wo 2018/053568 A1 | I0E 00 OO0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert <
0T rpmivation = 00T 2 O A
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 2018/053568 Al

29 March 2018 (29.03.2018) WIPOQ|PCT

(51) International Patent Classification: Geoftrey Joseph Close, Kariong, NSW 2250 (AU). HOP-
GO6F 17/30 (2006.01) GO6F 17/27 (2006.01) WOOD, Scott; 1 Duneba Avenue, West Pymble, NSW
2073 (AU).

(21) International Application Number:
PCT/AU2017/000186 (74) Agent: SPRUSON & FERGUSON; GPO BOX 3898,
(22) International Filing Date: Sydney, New South Wales 2001 (AU).

06 September 2017 (06.09.2017)  (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(26) Publication Language: English CA,CH,CL,CN,CO, CR,CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(25) Filing Language: English

(30) Priority Data:

2016231506 20 September 2016 (20.09.2016) AU KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
(71) Applicant: GLOBAL SOFTWARE INNOVATION MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
PTY LTD [AU/AU]; Suite 27/1 Maitland Place, Norwest OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
Business Park, Baulkham Hills, NSW 2153 (AU). SC, 8D, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

. TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors: AYLETT, Peter Kyra; 14 Baringa Street,

North Ryde, NSW 2113 (AU). QUINT, David Gregory; 9

(54) Title: SYSTEMS AND METHODS FOR ACCESSING A DATABASE MANAGEMENT SYSTEM

400
{
405

Receive
query text

!

Parse query 410
textinto a
parse tree

!

Convert the

parse tree 415

into a query
graph

!

Optimise
query graph

!

Prepare 425
SQL query

!

Execute
SQL query

¥

Return 435
query result
network

420

430

End Fig. 4

(57) Abstract: Disclosed is a method of accessing a network of relationship instances and data field values of entity instances in a
combined entity relationship- and relational-model database management system. The method comprises the steps of receiving a query
that natively references relationship types including data fields to be accessed; parsing the query into a parse tree; converting the parse
tree to a query graph; optimising the query graph by consolidating equivalent nodes in the query graph; analysing the nodes in the
optimised query graph; codifying each node of the optimised query graph into a first table of state transition rules; codifying the data
fields to be accessed into a second table of field rules; preparing a query that includes the first and second tables; identifying entity
instances to be accessed by the prepared query by iteratively following relationship instances according to the first table; and loading
data fields of the identified entity instances according to the second table.

[Continued on next page]



WO 2018/053568 A1 {1000 VA0 RO OO O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2018/053568 PCT/AU2017/000186

SYSTEMS AND METHODS FOR ACCESSING A DATABASE MANAGEMENT
SYSTEM

Technical Field

[0001] The present invention relates generally to databases and, in particular, to a query
language for a database management system having a combined entity-relationship and relational

data model.

Background

[0002] A database management system with a combined entity-relationship (ER) and relational
data model typically has performance issues as well as maintenance overhead when acquiring

data fields from the database management system.

[0003] A query language is typically used to access the data fields from the database
management system by first specifying a root entity instance and a network of relationship types
that should be followed to one or more target entities to acquire the requested data fields from
the target entities. A problem, however, arises when the queries are complex because, when
each relationship type is followed, there are multiple relationship type paths leading to each

target entity type, resulting in a large amount of duplicate data fields being accessed.

[0004] One alternative option for the query language is to query the set of data fields of an
entity instance and relationship types individually in order to determine the exact set of data
fields and relationship types to access on target entities. However, the alternative option requires

multiple queries to the database server, which negatively impacts on performance substantially.

[0005] Thus, a need exists for a query language, and a system and method for the processing

and execution of those queries, that enables for simpler queries and more efficient processing.
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Summary

[0006] 1t is an object of the present invention to substantially overcome, or at least ameliorate,
one or more disadvantages of existing arrangements. We present the term ReadiNow Intelligent

Engines (RIE) to refer to the introduced technology.

[0007] According to a first aspect of the present disclosure, there is provided a method of
accessing a network of relationship instances and data field values of a group of entity instances
in a combined entity relationship- and relational-model database management system, the
method comprising the steps of: receiving a query text that natively references relationship types
including the network of relationship types and data fields to be accessed; parsing the query text
into a parse tree; converting the parse tree to a query graph; optimising the query graph by
combining nodes in the query graph, the combined nodes being nodes with equivalent actions or
incoming relationship types; analysing the nodes in the optimised query graph; encoding
inbound and outgoing relationship types, a source node, and a target node to be accessed for each
node of the optimised query graph into a first table of state transition rules; encoding the data
fields to be accessed for each node into a second table of field rules; preparing a structured query
language (SQL) query that includes the first and second tables; identifying entity instances to be
accessed by the prepared SQL query by applying a state-machine technique to iteratively follow
relationship instances according to the first table, wherein entity instances identified in each
iteration are simultaneously processed in the subsequent iteration; and loading data fields of the

identified entity instances according to the second table.

[0008] According to a second aspect of the present disclosure, there is provided a computer
program product comprises program instructions for causing a computer to perform the above

described method.

[0009] Other aspects are also disclosed.

Brief Description of the Drawings

[0010] At least one embodiment of the present invention will now be described with reference

to the drawings and appendices, in which:
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[0011] Fig. 1A shows a computer network structure in which the present invention can be

implemented,;

[0012] Figs. 1B and 1C show examples of software components implemented on the computer

network structure of Fig. 1A;

[0013] Figs. 2A and 2B collectively form a schematic block diagram representation of an

electronic device upon which described front end web server can be practised,;

[0014] Figs. 3A and 3B form a schematic block diagram of a general purpose computer system

upon which a user device can be practiced,;

[0015] Fig. 4 is a flow diagram of a method of acquiring data from a database according to the

present disclosure;

[0016] Fig. SA is an example of an entity relationship model; Fig. 5B is a relationship table of
the relationship instances represented in Fig. SA; and Fig. 5C is an entity relationship schema

that shows the entities types and relationship types that are possible.

[0017] Fig. 6A is an example of a parse tree;

[0018] Fig. 6B is an example of a query graph of the parse tree of Fig. 6A;

[0019] Figs. 7A to 7C show a flow diagram of a method for optimising the query graph; and

[0020] Fig. 8 is a flow diagram of a method for generating a SQL query mechanism.

[0021] Fig. 9 is an example of a query graph.

[0022] Figs. 10A and 10B are example tabular representations of the optimisation process

being applied to the query graph of Fig. 9.

[0023] Fig. 10C is an example of a query graph of Fig 9 after optimisation.
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[0024] Figs. 11A and Fig. 11B are example tabular representations of a second optimisation

process being applied to the query graph of Fig. 10C.

[0025] Fig. 11C is an example of a query graph of Fig 10C after the second optimisation.

[0026] Fig. 12A is an example of the relationship type data returned by executing the method
of Fig. 4.

[0027] Fig. 12B is an example of the field data returned by executing the method of Fig. 4.

[0028] Fig. 12C is an example query result network returned by executing the method of Fig. 4.

[0029] Appendix A is an example of the SQL query generated by the method shown in Fig. 8.

Detailed Description including Best Mode

[0030] Where reference is made in any one or more of the accompanying drawings to steps
and/or features, which have the same reference numerals, those steps and/or features have for the
purposes of this description the same function(s) or operation(s), unless the contrary intention

appears.

[0031] The query language described herein is designed for accessing a database and associated
data held in a database management system employing a combined ER and relational data
model. When a device requests access to the data in the database, the disclosed query language
returns a portion of the database together with the associated data to the requesting device. The

requesting device can then access the data from the returned portion of the database.

[0032] The query language is efficient through its capability of combining ER paths when
accessing (i.e., updating or retrieving) the database from the database management system. Such
a combining of ER paths enable the database access to use less server processing power.

Further, the amount of duplicate data fields being returned from the database management

system would also be reduced due to the combined ER paths.
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[0033] One example of a conventional query language is the Structured Query Language
(SQL), which is capable of managing data fields in a relational-model database management
system. However, the combination of ER- and relational-models means that the query language

must traverse both models to access the combined database management system.

[0034] One example data structure of a combination ER- and relational-model database
management system includes an entity table listing the entity instances of the database. For
example, the table can be arranged in multiple rows and columns, so that one row of the table
stores an entity instance and data fields associated with that entity instance, such that the data

fields are stored on the same row but on different columns.

[0035] An entity instance is an instance of an entity type. Examples of entity types are
employees, projects, clients, contracts, risks, and the like. Examples of entity instances are
specific instances of the same, such as specific clients and specific contracts. Examples of data
fields relating to an entity instance are names, dates, amounts, relationship instance linking the
entity instance to another entity instance, and the like. Alternatively, the data fields may be
stored in one or more separate tables. In the alternative arrangement, the one or more separate

tables may store each data field in one row of the one or more separate tables.

[0036] A relationship instance relates an entity instance to another entity instance. More
specifically, an entity instance (e.g., a specific client) of a particular entity type (e.g., client) may
be related to another entity instance (e.g., a specific project) of another entity type (e.g., a
project), via a relationship instance (e.g., a specific relationship between the specific client and
the specific project) of a particular relationship type (i.e., a type of the specific relationship).For
example, an employee (i.e., an entity instance) can be related to a project (i.e., an entity instance)

via a relationship instance, which may have a relationship type named ‘project-employee’.

[0037] The combined ER and relational database may be configured so that there is an
interconnected schema between entity types and relationship types. The database may then be
created using an interconnected network of data consisting of entity instances and relationship
instances. The entity instances and relationship instances can then be traversed when obtaining
data fields from specific entity instances for the purpose of presenting reports, running

workflows, and the like.
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[0038] Fig. SA is an example of an ER-model 500. As shown in Fig. 5, the ER-model 500
includes entity instances S10A, 510B, 510C, 510D, 510E, 510F, 510G, 510H, and 5101 (shown
as rectangular boxes), and relationship instances 520A, 520B, 520C, 520D, 520E, and 520F

(shown as arrows with the relationship type recited next to the respective arrow).

[0039] Each of the entity instances S10A to 5101 will be generically referred to as the entity
instance 510 hereinafter and the entity instances S10A to 5101 will be collectively referred to as

the entity instances 510.

[0040] Each of the relationship instances 520A to 520F will be generically referred to as the
relationship instances 520 hereinafter and the relationship instances 520A to 520F will be

collectively referred to as the relationship instances 520.

[0041] Fig. 5B shows a relationship table 540 representing the ER-model 500. Each row 550
of the relationship table 540 represents a relationship instance 520 having a From Entity field
552, a To Entity field 554, and a Relationship Type field 556. In implementing the relationship
table 540, the data contained within each of the fields 552, 554, and 556 are typically assigned

with an identification number.

[0042] Asshown in Fig. SA, an entity instance 510 is related to at least another entity instance
510 via a relationship instance 520. For example, the entity instance S10A of “Client A” is
related to both the entity instances “Project]1” 510B and “Project2” 510C via a relationship

instance 520A of a relationship type “client-projects”.

[0043] Fig. 5C is an example of an ER-schema 560 including entity types S70A, 570B, 570C,
and 570D (shown as rectangular boxes); relationship types 580A, 580B, 580C, 580D, S80E, and
580F (shown as arrows with the relationship type name recited next to the respective arrow); and
data fields 590A, 590B, 590C, 590D, and 5S90E (shown as text within each rectangular box,
below the entity type name). The ER-schema 560 represents the types of entity instances that are
permissible in the ER-model; the types of relationship instances that are permissible between
entity instances of particular entity types; and the field data that is permissible on entity instances

of each entity type. The schema 560 is the schema on which the ER-model 560 is built.
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[0044] Each of the entity types S70A to 570D will be generically referred to as the entity type
570 hereinafter and the entity types 570A to 570D will be collectively referred to as the entity
types 570.

[0045] Each of the relationship types S80A to S80F will be generically referred to as the
relationship type 580 hereinafter and the relationship types S80A to S80F will be collectively
referred to as the relationship types 580.

Overview

[0046] The combination ER- and relational-model database management system may be
implemented on a cloud platform that is capable of providing a web-based service that enables
users to create and customize the users’ web or desktop software applications without the need
for computer programming or other technical knowledge. The cloud platform also provides

other functionalities such as backup, security, scalability, and the like.

[0047] The cloud platform enables users to build software applications by either writing the
applications or choosing from a suite of customizable pre-written applications. The software
applications may be directed towards customer relationship management, business continuity

management, expense tracking, and the like.

[0048] The software applications include various graphical user interface software modules,
such as dashboards, data entry forms, reports, charts and the like, as well as interactivity modules
such as running workflows, triggering business processes, importing and exporting data,

template document generation, email notifications, and the like.

[0049] Fig. 1A is a schematic diagram illustrating the physical infrastructure 100 of a cloud
platform 102. The cloud platform 102 is arranged in an N-tier architecture including a plurality
of front end web servers 104, a cache server 106, and a database server 108. The cloud platform
102 receives requests from users 110 using a user device such as a smartphone 111, for example,
by an application delivery controller (ACD) 112 that routes requests to the front-end web server
104.
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[0050] The database server 108 stores the combined ER- and relational-model database
management system, and the cache server 110 stores pre-calculated queries for acquiring data

fields quickly.

[0051] The majority of the platform software resides on the front-end web servers 104. Fig. 1B
is a block diagram of the front-end web servers 104 depicting a number of internal software
modules 140 and external software modules 130. The external software modules 130 are
modules exposed by the front-end web servers 104 to support client-side (web browser) code,

whereas the internal software modules 140 are configured to support various internal features.

[0052] The external software modules 130 may include an application management module
162 that enables the installation/removal/management of software applications, an expression
editing module 163 that allows syntax checking for calculations that a user can enter when
editing reports, and a connector module 164 that enables the cloud platform 102 to interoperate
with other online systems by exposing a data communication application programming interface
(API). A console module 165 for loading user interface elements such as navigation links and
sections, and an entity information service 166 for reading and writing entity-relationship data
for communication between the client devices 110 and the front-end web servers 104 may also

be provided.

[0053] The external software modules 130 may also include a report export module 167 that
provides a tabular report to be converted into a CSV (comma separated variables) or Excel file, a
CSV/Excel import module 168 that allows tabular data to be imported into the database server
108 as entities, a file and image management module 169 that supports tracking and download of
documents, files, and images for storing in the ER model, and a file upload module 170 that
uploads files by breaking the files into multiple chunks, reassembling the chunks on the server
104, and storing the files in the database server 108. Other external modules may include a login
module 171 for handling user login, authentication, lockout policy, password policy, encryption,
etc., and a long running tasks module 172 for tracing a time-consuming process, such as

importation of a large data set.

[0054] The external software modules 130 further include a reports module 173 that enables

database queries to be graphically constructed, a document templates module 174 that enables
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macro-style Word templates to drive automated document generation, a security module 175 that
enables access rules to be configured to control access to entities, a workflow module 176 that
enables users to design business processes as flow charts, which can then be triggered when

certain events are detected (for example, if the user presses a certain button).

[0055] An edit form module 177 enables developers to build data entry forms, and present
those forms to end users and an actions module 178 allows application developers to control the
activities performed on entities, for example through a right-click context menu. The activities

may include editing/deleting a resource, starting a workflow, or generating a document.

[0056] The internal modules 140 include an event handler module 179 for detecting low level
changes in the ER model and performing internal code activities when the changes are detected,
an entity module 180, which represents the ER model, and a form layout module 181 for
generating default edit forms from database schema objects. An entity request parsing module
182 is provided for accepting a request from the entity information service module and
converting the text into an object structure for processing. An expression evaluation module 183
for performing the actual calculation process for calculations that have been entered into
workflows or reports, an inter-process communications module 184 for allowing the front-end
web servers 104 to communicate with each other (primarily to notify each other of data
changes), and a report evaluation module 185 for converting reports into SQL database server

queries, and formatting the results are also provided.

[0057] The internal software modules 140 may include an application and tenant management
module 186 that supports application management, a monitoring module 187 that collects system
diagnostics information, and a scheduling module 188 for scheduling activities (such as running
a workflow) to occur at certain times. An access control module 189 may also be provided to
implement and enforce internal security rules. Other internal modules 130 may include an audit
log module 190 to detect and record security sensitive events, a workflow module 191 to
implement the actual execution of a workflow, a strongly typed entities module 192 that allows
an entity schema to be defined in XML and generates source code to allow programmers to
program against those entities, and a cache infrastructure module 193 for caching internal server

data, such as entity information, report results and so on.
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[0058] In many cases, the software modules 130 and 140 may be interconnected with and
depend on each other. Although Fig. 1B clearly distinguishes between internal and external
software modules 130 and 140, the boundary between the modules 130 and 140 may sometimes

be fuzzy.

[0059] The database server 108 hosts multiple clients (tenants). Each storage area for each
tenant can have different versions of different applications installed. Separate from the tenants,
an application library hosts every available version of every available application. User data is

also stored within the storage area associated with each tenant.

[0060] Fig. 1C depicts a block diagram of an exemplary database server 108, including storage
areas 150, 152, and 154 for three tenants and an application library 160. A single set of database
tables holds all ER data fields for all tenants.

[0061] All user data is represented as entity instances and relationship instances, as described

above. Additionally, all application components are described in the ER model.

[0062] Moreover, the schema (or metadata) about the application is also described using entity
instances and relationship instance to define the entity types that are possible; the fields that they

may possess; the relationship types that are defined; and rules for validating input.

[0063] The unique structure means that all software modules developed to power the cloud

platform 102 equally enrich the user’s web-based applications, and vice versa.

[0064] As described previously, the above database management system runs on the cloud
platform 102. Additionally, a body of code (a software client) is sent to and runs on the user’s
web browser. This code is configured to provide a user interface for the dynamically generated

applications. For application developers, this code can also support application building.

[0065] The software client is structured as a single paged application (SPA), whereby all code
is loaded up front, and communication only goes back to the cloud platform 102 to fetch or

modify data.

Front End Web Server Description
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[0066] Figs. 2A and 2B depict a general-purpose computer system 200, upon which the front

end web servers 104 can be practiced.

[0067] As seenin Fig. 2A, the computer system 200 includes: a computer module 201; input
devices such as a keyboard 202, a mouse pointer device 203, a scanner 226, a camera 227, and a
microphone 280; and output devices including a printer 215, a display device 214 and
loudspeakers 217. An external Modulator-Demodulator (Modem) transceiver device 216 may be
used by the computer module 201 for communicating to and from a communications

network 220 via a connection 221. The communications network 220 may be a wide-area
network (WAN), such as the Internet, a cellular telecommunications network, or a private WAN.
Where the connection 221 is a telephone line, the modem 216 may be a traditional “dial-up”
modem. Alternatively, where the connection 221 is a high capacity (e.g., cable) connection, the
modem 216 may be a broadband modem. A wireless modem may also be used for wireless

connection to the communications network 220.

[0068] The computer module 201 typically includes at least one processor unit 205, and a
memory unit 206. For example, the memory unit 206 may have semiconductor random access
memory (RAM) and semiconductor read only memory (ROM). The computer module 201 also
includes an number of input/output (I/O) interfaces including: an audio-video interface 207 that
couples to the video display 214, loudspeakers 217 and microphone 280; an 1/O interface 213
that couples to the keyboard 202, mouse 203, scanner 226, camera 227 and optionally a joystick
or other human interface device (not illustrated); and an interface 208 for the external

modem 216 and printer 215. In some implementations, the modem 216 may be incorporated
within the computer module 201, for example within the interface 208. The computer

module 201 also has a local network interface 211, which permits coupling of the computer
system 200 via a connection 223 to a local-area communications network 222, known as a Local
Area Network (LAN). As illustrated in Fig. 2A, the local communications network 222 may
also couple to the wide network 220 via a connection 224, which would typically include a so-
called “firewall” device or device of similar functionality. The local network interface 211 may
comprise an Ethernet circuit card, a Bluetooth™ wireless arrangement or an IEEE 802.11 wireless
arrangement; however, numerous other types of interfaces may be practiced for the

interface 211.
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[0069] The /O interfaces 208 and 213 may afford either or both of serial and parallel
connectivity, the former typically being implemented according to the Universal Serial Bus
(USB) standards and having corresponding USB connectors (not illustrated). Storage

devices 209 are provided and typically include a hard disk drive (HDD) 210. Other storage
devices such as a floppy disk drive and a magnetic tape drive (not illustrated) may also be used.
An optical disk drive 212 is typically provided to act as a non-volatile source of data. Portable
memory devices, such optical disks (e.g., CD-ROM, DVD, Blu-ray Disc™ 1), USB-RAM,
portable, external hard drives, and floppy disks, for example, may be used as appropriate sources

of data to the system 200.

[0070] The components 205 to 213 of the computer module 201 typically communicate via an
interconnected bus 204 and in a manner that results in a conventional mode of operation of the
computer system 200 known to those in the relevant art. For example, the processor 205 is
coupled to the system bus 204 using a connection 218. Likewise, the memory 206 and optical
disk drive 212 are coupled to the system bus 204 by connections 219. Examples of computers on
which the described arrangements can be practised include IBM-PC’s and compatibles, Sun

Sparcstations, Apple Mac™ or like computer systems.

[0071] The method of accessing the combined ER- and relational-model database management
system may be implemented using the computer system 200 wherein the processes of Figs. 4,
7A-7C, and 8, to be described, may be implemented as one or more software application
programs 233 executable within the computer system 200. In particular, the steps of the method
of accessing the combined ER- and relational-model database management system are effected
by instructions 231 (see Fig. 2B) in the software 233 that are carried out within the computer
system 200. The software instructions 231 may be formed as one or more code modules, each
for performing one or more particular tasks. The software may also be divided into two separate
parts, in which a first part and the corresponding code modules performs the ER- and relational-
model database management system access methods and a second part and the corresponding

code modules manage a user interface between the first part and the user.

[0072] The software may be stored in a computer readable medium, including the storage
devices described below, for example. The software is loaded into the computer system 200

from the computer readable medium, and then executed by the computer system 200. A
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computer readable medium having such software or computer program recorded on the computer
readable medium 1is a computer program product. The use of the computer program product in
the computer system 200 preferably effects an advantageous apparatus for accessing the ER- and

relational-model database management system.

[0073] The software 233 is typically stored in the HDD 210 or the memory 206. The software
is loaded into the computer system 200 from a computer readable medium, and executed by the
computer system 200. Thus, for example, the software 233 may be stored on an optically
readable disk storage medium (e.g., CD-ROM) 225 that is read by the optical disk drive 212. A
computer readable medium having such software or computer program recorded on it is a
computer program product. The use of the computer program product in the computer

system 200 preferably effects an apparatus for for accessing the ER- and relational-model

database management system.

[0074] In some instances, the application programs 233 may be supplied encoded on one or
more CD-ROMs 225 and read via the corresponding drive 212, or alternatively may be read
from the networks 220 or 222. Still further, the software can also be loaded into the computer
system 200 from other computer readable media. Computer readable storage media refers to any
non-transitory tangible storage medium that provides recorded instructions and/or data to the
computer system 200 for execution and/or processing. Examples of such storage media include
floppy disks, magnetic tape, CD-ROM, DVD, Blu-ray' ™ Disc, a hard disk drive, a ROM or
integrated circuit, USB memory, a magneto-optical disk, or a computer readable card such as a
PCMCIA card and the like, whether or not such devices are internal or external of the computer
module 201. Examples of transitory or non-tangible computer readable transmission media that
may also participate in the provision of software, application programs, instructions and/or data
to the computer module 201 include radio or infra-red transmission channels as well as a
network connection to another computer or networked device, and the Internet or Intranets

including e-mail transmissions and information recorded on Websites and the like.

[0075] The second part of the application programs 233 and the corresponding code modules
mentioned above may be executed to implement one or more graphical user interfaces (GUIs) to
be rendered or otherwise represented upon the display 214. Through manipulation of typically

the keyboard 202 and the mouse 203, a user of the computer system 200 and the application may
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manipulate the interface in a functionally adaptable manner to provide controlling commands
and/or input to the applications associated with the GUI(s). Other forms of functionally
adaptable user interfaces may also be implemented, such as an audio interface utilizing speech
prompts output via the loudspeakers 217 and user voice commands input via the

microphone 280.

[0076] Fig. 2B is a detailed schematic block diagram of the processor 205 and a

“memory” 234. The memory 234 represents a logical aggregation of all the memory modules
(including the HDD 209 and semiconductor memory 206) that can be accessed by the computer
module 201 in Fig. 2A.

[0077] When the computer module 201 is initially powered up, a power-on self-test (POST)
program 250 executes. The POST program 250 is typically stored in a ROM 249 of the
semiconductor memory 206 of Fig. 2A. A hardware device such as the ROM 249 storing
software is sometimes referred to as firmware. The POST program 250 examines hardware
within the computer module 201 to ensure proper functioning and typically checks the
processor 205, the memory 234 (209, 206), and a basic input-output systems software (BIOS)
module 251, also typically stored in the ROM 249, for correct operation. Once the POST
program 250 has run successfully, the BIOS 251 activates the hard disk drive 210 of Fig. 2A.
Activation of the hard disk drive 210 causes a bootstrap loader program 252 that is resident on
the hard disk drive 210 to execute via the processor 205. This loads an operating system 253
into the RAM memory 206, upon which the operating system 253 commences operation. The
operating system 253 is a system level application, executable by the processor 205, to fulfil
various high level functions, including processor management, memory management, device

management, storage management, software application interface, and generic user interface.

[0078] The operating system 253 manages the memory 234 (209, 206) to ensure that each
process or application running on the computer module 201 has sufficient memory in which to
execute without colliding with memory allocated to another process. Furthermore, the different
types of memory available in the system 200 of Fig. 2A must be used properly so that each
process can run effectively. Accordingly, the aggregated memory 234 is not intended to

illustrate how particular segments of memory are allocated (unless otherwise stated), but rather
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to provide a general view of the memory accessible by the computer system 200 and how such is

used.

[0079] As shown in Fig. 2B, the processor 205 includes a number of functional modules
including a control unit 239, an arithmetic logic unit (ALU) 240, and a local or internal
memory 248, sometimes called a cache memory. The cache memory 248 typically includes a
number of storage registers 244 - 246 in a register section. One or more internal busses 241
functionally interconnect these functional modules. The processor 205 typically also has one or
more interfaces 242 for communicating with external devices via the system bus 204, using a

connection 218. The memory 234 is coupled to the bus 204 using a connection 219.

[0080] The application program 233 includes a sequence of instructions 231 that may include
conditional branch and loop instructions. The program 233 may also include data 232 which is
used in execution of the program 233. The instructions 231 and the data 232 are stored in
memory locations 228, 229, 230 and 235, 236, 237, respectively. Depending upon the relative
size of the instructions 231 and the memory locations 228-230, a particular instruction may be
stored in a single memory location as depicted by the instruction shown in the memory

location 230. Alternately, an instruction may be segmented into a number of parts each of which
is stored in a separate memory location, as depicted by the instruction segments shown in the

memory locations 228 and 229.

[0081] In general, the processor 205 is given a set of instructions which are executed therein.
The processor 205 waits for a subsequent input, to which the processor 205 reacts to by
executing another set of instructions. Each input may be provided from one or more of a number
of sources, including data generated by one or more of the input devices 202, 203, data received
from an external source across one of the networks 220, 202, data retrieved from one of the
storage devices 206, 209 or data retrieved from a storage medium 225 inserted into the
corresponding reader 212, all depicted in Fig. 2A. The execution of a set of the instructions may
in some cases result in output of data. Execution may also involve storing data or variables to

the memory 234.

[0082] The disclosed arrangements use input variables 254, which are stored in the

memory 234 in corresponding memory locations 255, 256, 257. The arrangements produce
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output variables 261, which are stored in the memory 234 in corresponding memory
locations 262, 263, 264. Intermediate variables 258 may be stored in memory

locations 259, 260, 266 and 267.

[0083] Referring to the processor 205 of Fig. 2B, the registers 244, 245, 246, the arithmetic
logic unit (ALU) 240, and the control unit 239 work together to perform sequences of micro-
operations needed to perform “fetch, decode, and execute” cycles for every instruction in the

instruction set making up the program 233. Each fetch, decode, and execute cycle comprises:

[0084] a fetch operation, which fetches or reads an instruction 231 from a memory

location 228, 229, 230:

[0085] a decode operation in which the control unit 239 determines which instruction has been

fetched; and

[0086] an execute operation in which the control unit 239 and/or the ALU 240 execute the

instruction.

[0087] Thereafter, a further fetch, decode, and execute cycle for the next instruction may be
executed. Similarly, a store cycle may be performed by which the control unit 239 stores or

writes a value to a memory location 232.

[0088] Each step or sub-process in the processes of Figs. 4, 7A-7C, and 8 is associated with
one or more segments of the program 233 and is performed by the register section 244, 245, 247,
the ALU 240, and the control unit 239 in the processor 205 working together to perform the
fetch, decode, and execute cycles for every instruction in the instruction set for the noted

segments of the program 233.

User Device Description

[0089] Figs. 3A and 3B collectively form a schematic block diagram of a general purpose
electronic device 301 exemplifying a user device 100. The electronic device 301 may be, for
example, a mobile phone, a portable media player or a digital camera, in which processing

resources are limited. Nevertheless, the methods to be described may also be performed on
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higher-level devices such as desktop computers, server computers, and other such devices with

significantly larger processing resources.

[0090] As seenin Fig. 3A, the electronic device 301 comprises an embedded controller 302.
Accordingly, the electronic device 301 may be referred to as an “embedded device.” In the
present example, the controller 302 has a processing unit (or processor) 305 which is bi-
directionally coupled to an internal storage module 309. The storage module 309 may be formed
from non-volatile semiconductor read only memory (ROM) 360 and semiconductor random
access memory (RAM) 370, as seen in Fig. 3B. The RAM 370 may be volatile, non-volatile or

a combination of volatile and non-volatile memory.

[0091] The electronic device 301 includes a display controller 307, which is connected to a
video display 314, such as a liquid crystal display (LCD) panel or the like. The display
controller 307 is configured for displaying graphical images on the video display 314 in
accordance with instructions received from the embedded controller 302, to which the display

controller 307 is connected.

[0092] The electronic device 301 also includes user input devices 313 which are typically
formed by keys, a keypad or like controls. In some implementations, the user input devices 313
may include a touch sensitive panel physically associated with the display 314 to collectively
form a touch-screen. Such a touch-screen may thus operate as one form of graphical user
interface (GUI) as opposed to a prompt or menu driven GUI typically used with keypad-display
combinations. Other forms of user input devices may also be used, such as a microphone (not
illustrated) for voice commands or a joystick/thumb wheel (not illustrated) for ease of navigation

about menus.

[0093] As seenin Fig. 3A, the electronic device 301 also comprises a portable memory
interface 306, which is coupled to the processor 305 via a connection 319. The portable memory
interface 306 allows a complementary portable memory device 325 to be coupled to the
electronic device 301 to act as a source or destination of data or to supplement the internal
storage module 309. Examples of such interfaces permit coupling with portable memory devices

such as Universal Serial Bus (USB) memory devices, Secure Digital (SD) cards, Personal
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Computer Memory Card International Association (PCMIA) cards, optical disks and magnetic

disks.

[0094] The electronic device 301 also has a communications interface 308 to permit coupling
of the device 301 to a computer or communications network 320 via a connection 321. The
connection 321 may be wired or wireless. For example, the connection 321 may be radio
frequency or optical. An example of a wired connection includes Ethernet. Further, an example
of wireless connection includes Bluetooth ™ type local interconnection, Wi-Fi (including
protocols based on the standards of the IEEE 802.11 family), Infrared Data Association (IrDa)
and the like.

[0095] Typically, the electronic device 301 is configured to perform some special function.
The embedded controller 302, possibly in conjunction with further special function

components 310, is provided to perform that special function. For example, where the

device 301 is a digital camera, the components 310 may represent a lens, focus control and
image sensor of the camera. The special function components 310 is connected to the embedded
controller 302. As another example, the device 301 may be a mobile telephone handset. In this
instance, the components 310 may represent those components required for communications in a
cellular telephone environment. Where the device 301 is a portable device, the special function
components 310 may represent a number of encoders and decoders of a type including Joint
Photographic Experts Group (JPEG), (Moving Picture Experts Group) MPEG, MPEG-1 Audio
Layer 3 (MP3), and the like.

[0096] The methods for enabling user to access the ER- and relational-model database
management system through the provided API may be implemented using the embedded
controller 302, where the processes may be implemented as one or more software application
programs 333 executable within the embedded controller 302. The methods for providing API to
enable user to access the database management system will not be described in detail herein.

The electronic device 301 of Fig. 3A implements these methods. In particular, with reference to
Fig. 3B, the methods are effected by instructions in the software 333 that are carried out within
the controller 302. The software instructions may be formed as one or more code modules, each
for performing one or more particular tasks. The software may also be divided into two separate

parts, in which a first part and the corresponding code modules performs the described methods
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and a second part and the corresponding code modules manage a user interface between the first

part and the user.

[0097] The software 333 of the embedded controller 302 is typically stored in the non-volatile
ROM 360 of the internal storage module 309. The software 333 stored in the ROM 360 can be
updated when required from a computer readable medium. The software 333 can be loaded into
and executed by the processor 305. In some instances, the processor 305 may execute software
instructions that are located in RAM 370. Software instructions may be loaded into the

RAM 370 by the processor 305 initiating a copy of one or more code modules from ROM 360
into RAM 370. Alternatively, the software instructions of one or more code modules may be pre-
installed in a non-volatile region of RAM 370 by a manufacturer. After one or more code
modules have been located in RAM 370, the processor 305 may execute software instructions of

the one or more code modules.

[0098] The application program 333 is typically pre-installed and stored in the ROM 360 by a
manufacturer, prior to distribution of the electronic device 301. However, in some instances, the
application programs 333 may be supplied to the user encoded on one or more CD-ROM (not
shown) and read via the portable memory interface 306 of Fig. 3A prior to storage in the internal
storage module 309 or in the portable memory 325. In another alternative, the software
application program 333 may be read by the processor 305 from the network 320, or loaded into
the controller 302 or the portable storage medium 325 from other computer readable media.
Computer readable storage media refers to any non-transitory tangible storage medium that
participates in providing instructions and/or data to the controller 302 for execution and/or
processing. Examples of such storage media include floppy disks, magnetic tape, CD-ROM, a
hard disk drive, a ROM or integrated circuit, USB memory, a magneto-optical disk, flash
memory, or a computer readable card such as a PCMCIA card and the like, whether or not such
devices are internal or external of the device 301. Examples of transitory or non-tangible
computer readable transmission media that may also participate in the provision of software,
application programs, instructions and/or data to the device 301 include radio or infra-red
transmission channels as well as a network connection to another computer or networked device,
and the Internet or Intranets including e-mail transmissions and information recorded on
Websites and the like. A computer readable medium having such software or computer program

recorded on it is a computer program product.
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[0099] The second part of the application programs 333 and the corresponding code modules
mentioned above may be executed to implement one or more graphical user interfaces (GUIs) to
be rendered or otherwise represented upon the display 314 of Fig. 3A. Through manipulation of
the user input device 313 (e.g., the keypad), a user of the device 301 and the application
programs 333 may manipulate the interface in a functionally adaptable manner to provide
controlling commands and/or input to the applications associated with the GUI(s). Other forms
of functionally adaptable user interfaces may also be implemented, such as an audio interface
utilizing speech prompts output via loudspeakers (not illustrated) and user voice commands input

via the microphone (not illustrated).

[00100] Fig. 3B illustrates in detail the embedded controller 302 having the processor 305 for
executing the application programs 333 and the internal storage 309. The internal storage 309
comprises read only memory (ROM) 360 and random access memory (RAM) 370. The
processor 305 is able to execute the application programs 333 stored in one or both of the
connected memories 360 and 370. When the electronic device 301 is initially powered up, a
system program resident in the ROM 360 is executed. The application program 333 permanently
stored in the ROM 360 is sometimes referred to as “firmware”. Execution of the firmware by
the processor 305 may fulfil various functions, including processor management, memory

management, device management, storage management and user interface.

[00101] The processor 305 typically includes a number of functional modules including a
control unit (CU) 351, an arithmetic logic unit (ALU) 352, a digital signal processor (DSP) 353
and a local or internal memory comprising a set of registers 354 which typically contain atomic
data elements 356, 357, along with internal buffer or cache memory 355. One or more internal
buses 359 interconnect these functional modules. The processor 305 typically also has one or
more interfaces 358 for communicating with external devices via system bus 381, using a

connection 361.

[00102] The application program 333 includes a sequence of instructions 362 though 363 that
may include conditional branch and loop instructions. The program 333 may also include data,
which is used in execution of the program 333. This data may be stored as part of the instruction

or in a separate location 364 within the ROM 360 or RAM 370.
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[00103] In general, the processor 305 is given a set of instructions, which are executed therein.
This set of instructions may be organised into blocks, which perform specific tasks or handle
specific events that occur in the electronic device 301. Typically, the application program 333
waits for events and subsequently executes the block of code associated with that event. Events
may be triggered in response to input from a user, via the user input devices 313 of Fig. 3A, as
detected by the processor 305. Events may also be triggered in response to other sensors and

interfaces in the electronic device 301.

[00104] The execution of a set of the instructions may require numeric variables to be read and
modified. Such numeric variables are stored in the RAM 370. The disclosed method uses input
variables 371 that are stored in known locations 372, 373 in the memory 370. The input
variables 371 are processed to produce output variables 377 that are stored in known

locations 378, 379 in the memory 370. Intermediate variables 374 may be stored in additional
memory locations in locations 375, 376 of the memory 370. Alternatively, some intermediate

variables may only exist in the registers 354 of the processor 305.

[00105] The execution of a sequence of instructions is achieved in the processor 305 by repeated
application of a fetch-execute cycle. The control unit 351 of the processor 305 maintains a
register called the program counter, which contains the address in ROM 360 or RAM 370 of the
next instruction to be executed. At the start of the fetch execute cycle, the contents of the
memory address indexed by the program counter is loaded into the control unit 351. The
instruction thus loaded controls the subsequent operation of the processor 305, causing for
example, data to be loaded from ROM memory 360 into processor registers 354, the contents of
a register to be arithmetically combined with the contents of another register, the contents of a
register to be written to the location stored in another register and so on. At the end of the fetch
execute cycle the program counter is updated to point to the next instruction in the system
program code. Depending on the instruction just executed this may involve incrementing the
address contained in the program counter or loading the program counter with a new address in

order to achieve a branch operation.

[00106] Each step or sub-process in the processes of the methods described below is associated

with one or more segments of the application program 333, and is performed by repeated
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execution of a fetch-execute cycle in the processor 305 or similar programmatic operation of

other independent processor blocks in the electronic device 301.

A Method for Accessing the Database

[00107] Fig. 4 is a flow diagram of a method 400 for accessing (i.e., updating or retrieving) a
combined ER- and relational-model database management system, which is being stored in the
database server 108. The method 400 would be executed by the processor 205 of the front end

web server 104.

[00108] The method 400 commences at step 405 where a query is received to retrieve data fields
of entities. The query is received by the processor 205 of the front end web server 104 from the
processor 305 of a user device 110. An example of such a query text is “clientname, client-

projects.projectname, client-projects.owner.name”.

[00109] The purpose of the example query text is to acquire the data field of “clientname” from
the entities “Client A” 510A, the data field “projectname” from “Project]” 510B and “Project2”
510C, and the data field “name” from “Employeel” S10E. The example query text is an

example query language structure. The structure of the query text may be different according to

a convention defined by an author of a query language.
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[00110] In this example, the Extended Backus-Naur Form (EBNF) definition of the query

language used is as follows:

query =
term-list

/[ a comma separated list
term-list :=
assignment* term-chain [ ',' term-chain]*

// a dot (or dollar) separated path
term-chain :=
term-set [ '." term-set ]*

// a term or group of terms
term-set :=

term

| { term-list '}’

// an individual relationship type or field
term :=

'@' identifier

| relationship

| field

assignment :=
'let"'@' identifier '=' term-set

relationship :=
['-] entity-ref [ ']

field :=

""]'id" | entity-ref
entity-ref :=

identifier

| identifier "' identifier

| '#' id-number
assignment :=

'let' variable "=" term-set;

variable := "@" identifier;

identifier := [a-zA-Z0-9_-]+
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[00111] In the example query text, the query text does not define the root entity instance of the
query, as typically the root entity instance is defined independently outside of the query
language. For example, the root entity instance can be defined as a parameter in the API, as
displayed on the user device 110. By defining the root entity instance independently, less
computer processing power is required in processing the query text. Alternatively, a root entity

instance can be included in a query text.

[00112] The query text starts with the query term of “clientname” to acquire the data field of
“clientname” of the entity instance “Client A” 5S10A. The next query term of “client-
projects.projectname” has the terms “client-projects” and “projectname”. The term “client-
projects” is a relationship type of “client-projects” S80A, which prompts the query language to
follow the relationship instance of “client-projects” 520A to the next entity instances 510B and
510C. The subsequent query term of “projectname” refers to the data field 590B and instructs
the query language to acquire the data field of “projectname” of the entities “Project]” 510B and

“Project2” 510C.

[00113] The next query term “client-projects.owner.name” follows, which means that the query
language is to follow the relationship instances 520A of relationship-type “client-projects” S80A
from the entity instance 510A to entity instances 510B and 510C. The term “owner” prompts the
query to follow the relationship instances 520B of relationship type “owner” 580B, from both the
entity instances 510B and 510C, to the entity instance “Employeel” 510E and acquire the data
field of “name” from the entity instance “Employeel” S10E. If there are more query terms, the

query would continue for the remaining relationship type paths.

[00114] The query text may also include sub-query expressions. In the example above, a sub-
query expression may be “let @p = { projectname, owner.name }”. Thus, the query text with
sub-expressions is: “clientname, client-projects.@p”. As shown above, the query text natively

references relationship types and data fields to be accessed.

[00115] The method 400 then proceeds to step 410.

[00116] At step 410, the received query text is parsed into a parse tree. The entity request

parsing module 182, as described above, converts the query text into the parse tree, which is an
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object structure with an ordered rooted tree representing the syntactic structure of a string
according to a context-free grammar. The parse tree is also called a parsing tree, a derivation
tree, or a concrete syntax tree. The entity parsing module 182 is implemented as one of the

internal software modules 140 of the front end web servers 104, as described above.

[00117] Fig. 6A shows the parse tree 670 of the query text discussed in paragraph [0096] above.
The parse tree 670 includes boxes 672 and arrows 674. Each of the boxes 672 represents a query
term (e.g., clientname, client-projects, etc.). Each of the arrows 674 represents a term from the

parse tree.

[00118] The method 400 then proceeds to step 415.

[00119] At step 415, the parse tree is converted into a query graph. Fig. 6B shows an example
of a query graph 600 generated from the query text example discussed in relation to the step 405

of the method 400.

[00120] The query graph 600, which represents the object structure of the query to be
performed, includes nodes 605, 610, 615, and 620 and arrows 650. When processed, each of the
nodes 605, 610, 615, and 620 operates over a number of entity instances 510 and identifies a data
field or data fields of the entity instances 510 to be acquired. The arrows 650 identifies the
relationship type 580 and the relationship instances 520 that should be followed by any of the
nodes 605, 610, and 615 according to the query text received at step 405.

[00121] In the above query text example, the node 605 is applied to the entity instance “Client
A” 510A and acquires the data field of “name” of the entity instance “Client A” 510A. For the
query term “client-projects.projectname” the node 605 then follows the relationship instances
520A of relationship type “client-projects” S80A so that the next node 610 identifies the entity
instances “Project]” 510B and “Project2” 510C. The node 610 also identifies that the data fields
of “projectname” 590B of the entity instances “Project]” 510B and “Project2” 510C are to be

acquired.

[00122] For the query term “client-projects.owner.name,” the node 605 follows the relationship

instances 520A of relationship type “client-projects” 580A to the next node 615. The query then
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follows the relationship instances 520B of relationship type “owner” 580B to the node 620,
which identifies the entity instance “Employeel” SI0E. The node 620 also identifies that the

data field of “name” 590C of the entity instance “Employeel” S10E is to be acquired.

[00123] The method 400 then proceeds to step 420.

[00124] At step 420, the query graph is optimised. Fig. 7A shows a method 700 for optimising
the query graph. The method 700 starts at step 715 where the nodes 605, 610, and 615 of the
query graph 600 are consolidated based on equivalent actions or incoming relationship types.
For example, if a first node and a second node are instructed to access the data field of the same
entity instance, then the first and second nodes can be combined. In another example, if a first
node and a second node have the same incoming relationship type, then the first and second

nodes can be combined.

[00125] To illustrate the optimisation method 700, the following alternative example query text

1s used:

“projectname,
owner.email,
owner.department.name,
reviewer.email,
reviewer.department.name”

[00126] The alternative query text shown in the paragraph above is applied to the entity instance
“Project]l” 510C of the ER-model 500. The query text starts with the query term of
“projectname” to acquire the data field of “projectname” of the entity instance “Project 2” 510C.
The next query text is “owner.email”, which leads the query to follow the relationship instances
520B of relationship type “owner” S80B to the next entity instance “Employeel” S10E. The
subsequent query term of “email” instructs the query language to acquire the data field of

“email” S90E from the entity instance “Employeel” S10E.

[00127] The query term “owner.department.name” follows, which means that the query is to
follow the relationship instances 520B of relationship-type “owner” 580B and the instances 520F
of relationship-type “department” 520F, which lead to entity instance “Department]” 510H and

acquire the data field of “name” 590D from the entity instance “Department]1” S10H.
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[00128] The query term “reviewer.email” follows, which means that the query language is to
follow the relationship instances 520C of relationship-type “reviewer” 580C to the entity
instance “Employee3” 510G and acquire the data field of “email” S90E from the entity instance

“Employee3” 510G.

[00129] The query term “reviewer.department.name” follows, which means that the query
language is to follow the relationship instances 520C of relationship-type “reviewer” 580C and
the relationship instances 520F of relationship-type of “department” S8OF to the entity instance
“Department2” 5101 and acquire the data field of “name” 590D from the entity instance
“Department2” 5101.

[00130] The alternative query text is processed by the steps 410 and 415 of the method 400 to
obtain the query graph 900 (shown in Fig. 9).

[00131] One example implementation of performing the consolidation process of step 715 is

shown in the method 7150 of Fig. 7B.

[00132] The method 7150 starts at step 715A where each node (i.e., 605, 610, 615, and 620 in
the query graph 600; or 905, 910, 915, 920, 925, 930, and 935 in the query graph 900) in the
query graph 600 or 900 is analysed. The nodes (i.e., 605, 610, 615, and 620 in the query graph
600; or 905, 910, 915, 920, 925, 930, and 935 in the query graph 900) can be analysed using a
graph-walk method e.g., depth-first search algorithm, breadth-first search algorithm and the like.
The analysis for each node (i.e., 605, 610, 615, and 620 in the query graph 600; or 905, 910, 915,
920, 925, 930, and 935 in the query graph 900) includes determining the outgoing relationship
type and the data field to be acquired for each node. The method 7150 then proceeds to step
715B.

[00133] At step 715B, a dictionary is created where a key object is created for each node (i.e.,
605, 610, 615, and 620 in the query graph 600; or 905, 910, 915, 920, 925, 930, and 935 in the
query graph 900). Each key object represents a unique set of outgoing relationship type and data
field to be acquired in each node. Fig. 10A shows an example of a dictionary 1000A created for
the query graph 900.
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[00134] Step 715B proceeds to step 715C where the nodes having duplicate keys are
consolidated. Fig. 10B shows an example of a dictionary 1000B where entries in the dictionary
1000A with the same key have been consolidated. Thus, nodes 910 and 920 have been
consolidated. Similarly, nodes 915 and 925; and nodes 930 and 935 have been consolidated.

[00135] Fig. 10C shows a query graph 1100, which is the consolidated query graph 900. The
method 7150 concludes and the method 700 proceeds to step 720.

[00136] At step 720, nodes (i.e., 605, 610, 615, and 620 in the query graph 600; or 905, 910,
915, 920, 925, 930, and 935 in the query graph 900) with equivalent inputs and data field are

consolidated.

[00137] One example implementation of consolidating the nodes (i.e., 605, 610, 615, and 620 in
the query graph 600; or 905, 910, 915, 920, 925, 930, and 935 in the query graph 900) is shown

in the method 7200 of Fig. 7C. The method 7200 starts at step 720A where each node 905, 910,
915, and 930 of the consolidated query graph 1100 is analysed. The method 7200 then proceeds
to step 720B.

[00138] At step 720B, the dictionary 1000B is amended to include key objects corresponding to
nodes 905, 910, 915, and 930 in the query graph 1100. Each key object represents a unique set
of inbound relationship type in each node 905, 910, 915, and 930. Fig. 11A shows an example
of a dictionary 1000C, which is an amended dictionary 1000B, showing the inbound relationship
type for each node 905, 910, 915, and 930..

[00139] Step 720B proceeds to step 720C where the nodes having the same key are
consolidated. The data fields to be acquired in a consolidated node are the data fields to be
acquired from each of the consolidated nodes. Fig. 11B shows a dictionary 1000D where entries
in the dictionary 1000C with the same key have been consolidated. Thus, nodes 910 and 915

have been consolidated.

[00140] Fig. 11C shows a query graph 1200, which is the consolidated query graph 1100. The
method 7200 concludes and the method 700 proceeds to step 725.
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[00141] At step 725, the method 700 determines whether any consolidations were made at steps
715 and 720. If any consolidations are made (YES), then the method 700 returns to step 715.
Otherwise (NO), the method 700 concludes, which also concludes step 420. The method 700 is
repeated if consolidations have been made in order to ensure that there are no further

optimisations possible.

[00142] In summary, the query graph 600 or 900 is optimised at the step 715 of the method 700
to produce the query graph 1100 of Fig. 10C. The query graph 1100 is then further optimised at
the step 720 of the method 700 to produce the query graph 1200. If at step 725, it is determined
that there are further consolidations to be made, the query graph 1200 is further optimised by

repeating the optimisations at the steps 715 and 720 of the method 700.

[00143] The method 400 then proceeds to step 425.

[00144] At step 425, an SQL query is prepared. The SQL query is prepared by generating a
table of data that represents a state machine. The SQL query mechanism operates by treating the
consolidated query graph 1200 as a state machine and using the set-based operation of SQL
servers to simultaneously follow all paths in the query graph 1200. The generated SQL query
mechanism also enables the SQL queries to be performed in a single batch call such that round

trips are not required. However, multiple data fields are returned.

[00145] A state machine is a mathematical structure for determining if a sequence of tokens
matches a set of rules. The state machine defines a set of states, and transitions between those
states. Each time a token is encountered, the state machine attempts to follow a transition that

matches that token from the current state to a subsequent state.

[00146] Fig. 8A shows a method 800 for preparing the state machine rules for the SQL query
mechanism. The method 800 commences at step 805 where all the nodes 905, 910, and 930 of
the query graph 1200 are analysed and assigned a unique identifier. For example, all the nodes
905, 910, and 930 may be analysed using a breadth first graph walk, or other algorithms, so that
a unique identifier (e.g., a number) can be assigned to each node 905, 910, and 930. The method

800 then proceeds to step 810.
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[00147] At step 810, an SQL query is defined. The SQL query may define a temporary working

table that also functions to hold a result set.

[00148] For example, the working table defines the following:

1. The entity instance (e.g., S10C, S10A, etc.) to be processed.

2. The node (e.g., 905) relating to the entity instance (e.g., S10C) to be processed.

3. A flag indicating if the entity instance (e.g., 510C) has been processed

4. The relationship type (e.g., S80A, etc.) followed to arrive at that entity instance (e.g.,
5100), if any.

5. The source entity instance (e.g., 5S10A) that led to the entity (e.g., 510C) being processed,

if any.

[00149] The method 800 then proceeds to step 815.

[00150] At step 815, the inbound and outgoing relationship types, source node, target node(s),
and data fields to be accessed for each node 605, 610, and 615 are converted to a table-valued
parameter, ready to be input into the SQL query. The fields to be loaded for each node 605, 610,

615 are similarly converted to a table-valued parameter (i.e., a table of field rules).

[00151] Thus, the table-valued parameters codify, for each node 605, 610, and 615 in the query
graph 600, the unique identifier, the source node, the relationship type(s), the target node(s), and
the data field to be accessed. The relationship type(s) being identified are forward and reverse
relationships. For example, for the entity instance “Project 2” 510C of ER model 500, the
forward relationship types are relationship types “depends-on” 580D, “owner” 580B, and
“reviewer” 580C leading to entity instances “Project3” 510D, “Employeel” 510E, and
“Employee3” 510G, respectively. The reverse relationship types are relationship types
“depends-on” 580D and “client-projects” S80A from the entity instances “Project]” 510B and
“Client A” 510A, respectively.

[00152] A table-valued parameter codifying inbound and outgoing relationship types, a source
node, and a target node to be accessed for each node of the optimised query graph is called a

table of state transition rules.
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[00153] A table-valued parameter codifying the data fields to be accessed for each note is called
a table of field rules.

[00154] In a case where data fields are stored across multiple tables, for example if there is one

table per data field type, then the data fields are accessed on a per-data field-table basis.

[00155] The above codified information may be stored in a table external to the SQL query
mechanism. Alternatively, the codified information may be stored in a table-value constructor of
the text of the generated SQL mechanism. In another alternative implementation, the codified
information may be stored in a permanent database table and accessed by the SQL query
mechanism as required. In another alternative implementation, the codified information may be

written inline into a generated SQL query.

[00156] The same form of query may be executed multiple times, but starting from a different
root entity instance. The same query text yields the same SQL query mechanism, regardless of
starting instance. Therefore, the SQL query mechanism can and should be cached to enable the

SQL database server 108 to perform its own execution plan caching more effectively as well.

[00157] A standard caching strategy may be employed. A cache key is calculated to uniquely
identify a query text to enable the front end server 104 to check the cache for the same key value
before building a SQL query mechanism. If a cached SQL query mechanism for the query text is
found, then the cached SQL query mechanism is returned. Otherwise, the SQL query
mechanism is created using the method 800 and caches it by the same key. The front end server

may then issue the SQL query to the database server 108.

[00158] As the SQL query mechanism is being prepared, any data fields or relationship types
that are encountered are recorded. A watch is then scheduled to monitor for any schema changes
to those data field definitions or relationship type definitions in the entity-relationship schema. If
any such modifications are detected then the cache entry is invalidated such that any subsequent

calls cause a new SQL query mechanism to be prepared.

[00159] The cache key for the query may be an identity that represents the query; or a hash of

the query text; or the object reference for the query; or the entirety of the query text itself.
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[00160] The SQL query mechanism returns several tables of data in a single call. For example,
the SQL query mechanism returns all relationship instances in a first table and all data fields in a

second table.

[00161] The results acquired from the query can also be cached. A standard caching mechanism
is employed that uses a combination of the same cache key used for the cached SQL query

mechanism and the identities of the entity types that are used to run the query.

[00162] Cache invalidation is performed by any of the following methods:

1. Invalidating if any data change is made.

2. Watching for changes to any data field on any entity instance, where the field definition
matches one used in the query; and watching for changes to any relationship instances on
any entity instance, where the relationship type matches one used in the query.

3. Watching for changes to any of the entities returned by the query, including relationship
instances in or out.

4. Watching for changes to applicable fields and relationship instances on entities returned

by the query.

These variants allow for varying cache behaviours with increasing granularity to maximise cache

longevity, traded off against increasing overhead.

[00163] If a cache is used, then steps 420 to 430 of the method 400 may be skipped and the

cached SQL query mechanism is used to access the requested data field.

[00164] The method 800 concludes, which also concludes step 425 of the method 400. The
method 400 then proceeds to step 430 in which the SQL query mechanism is executed by the
processor 205 of the front end web server 104 in communication with the database server 108In
operation, the step 430 is performed by pre-filling a working set table with the entity instances
(e.g., S10A) that the user device 110 has requested to start with, which may be any entity
instances 510 in the database 500. As described above, such a request is received at the server

104 at step 405 of the method 400.
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[00165] The working set table is then used to perform an iterative loop to follow all nodes 905,

910, and 930 in the query graph 1200 by tracking the nodes 905, 910, and 930 that have been

processed. This is achieved as follows:

The working set table is filtered to only include yet-to-be-processed nodes (e.g., 910 and
915, if node 905 of the query graph 1200 has been processed).

The working set table is joined to the relationship type transition rules table that has been
created by connecting the node of the working set table to the source node of the
relationship type transition rules table.

The working set entity instance identities and the transition rules relationship type
identities are then together joined to the entity model relationship instance table.

This set operation simultaneously yields: all directly related entity instances across all
relationship types identified in the transition rule for all to-be-processed entities given the
node that those entities are currently at.

Moreover, the join from step 30 also yields the next node for each of related entity
instances via the target node identity of the transition rules table. The transition rules
table also contains the relationship type identity that is used to arrive at this node.

This result set is then joined back against the result set (working set) of entities to filter
out any instances that have already been processed. This is to ensure that each entity-id-
node-id pair is only visited once, i.e. that the data for any given instances is only loaded
once for any given query node, to ensure that the system does not end up in an infinite
loop.

The query graph may follow some relationship types in the forward direction, and some
relationship types in the reverse direction. Because the different columns are involved
(namely, relationship FromEntity and ToEntity are reversed), it is convenient to have a
relationship type transition table for the forward direction, and a separate relationship
type transition table for the reverse direction. Steps 1-6 are repeated once for the forward
relationship type transitions and once for the reverse relationship type transitions
following the same pattern except with FromEntity and ToEntity reversed.

The results from steps 1-7 are inserted back into the result set. The new entity identity is
the entity instance at the other end of the relationship instance, the new node identity is
the target node identity from the transition table. The relationship type identity is the type

of relationship that was followed. The previous set of rows in the working set table is
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marked as complete, and the new set of rows becomes the work to do on the next
iteration.

9. If any actual relationship instances were successfully followed, then control returns to
step 1.

10. The result set is further joined to the field rules table-valued parameter and the field data
table such that the field data for each entity instance is returned where an entity instance
was loaded for a particular node and the field rules table codifies that a particular field

should be returned for that node. The step 430 is complete.

There are many possible implementation specific variants such as the specific ordering of the
table joins, or whether forward and reverses are processed simultaneously, or whether a two-state
or three state flag is used to keep track of progress, or whether the above steps are performed in a
single insert statement, or as multiple statements. These possible implementations do not affect
the operation of the step 430 because the query is represented in a table of state-machine
transition rules, so that work can be processed iteratively as subsequent relationship instances are
followed. However, all entity and relationship instances currently available for processing are

done so simultaneously at each stage of processing.

The entity instances to be accessed by the prepared SQL query are then identified. Such
identifications are performed by applying the state machine technique to iteratively follow
relationship instances according to the relationship type transition rules table. The entity

instances identified in each iteration are simultaneously processed in the subsequent iteration.

The working set now contains all entity instances that were visited in the result, along with the
type of relationship along which the entity instances was reached, and the node identities for
which query rules applied. The resulting data, including the working set and the field values are

returned from the SQL server 108.

[00166] The method 400 then proceeds to step 435.

[00167] At step 435, the database server 108 returns a query result network to the user device
110. The query result network is produced from the execution of the query text. The query
result network is formatted from the relationship instances returned from the SQL database, with

the field data attached to each entity instance node. The query result network is returned to the



WO 2018/053568 PCT/AU2017/000186
35

processor 205 of the front end web server 104, which forward the returned query result network
to the API of the user device 110 that requested the data field. That is, the requested data fields

of the entity instances are loaded according to the relationship type transition table.

[00168] Fig 12A shows an example of the relationship instance data 1200 which results from
executing the query text (received at step 405) on the ER- model 500, starting at the entity
instance 510A. The relationship instance data 1200 includes a FromEntity column 1210, a
ToEntity column 1220, and a RelationshipID column 1230. Each row 1240 of the data 1200
describes the relationship between columns 1210 to 1230. For example, the first row 1240
includes the FromEntity column with the data “Null”, the ToEntity column with the data
“ClientA”, and the RelationshipID column with the data “Null”. Thus, the first row 1240
identifies that the “ClientA” does not have an originating entity instance (i.e., “Null”) and a

relationship instance from the originating entity instance (i.e., “Null”).

[00169] Fig 12B shows an example of the field data 1250 which results from the same query.
Thus, as shown in Fig. 12B, the entity instance “ClientA” returns the field data of clientname
with the value “Client A”. The relationship instance data 1200 is formatted into a query result
network 1300 (shown in Fig.12C) by translating each relationship instance row 1240 into a
directed connection (arrow) in the result network 1300, leading from the ‘From Entity’ to the ‘To
Entity’. The relationship type is also stored on each edge in the network 1300. The field data
1250 is attached to each entity instance 510 in the query result network by attaching each field

value in the field data 1250 to the entity instance specified in each row 1240.

Industrial Applicability

[00170] The arrangements described are applicable to the computer and data processing
industries and particularly for accessing data fields of an entity-relationship database that is

implemented over a SQL relational database management system.

[00171] The foregoing describes only some embodiments of the present invention, and
modifications and/or changes can be made thereto without departing from the scope and spirit of

the invention, the embodiments being illustrative and not restrictive.
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[00172] In the context of this specification, the word “comprising” means “including principally
but not necessarily solely” or “having” or “including”, and not “consisting only of”. Variations

of the word "comprising"”, such as “comprise” and “comprises” have correspondingly varied

meanings.
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Appendix A

-- Set up working set table
create table #workingSet (
Entityld int not null,
Nodeld int not null,
Flag int not null,
Relationshipld nvarchar(100) not null,
SourceEntityld int not null
)
alter table #workingSet add primary key (Entityld, Nodeld, SourceEntityld,
Relationshipld)

-- Pre fill it with data from an entity parameter

insert into #workingSet select @entityld,1,1,null,null

-- Iterative loop
declare @count int = 1
while @count>0
begin
-- Follow forward relationships
insert into #workingSet (Entityld, Nodeld, Flag, SourceEntityld, Relationshipld)
select distinct r. ToEntity, t.NextNodeld, O, r.FromEntity, r. Typeld
from #workingSet p
join
-- table-value constructor of relationship transition rules
(values (1, 'depends-on’, 1), (1, ‘owner’, 2) )
as t(Nodeld, Relationshipld, NextNodeld) on p.Nodeld = t.Nodeld
join Relationship r on p.Entityld = r.FromEntity and t.Relationshipld = r.Typeld
where p.Flag = 1
and not exists (
-- Join back to result to avoid already-visited combinations

select 1 from #workingSet x
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where r. ToEntity = x.Entityld
and t.NextNodeld = x.Nodeld
and r.Typeld = x.Relationshipld
and r.FromEntity = x.SourceEntityld
)
set @count = @@ROWCOUNT
-- Trivially repeat the above for reverse relationship types, and sum
@@ROWCOUNT into count

-- Update flags
update #workingSet set Flag = Flag + 1 where Flag < 2

end

-- Return relationship results
select SourceEntityld as FromEntity, Entityld as ToEntity, Relationshipld from
#workingSet

-- Return field results (can be trivially repeated for multiple field-type tables)
select f.Entityld as Entity, f.Fieldld, f.Value
from #workingSet p
join -- table-value constructor of field rules
(values (1, 'projectname’), (2, 'name’) ) as t(Nodeld, Fieldld)
on p.Nodeld = t.Nodeld
join Field f on p.Entityld = f.Entityld and t.Fieldld = f.Fieldld
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CLAIMS:

1. A method of accessing a network of relationship instances and data field values of a
group of entity instances in a combined entity relationship- and relational-model database
management system, the method comprising the steps of:

receiving a query text that natively references relationship types including the network of
relationship types and data fields to be accessed,;

parsing the query text into a parse tree;

converting the parse tree to a query graph;

optimising the query graph by combining nodes in the query graph, the combined nodes
being nodes with equivalent actions or incoming relationship types;

analysing the nodes in the optimised query graph;

codifying inbound and outgoing relationship types, a source node, and a target node to be
accessed for each node of the optimised query graph into a first table of state transition rules;

codifying the data fields to be accessed for each node into a second table of field rules;

preparing a structured query language (SQL) query that includes the first and second
tables;

identifying entity instances to be accessed by the prepared SQL query by applying a
state-machine technique to iteratively follow relationship instances according to the first table,
wherein entity instances identified in each iteration are simultaneously processed in the
subsequent iteration; and

loading data fields of the identified entity instances according to the second table.

2. The method according to claim 1, wherein the query text include a sub-query.
3. The method according to claim 1 or 2, wherein the optimising step comprises the steps
of:

(a) consolidating nodes of the query graph with equivalent actions;
(b) consolidating nodes of the query graph with equivalent inputs;
(c) determining whether any nodes are consolidated; and

(d) in response to determining that any consolidations are made, return to step (a).

4. The method according to claim 3, wherein step (a) comprises the steps of:
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building a dictionary of all nodes in the query graph;
keying the dictionary using an object that represent a unique set of outgoing relationship
types and fields; and

consolidating nodes having a duplicate key.

5. The method according to claim 3, wherein step (b) comprises the step of:

building a dictionary of all nodes in the query graph;

keying the dictionary using an object that represent a unique set of inbound relationship
types for that node; and

consolidating nodes having a duplicate key.

6. A computer program product comprises program instructions for causing a computer to

perform the method of any one of claims 1 to 5.



000000000000

1/22

B NIIIE NI

L _

\
y

@

Fig. 1A



PCT/AU2017/000186

WO 2018/053568

2/22

gl b4

ovl .J
1
feusajuj /— €61 \nmm_‘ 61 ,— 061 ,— 681 ,— 88l 7~ 18l
SINIOMISELL SETINE (seyoeo -ouj) (M1
M;owo Ul padA ] MO|JHJON bo7 upny [eXi1¥]e%g) Bulinpayos wJopad)
AlBuons $S800Y Buoyuo
Juswoabeuey uol- Buisied
uonenjeAg uonen|ea 1noAeT
Jueuua | pue odo BouNWWOQ [ | o o 1senbay Lo Aiug
uoneslddy Hodod ssaooldiau| . 3 Anug 4
1 1} \ \ 1Y |\ L \
omT/,f 981 N—ggl N~ 181 ~— €81 N~ z8l N~ 181 N~ 08l
[eusa}xy
suolnoy wJoj Upg MO[JIOMA Alnoeg
— g/l ~— 1/} —~ 9/l —G/1
s)ise| Juswabeue|p
an_vmr“m._. Joday Buiuuny uibo t%%ﬂm_ pue _ommo__aD abew|
Hodsy BUOT u | ASO 14 puE 9|i4
/1 ~¢ll ~zll 121 ~— g9l 0.l — 691
Hodx3g Jg|pueH 90INIBS 5[05U0% (ssoiboud ui) Bunip3 Juswabeuey
Hodey JUBAg oju] Aynug Jojoauuo) uoissaldxg uoneolddy
X
vOL l\ 191 6.1 991 Ggol 122" €91 - 29l




PCT/AU2017/000186

WO 2018/053568

3122

ol b1

LJoA ¢ddy LJoA zddy LJoA ¢ddy | | L4on zddy
Zlon | ddy ZJon | ddy LJOA | ddy ZJoA Lddy | | LJeA | ddy
D ueus| g ueus | W lueus | Aieiqiq uoneolddy
\ \ gseqgele( / /
( ( ) )
12°1" ZS1 0G1 091

801




PCT/AU2017/000186

WO 2018/053568
4/22

~ -
-
-
-

(Wide-area)
Computer
Network

(Local)
Computer
Network

222

/_ 215 \\\K- 221

Printer |eg——m—— \ K ,/
280 S
Microphone [~ " 200

/214 217) i

Ext. Modem J

Video /
Display _II y; 533
208 /
A / 210
207 211 / 201
/ L
! f
5 Y * )' Appln. St 209
Audio-Video I/0 Local Program or-age ~J
Interface Interfaces | | Net. Devices
HDD
t i I/face 204
- ’ J/t (
I/0 Optical
M
Processor nterface emory Dick .\
N YV Drive 212
205 T f \ P

226 | Scanner storage

medium _/

.
202 | Keyboard J \ 206 Y
213 Disk 995
I

277 /1 Camera

~—— 203

Fig. 2A



WO 2018/053568 PCT/AU2017/000186
5122
— 231 232
7 < =
228 -
Instruction—partl | — data IM\_}— 235
229 Instruction — part 2 I~ %6
| | | 234
230 Instructi
nstruction |:"L’_ 937
250 251 252 253
| 20 [P £ £
L 05T 5105 Bootstrap OPERATING
loader SYSTEM
254
4 Input variables Output variables — T~ 261
25547 B
\'/'" 262
256411 R
\——" 263
257471 B
| \"" 264
2584 R
N1 265
Intermediate variables
259 +—H | : :—\/- 266
N_L 267
%/‘219 I~ 204
t/ 218 V% 243
interface \ \_ 205
242
241
T 11_/'\/ 248
|| control | Instruction \
239 — unit I — 244
| I
[ 245
| arithmetic | 247
240 — logic unit dat ‘//
atd ~N1— 246




WO 2018/053568
6/22

ommunications/
Computer
Network

PCT/AU2017/000186

320
“ 308
S
321 \ < sl
1
= /
v / 310
/ 314 Communications r‘“
Interface(s) _
. Special
Video Function
Display
307 305 333
T ( 309
r—— bl _———— — —_— ==
| B ,
Display | Processor \ Internal
Controller -l a—| | Appin.
I Program|  Storage
____________ |
319
Portable
User Input Memory
Device(s) Interface \\
kk X
-
33 . 306
Portable
storage 325
medium |/

Fig. 3A



PCT/AU2017/000186
7122

WO 2018/053568

ga¢ "bi
rRre—--mm-mmN"-—- == I_
\u\ ".|||| ||||||||||||||| Im T~ 19¢
D Ny NOY | soepell| [ "N_ 8GE
| ||| syeipswuoyf |- V€ P L voc _ o
Em/_!\" Tt 1[__fjs:¢ z-ereq | ssel S 7]
L-ejeq | o |[T T 6se
_ I indino |[indyj | |
)/ [~ b LLE N-1surl €9¢
ﬁ_\i [T zze - m”mm_ 75| %o trdsatp ese
1| jece | L
| | s | | Hnvipe zee
\/\ Z-Jsul eseICl L 1
" LISUNN zoe | 268 AL LI bs€
_ |



WO 2018/053568 8129 PCT/AU2017/000186

400
{

405
Receive /
query text

v

Parse query / 410

textinto a
parse tree

v

Convert the
parse tree
into a query
graph

v

Optimise
query graph

v

Prepare
SQL query

v

Execute
SQL query

v

Return
query result
network

415

435

NN N

End



WO 2018/053568

client-projects

520A

PCT/AU2017/000186

Client A

client-projects

//5103
520D
;’

//5100

ﬁlOC
520D
Project1 Project2 —;> Project3
Depends-on Depends-on
520C
>2Q8 2208 owner reviewer 5208
owner owner /5106
~10E 520E 10F
\\ Employee1 4—» Employee2 Employee3
manager
520F 520F 520F
depart ) 101
epartmen department department
10H
Department1 f Department2

550

Fig. 5A

‘J;,-540

\ From Entity

Sii 554 Sii
To Entity Relations hip Type

ClientA Projectl client-projects
ClientA Project2 client-projects
Project] project2 depends on
Project2 Project3 depends on
Projectl Employeel owner
Project2 Employeel owner
project2 Employee3 reviewer
Project3 Employee3 owner
Employeel Employee2 manager
Employeel Department1 department
Employee?2 Department | department
Employee2 Department2 department

Fig. 5B



WO 2018/053568 PCT/AU2017/000186

10122
590A\ Client | —570A 590D | Department |~ 570D J\
clientname i name 560
570B client-projects S80A department 580F
A 4
owner 580B
590B | Project Employee
| I B e
projectname | name | —590E
billingcode reviewer 580C | email K
3
1 570C
depends-on 580D manager S80E

Fig. 5C



WO 2018/053568 11/22 PCT/AU2017/000186

670
Query Text J/

672

[

/ 672 / 672
Subquery @p clientname Client-projects

674 / 674
674 672
/ 672 Yy /
/ 672 @p
projectname owner
674
/ 672

name

Fig. 6A



WO 2018/053568 PCT/AU2017/000186
12122

600
Data Field: / 605 f
clienthname

Client-projects

650

Client-projects
650

615
Data Field: / Data Field: /

projectname (none)

650

\\ owner

A 4

620
Data Field: /
Name

Fig. 6B



WO 2018/053568 PCT/AU2017/000186

13/22
f 700

715

Consolidate nodes /
with equivalent |«
actions

v

Cor?solldat_e nodes 720
with equivalent /
inputs

725

YES

ere any consolidations
made?

Fig. 7A



WO 2018/053568 PCT/AU2017/000186

14/22

7150
§

Determine all 715A

nodes in the query
graph

¢

Create a dictionary having each node in the query graph
assigned with a key object representing a set of
outgoing relationship-types and data field to be acquired

/ 715B

v

Consolidate the 715C
nodes having the /
same key

Fig. 7B



WO 2018/053568 PC
15/22

T/AU2017/000186

f 7200

Determine all nodes in the query graph
consolidated based on outgoing relationship

type

/ 720A

v

720B

,

Assign a key object that represents a
unique set of inbound relationship types
for each node

v

Cons_olidate nodes 720C
having the same /
key

End

Fig. 7C



WO 2018/053568 PCT/AU2017/000186
16/22

800
{

: 805
Analyse all nodes in the query graph /

‘

810
Define SQL query /

h 4
Determine inbound and outgoing
relationship types, source node, /815
target node, and data field to be
accessed for each node

End



PCT/AU2017/000186

WO 2018/053568

17/22

sweN
PRl eled

A

juswiyedap /

0se

S€6

(suou)
‘P4 eleqa

/

5¢6

owm\

[lews
-pield eleq

0S6

Jomalnal

006

lamainal

omm\

aweN
‘PIel4 ejeq

Juswyedsp /

0S6

A

mﬁm\

(suou)
-pIeId eleq

OHm\

506 \

aweuoslold
-pioi4 ejed

[lews
‘pield eyed

Joumo

096




WO 2018/053568 PCT/AU2017/000186

18/22
1000A
Node Key
905 Outgoing relationship type: Owner, Reviewer; Data Field: projectname
910 Outgoing relationship type: (none); Data Field: email
915 Outgoing relationship type: department; Data Field: (none)
920 Outgoing relationship type: (none); Data Field: email
925 Outgoing relationship type: department; Data Field: (none)
930 Outgomg relationship type: (none); Data Field: name
935 Outgong relationship type: (none); Data Field: name
Fig. 10A
1000B
Node Key
905 Outgomng relationship type: Owner, Reviewer; Data Field: projectname
910 Outgoing relationship type: (none); Data Field: email
915 Outgoing relationship type: department; Data Field: (none)
930 Outgoing relationship type: (none); Data Field: name

Fig. 10B



WO 2018/053568

19/22

PCT/AU2017/000186

Data Field:
projectname

1100
/ 905 f

owner

950

reviewer

Data Field:
Email

/910

reviewer

915
Data Field: /
(none)
950
\\ department
\ A 930
Data Field: /
Name

Fig. 10C



WO 2018/053568 PCT/AU2017/000186
20722
1000C
Node Key
905 Inbound relationship type: (none)
910 Inbound relationship type: owner, reviewer
915 Inbound relationship type: owner, reviewer
930 Inbound relationship type: department
Fig. 11A
1000D
Node Key
905 Inbound relationship type: (none)
910 Inbound relationship type: owner, reviewer
930 Inbound relationship type: department

Fig. 11B




WO 2018/053568 PCT/AU2017/000186
21122

1200
] 905
Data Field: /
projectname

owner

reviewer

v v

910
Data Field: /
Email
950
\ department
4 930
Data Field: /
Name

Fig. 11C



WO 2018/053568

1210

AN

PCT/AU2017/000186
22(22

1200

1220 1230

\ AN

12404: ClientA

[ Clienta
Projectl
aProject2

~ FromEntity N ToEntity ™ Relationshipld
Null ClientA Null
Projectl client-projects
Project2 client-projects
Employeel awner
Employeel oMenEer

Fig. 12A 1250

Entity Fieldld Value
ClientA clientname “Client A"
Projectl “Praoject1”
Project2 “Project2”
Employeel "Employeel”
Field data: /51()A
clientname = '_/\ 1300
“ClientA”
client-projects 5\20A ' client-projects 520A
510B S
Fiel . Field data:
ield data /5 10C
projectname = projectname =
“Project 17 “Project 27

owner 5208

A/\
owner

Field data: $20B

name =
“Employee 17 & 510E

Fig. 12C




INTERNATIONAL SEARCH REPORT International application No.

PCT/AU2017/000186

A. CLASSIFICATION OF SUBJECT MATTER
GO6F 17/30 (2006.01) GO6F 17/27 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols})

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PATENW - IPC/CPC mark: G06F17/30 and GO6F17/27; keywords include: entity relation, state machine, avoid, loop, cycles, database, query,
graph, parse, and similar keywords.

Google, Google Patents, and Google Scholar, and ESpaceNet: graph, optimisation, graphql, xpath, backus-naur, dictionary, query, remove copy,
database, and similar keywords.

Applicant/Inventor name searches were performed in Google and ESpaceNet websites, and internal databases provided by IP Australia.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

Documents are listed in the continuation of Box C

Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents;
"A"  document defining the general state of the art whichisnot ~ "T"  later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E" earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or  "Y"  document of particular relevance; the claimed invention cannot be considered to
which 1s cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"o" document referring to an oral disclosure, use, exhibition o .
or other means & document member of the same patent family
"pY document published prior to the international filing date
but later than the priority date claimed
Date of the actnal completion of the international search Date of mailing of the international search report
9 October 2017 09 October 2017
Name and mailing address of the ISA/AU Authorised officer
AUSTRALIAN PATENT OFFICE Craig Cooper
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
Email address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)
Telephone No. +61262832705

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
DOCUMENTS CONSIDERED TO BE RELEVANT PCT/AU2017/000186

C (Continuation).

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2011/0295788 Al (KOWALSKI) 01 December 2011
X Paragraphs [0029], [0031], [0032], [0039]-[0049], [0075]-[0086]

EP 2731023 B1 (SOFTWARE AG) 25 March 2015
A Paragraphs [0027]-[0029]

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/AU2017/000186

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date

US 2011/0295788 Al 01 December 2011 US 2011295788 Al 01 Dec 2011
US 8380645 B2 19 Feb 2013

EP 2731023 B1 25 March 2015 EP 2731023 Al 14 May 2014
EP 2731023 B1 25 Mar 2015
US 2014136520 Al 15 May 2014
US 9092481 B2 28 Jul 2015

End of Annex

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - wo-search-report
	Page 66 - wo-search-report
	Page 67 - wo-search-report

