for Class 2 image members. (4) Insert a point, Product 
(i,j), for each ordered pair of members, (Point(1,i), Point(2. 
j)), from Class 1 and Class 2 respectively, between the two 
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member image points, i.e., insert a point Product(i,j) in the 
location: Image(1i) E Product(i,j) Image(2,j). (5) To extend 
this to a 3-dimensional Cartesian Product, of Class 1xClass 
2xClass 3. (6) Addan image of Class 3 adjacent to the right of 
the image of Class 2, and repeat the process to make the 
product for Class 2xClass 3, then insert a new set of points, 
Product(i,j,k), between each point Productly) and Product(j. 
k) as shown in FIG. 46. 
0301 This can be extended indefinitely to construct the 
(representation of) an N dimensional Cartesian Product of N 
arbitrary Classes in an obvious way. After constructing the 
Cartesian Product, a representation of the Relation is inserted, 
effectively as a property on the members of the Cartesian 
Product Class. Conventionally this is placed on the Right, but 
may be inserted on the Left or the Right as shown in FIG. 47. 
The points L(i,j) or R(i,j) represent the values of the relation. 
For the simple 2-place relation “... father of.... the values 
R(i,j) are binary values or truth value (True or False). This 
allows the ability to leave value points out (null) to indicate 
missing values if necessary. Alternatively, the value points 
can be inserted only where the relation is true, considering 
missing value points to mean the relation is False. (But this 
means one cannot distinguish False from Missing Values). 
For a quantitative 2-place relation (or real-valued function), 
like: “the distance from x toy is d’, the Value content field is 
used. Alternatively, one could set Values in the Product(i,j) 
points directly to represent the values of the relation, and 
leave out the additional Relation points. But if there are mul 
tiple relations on one product it is preferable to avoid dupli 
cating the entire product every time. 
0302 CALCULATED FUNCTIONS. A feature of CAT3 is its 
representation of calculated functions. The Job Chargestable 
described above contains the field called Total Charge (S), and 
it is obviously intended that this is a calculated field: Total 
Charge (S)=Time (hrs) X Charge Rate (S/hr). In a conven 
tional database, the data for this field would not be entered 
manually but generated by a calculation function, defined in 
SQL or in a programmed module. This function is defined 
separately from the table itself, and must be executed at some 
point to update data for the calculated field. Note that if such 
a function was executed, it could not result with the null value 
shown for the Job 3 record for this field. (Regarded as a base 
table, however, any data is possible). 
0303 Calculated fields are defined as functions of other 
data, requiring functional dependencies between data items. 
In CAT3 information defining such functional dependencies 
is represented in the CAT3 Network itself. Next, a method for 
inserting such functions in CAT3 is illustrated. The function 
used for the Total Charge (S) field in the example is the 
function that takes each pair of data values for the fields Time 
(hrs) and Charge Rate (S/hr) for each record, multiplies them 
together, and inserts the result as the value of the point for the 
Total Charge (S) field for that record. 
0304) To define the information to implement this function 
references have to be defined to: (i) the function type, in this 
example represented by a point called “=X*Y” in the FUNC 
TIONS partition. (ii) the fields Time (hrs) and Charge Rate 
(S/hr) that provide reference to the values for the calculation. 
(iii) the records that the function is to apply to. This is done by 
inserting or modifying points as follows: (i) the original point 
Total Charge (S) under Clients-Fields has identity parent to 
the function type point “=X*Y” in the FUNCTIONSpartition 
added. (ii) two image points with identity parents to Time 
(hrs) and Charge Rate (S/hr) are inserted, in a chain on the 
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right below the Total Charge point; their right parents are the 
special points “X” and “Y” (called variables) stored in the 
FUNCTIONS partition. (iii) the class of the left parent of the 
field point defines the record set for the function to operate on. 
0305. This is sufficient information to define the intended 
functional calculation. The calculation is executed (by acti 
Vating a general procedure to update calculated functions) 
with the following general process: (1) determine whether the 
original field point: Total Charge (S) has a link to the function 
type: “=X*Y; if so, call this Field(0), and execute a sub 
routine defined for this function type. This routine proceeds 
as follows: (2) determine the identity links of the chain of the 
first two variable argument points on the right of the function 
point; call these Field(1) and Field (2). (3) determine the left 
parent of the function point (Clients), and the Class on its left 
(Job 1, Job 2. Job3, . . . ); call these Record(). Record(2), .. 
. . Record(n). (4) for each record, determine if there is a 
unique pair of data points: Record(i) E Data(1i) Field(1) and 
Record(i) E Data(2.i) Field (2); if so, define the value: Data 
(0,i)=Value(Data (1,i))* Data(2.i). Otherwise define: Data(0. 
i)=null. (5) check whether a (data) point exists with parents: 
Record(i)-Field(0). If not, insert a new point, and set its value 
as Data(0,i). There are possible variations on the function 
definition, e.g., it may be decided that: (6) if the value of 
Data(0,i)=Value(Data (1,i))* Data(2.i) is null, delete the data 
point Data(0,i); or: (7) if there is more than point for either 
Data (1i) or Data(2.i) for a recordi, choose the latest values by 
Date 1 in either case, and perform the calculation: Data(0,i) 
=Value(Data(1i))* Data(2.i). 
0306 A point is that such programmed functions are 
defined in general terms independently of any specific point 
to which it may apply. That is, nothing in the programmed 
functional procedure refers to any specific point. The proce 
dure refers only to a type of Sub-graph structure around any 
point. Its functional inputs are completely determined by 
information stored in the network relations. 

Implementation 

0307. In an embodiment the implementation of a CAT3 
database minimally requires: (i) a representation of the CAT3 
Network as a relation, called, for example, the CAT3 Table, 
implemented as one or more tables or files; (ii) a representa 
tion of network rules to ensure consistency with key CAT3 
axioms and Network Rules; (iii) an implementation of CAT3 
Network Functions necessary to manipulate table records, 
i.e., functions to insert, delete, and modify records of the 
CAT3 Table. 
0308 Implementation as a practical application includes 
additional interfaces, tools and programming structures to 
enable a user-friendly system for programmers and users, 
which is an open-ended project. Only the minimal structure is 
outlined here. An implementation could be achieved on any 
variety of platforms sufficient to program the CAT3 Table 
object and functions. 
0309. A method for implementation using a relational 
database management system (RDMS) as a platform is pre 
sented. This is a particularly convenient platform, as an 
RDMS comes equipped with high-level tools for building 
tables, fixing relationships, and constructing SQL functions 
for manipulating tables via a database engine, as well as tools 
for designing interfaces and programming objects (forms, 
reports, queries, etc). Note however it is not necessary to use 
a RDMS to implement the system: a CAT3 Database engine 
could be specifically programmed with the functionality, and 
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does not require SQL. In the preferred RDMS implementa 
tion, the CAT3 Table is represented as a single table, and key 
network rules are implemented via fixed relationships. 
0310 (i) THE CAT3 TABLE. The Fields for the CAT3 
Table in a preferred implementation are shown in FIG. 48, 
with their data types. A view of the first 11 records of the 
CAT3 Table (the Zero point, the CAT3 point, and nine initial 
CAT3 Partition points) is rendered in FIG. 49 in the standard 
format, showing their fields. Note that the BID number: -2 
has been assigned to the Zero point, and the number: 0 to the 
CAT3 point. Numbers 1 to 9 have been assigned to the initial 
CAT3 Partitions. These are useful conventions. In particular, 
some special number must be assigned to the CAT3 point for 
system-wide reference in programmed functions, and 0 is the 
obvious choice. Likewise a special number must be assigned 
to the Zero point, and by convention, this is the only point 
with a negative BID number. BID is a long integer used as the 
primary keyed field, identifying CAT3 Table records. Each 
record represents a point in the CAT3 Network. Three fields 
represent the Edges: (i) BID1 is a long integer, joined to BID 
used to define the left parent. (ii) BID2 is along integer, joined 
to BID used to define the right parent. (iii) BID3 is a long 
integer, joined to BID used to define the identity parent. 
Conventionally the value 0 is used to represent the null edge 
(null identity parent). 
0311. In an embodiment, these three fields are foreign 
fields in the CAT3 Table, but they refer back to the BID field 
in the same table. These three fields can take duplicate values. 
Values are required. Five fields represent the core Content: (1) 
Order is a long integer. (2) Title is a string. (3) Value is a 
double (real). (4) Date1 is a date-time. (5) Date2 is a date 
time. Values are not required for these fields. Four fields 
represent Extended Content for hierarchical functions: (1) 
Hfunction is a long integer, representing an index for func 
tions associated with points. (2) Hf1, Hf2. Hf3 are binary 
fields, representing inclusion or exclusion from hierarchical 
lists relative to left, right and identity parents. Two fields 
represent additional Extended Content: (1) Prob is a double 
(real), allowing a second real value quantity, used e.g., to 
represent transition probabilities, or imaginary components 
of complex numbers. (2) BID4 is a long integer, used to 
represent special mappings between other BID fields, e.g., to 
map the record BID to a record BID in another CAT3 Table 
for define a translation between CAT3 Databases. 

0312 (ii) Network Rules. Significant Network Rules are 
those requiring that (a) a unique left and right edge exists for 
every point, with parent points within the Network (except in 
the case of the CAT3 point which has the Zero point as 
parents); and (b) a unique identity edge exists for every point, 
with parent point either within the Network or null. By con 
ventionally defining null identity edges with a parent BID 
number 0 (i.e., the number for the CAT3 point), a basic rule 
can be implemented for all edges in the same way, by defining 
1-many (outer) joins from BID1, BID2 and BID3, respec 
tively, to BID, fixed as permanent relationships. This is pic 
tured in FIG. 50 for a CAT3 Table, called 'Briefs in a pre 
ferred implementation: 
0313 These relationships are defined with the Enforce 
Referential Integrity property, so that the basic Network rules 
above cannot be broken. For convenience, the following rela 
tionships are defined: BID1->BID and BID2->BID with (i) 
Cascade Update and (ii) Cascade Delete as (transactional) 
properties, so that (i) if the BID number for a record is 
changed, any dependant (left and right child point) records 
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automatically update to retain the same parent reference; and 
(ii) if a record is deleted, its dependant (left and right child 
point) records delete. If the dependant points are not expected 
to be deleted, their edges must be altered before deleting the 
parent point. For the join BID3 ->BID, the (i) Cascade Update 
property is defined, to ensure points retain their identity par 
ent references; but Cascade Delete is not defined for this join, 
as it is not preferred to delete child points of identity edges. 
Rather, the identity edges are deleted (and set to null) before 
deleting the parent. These relationships then ensure the most 
fundamental Network rules as maintained, with convenient 
transactional properties for updating keyed fields. This does 
not represent the complete set of set rules (or Network Axi 
oms). E.g.: (i) it allows edges from any point (not just the 
CAT3 point) to the Zero point; (ii) it does not rule out cycles 
in the Network; (iii) it does not ensure that that all paths 
upwards lead to the CAT3 point. 
0314. These additional rules are implemented in a differ 
ent way, via the implementation of Network Functions nor 
mally used to insert, modify and maintain records. But the 
Network rules or axioms do not have to be maintained in a 
strict fashion for all the Table records. In a preferred imple 
mentation, Sub-graphs are allowed to be represented by the 
Table which do not conform to all the CAT3 Network axioms. 
Indeed, the Zero point already lies outside the CAT3 Network 
proper. If the Table contains additional points that do not 
conform to the axioms or rules, then only sub-sets of the Table 
represent CT3 Networks. The CAT3 Network can be defined 
by the Table as the maximal sub-graph that does conform to 
all the axioms. 
0315 One reason for allowing this is to enable modifica 
tions to a Network by changing parents, via transformation 
processes that lead to intermediate graphs that do not conform 
to all the axioms at every step. Such transformations should 
not be ruled out. Note that many representational properties 
of the CAT3 Network continue to hold for sub-graphs having 
anomalies with the full set of Network Rules for the CAT3 
Representational Space. However, the full set of defined sys 
tem functions and semantic interpretation cannot generally be 
presumed to be consistent or unequivocal for Such Sub 
graphs. 

External Tables and Extensions. 

0316 Note that the relationship diagram above also shows 
a relationship with an external table, called Briefs. OLEs, 
with a 1-many (outer) join from the CAT3 Table (Briefs table) 
field BID to a corresponding field BID in Briefs. OLEs. The 
specific purpose of Briefs. OLEs in this case is to hold addi 
tional information on linked or embedded objects (such as 
media objects), using a field with a special OLE data type 
(defined in Microsoft database systems, but not necessarily 
others) for this purpose. This is an example of an extension (or 
content extension) defined through an external table. Note 
that content extensions defined earlier as extensions of the 
CAT3 Table fields (such as the Hfunction, Prob, and BID4 
fields) could be defined in a similar way, by creating these 
fields in an external table. However, if this is defined with an 
1-1 (inner) join to the CAT3 Table, it is logically equivalent to 
a single table (a single relation). Indeed, the core Content 
fields (Title, Order, Value, Date1 and Date2) could equally be 
externalized in a second table with an inner join on a unique 
BID field if necessary; but the logical structure remains that of 
a single relation in the sense of conventional database or 
first-order model theory. 
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0317 Clearly relationships between the CAT3 Table and 
other external tables can be defined in any variety of ways. 
The CAT3 Network can be used as a base to conceptually 
structure information, and Subsequently relate records to 
other external objects via additional tables. Such extensions 
do not generally forman intrinsic part of the CAT3 Database. 
Information in Such extensions is not generally a part of the 
CAT3 Representation. No intrinsic limitations on any such 
extensions are defined in the specification of a CAT3 Data 
base. 

0318 Finally note that content extensions can instead be 
defined by empirical properties, represented by points within 
the Table, rather than requiring any extension by addingTable 
fields. For example, the Prob (real number) field that is added 
as a content field in one extension could instead be defined for 
the points to which it needs to be applied as an empirical 
property, with a Value (just as other empirical fields are 
defined). However, if this property is used very widely, or has 
Some special function associated with it, it is preferable to 
define it as a special (calculated) function; i.e., define a new 
function type, and link the point for representing the property 
to the function type, and program a computational function 
(as is done for “=X-Y, etc) specifically to implement the 
functionality. If such a property is used as a generic function, 
commonly applying a large number of points, it becomes 
pragmatically sensible to implement it as an additional con 
tent field. (In fact in principle this can be done for any of the 
content fields; e.g., the Value field could be deleted, and 
Values inserted as empirical properties; but the real number 
values would have to be symbolized as digital strings, using 
the Title field (since no points would have Values any longer); 
and then function types would have to be programmed to 
mimic numerical computations as transformations on these 
strings. Of course this has already been done in the form of 
functions defined on number fields in the database engine 
used as a platform, and it would be quite impractical to 
duplicate this at least in this implementation, but it is impor 
tant to realize this method is available in principle.) 
(iii) CAT3 Network Functions. 
0319 Operations have to be performed on CAT3 Net 
works, essentially reflecting the base of Network Rules 
defined earlier. These operations include insert, delete and 
modify CAT3 Table records, including modifying both con 
tent and edges. Also, abilities include the ability to search for 
records by various criteria, define selections of records, and 
output these in various formats. The situation is somewhat 
parallel to the function of SQL for ordinary tables. In a RDMS 
equipped with a variant of SQL, the SQL functions obviously 
provide a very general method for defining functions for 
specifically manipulating the CAT3 Table. Alternative meth 
ods are available through any variety of programming lan 
guages equipped with functions to manipulate table content. 
Note that the functions only involve manipulation of table 
content, not of the CAT3 Table structure, as the CAT3 Table 
structure is fixed for the database implementation in question. 
0320 A set of functions specifically defined for the pur 
pose of manipulating CAT3 Table content will include a mini 
mal base set, and various higher-order functions defined to 
manipulate groups of records for special purposes, including 
exchanging information between CAT3 and other types of 
representations (e.g., databases, spreadsheets, etc). Such an 
implementation can be referred to as a system of CAT3 Net 
work Functions or Programming Functions. However Such a 
system can be defined in a variety of different ways, for 
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different operating platforms, and does not form part of the 
definition of the CAT3 Database per se. A practical imple 
mentation will also employ methods for rendering CAT3 
Database information via screens or reports, importing and 
exporting CAT3 data to various external formats, etc. Again 
these lie outside of the definition of the CAT3 Database perse. 

Implementation of the CAT3 Lattice as a Relational Data 
base. 

0321. The CAT3 system has been programmed and imple 
mented as a Microsoft Access (MSAccess) relational data 
base, CAT3.mdb. This uses tables, SQL queries, forms, 
reports and VB modules, as usual. The choice of a relational 
database management system as a development platform is 
only for convenience: a CAT3 system could be programmed 
in a more fundamental language, and does not require a 
pre-existing SQL engine, or a relational database manage 
ment system. CAT3 does not fundamentally depend on rela 
tional database technology—it is essentially an alternative 
model for constructing databases. The main component in the 
representation is a single table or file, here called Briefs. 
0322 Briefs Table Records. The Briefs table has an unlim 
ited number of records. Each record represents a lattice point 
identity, along with the three edges: left-up edge, right-up 
edge, identity edge, and the elements of the content of the 
point. These are represented by the following fields. 
0323 Briefs Table Fields. The Briefs table has 9 fields 
named as follows: 

Field Name: Format: Interpretation: 

BID Long Integer Record Identity (Keyed 
field) 

BID1 Long Integer Left Parent Record Identity 
BID2 Long Integer Right Parent Record Identity 
BID3 Long Integer Link Parent Record Identity 
Title Text (alphanumeric) (See Interpretation below) 
Order Long Integer (See Interpretation below) 
Value Double (real number) (See Interpretation below) 
Date1 Date-time (real (See Interpretation below) 

number) 
Date:2 Date-time (real (See Interpretation below) 

number) 

A certain group of initial records in this table needs to be 
standardized as a basis for programming functions and inter 
preting a basic foundation for object representation. An 
example of an initial set of Briefs records is shown in FIG. 51. 
Note that the first record (the Zero point) does not belong to 
the CAT3 Lattice proper. Only the records that belong to the 
CAT3 Lattice are used to represent information. The Zero 
point has only a pragmatic function. 

Enforcing Relational Structure. 
0324. To enforce the main rules for the CAT3 Lattice a 
number of table relationships are implemented through SQL 
transactional properties, as depicted in FIG.52 for the MSAc 
cess CAT3 database. As shown in FIG. 52, the relationships 
enforced on BID1, BID2, BID3 are “self-relationships on the 
Briefs table. These relationships are a simple way to enforce 
the rules that BID1 and BID2 (left parent and right parent) are 
always members of Briefs (points, identified by BID). 
0325 Note that here the same rule is enforced for BID3 
(identity parent); in the case where BID3 is null, which must 
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be allowed, insert 0 as the conventional value for the CAT3 
point, and interpret this as null. This means one can never 
identify (link) any other token with the CAT3 point itself 
and in practice this should never be done. To completely 
enforce the CAT3 lattice structure on the Briefs table a few 
additional rules have to be implemented, to prevent self 
referring parents, and to prevent circular loops. This is done 
via programmed functions. However, note that it is not nec 
essary to completely enforce all these rules on the Briefs table 
itself. Records may be allowed in Briefs that do not belong to 
the CAT3 lattice proper—as long as only record-sets contain 
ing points in the CAT3 lattice properto represent information 
are used. That is, one can make the Briefs table more general 
than the CAT3 lattice proper. However, in practice, the only 
additional record needed is the zero-point. 
0326 External Table Links. Note in the Relationships 
depicted above an additional table is shown, called “Briefs 
OLEs, which is a table of external objects (linked objects 
Such as clip art, pictures, equations, etc) which may be asso 
ciated with a lattice point. This is a simple, external, extension 
of the intrinsic properties of points. The same logical result 
can be achieved by adding an OLE field to the Briefs table, as 
part of the content of a point. However, instead of expanding 
the Briefs table structure in this ad hoc manner, it is better to 
maintain the minimal structure of the Briefs table needed for 
functional purposes, and attach expanded object references 
such as OLEs by adding linked additional tables such as 
Briefs. OLEs as needed for special applications. The Briefs 
OLEs table has the following structure. 

Field Name: Format: Interpretation: 

ID Long Integer OLE Record Identity 
(Keyed field) 

BID Long Integer Briefs Record Identity 
OLE OLE OLE reference 

0327 Screens: Viewing the Briefs Table through Forms, 
Reports and Queries. The content of the Briefs table is viewed 
and manipulated through screens by means of forms, 
reports, and SQL queries, to render it visually as the CAT3 
Lattice structure. These include: 

Query: 

Forms: 

Flatland qryFlatlandCenter 
CAT3Lattice qryCAT3Lattice 
ImportTablesForm 
Flatland DataEntry 
FlatlandLinkform 

qryImportTablesForm 
qryFlatland DataEntry 
qryFlatlandLinkForm 

Reports 

Table Report qryTableReport 
LinksTree Report qryLinksTreeReport 

Queries Purpose: 

qryCrossTabProperties Renders lattice data in a table-like 
format. 

0328. The basic method is to: (i) Use SQL queries to 
render the individual records in the Briefs table (points) as a 
set or series, and assign these to controls informs graphically 
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arranged to display the data points in the lattice arrange 
ment. (These are called lattice mosaic queries.) (ii) Use SQL 
queries to create Lists (generally the intersection lists or 
union lists as defined above), assigned to controls which are 
displayed between the lattice points. (These are called lattice 
list queries.) The lattice mosaic queries have a repetitive 
mosaic construction, which may be extended indefinitely to 
show as much of the lattice in one view as necessary (Subject 
to limitations of physical memory and processing power). In 
practice, viewing areas of the lattice can be limited to only 
about 6 units deep, because this is generally about as much 
complexity as can be comprehended at one time. However, 
for various special projects expanded mosaics may be used to 
view more detail at once. The full display of lattice points is 
shown in the graphical display of the CAT3Lattice form. 
However, the most useful views in practice are of the flat 
lattice Sub-spaces. The display of flat lattice Sub-space points 
and union lists is shown in the graphical display of the CAT3 
Lattice form. The same basic type of mosaic construction is 
used in all renderings of the data in lattice form (e.g., in the 
TableImportForm and display of various search/filter tools). 
Sub-spaces are rendered in more conventional table-like 
displays for some purposes, e.g., to make data entry forms 
(e.g., the FlatlandDataFntry form), reports (e.g., the Table 
Report), and queries (e.g., the qryCrossTabFroperties query). 
0329. The CAT3 Lattice Form. This allows the full lattice 
construction to be viewed (to 5 units deep). That is, it shows 
all parent fields separately, without assuming a flat Sub-space. 
This form can be used to check whether a record belongs to a 
flat lattice Sub-space, or whether it has parenting anomalies. 
FIG. 53 shows the CAT3 Lattice form with all parent fields 
shown separately. FIG. 54 shows the SQL query correspond 
ing to the CAT3 Lattice form called qryCAT3Lattice. FIG.55 
shows the qryCAT3Lattice in the query builder of MS Access. 
0330 Flatland Form. The Flatland form shown in FIG. 56 

is the main form at the heart of the CAT3 system, showing a 
view of flat central sub-spaces (with boundaries that may 
not be flat). This contains tools for operating on the lattice, 
and controls to open other forms, reports and queries. Every 
item of information can be viewed through this form, and in 
principle, every operation on the lattice can be performed in 
this form using a small number of tools (using mode con 
trols: Filter; Edit: Add Record: Add New: Add Link: Delete; 
Add Function; Update Function; Switch Parents; Switch 
Groups). FIG. 57 shows the SQL query underlying the Flat 
land form and FIG. 58 shows the MS Access query builder 
view of the query underlying the Flatland form. This is the 
fundamental type of query design used to render Briefs 
records as a flat lattice sub-space view. There are obviously 
many variations on the size and naming conventions, etc. 
However, the main variations are on the dependencies in the 
central column. This variation is designed to show child fields 
through a central Zig-Zag, which starts from the center 
(Briefs 12 BID), and goes: left, right, right, left. 
0331 FlatlandLinkForm The FlatlandLinkForm shown in 
FIG. 59 shows linking hierarchies (identity edges), with 
tools for creating links. FIG. 60 shows the SQL query used to 
implement the FlatlandLinkForm and FIG. 61 shows the MS 
Access query builder view of the same query. This type of 
query design allows the Cat3 lattice Sub-spaces to be dis 
played in a table-like layout, as shown in FIG. 61, although 
the table structure is richer than the conventional relational 
database table, e.g., by allowing multiple-valued fields, and 
showing table and field stems, which do not exist for ordi 
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nary tables. FIG. 62 shows the SQL query and the MS Access 
query builder view of the SQL query used for implementing 
the table-like layout shown in FIG. 61. 
0332 FlatlandDataFntryForm. This form shown in FIG. 
63 allows the flat lattice sub-spaces to be viewed in a simple 
table-like format, with special tools for data entry and editing. 
This can be used to edit any information in the lattice as if it 
were in a table format. The SQL query and the MS Access 
query builder of the query used to implement the FlatlandDa 
taEntryForm is shown in FIG. 64. 
0333 Choose Function Form. The FIG. 65 shows a tool to 
insert numerical functions as records in the lattice. The OK 
button in the Choose Function form runs code to insert the 
chosen function with the chosen variables, according to a 
standard Schema, whereby all the functional dependencies 
are represented in the CAT3 lattice itself. The full process can 
only be represented in code, but the following query illus 
trates the wiring diagram used to represent functions in the 
lattice. It creates a (temporary) table for calculating and 
inserting 2-place function values, which are then appended or 
updated in the lattice (i.e., in the Briefs table). This design is 
generalized to a more comprehensive version in code, where 
a fully recursive functional engine is built. FIG. 66 shows 
the query used to implement the Choose Function form. 
0334 Table Report. FIG. 67 shows an example of a Report 
designed to show a number of hierarchical lines in a lattice 
Sub-space, corresponding instructure to a conventional table 
hierarchy (3 tables deep). For example. In this example, is 
shown a record stem from primary table called “Clients', 
records and fields from an “embedded table called "Jobs for 
Clients', and records from a further embedded table called 
“Tasks for Clients Jobs'. However it should be emphasized 
that data from conventional tables is not shown at all: the 
data shown is directly from the CAT3 Lattice, extracted from 
the Briefs table by an SQL select statement. This report can be 
used to present or view any information in the lattice having 
the same formal structure. 

Alternative Applications 
0335 The foregoing description of the embodiments of 
the invention has been presented for the purpose of illustra 
tion; it is not intended to be exhaustive or to limit the invention 
to the precise forms disclosed. Persons skilled in the relevant 
art can appreciate that many modifications and variations are 
possible in light of the above disclosure. Some portions of this 
description describe the embodiments of the invention in 
terms of algorithms and symbolic representations of opera 
tions on information. These algorithmic descriptions and rep 
resentations are commonly used by those skilled in the data 
processing arts to convey the Substance of their work effec 
tively to others skilled in the art. These operations, while 
described functionally, computationally, or logically, are 
understood to be implemented by computer programs or 
equivalent electrical circuits, microcode, or the like. Further 
more, it has also proven convenient at times, to refer to these 
arrangements of operations as modules, without loss of gen 
erality. The described operations and their associated mod 
ules may be embodied in software, firmware, hardware, or 
any combinations thereof. 
0336 Any of the steps, operations, or processes described 
herein may be performed or implemented with one or more 
hardware or software modules, alone or in combination with 
other devices. In one embodiment, a software module is 
implemented with a computer program product comprising a 
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computer-readable medium containing computer program 
code, which can be executed by a computer processor for 
performing any or all of the steps, operations, or processes 
described. 
0337 Embodiments of the invention may also relate to an 
apparatus for performing the operations herein. This appara 
tus may be specially constructed for the required purposes, 
and/or it may comprise a general-purpose computing device 
selectively activated or reconfigured by a computer program 
stored in the computer. Such a computer program may be 
stored in a tangible computer readable storage medium or any 
type of media Suitable for storing electronic instructions, and 
coupled to a computer system bus. Furthermore, any comput 
ing systems referred to in the specification may include a 
single processor or may be architectures employing multiple 
processor designs for increased computing capability. 
0338 Embodiments of the invention may also relate to a 
computer data signal embodied in a carrier wave, where the 
computer data signal includes any embodiment of a computer 
program productor other data combination described herein. 
The computer data signal is a product that is presented in a 
tangible medium or carrier wave and modulated or otherwise 
encoded in the carrier wave, which is tangible, and transmit 
ted according to any suitable transmission method. 
0339 Finally, the language used in the specification has 
been principally selected for readability and instructional 
purposes, and it may not have been selected to delineate or 
circumscribe the inventive subject matter. It is therefore 
intended that the scope of the invention be limited not by this 
detailed description, but rather by any claims that issue on an 
application based hereon. Accordingly, the disclosure of the 
embodiments of the invention is intended to be illustrative, 
but not limiting, of the scope of the invention, which is set 
forth in the following claims. 

What is claimed is: 
1. A data structure stored in a memory, the data structure 

being used for representing information and the data structure 
embedding a direct structural isomorphism of a structure 
comprising: 

a set of points and a set of edges wherein each edge in the 
set of edges has an edge type comprising one of a first 
edge type or a second edge type and each edge in the set 
of edges has a start point and a end point, wherein the 
start point and the end point are in the set of points; 

each point in the set of points is the start point of a first edge 
in the set of edges, wherein the first edge is of the first 
edge type, wherein said start point of the first edge 
differs for each first edge in the set of edges: 

each point in the set of points is the start point of a second 
edge in the set of edges, wherein the second edge is of the 
second edge type, wherein said start point of the second 
edge differs for each second edge in the set of edges; and 

a unique maximal point in the data structure wherein the 
unique maximal point can be reached from every other 
point in the set of points by following edges of the first 
edge type from the set of edges and the unique maximal 
point can be reached from every point in the set of points 
by following edges of the second edge type in the set of 
edges. 

2. The data structure of claim 1, wherein the end-points of 
all edges of all types that do not have the unique maximal 
point as the start point are either null or are points within the 
set of points. 
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3. The data structure of claim 1, wherein the edge type 
further comprises an identity edge type and each edge in the 
set of edges of the identity edge type either has a unique end 
point or has no end point. 

4. The data structure of claim 3, wherein each point in the 
set of points is the start-point of an identity edge in the set of 
edges, wherein the identity edge is of the identity edge type, 
wherein said start point of the identity edge differs for each 
identity edge in the set of edges. 

5. The data structure of claim 1, wherein any edge of the 
first type or the second type having the unique maximal point 
as the start point has an endpoint outside the first set of points. 

6. The data structure of claim 1, wherein there are no 
cyclical paths in paths defined by the first edges in the set of 
edges and wherein there are no cyclical paths in paths defined 
by the second edges in the set of edges. 

7. The data structure of claim 1, wherein a point in the set 
of points is associated with a fixed set of data. 

8. The data structure of claim 7, wherein the data associated 
with a point in the set of points comprises: 

a value field represented as a number or an alphanumeric 
String; and 

a date field represented as time. 
9. The data structure of claim 1, wherein a relation formed 

by all the edges of same edge type belonging to the set of 
edges is asymmetric, non-reflexive and non-transitive. 

10. The data structure of claim 1, wherein no point in the set 
of points can be reached by following a path comprising the 
edges of first and second edge type starting at the unique 
maximal point. 

11. The data structure of claim 1, wherein the data structure 
is used for representing a database table Such that a cell value 
in the database table corresponds to a point in the set of points. 

12. The data structure of claim 1, wherein the data structure 
is represented by a database table, further comprising: 

a first record corresponding to each of said set of points; 
a second field uniquely identifying each table record; 
a first fixed set of table fields corresponding to a point data 

format; and 
a second fixed set of table fields representing the edge types 

and a foreign field that references said second field of the 
database table. 

13. A method for representing information using a data 
structure, comprising the steps of 

creating a set of points and a set of edges wherein each edge 
in the set of edges has an edge type comprising one of a 
first edge type or a second edge type and each edge in the 
set of edges has a start point and a endpoint, wherein the 
start point and the end point are in the set of points; 

wherein each point in the set of points is the start point of a 
first edge in the set of edges, wherein the first edge is of 
the first edge type, wherein said start point of the first 
edge differs for each first edge in the set of edges; 

wherein each point in the set of points is the start point of a 
second edge in the set of edges, wherein the second edge 
is of the second edge type, wherein said start point of the 
second edge differs for each second edge in the set of 
edges; and 

creating a unique maximal point in the data structure 
wherein the unique maximal point can be reached from 
every other point in the set of points by following edges 
of the first edge type from the set of edges and the unique 
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maximal point can be reached from every point in the set 
of points by following edges of the second edge type in 
the set of edges. 

14. The method of claim 13, wherein the edge type further 
comprises an identity edge type and each edge in the set of 
edges of the identity edge type either has a unique end point 
or has no end point. 

15. The method of claim 13, wherein a point in the set of 
points is associated with a fixed set of data, the data compris 
1ng: 

a value field represented as a number or an alphanumeric 
String; and 

a date field represented as time. 
16. The method of claim 13, further comprising: 
representing a database table using the data structure Such 

that a cell value in the database table corresponds to a 
point in the set of points. 

17. A computer program product having a computer-read 
able storage medium storing computer-executable code for 
representing information using a data structure, the code con 
figured to: 

create a set of points and a set of edges wherein each edge 
in the set of edges has an edge type comprising one of a 
first edge type or a second edge type and each edge in the 
set of edges has a start point and a endpoint, wherein the 
start point and the end point are in the set of points; 

wherein each point in the set of points is the start point of a 
first edge in the set of edges, wherein the first edge is of 
the first edge type, wherein said start point of the first 
edge differs for each first edge in the set of edges; 
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wherein each point in the set of points is the start point of a 
second edge in the set of edges, wherein the second edge 
is of the second edge type, wherein said start point of the 
second edge differs for each second edge in the set of 
edges; and 

create a unique maximal point in the data structure wherein 
the unique maximal point can be reached from every 
other point in the set of points by following edges of the 
first edge type from the set of edges and the unique 
maximal point can be reached from every point in the set 
of points by following edges of the second edge type in 
the set of edges. 

18. The computer program product of claim 17, wherein 
the edge type further comprises an identity edge type and each 
edge in the set of edges of the identity edge type either has a 
unique end point or has no end point. 

19. The computer program product of claim 17, wherein a 
point in the set of points is associated with a fixed set of data, 
the data comprising: 

a value field represented as a number or an alphanumeric 
String; and 

a date field represented as time. 
20. The computer program product of claim 17, further 

configured to: 
represent a database table using the data structure Such that 

a cell value in the database table corresponds to a point 
in the set of points. 


