(12) STANDARD PATENT (11) Application No. AU 2007204902 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Transferring and displaying hierarchical data between databases and electronic
documents

(51) International Patent Classification(s)
GOG6F 7/00 (2006.01)

(21) Application No: 2007204902 (22) Date of Filing:  2007.01.10

(87)  WIPONo: WOO07/082005

(30) Priority Data

(31) Number (32) Date (33) Country
60/758,249 2006.01.10 us
11/651,739 2007.01.09 us

(43) Publication Date: 2007.07.19

(44) Accepted Journal Date: 2011.12.08

(71) Applicant(s)
UNZ.ORG, LLC

(72) Inventor(s)
Unz, Ron K.

(74) Agent/ Attorney
Cullens Patent and Trade Mark Attorneys, Level 32 239 George Street, Brisbane, QLD,
4000

(56) Related Art
US 2005/0114763
US 2001/0051949




w0 2007/082005 A3 I 1900 0O OO O

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

19 July 2007 (19.07.2007)

$ 0 0O OO O

(10) International Publication Number

WO 2007/082005 A3

(51) International Patent Classification:
GOGF 7/00 (2006.01)

(21) International Application Number:
PCT/US2007/000664
(22) International Filing Date: 10 January 2007 (10.01.2007)
(25) Filing Language: English
(26) Publication Language: Linglish

(30) Priority Data:

60/758,249 10 January 2006 (10.01.2006) US
11/651,739 9 January 2007 (09.01.2007)  US
(71) Applicant (for all designated States except US):
UNZ.ORG, LLC [US/US], 555 Bryant St., #371,

Palo Alto, California 94301 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): UNZ, Ron, K.

(74)

(81)

(84)

[US/US];, 555 Bryant St., #371, Palo Alto, California
94301 (US).

Agents: PALERMO, Christopher J. et al.; ITCKMAN
PALERMO TRUONG & BECKER LLP, 2055 Gatcway
Place, Suite 550, San Jose, CA 95110 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): ABE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN. KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SL, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, 'L, 17, UA, UG, US, U7, VC, VN, ZA, 7ZM, 7.W.

Designated Stales (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KL, LS, MW, MZ, NA, SD, SL, S§Z, 1Z, UG, ZM,
7W). Burasian (AM, AZ, BY, KG, K7, MD, RU, TI, TM),

[Continued on next page]

(54) Title: TRANSFERRING AND DISPLAYING HIERARCHICAL DATA BETWEEN DATABASES AND ELECTRONIC

DOCUMENTS

Website URL specified by User on Client
machine. {#10}

URL received by Website system on Server

(57) Abstract: An apparatus comprises
data storage coupled to one or more
processors and a plurality of data
elements
structure and organized in a hierarchical

contained in a database

camputer. [#11]

Portion of URL dcterr;i-ning: displayed view
of data tree extracted by Wcbsite. [#12]
1

!

datahase query command on Website., [#13]

|

Wehsite SQL database engine returns
resultant set of data clements for display.
[#14] !

1

Website displays data items in data trec form
as an HTML page, together with
transformative links to new URLs
corresponding to the opening or closing of
individual nodes on lh(i,- data tree. [#15)

|

]
User on Client machine examines displayed
data wee, then possibly selects a different
displayed view by clicking a link to a new
URL which opens or closcs a given node of
the trec. [#16]

data tree, and instructions that perform
receiving a network location identifier
from a client computer, wherein the
nelwork location identifier comprises
at least a portion that specifies a first
view of the data tree; creating, using
the portion of the network location
identifier, a relational database query
and submitting the query to a relational
database; receiving from the relational
database a set of data elements that
is associated with the [first view;
generating a first electronic document
comprising the set of data elements,
including generating transformative
links to other network location
identifiers corresponding to performing
actions on nodes in the data tree; and
providing the [irst electronic document
to the client computer.

Selecting URL links to open wroc nodes,
close tres nodes, or tak= some other action.



w0 2007/082005 A3 |11 018 VH0 A 0 OO O A

European (AT, BE, BG, CH, CY, CZ,DE, DK, EE, ES, FI, —  before the expiration of the time limit for amending the
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT, claims and to be republished in the event of receipt of
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CIL, CM, GA, amendments

GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published: (88) Date of publication of the international search report:
—  with international search report 10 April 2008



WO 2007/082005 PCT/US2007/000664

TRANSFERRING AND DISPLAYING HIERARCHICAL DATA BETWEEN DATABASES
AND ELECTRONIC DOCUMENTS

FIELD OF THE INVENTION

[0601] The present disclosure generally relates to displaying data from databases, such as

large relational databases, in electronic documents, such as on Internet web pages.

BACKGROUND
[0002] The approaches described in this section could be pursued, but are not necessarily
approaches that have been previously conceived or pursued. Therefore, unless otherwise
indicated herein, the approaches described in this section are not prior art to the claims in this
application and are not admitted to be prior art by inclusion in this section.
[0003]  The Internet today provides an extremely efficient means for the distribution of
digitized information across the world’s computers, with the web browser interface being an
excellent means for the display of that information.
[0004] One popular implementation of this distribution/display model is the use of
dynamically-generated web pages, in which a user-specified Uniform Resource Locator (URL)
triggers the immediate creation of a web page, based on the particular information drawn from a
database on the host computer.
[0005] Although the dynamic structure of the web page must be programmed in one of the
web application languages such as PHP or Cold Fusion, a single such dynamic web page
provides a potentially unlimited number of different data displays, based on the user’s URL-
derived selection parameters and also upon the possibly changing values in the host database.
Since the programming need be done only one time and for one page, the efficiency of this
model is tremendous, and it has become the standard method used for most websites.
[0006] The data itself is increasingly likely to reside in a relational database, typically based
on the SQL database language, with MySQL, Oracle, and SQL-Server engines being among the
most common. Such relational databases provide extremely high performance, efficiency of

storage, and huge scalability in potential size.
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[0007] Although this data distribution/display model has these major advantages, it has faced
some obstacles in being conveniently applied to various types of data. Partly for this reason,
Internet data has seldom been as fast and easy to display or manipulate as data in a software
application residing on one’s own computer.

[0008] One obstacle is that the URL used to determine the particular data shown on a
webpage has effective restrictions on structure. URLs which become too long or complex are

- inconvenient for an individual to comprehend, manipulate, or save as a link. Maximizing the
embedded informational content of a short and minimally complex URL greatly increases the
effectiveness of a web display system.

{0009] Another obstacle is that many of the data sets potentially available over the Internet
are of enormous size and complexity. Programming a single dynamic web page to conveniently
display or manipulate such complex data sets may be a difficult undertaking, and easily prone to
error.

{00010] Finally, many of the current methods for selecting and transferring data between host
databases and web pages appear to be slow and inefficient, whether due to their underlying
database algorithms or their display techniques. As a result, host databases may become
overloaded, client or server bandwidth become clogged, and overall performance is frequently
sluggish.

[00011]  Taken together, these and similar difficulties have considerably restricted the
effective display or manipulation of Internet-based data.

[00012] Many of these prospective large Internet data sets are hierarchical in structure, being
organized into a collected family of data elements of different degrees of generality. Perhaps the
most common example of such a hierarchical data set would be the directories and files ona
particular computer, in which “child” directories might be contained in other “parent” directories

and so forth, up to the highest level of the computer storage.
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[00013] A standard means of visualizing or displaying hierarchical data has been in the form
of a “tree” structure, such as‘the directory/file tree of a computer’s hard drive. This convenienily
allows the user to summarize or examine the data at any desired degree of detail by “opening” or
“closing” the different nodes or branches of the tree.

[00014] Most large hierarchical data sets are either currently stored in relational databases or
can quickly and easily be loaded into such database tables. Relational databases place certain
important constraints upon the data-sets they contain but consequently provide enormous
efficiency in the later manipulation or selection of that data.

[00015] As an example, although the descriptive information of the files and directories of a
computer hard drive is not typically stored in a relational database table, it can easily be loaded
into such a table, with one field being a unique identifier possibly derived from the full
pathname, another being the element type (File or Directory), another being the identiﬁer of the
parent directory, and others being various other types of additional information associated with
the individual files or directories.

[00016] SQL databases are the most common examples of relational databases, and typically
require data elements to be assigned one or more unique identifiers, which are automatically
stored and indexed for rapid retrieval by the database engine itself. Among other characteristics,
SQL database engines are optimized for retrieving data selected by unique or non-unique index
values and also for merging or “joining” database tables with themselves or with other tables
based upon these index values.

[00017] A database query which can be written as a single, even highly-complex SQL
statement, perhaps containing multiple joins or self-joins, is frequently orders-of-magnitude

faster than an equivalent group of database operations in a less efficient database system.
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SUMMARY OF THE INVENTION

[00017a] In a broad form, the invention provides an apparatus comprising one or more
processors; and data storage coupled to the one or more processors and having recorded thereon
a plurality of data elements contained in a relational database structure and organized in a
hierarchical data tree, wherein the data elements represent files, folders, or Internet web pages.
[00017b] In one embodiment, the apparatus includes memory coupled to the one or more
processors and having recorded therein one or more stored sequences of instructions which,
when executed by the processor, cause the one or more processors to perform: receiving a
network location identifier from a client computer, wherein at least a portion of the network
location identifier specifies a first view of the data tree, and wherein the network location
identifier is a uniform resource locator (URL); creating, using the portion of the network location
identifier, a relational database query and submitting the query to a relational database; receiving
from the relational database a set of data elements from the plurality of data elements that is
associated with the first view; generating a first electronic document comprising the set of data
elements, including generating transformative links to other network location identifiers, the
transformative links corresponding to performing actions on nodes in the data tree, wherein a
transformative link is an opening link or a closing link; and providing the first electronic
document to the client computer.

[00017D] In another embodiment, the apparatus includes means for receiving a network
location identifier from a client computer, wherein at least a portion of the network location
identifier specifies a first view of the data tree, wherein the network location identifier is a
uniform resource locator (URL); means for creating, using the portion of the network location

identifier, a relational database query and submitting the query to a relational database; means
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for receiving from the relational database a set of data elements from the plurality of data
elements that is associated with the first view; means for generating a first electronic document
comprising the set of data elements, including generating transformative links to other network
location identifiers, the transformative links corresponding to performing actions on nodes in the
data tree, wherein a transformative link is an opening link or a closing link; and means for
providing the first electronic document to the client computer.

[00017¢] According to a further aspect of the invention, there is provided a machine-
implemented method comprising the steps of receiving a network location identifier from a client
computer, wherein at least a portion of the network location identifier specifies a first view of a
hierarchical data tree that represents a plurality of data elements contained in a relational
database structure stored in data storage, wherein the network location identifier is a uniform
resource locator (URL) and the data elements represent files, folders, or Internet web pages;
creating, using the portion of the network location identifier, a relational database query and
submitting the query to a relational database; receiving from the relational database a set of data
elements from the plurality of data elements that is associated with the first view; generating a
first electronic document comprising the set of data elements, including generating
transformative links to other network location identifiers, the transformative links corresponding
to performing actions on nodes in the data tree, wherein a transformative link is an opening link
or a closing link; providing the first electronic document to the client computer.

[00017d] According to yet another aspect of the invention, there is provided a computer-
readable volatile or non-volatile medium carrying one or more sequences of instructions, which
instructions, when executed by one or more processors, cause the one or more processors to

carry out the steps of the method described in the preceding paragraph.
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BRIEF DESCRIPTION OF THE DRAWINGS
[00018] The present invention is illustrated by way of example, and not by way of limitation,

in the figures of the accompanying drawings and in which like reference numerals refer to
similar elements and in which:

[00019] FIG. 1'shows a flow chart representing the operational sequence of an example
embodiment.

[00020] FIG. 2 illustrates an example displayed view in which a directory REPORT is open.
[00021] FIG. 3 illustrates a different displayed view.

[00022] FIG. 4 provides an example of the SQL SELECT statement that can produce an
HTML directory/file tree structure from a selector URL.

[00023]  FIG. 5 provides a block diagram representing major components of the example
embodiment.

[00024]  FIG. 6 illustrates a computer system upon which an emibodiment may be

implemented.

DETAILED DESCRIPTION
[00025] In the following description, for the purposes of explanation, numerous specific

details are set forth in order to provide a thorough understanding of the present invention. It will
be apparent, however, to one skilled in the art that the present invention may be practiced
without these specific details. In other instances, well-known structures and devices are shown
in block diagram form in order to avoid unnecessarily obscuring the present invention.

[00026] Approaches for transferring and displaying hierarchical data between databases and
electronic documents are described. In one embodiment, a new software technique for

transferring and displaying hierarchical data between relational databases and Internet web pages
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is provided, intended to increase the speed, efficiency, and simplicity of such processes. In an
embodiment, the selected data is displayed in the form of a data tree, whose particular displayed
view is determined by a portion of network location identifier, such as a uniform resource locator
(URL), with that same portion of the string also trax;sformed into a part of the query command
for selecting the data from the databése.

[00027] Inone embodiment, a data processing apparatus comprises data storage coupled to
one or more processors and a plurality of data elements contained in a relational database
structure and organized in a hierarchical data tree, and instructions that perform receiving a
network location identifier from a client computer, wherein the network location identifier
comprises at least a portion that specifies a first view of the data tree; creating, using the portion
of the network location identifier, a relational database query and submitting the query to a
relational database; receiving from the relational database a set of data elements that is associated
with the first view; generating a first electronic document comprising the set of data elements,
including generating transformative links to other network location identifiers corresponding to
performing actions on nodes in the data tree; and providing the first electronic document to the
client computer.

[00028] In an embodiment, receiving the network location identifier comprises receiving the
network location identifier comprising a list of one or more identifiers of open nodes of the data
tree. In an embodiment, creating the relational database query comprises creating a structured
query language (SQL) query in which at least one of the identifiers of open nodes is a parameter
of a SELECT statement. In an cmbodiment, creating the SQL query comprises creating the SQL
query which specifies selecting a result set of only those data elements whose hierarchical

parents are all in the list of open nodes.
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[00029] In an embodiment, generating the first electronic document comprises generating a
first electronic document comprising the set of data elements, including generating
transformative links to other network location identifiers corresponding to opening or closing
nodes in the data tree; wherein a first transformative link corresponding to- opening a node
comprises the received network location identifier with an identifier of a currently closed node
appended to the list of identifiers; wherein a second transformative link corresponding to closing
a node comprises the received network location identifier with an identifier of a currently open
node removed from the list of identifiers.

[00030]  Other aspects and features will become apparent from the following description, the
drawings and the appended claims. |

[00031] Under an example embodiment of this invention, the displayed form of the data tree
is determined by a list of the open tree ‘nodes, and this list.of open tree nodes is contained within
a specific segment of the network location identifier, which may be a URL string.

[00032] This segment of the network location identifier is extracted and then embedded into a
database query, which produces a result set restricted to those data e;lements whose hierarchical
parents are all in the list of open nodes. Having been selected, these data elements are then
processed by the web application language and displayed on the dynamic web page in the
desired format and showing the desired information, together with any optional link or button
actions.

[00033] Inan embodiment, the relational database is MySQL, the web application langnage is
ColdFusion, the web page server is Apache, the database query is presented as an SQL SELECT
statement, and the data elements themselves comprise information regarding the particular files

and directories of a portion of a data storage system .
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[00034] If the hierarchical data to be presented is not already in a relational database format, it
is first loaded into such format.

[00035] In an embodiment, the particular view of the data tree being shown is completely
determined by its list of open nodes. Therefore, the open—node portion of the network location
identifier selector completely determines the view of the data tree. The nodes may be
represented by their unique identifiers in the relational database.

[00036]  Although the exact implementation of the data iree being displayed is determined by
the user, one example is a text tree, displaying purely in HTML.

[00037] Eachnode in the text data tree displayed may also include a link whose network
location identifier-controlled action would be to close an open node or open a closed node.
Particular systems may be designed to require that particular tree nodes always be open or
always be closed.

[00038] The exact form in which the relational database query uses the relevant portion of the
URL is not critical and may vary according to the particular database language, web application
language, and system design.

[00039] FIG. 1 shows a flow chart representing the operational sequence of an example
embodiment of the invention. First, the user on a client machine specifies network location
identifier in the form of a particular URL for the website [#10], which is received by the website
system on the server machine [#11]. Next, the website system parses the URL and extracts the
portion determining the displayed view of the data tree [#l 2). This URL segment is then
inserted into the data tree SQL database query [#13], which returns the resultant set of displayed
items from the SQL database engine [#14]. The website system then displays these returned

elements in data tree form, inserting the appropriate links to new URLs representing different
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views of the data tree, and sending the resulting HTML page for display on the user’s machine
[#15]. The user can then select open or close any of the data nodes on the HTML page,
representing different displayed views of the data tree, by selecting the various URL links on the
page [#16].

[00040] InFIG.2 and FIG. 3, a particnlar file directory named REPORT and its various
subdirectories and files is displayed as a simple HTML text data tree, shown in two different
displayed views, determined by two different URL segments.

[00041] In FIG. 2, the displayed view is that directory REPORT [#10] is open, as is
subdirectory CG [#11], and sub-subdirectory CGS [#12]. This view is determined by the
OpenNodes portion of the URL [#13], which contains the segment
“OpenNodes=96278,96281,96690" a list of the unique ID codes of those three open directories.
[00042] Each of the lines of the text tree which represents a directory contains an initial text
symbol link {X] if the directory is closed and [--] if the directory is open. Selecting these links
automatically toggles the given directory between open and closed, opening closed directories
and closing open directories.

[00043] An Opening link contains the current URL, but with the ID of the currently-closed
directory appended to the OpenNodes segment. A Closing link contains the current URL, but
with the ID of the currently-open directory removed from the OpenNodes segment. For
example, the Opening Link symbol [X] next to directory 2002 in FIG. 2 contains the URL
segment “OpenNodes=96278,96281,96690,96694” with the last ID in the list being that
corresponding to Directory 2002. Therefore, clicking this link would reload the same web page
but with a new URL indicating that the Directory 2002 should be shown as open rather than

closed. This new URL corresponds to the different displayed view shown in FIG. 3.
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[00044] FIG. 4 provides an example of the SQL SELECT statement that can produce an
HTML directory/file tree structure from a selector URL. The SQL Select statement is embedded
in a function call expressed in the ColdFusion web application language. The example Cold
Fusion/SQL statement returns those files or directories to be displayed on the screen in FIG. 2,
namely those all of whose parents are contained in the list of open nodes.

[00045] Inthe SQL statement, the variable ID represents the unique identifier for a particular
file or directory, parentID is the unique identifier for the parent directory, and Level represents
the level of the file or directory, with the top-level directory being 0, its subdirectories 1, its sub-
subdirectories being 2, and so forth. The particular example statement provided can display a
directory structure of four levels of depth.

[00046]  Afier a SQL query as described has returned the files and directories to be displayed
on the screen, standard web application programming can be used to produce the displayed
format of the HTML tree.

[00047]  Under normal circumstances, only a single SQL SELECT statement as described
herein is required to generate the values for any displayed view of a hierarchical data tree of any
specified size. As a consequence, minimal strain is placed on the database server and the
response is extremely rapid.

[00048] In addition, these approaches minimize the programming complexity required to
design a dynamic web page by providing a natural mapping between the selection URL and the
database selection query. Also, since relatively few nodes of a given data trees are usually open
at a given time, this approach minimizes the size and complexity of the selection URL.

[00049] FIG. 5 provides a block diagram representing major components of the example

embodiment. A client machine [#10] is coupled directly or indirectly through one or more
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networks to one or more computers that host a web server, an application server, and a database
server. In one embodiment, the web server is the Apache web server [#11], the application
server is the Cold Fusion web application server [#12], and the database server is the MySQL
relational database server [#13], which hosts one or more MySQL relational database tables
[#14].

[00050] FIG. 6 is a block diagram that illustrates a computer system 600 upon which an
embodiment of the invention may be implemented. Computer system 600 includes a bus 602 or
other communication mechanism for communicating information, and a processor 604 coupled
with bus 602 for processing information. Computer system 600 also includes 2 main memory
606, such as a random access memory (“RAM”) or other dynamic storage device, coupled to bus
602 for storing information and instructions to be executed by processor 604. Main memory 606
also may be used for storing temporary variables or other intermediate information during
execution of instructions to be executed by processor 604. Computer system 600 further
includes a read only memory (“ROM?”) 608 or other static storage device coupled to bus 602 for
storing static information and instructions for processor 604. A storage device 610, such as a
magnetic disk or optical disk, is provided and coupled to bus 602 for storing information and
instructions.

[00051] Computer system 600 may be coupled via bus 602 to a display 612, such as a cathode
ray tube (“CRT™), for displaying information to a computer user. An input device 614, including
alphanumeric and other keys, is coupled to bus 602 for communicating information and
command selections to processor 604. Another type of user input device is cursor control 616,
such as a mouse, trackball, stylus, or cursor direction keys for communicating direction

information and command selections to processor 604 and for controlling cursor movement on
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display 612. This input device typically has two degrees of freedom in two axes, a first axis
(e.g., x) and a second axis (e.g., y), that allows the device to specify po;sitions in a plane.
[00052] The invention is related to the use of computer system 600 for transferring and
displaying hierarchical data between databases and electronic documents. According to one
embodiment of the invention, transferring and displaying hierarchical data between databases
and electronic documents is provided by computer system 600 in response to processor 604
executing one or more sequences of one or more instructions contained in main memory 606.
Such instructions may be read into main memory 606 from another computer-readable medium,
such-as storage device 610. Execution of the sequences of instructions contained in main
memory 606 causes processor 604 to perform the process steps described herein. In alternative
embodiments, hard-wired circuitry may be used in place of or in combination with software
instructions to implement the invention. Thus,. embodiments of the invention are not limited to
any specific combination of hardware circuitry and software.

[00053] The term “compﬁter—readable medinm” as used herein refers to any medium that
pa.rticipates in providing instructions to processor 604 for execution. Such a medium may take
many forms, including but not limited to, non-volatile media, volatile media, and transmission
media. Non-volatile media includes, for example, optical or magnetic disks, such as storage
device 610. Volatile media includes dynamic memory, such as main memory 606.
Transmission media includes coaxial cables, copper wire and fiber optics, including the wires
that comprise bus 602. Transmission media can also take the form of acoustic or light waves,
such as those generated during radio wave and infrared data communications.

[00054] Common forms of computer-readable media include, for example, a floppy disk, a

flexible disk, hard disk, magnetic tape, or any other magnetic medium, a CD-ROM, any other
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optical medium, punch cards, paper tape, any other physical medium with patterns of holes, a
RAM, a PROM, and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a carrier
wave as described hereinafter, or any other medium from which a computer can read.

[00055] Various forms of computer readable media may be involved in carrying one or more
sequences of one or more instructions to processor 604 for execution. For example, the
instructions may initially be carried on a magnetic disk of a remote computer. The remote
computer can load the instructions into its dynamic memory and send the instructions over a
telephone line using a modem. A modem local to computer system 600 can receive the data on
the telephone line and use an infrared transmiter to convert the data to an infrared signal. An
infrared detector can receive the data carried in the infrared signal and appropriate circuitry can
place the data on bus 602. Bus 602 carries the data to main memory 606, from which processor
604 retrieves and executes the instructions. The instructions received by main memory 606 may
optionally be stored on storage device 610 either before or after execution by processor 604.
{00056] Computer system 600 also includes a communication interface 618 coupled to bus 602.
Communication interface 618 provides a two-way data communication coupling to 2 network link
620 that is connected to a local network 622. For example, communication interface 618 may be an
integrated services digital network (“ISDN™) card or a modem to provide a data communication
connection to a corresponding type of telephone line. As another example, communication
interface 618 may be a local area network (“LAN”) card to provide a data communication
connection to a compatible LAN, Wireless links may also be implemented. In any such
implementation, communication interface 618 sends and receives electrical, electromagnetic or

optical signals that carry digital data streams representing various types of information.
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[00057] Network link 620 typically provides data communication through one or more
networks to other data devices. For example, network link 620 may provide a connection
through local network 622 to a host computer 624 or to data equipment operated by an Internet
Service Provider (“ISP”) 626. ISP 626 in turn provides data communication services through the
world wide packet data communication network now commonly referred to as the “Internet”
628. Local network 622 and Internet 628 both use electrical, electromagnetic or optical signals
that carry digital data streams. The signals through the various networks and the signals on
network link 620 and through communication interface 618, which carry the digital data to and
from computer system 600, are exemplary forms of carrier waves transporting the information.
[00058] Computer system 600 can send messages and receive data, including program code,
through the network(s), network link 620 and communication interface 618. In the Internet
example, a server 630 might transmit a requested code for an application program through Internet
628, ISP 626, local network 622 and communication interface 618. In accordance with the
invention, one such downloaded application provides for transferring and displaying hierarchical
data between databases and electronic documents as described herein.

[00059] The received code may be executed by processor 604 as it is received, and/or stored
in storage device 610, or other non-volatile storage for later execution. In this manner, computer
system 600 may obtain application code in the form of a carrier wave.

[00060] In one of a wide variety of alternative embodiments, instead of being composed of
I-iTML text, the dynamic web pages displaying the data tree may be also rendered in XML or
some other present or future web page format.

[00061] In another alternative, instead of being based on ColdFusion, the templates used to

produce the dynamic web pages may instead use some other present or future web application
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programming language, such as PHP. Instead of Apache, some other present or future web page
server may be used. Instead of MySQL, the underlying database system driving the creation of
these dynamic web pages may instead rely on Oracle SQL, Microsoft SQL-Server, or some other
present or future SQL or other relational database.

[00062] Instead of representing the open-nodes of the displayed data tree, the relevant portion
of the URL selector may encode the displayed view of the data tree using some other
methodology. Furthermore, multiple independent data trees may be simultaneously displayed
and controlled on the web page either by concatenating their URL selectors or else combining
them using another method.

[00063] In the foregoing specification, the invention has been described with reference to
specific embodiments thereof. It will, however, be evident that various modifications and
changes may be made thereto without departing from the broader spirit and scope of the
invention. The specification and drawings are, accordingly, to be regarded in an illustrative
rather than a restrictive sense.

[00064] The term “comprise” and variants of that term such as “comprises” or “comprising”
are used herein to denote the inclusion of a stated integer or integers but not to exclude any other
integer or any other integers, unless in the context or usage an exclusive interpretation of the
term is required.

[00065] Reference to prior art disclosures in this specification is not an admission that the

disclosures constitute common general knowledge in Australia.
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The claims defining the invention are as follows:

1. An apparatus comprising:
one or more processors;
data storage coupled to the one or more processors and having recorded thereon a
plurality of data elements contained in a relational database structure and organized in a
hierarchical data tree, wherein the data elements represent files, folders, or Internet web
pages;
memory coupled to the one or more processors and having recorded therein one
or more stored sequences of instructions which, when executed by the processor, cause
the one or more processors to perform:
receiving a network location identifier from a client computer, wherein at
least a portion of the network location identifier specifies a first view of the data
tree, and wherein the network location identifier is a uniform resource locator
(URL);
creating, using the portion of the network location identifier, a relational
database query and submitting the query to a relational database;
receiving from the relational database a set of data elements from the plurality of
data elements that is associated with the first view;
generating a first electronic document comprising the set of data elements,
including generating transformative links to other network location identifiers, the
transformative links corresponding to performing actions on nodes in the data
tree, wherein a transformative link is an opening link or a closing link; and

providing the first electronic document to the client computer.

2. The apparatus of claim 1, wherein the sequences of instructions that cause the one or
more processors to perform receiving the network location identifier comprise sequences
of instructions which, when executed by the processor, cause the processor to perform the
step of receiving the network location identifier comprising a list of one or more

identifiers of open nodes of the data tree.
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The apparatus of claim 2, wherein the sequences of instructions that cause the one or
more processors to perform creating the relational database query comprise sequences of
instructions which, when executed by the processor, cause the processor to perform the
step of creating a structured query language (SQL) query in which at least one of the

identifiers of open nodes is a parameter of a SELECT statement.

The apparatus of claim 3, wherein the SQL query specifies selecting a result set of only

those data elements whose hierarchical parents are all in the list of open nodes.

The apparatus of claim 2, wherein the network location identifier specifies a type of view

for the first view.

The apparatus of claim 1, wherein the sequences of instructions that cause the one or
more processors to perform generating the first electronic document comprise sequences
of instructions which, when executed by the processor, cause the processor to perform the
step of generating a first electronic document comprising the set of data elements,
including generating transformative links to other network location identifiers

corresponding to opening or closing nodes in the data tree.

The apparatus of claim 2, wherein the first electronic document comprises the set of data

elements, and the transformative links correspond to opening or closing nodes in the data

tree;

wherein a first transformative link corresponding to opening a node comprises the
received network location identifier with an identifier of a currently closed node
appended to the list of identifiers;

wherein a second transformative link corresponding to closing a node comprises the
received network location identifier with an identifier of a currently open node

removed from the list of identifiers.
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10.

11.

An apparatus comprising:

one or more processors;

data storage coupled to the one or more processors and having recorded thereon a
plurality of data elements contained in a relational database structure and
organized in a hierarchical data tree, wherein the data elements represent files,
folders, or Internet web pages;

means for receiving a network location identifier from a client computer, wherein at least
a portion of the network location identifier specifies a first view of the data tree,
wherein the network location identifier is a uniform resource locator (URL);

means for creating, using the portion of the network location identifier, a relational
database query and submitting the query to a relational database;

means for receiving from the relational database a set of data elements from the plurality
of data elements that is associated with the first view;

means for generating a first electronic document comprising the set of data elements,
including generating transformative links to other network location identifiers, the
transformative links corresponding to performing actions on nodes in the data
tree, wherein a transformative link is an opening link or a closing link;

means for providing the first eiectronic document to the client computer.

The apparatus of claim 8, wherein the network location identifier comprises a list of one

or more identifiers of open nodes of the data tree.

The apparatus of claim 9, wherein the means for creating the relational database query
comprises means for creating a structured query language (SQL) relational database
query in which at least one of the identifiers of open nodes is a parameter of a SELECT

statement.

The apparatus of claim 10, wherein the SQL relational database query specifies selecting
a result set of only those data elements whose hierarchical parents are all in the list of

open nodes.
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12.

13.

15.

The apparatus of claim 9, wherein the network location identifier specifies a type of view

for the first view.

The apparatus of claim 12, wherein the first electronic document comprises the set of
data elements, and the transformative links correspond to opening or closing nodes in the

data tree.

The apparatus of claim 9, wherein the first electronic document comprises the set of data
elements, and the transformative links correspond to opening or closing nodes in the data
tree; wherein a first transformative link corresponding to opening a node comprises the
received network location identifier with an identifier of a currently closed node
appended to the list of identifiers; wherein a second transformative link corresponding to
closing a node comprises the received network location identifier with an identifier of a

currently open node removed from the list of identifiers.

A machine-implemented method comprising:

receiving a network location identifier from a client computer, wherein at least a portion
of the network location identifier specifies a first view of a hierarchical data tree
that represents a plurality of data elements contained in a relational database
structure stored in data storage, wherein the network location identifier is a
uniform resource locator (URL) and the data elements represent files, folders, or
Internet web pages;

creating, using the portion of the network location identifier, a relational database query
and submitting the query to a relational database;

receiving from the relational database a set of data elements from the plurality of data
elements that is associated with the first view;

generating a first electronic document comprising the set of data elements, including
generating transformative links to other network location identifiers, the
transformative links corresponding to performing actions on nodes in the data
tree, wherein a transformative link is an opening link or a closing link;

providing the first electronic document to the client computer.
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16.

17.

19.

20.

The method of claim 15, wherein receiving the network location identifier comprises the
step of receiving the network location identifier comprises a list of one or more identifiers

of open nodes of the data tree.

The method of claim 16, wherzin creating the relational query comprises the step of
creating the structured query language (SQL) relational database query in which at least

one of the identifiers of open nodes is a parameter of a SELECT statement.

The method of claim 17, wherein the SQL relational database query specifies selecting a
result set of only those data elements whose hierarchical parents are all in the list of open

nodes.

The method of claim 16, wherein the first electronic document comprises the set of data
elements, and the transformative links correspond to opening or closing nodes in the data
tree; wherein a first transformative link corresponding to opening a node comprises the
received network location identifier with an identifier of a currently closed node
appended to the list of identifiers; wherein a second transformative link corresponding to
closing a node comprises the received network location identifier with an identifier of a

currently open node removed from the list of identifiers.

A computer-readable volatile or non-volatile medium carrying one or more sequences of

instructions, which instructions, when executed by one or more processors, cause the one

or more processors to carry out the steps of:

receiving a network location identifier from a client computer, wherein at least a portion
of the network location identifier specifies a first view of a hierarchical data tree
that represents a plurality of data elements contained in a relational database
structure stored in data storage, wherein the network location identifier is a
uniform resource locator (URL) and the data elements represent files, folders, or
Internet web pages;

creating, using the portion of the network location identifier, a relational database query

and submitting the query to a relational database;
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21.

22,

23.

24,

receiving from the relational database a set of data elements from the plurality of data
elements that is associated with the first view;

generating a first electronic document comprising the set of data elements, including
generating transformative links to other network location identifiers, the
transformative links corresponding to performing actions on nodes in the data
tree, wherein a transformative link is an opening link or a closing link;

providing the first electronic document to the client computer.

The computer-readable volatile or non-volatile medium of claim 20, wherein the network :
location identifier comprises a list of one or more identifiers of open nodes of the data |

tree. |

The computer-readable volatile or non-volatile medium of claim 21, wherein the
instructions for creating the relational query comprise instructions for creating a
structured query language (SQL) relational database query in which at least one of the

identifiers of open nodes is a parameter of a SELECT statement.

The computer-readable volatile or non-volatile medium of claim 22, wherein the SQL
relational database query specifies selecting a result set of only those data elements

whose hierarchical parents are all in the list of open nodes.

The computer-readable volatile or non-volatile medium of claim 21, wherein the first
electronic document comprises the set of data elements, and the transformative links
correspond to opening or closing nodes in the data tree; wherein a first transformative
link corresponding to opening a node comprises the received network location identifier
with an identifier of a currently closed node appended to the list of identifiers; wherein a
second transformative link cor'responding to closing a node comprises the received
network location identifier with an identifier of a currently open node removed from the

list of identifiers.
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25.

26.

The apparatus of claim 2, wherein the sequences of instructions that cause the one or
more processors to perform creating the relational database query comprise sequences of
instructions which, when executed by the processor, cause the processor to perform the
step of creating a query in which at least one of the identifiers of open nodes is a

parameter of a record retrieval statement.

The apparatus of claim 25, wherein the sequences of instructions that cause the one or
more processors to perform creating the relational database query comprise sequences of
instructions which, when executed by the processor, cause the processor to perform the
step of creating the relational database query which specifies selecting a result set of only

those data elements whose hierarchical parents are all in the list of open nodes.
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FIG. 4

[URL stringis “View=Basic&OpenN 0des=96278,9628 1,96690""]

<cfset OpenNodeList =
REReplace(URL_string, ".*OpenNodes=([0-9,]+).*", "\1")>

<cfquery name="DirectoryTree" datasource="FilesDB">

SELECT L0.* FROM files AS §,

files AS L3,files AS L2 files AS L1,files AS LO

WHERE S.ID=96278 AND (L0.ID=S.ID OR L0.Level > S.Level)

AND 1.3.1D=L2 parentID AND L2.ID=L1.parentID AND L1.ID=L0.parentID

AND LO0.parentID IN (#OpenNodeList#)

AND L1.parentID IN (#OpenNodeList#)

AND L2.parentID IN (#OpenNodeList#)

AND L3 parentID IN (#OpenNodeList#)

ORDER BY CASE LO0.Level
WHEN 0 THEN L0.ID
WHEN 1 THEN CONCAT_WS(*-*, L1.ID, LO.ID)
WHEN 2 THEN CONCAT_WS(*-‘, L2.ID, L1.ID, L0.ID)
WHEN 3 THEN CONCAT WS(‘-¢, L3.1ID, L2.ID,-L1.ID, L0.ID)
ELSE L0.ID END</cfquery>
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FIG. 5
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