1 Method of Finding a Search String in a Docunent for Viewing on a Mbile
Commruni cation Device [0001] The following is directed in general to

di spl ayi ng content on nobile 5 comuni cation devices, and nore particularly
to a method for finding a search string in a document attachment and
view ng the corresponding section on a nobile commication device wthout
retrieving the full docunent content. [0002] Mobile conmunication devices
are becom ng increasingly popular for business and personal use due to a
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15 downloading and viewing of documents, such as word processing documents, tables and
images.
[0002A] Methods of formatting full size web pages for viewing on a small screen
portable device is described in Milic-Frayling N et al: “SmartView and SearchMobil:
providing overview and detail in handheld browsing” Mobile and Ubiquitous Information

20 Access. Mobile HCI 2003 International Workshop. Revised and Invited Papers (Lecture
Notes in Computer Science Vol. 2954) Springer-Verlag Berlin, Germany, 8 August 2003
(2003-08-08), pages 158-171, XP002318043 ISBN: 3-540-21003-2

www.springertink.com/index/H8K 7 GFSFOEXK 19K R.pdf [retrieved 2005-02-16].

{0003} Electronic documents are produced using various computer programs, such as
25 word processors, spreadsheet programs, financial software, and presentation software. It is
customary to provide a “Find” command in such programs for quickly locating a search
string of interest in a document, efc., without the user being required to read through the
entire document.
[0004] The downloading of an entire document 1o a mobile communication device
30 consumes a large amount of bandwidth, especially when the document is very large. In
addition, viewing even a portion of such a downloaded document on the device consumes
substantial device CPU/memory/battery resources.

[0005] For example, if a user wishes to view only a paragraph in a scction in the



30 consunes a | arge anount of bandw dth, especially when the docunent is
very large. In addition, viewng even a portion of such a downl oaded
docunent on the device consunes substantial device CPU nenory/battery
resources. [0005] For exanple, if a user wishes to view only a paragraph in
a section in the 2 mddle of a 400-page docunent, the section that
contains sone of the default properties Zor the paragraph, or even the
entire docunent, nust be transmtted to the nobile comunication device.
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15 already is present on the device (i.e. it has already been retrieved/downloaded to the
device).
[0008] Some document attachments can easily be in the range of several hundred
pages or contain large amounts of textual information, as indicated above. For a user to be
able to find all occurrences of a search term for such a large document attachment, all of
20 the content must be retrieved to the device from the server in a sequential fashion. This is
a very time consuming as well as a bandwidth and device CPU/memory intensive
operation.
[0009] A solution is set forth herein to the problem of having to retrieve the entire
content of a document attachment to a mobile communication device in order to find all
25 occurrences of a search string within the document. Specifically, a server find funtion is
provided for initiating a search on the attachment server and returning only the appropriate
section(s) containing the search term to the device. Any skipped (i.c. non-retrieved
document confent) may be visually indicated to the user {or later retricval. The non
sequential access according to the present server find function allows for minimized
30  bandwidth usage and a better on demand attachment viewing experience.
[0010] The server find feature set forth herein is a device and server side function that
allows a user to enter a search term for a document attachment into his/her mobile

communication device. If no (or any more) occurrences of the term are found on the



25 occurrences of a search string within the docunent. Specifically, a
server find funtion is provided for initiating a search on the attachnent
server and returning only the appropriate section(s) containing the search
termto the device. Any skipped (i.e. non-retrieved docunent content) may
be visually indicated to the user for later retrieval. The non sequenti al
access according to the present server find function allows for mnim zed
30 bandwi dth usage and a better on denmand attachnent Vi ew ng experi ence.
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highlighting said search string within a said chunk at said mobile device, and otherwise
20 providing an indication at said mobile device of no matches found.
[0010B] In another aspect there is provided a process implementable in a server for
locating a search string in a document stored on the server comprising: building and
caching a graph structure within said server representing a map of a document, wherein
sald graph structure paginates said document into individual chunks; transmitting
25 successive chunks of said document along with a total number of said individual chunks:
searching through remaining chunks within said server for a search string; and in the event
said search string is located in said remaining chunks then transmitting each of said
remaining chunks confaining said search string,.
[0010C] In another aspect there is provided a process implementable on a mobile
30 device process for locating a search string in a document stored on a server comprising:
receiving and displaying successive chunks of a document; searching at least one of said
successive chunks for a user entered search string and in the event said search string is

located then highlighting said search string; in the event said search string is not located



20 providing an indication at said nobile device of no matches found.

[ 0010B] I n another aspect there is provided a process inplenentable in a
server for locating a search string in a docunent stored on the server
conprising: building and caching a graph structure within said server
representing a map of a docunent, wherein said graph structure pagi nates
sai d docunent into individual chunks; transmtting 25 successive chunks of
sai d docunent along with a total nunber of said individual chunks;
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focated then highlighting said search string; means for prompting said user to initiate a
further search through remaining remotely stored chunks within said server in the event
said search string is not located; and means for providing an indication at said mobile
device of no matches found in the event that no matches are found.
20 Additional aspects and advantages will be apparent to a person of ordinary skill
in the art, residing in the details of construction and operation as more fully hereinafter

described and claimed, reference being had to the accompanying drawings.



15 successive chunks for a user entered search string and in the event said
search string is located then highlighting said search string; neans for
pronpting said user to initiate a further search through renaining
renotely stored chunks within said server in the event said search string
is not |ocated; and neans for providing an indication at said nobile

device of no matches found in the event that no matches are found. 20
Addi ti onal aspects and advantages will be apparent to a person of ordinary
skill inthe art, residing in the details of construction and operation as
nmore fully hereinafter described and clained, reference being had to the
acconpanyi ririefrRedcnipsion®f tBe Dedwbegcri pti on of the Drawings [0012] A
detail ed description of the preferred enbodinent is set forth in detai

bel ow, 5 w referer o.the follown ramngs, .in which: Figure 1 is a
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may be praotiihncetbremkieguitie Rllowing drawgsliiagiham showi ng the basic structure of
a Docunment (bject WMdel (DOV) used in the preferred enbodi nent; 10 Figure

3 shows the top-|iggele Tof aieckDEbyrsitr ofcd mgteokedvirgtihentdn wWhigune pfefshens an

exenpl ary for ord processing docunent; Figure 5 shows an
exenpl ary %@H%ﬁﬁﬁy&% orraC%e}tggbl e docunent; Figure 6 shows an exenpl ary

DOM structure forg; - C ' unent, contai nin n_inmge., .
subdocument : 15 i ur\réleylgf aﬁFSE%aO%%?'JS\i\Hg%thS\%”gﬁ’(?\Baﬁ'& SHH%H%R‘% %@fh‘@‘?"?‘&kf’%‘fte
const ruct i dtpdghdOlgagsatkinittmpreférgas esb8hmantl 8B show a graphi cal user
interface on the nobile comunication device for invoking the server find
commantf Fi gure Jighewsshawsdiss tapelepsl of e DORPstiLcAlre insBiguia;er f ace
indicating that a 20 search string has not been found; Figure 10 is a
fl owchart show ndigtregsshiowsperdxemalary RDMeticereside woet|pesksding dodumdnitat i ng
the server find command, according to a preferred enbodi nent; and

Figure 5 shows an exemplary DOM structure for a table document:

Figure 6 shows an exemplary DOM structure for a word processing document
containing an image subdocument:

15 Figure 7 is a flowchart showing document DOM structure construction and
pagination;

Figures 8A and 8B show a graphical user interface on the mobile
communication device for invoking the server find command,;

Figure 9 shows a message on the graphical user interface indicating that a
20 search string has not been found;

Figure 10 is a flowchart showing steps in performing a device side request for
initiating the server find command, according to a preferred embodiment: and

Figure 11 is a flowchart showing steps in executing the find command within
the server, according to the preferred embodiment.

25

Detailed Description of the Preferred Fmbodiment

[0013] With reference to Figure 1, network environment 10 is shown in which the
preferred embodiment may be practiced. Network environment 10 includes mobile

30 devices 12 communicating via a wireless network 14 to a server 28 for downloading
document attachments to the mobile devices 12. While only one server 28 is shown for

iHustration purposes, a person of skill in the art will understand that network environment



Figure 11 is a flowhart show ng steps in executing the find command within
the server, according to the preferred enbodi nent. 25 Detail ed Description
of the Preferred Enbodi nent [0013] Wth reference to Figure 1, network
environment 10 is shown in which the preferred enbodi nent may be
practiced. Network environment 10 includes nobile 30 devices 12 _

comuni cating via a wireless network 14 ¢o a server 28 for downl oadi ng
docunment attachments to the nobile devices 12. Wiile only one server 28 is
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Services (IMS).

[0015] Private intranet services 26 may require an associated Private Intranet Proxy
Gateway 24 for accessing content on server 28, Such private services include WML
access to corporate mail systems, HTML access to CRM databases, or any other

20 services that deliver information as formatted data with links and URLs embedded. As
shown, it is possible that a private service 26 may be connected directly to the wireless

network 14, as opposed to being connected via Internet 20.

[0016] Referred to throughout this document, for the purpose of describing the
preferred embodiment, is the structure of a Document Object Model (DOM) for a
25  document attachment to be viewed on a mobile device 12.

[0017] The attachment server 28 uses a file-parsing distiller in the preferred
embodiment, for a specific document type, to build an in-memory Document Object
Model (DOM) structure representing an attachment of that document type. The
document DOM structure is stored in a memory cache of server 28, and can be iterated

30  bi-directionalfly.

[0018] As shown in Figure 2, the graph-based document DOM structure consists of
nodes and leaves. The nodes serve as the parents of leaves and nodes, while leaves
are end points of a branch in the graph. Each node and leaf can have a set of attributes

to specify its own characteristics. For example, a paragraph node can contain attributes



20 services that deliver information as formatted data with |inks and URLs
enbedded. As shown, it is possible that a private service 26 may be
connected directly to the wireless network 14, as opposed to being
connected via Internet 20. [0016] Referred to throughout this docunment, for
t he purpose of describing the preferred enbodinent, is the structure of a
Docunent Cbject Mddel (DOM for a 25 doéunent attachnent to be viewed on a
nobi | e device 12. [0017] The attachnent server 28 uses a file-parsing
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[0018] As shown in Figure 2, the graph-based docunent DOM structure
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as shown in Figure 3:

[0021] Three types of components are defined by the attachment server 28: text
components, table components and image components, which represent text, tables and
images in a document, respectively. The text and table components are described in

20  detail below, and the image component structure is identical.

[0022] A component consists of a hierarchy of command nodes. Each command
represents a physical entity, a property, or a reference defined in a document. For the
text component, the physical entity commands are page, section, paragraph, text
segments, comments, footnote and endnote commands, which by name define the

25  corresponding entity contained in a document. The property commands for the text
component are font, text color, text background color, hyperlink start/end and bookmark
commands. The text component has only one reference command, referred to as the
text reference command, which is used to reference a subdocument defined in the main
body of a document. Usually, the children of a text component are page or section

30 command nodes that, in turn, comprise a set of paragraph command nodes. The
paragraph command can contain one or muitiple nodes for the remaining command

types.

[0023) Using the following sample text document, the corresponding document

DOM structure is shown in Figure 4:



navi gational information. Wen the attachnment server 28 builds the DOM
structure for 15 an attachnent file for the first tinme, the top-Ievel
structure is a single parent-child chain as shown in Figure 3. [0021]
Three types of conponents are defined by the attachnment server 28: text
conponents, table conmponents and i nage conponents, which represent text,
tables and images in a docunent, respecgively. The text and table
conponents are_descri bed in 20 detail below, and the inmage conponent
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[0025] The table component has the same three types of commands as the text

15 component, but different command names. The document DOM structure for the sample
table document below is shown in Figure 5:

Cell One Cell Two
Cell Three Cell Four

[0026] As shown in the Figure 5, the table component has physical entity type

20  commands of table, tablerow and tablecell, where the tablecell command can contain all
available commands for the text component. In the example above, the first child
TableRow command of the table command has an attribute “Index” defined by value of
0. This indicates that the indicated table row is the first one defined in the table. The
attribute of the leftmost table cell command in Figure 5 has the same meaning.

25  {0027] A document sometimes contains subdocuments, for example images, tables,
text boxes etc. The DOM structure set forth herein uses a reference command to point
to the graph of such subdocuments. Thus, for the following sample document, the

attachment server 28 generates the DOM structure shown in Figure 6:

30 This document has subdocument of images tike this onekiil

Second paragraph contains the same imageké

[0028] The structure shown in Figure 6 is identical to that discussed above in

a



richer. Each time a text property (font, text color, etc) changes, a
correspondi ng text property command is created and the change value is
added to that conmand as an 10 attri bute. The subsequent text segnent
command records the text with the sane text property as an attribute. As
docunent structure gets richer and nore conpl ex, nore comuands of
corresponding types are created and the glocunent properties are added as
attributes to those commands. [0025] The tabl e conponent has the sane three
types of cmmMisnmthtm@JmeﬂtanaE eetOnReNhe albiiutel fire end ref@aRBNd nanes.
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attribute
15 requsres (RequireSize) as a response from the server (e.g. 3K bytes). The two attributes

are whether the device is a color or monochrome device, and the screen size (width x
height x color depth) of the device in pixels. Other information about the device 12 can
also be transmitted to the server 28 (e.g. memory size). After the server 28 receives a
document-viewing request, it starts the pagination process (step 30), and initializes the

20 variables Pagelndex and PageSize.
[0031] The following terms and variables are set forth in Figure 7:

[0032] The Pagelndex variable is defined in the server 28 and used by the server to
record the current page index being paginated by the server. The page index is initially
set to O indicating “Page 1”.

25  [0033] PageSize is a variable defined in the server 28 and used by the server to
record the current size for the page being paginated and is reset to 0 when paginating a

new page.

[0034] Hyperlink map is a variable defined in the server 28, which is a container
consisting of the element type of hyperlink node in the document DOM structure. The
30 Kkey (ID} for each element in the container is the hyperiink target string.

[0035] Bookmark map is a variable defined in the server 28 which is a container
consisting of the element type of current page index (Pagelndex value) for the bookmark
in the document DOM structure. The key (ID) for each element in the container is the

bookmark string.



5 of those two reference conmands point to the inmage conponent, as

i ndi cated by the dashed |ines, such that the DOM structure connects
together all parts of the docunent. [0029] Having described the docunent
DOM structure used to inplenent the enbodinent set forth herein, a

detail ed discussion will now be provided of docunment DOM structure
construction and pagi nation al so used tojignpl enent the enbodi ment. 10

[ 0030] The pagination function is a client and server side operation.
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initially set to O indicating "Page 1". 25 [0033] PageSize is ‘a variable
defined in the server 28 and used by the server to record the current size

for the pa @e tsﬁﬁ‘{:ffpagl nat ed and is reset to 0 when paginating a new page.
[ 0034] Hypeér Z{T/H varl abI e defi ned in the server 28, which is a
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hyper | i nk gﬂﬁﬁ Pk map is a variable defined in the
server 28 mhlcﬁ |s a container consisting of the elenent type of current
page i ndex (Pagel ndex value) for the bookmark in the docunent DOM
structure. The key (ID) for each elenent in the container is the

20  [0038] Caching the document DOM structure requires considerable memory, and
therefore increases the overall hardware deployment cost. On the other hand, building
the DOM structure for a document is even more time and CPU intensive in contrast to
the document key construction operation, especially for big documents. Since that
processing time is more critical than hardware deployment cost for wireless operation,

25 caching the document DOM is the approach adopted for the preferred embodiment,
rather than building the DOM structure for the document each time the server receives a

viewing request and then discarding the structure after sending the response back to the
client device 12.

[0039] Once the document DOM structure has been built and stored in the cache,

30 the server 28 determines whether a page mark has already been set in the root (step
36). If not, the server traverses through the DOM structure (steps 38, 39, 40 and 41) and
calculates the output size (PageSize) for each node in the DOM structure based on the
number of bytes (RequireSize) provided by the device 12. The server increments the
Pagelndex (step 42), adds it as an attribute to each node in order to mark the start of

35 each page, and adds each node as an attribute to the root node with the string
representation of Pagelndex as the attribute name (step 43). Following this pagination
function, the attachment server 28 transmits the document page-by-page to the

requesting mobile device 12 based on client generated requests (step 44).



bookmark string. 10 [0036] The server process constructs a docunent ID
(step 32) based on the docunent contents and uses the ID to check the
docunment DOM cache (step 33) to determ ne whether the docunment DOM
structure for that docunment has been constructed. If the docunent DOM
structure does not exist in the cache, the server 5 builds the DOM
structure (step 34) for the docunent and,adds it to the cache (step 35).
[ 0037] To construct the docunment ID, the original docunent file is opened
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one based on the broad range of different document content required to be processed
15 by the server 28.

[0042] Consider the example of a user requesting to view a document attachment
that consists of 200 pages of textual content. The server 28 receives the initial
conversion request from device 12 to convert the document attachment and in response
constructs a Document Object Model (DOM) for the document content. The server then
20 returns the first chunk (i.e. page) of the content back to the device. The server aiso
returns to the client an indication of the total chunk number (e.g. 40 chunks or viewable
pages in the document DOM structure). In the present application, a “chunk” may
include up to 3000 bytes of data, which may be more or less then a page of actual text,
depending on font styles, formatting, colors or document content. However, for ease of
25  description, the terms “page” and “chunk” may be used interchangeably.

[0043] Upon receiving the initial document content (i.e. the first chunk of data) from
the server 28, the device 12 parses and displays the content (step 45 in Figure 10). As is
conventionaliy known, the user may invoke the “Find” command on the attachment
viewer in response to which the user is prompted to enter an alphanumeric search term
30 (step 47). The "Server Find” command of the present application is linked with the
conventional "Find” and “Find Next” commands found in the attachment viewer of device
12. Figure 8A shows a graphical user interface on the mobile device 12 for entering a
search string to search a document attachment to be viewed on the device. After
entering the search term (step 49), the attachment viewer (i.e. client) searches the first

35 chunk of content on the device.



36). If not, the server traverses through the DOM structure (steps 38, 39,
40 and 41) and calculates the output size (PageSize) for each node in the
DOM structure based on the nunber of bytes (RequireSize) provided by the
device 12. The server increnents the Pagelndex (step 42), adds it as an
attribute to each node in order to mark the start of 35 each page, and adds
each node as an attribute to the root n with the string representation
of Pagel ndex as the attribute nane (step 43). Follow ng this pagination

function, [odwr)at t aehnBRk iSBUNE(.e28 VHPRSR ] §1)t e Jeswrrid, PageaRyRage to
t he requ%égw% mobi | e device 12 based on client generated requests (step
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content on the attachment server 28 that has not yet been retrieved by the device 12 (i.e.
a YES at step 59). Specifically, the client device 12 sends a “Server Find” command to
the server 28, containing the string to be searched and a chunk index range to search
(step 61). For the example of Figure 8A, the client issues a “Server Find” command to the

20 server with the search term “comments” and a chunk index range to search of, for

example, “2-40". The chunk index does not contain chunk 1 since chunk 1 is already

residing on the device 12.

[0048] The server 28 then searches through the DOM for any document content
containing the search word “comments” for chunk 2 through 40.

25  [0049] If the attachment server 28 encounters a match with the input search string
(i.e. a YES at step 63), it returns the attachment section back to the attachment viewer of
client device 12 (step 65), along with the chunk index where the match was found (e.g. if
the next match is in chunk 20 then that chunk content is returned back to the client along
with chunk index 20). The client 12 then parses and displays the contents (i.e. of chunk

30 20} and highlights the position of the search “hit” to the user. Also, the user is visually
informed that the contents for chunks 2 through 19 resides back at the server 28 by
inserting a visual "Skipped Content” indicator bar in between the contents of chunk 1 - 20.
(step 67). The match is indicated on the device 12 in



returns to the client an indication of the total chunk nunber (e.g. 40
chunks or viewable pages in the docunent DOM structure). In the present
application, a "chunk” may include up to 3000 bytes of data, which may be
nore or |less then a page of actual text, depending on font styles,
formatting, colors or docunent content However, for ease of 25
description, the terns "page" and "chunkj,may be used interchangeably.

[ 0043] Upon receiving the initial docunen% content (i.e. the first chunk of
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10 [ 0046 er es the "Find" or "Find xt" command are
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step 515, aemsﬁrwedlt@thahlameawed inform ng the user that the searched text
has not been found in the section of the docunent resident on the device.

As shown i [00B2pur eTBBsetvhr sidasesagenapriamepsatedig performed until all sections with
matches to the search string have been downloaded to the device 12. On execution of
the final “Server Find” command, the server 28 searches through the DOM contents for
chunk 40. in this case no further matches are found for the search term in the remaining

20 chunk. Once that occurs, a “Reached end of section” dialog is presented to the user
(step 69), as shown in Figure 9. As indicated above, a match is indicated on the device
12 by highlighting the first character of the search string found in the retrieved content.
This is illustrated in Figure 9 (where the search string is “comments” and the first letter
“¢c" is highlighted).

25  [0053] In conclusion, to use the example described above, the “Server Find”
operation allows the client to search a 200 page document while retrieving only the
chunks of content where a match is found, for parsing and display (e.g. chunk 1, 20 and
39), as opposed to retrieving a total of 40 chunks of contents back to the device for
parsing and display to achieve the same result. Therefore the “Server Find” command

30 greatly optimizes bandwidth, device storage usage and total response time for document
search by only returning the relevant chunks or sections to the device 12 for viewing by

the user.

[0054] Turning now to the server side process illustrated in Figure 11, when the

attachment server 28 receives a server find request for an attachment (step 71), it first



user to initiate a server side search for the requested text string. 15
[0047] If the user selects "Yes" a search is initiated through the
remai ni ng docunment content on the attachment server 28 that has not yet
been retrieved by the device 12 (i.e. a YES at step 59). Specifically, the
client device 12 sends a "Server Find" conmand to the server 28,

containing the string to be searched and_a chunk i ndex range to search
(step 61). For the exanple of Figure 8A, l¢he client issues a "Server Find"

comand to dxh@ct@%é%&%lﬁtte\m td’ibé é’&r&%&!(@fbp’fﬂ) MorGONIRIRE Yaridtedr Ghions ndex
range to search of, for The chunk index does not contain

chunk 1 si HEeCWSTV? sfoa\r%f%aa@ackweﬂ aﬁ%ﬁah SHC tih@dgilion dae aBach a8 vehe

server 28 td&&@ctsﬁ@ﬁﬁﬂﬁ@SfecstQ%fbhhh@raD@MtB(% s@@%h@@%ﬁﬂlﬂ‘?@ﬁrd@@%@@ﬁunk range
cont ai ni ng ,t he seﬂ’{ﬁgh word "conments” for chunk 2 through 40. 25 %

the attach match wth the input search strlng
hantd R fRFcteasy %ﬁe&amte@? £5h
e. a YE? %ﬁs}t eg 3{) returns the attachnent section back to the
attachr‘r’gnt 0 fter 8rie§'r'i‘9 RRpiccRedmied feg eyt DR sHycitia T e chunk
i ndex wher etthttensrmtiomh wasn-faisndy GeagnerhthOMf@cH@@teWQ)C lfhé StdcAme At &0
t hen t hat 5$Enk con&nenéghfﬁretur ned back he client al on%q w t h chunk

i ndex 20). “THEVESFa BiFtAs(EleR 8&%6’%‘@%@% thelatowreamrdhg firsk.  of

chunk 30 ZQhuraﬂd tie grhljm@’@hge t eomsict tORa@rsé R SERr GRicihé ti'e. TaO(EShﬁt HELT -
for chunks 2 thr ough

Al so, the légi \qs ég %r rreﬂ that the contents

19 resi des RAdIOEE RS ©"RaEs Pl SRINHAVY YRR IPAraKIRSpEPPCHN O8Nt "

i ndi cator st ségmbet(vepsol hﬁh@@@f\ﬂ@tr&ct@fe Wié?kpélrsmg% parb§ia8R cBrimantiBe
match i s i ﬂ?léﬁ% E%‘&g??t he device 12 in conventional manner (step 53)

by highlig GreeT grele g inlng e”@@srp@r@%@m gt candeinta (ster Phie

retrieved oantwestthe st dbrstonts seded M tgé@&eégrdehtaddmrh@hmhd é&&)ﬁﬂb té»eft td fha user
nventi onal

conti nues the se rch. b e the c " mrand
whil e cont BAEITRN e ﬁ%o )! Thhuselienthen éear(ﬁts,%%weé%f com%ef% faﬁpheéaﬁsequem
5 match \|N| phtkatn I(shep QﬁhtTeﬁtattQéhrﬁélu@ler\%@ﬂe&téb tﬁﬂit.@%&ﬁe D@l\ﬁﬁtr@%‘re Lﬁ-ﬁllz ﬂg]escL i bed
previo y rt eenc untered wthin chun then
Phe’ Loty text Pfket Bad BaEARInRr BUFE Glies BPiande SRR PSFY RRPTEREd at | on
if so de3| fieda I\{Cb)ﬁﬁeitiep The |frsewucene>ﬁlp@dernq@mudn tfe DOMISEIcRGaIsPedifdEpy 61)
with the i %unk range the attachment server will return an error (step 99). Otherwise the

server returns the contents of the first chunk containing the text pattern (step 97).

[0056] The attachment server 28 may split the matching text contents into multiple
20  chunks, but will always persist the DOM structure for the chunk where the matching text
starts and indicate the number of characters of the text pattern contained in the

persisted DOM structure in the response to the client 12.

[0057] A person skilled in the art, having read this description of the preferred
embodiment, may conceive of variations and alternative embodiments, all of which are
25  believed to be within the ambit of the claims appended hereto.



but this tine the requested chunk index is 21 through 40 since the client

al ready knows 10 that chunk 1 through 20 has been searched through. If an
additional match is found in (e.g. chunk 39) then the content of chunk 39
and the chunk index nunber 39 are returned back to the client (step 65)
for parsing and display. Again a "Skipped Content"” visual indicator bar is
inserted between the content of chunk 2(; and chunk 39 (step 67) to

i ndi cate hgn%he user that content still remains back at the server 28,

whi ch has not” yet 15 been retrieved to the device 12. [0052] The server
side search may be repeatedly perforned until all sections with matches to
the search string haye been downl oaded to the device 12. On execution of
the final- " Sef\PEPCess vaﬂ locabreraearch HEng & 9 8pcppend storehrisa SHVSLGH dayDEv

cont ent sk QLarcIEHMA C urther matches are found for the
1k deare E ot -mdifliel %C,C ﬁoarﬁq( ﬁ%

search termin the“remal ning 1ce that occurs, a "Reached end of
section" dialog is presented to the user (step 69), as shown in Figure 9.

As i ndi cat ed abov naﬁc i.ndi cat ed f the device 12 by hig htlng
the first chalBims ahorhEs s ek in i VG REPTPREHIBY SRR e
This is ddchimeht @Jh@ﬂaufl' E‘axg Lg%h%trgctﬁm)gﬁlattél%aﬁﬁﬁfcﬁ&e&t1f1ioniﬂdiv§dﬁ'af39rmﬁ§§tf§r" and

the first letter ht ed I'n conclusion, to use the
exanple<H@§%Y®meﬂdaE®ﬂed6Whe "Server Find" operation allows the client to
search a 200 page docunent while retrieving only the chunks of content

where a match is found, for parsing and display (e.g. chunk 1, 20 and 39),

as opposed t aiseeinitist Mghsthiftial al s@fcedvcdiinks o OfaiC QRS rBRGHKId Rridi€o
devi ce for par5|ng and display to achieve the sane result. Therefore the

" Server SEidiHObUCHRTSOBGISHIaR RY 159idapehile deicetsionawidh b totdlavingher of gidge usage
and tot g}k ime for document search by only returning the rel evant
chunks o#lsg%?ﬁgﬁﬁk%o the device 12 for viewing by the user. [0054]
Turning now to the server side process illustrated in Figure 11, when the
attachnment server. 28 recejves Egrver find request for an_attach nt (step

71), it fir stuswmt@ﬁdrsge&c 1&% af [eRet Qs & Spefcaeveea%ﬁéfaﬂl(rs‘f% Yeal ong
W th theevRe! hﬁ’&‘f’m ﬂ?@é\%ﬁt é%lp& LRy str ulth% nof B25ted GNE thd 48 nfRb¥RSafy backwvard

search, etc. dition, e attachnment server
1nd1v1dua1 chunks has not been searched then initiating a further search through remaining

chunks within said server;

in the event that said search string is located within the remaining chunks,

transmitting a first chunk containing said search string; and

in the event said search string is located in either said at least one of said successive or
remaining chunks then highlighting said search string within a said chunk at said mobile
device, and otherwise providing an indication at said mobile device of no matches found.

2. The process of claim 1, wherein initiating said further search comprises:

sending said search string and an index range of said remaining chunks subsequent to

said at least one of said successive chunks from said mobile device to said server;

searching said remaining chunks within said index range for said search string; and



extracts fromthe request the chunk range to be searched and reorders the
chunk range based on the search options (step 75). 5 [0055] After
retrieving the pre-pagi nated docunent DOM structure for the attachnent
fromthe in-menory docunent DOM cache (step 79), the attachnent server 28
traverses the DOM structure (step 81) until it reaches the start node for
the first chunk in the chunk range. Itjgontinues to traverse the DOM
structure (i.g..4.2, St 83.fal 8 the .nodes
ot commnd 1y et 8erare Al sSSPy B B B ShERHER P S ag S b8l Bow
st r uct ur sardirein gardsinngsddiepetimgriaply tammendsverthesiadbdcdhment server 28
resets the internal variable paragraph text contents (step 91); retrieves
the text contents stored.in the text segnment command and adds the text to
the paragrapi,coBLERLS ﬁﬁﬁ%-%@ TR BEL YA hABONGEALFGR ot DEadiGEk
contents for tﬁe&?ext Batterﬁ §Feﬁgg§§$ %ﬁe igtggﬁﬁgﬁi seFve?E%%Erates

t hr ough difgapoiMasd dexsecupeeflint iie pdsaiohSn tlexdocpatehewherhdlse dvemh stronmid or  al |

t he chunks ti‘cg t he chunk range have been searched (i.e. a NO at step 83).

I f no sulft't%éxt pattern is found in the DOM structure specified by the
chunk range the attachment server will return an error (step 99). O herw se
the server returns the contents of the first chunk containing the text
patt er n 4 st epllgmrocesp 0088] o cdaimadhinsn furer vanpgngrasnesasicantoftabisplat @hi ng
text conte kN mul.tipl e, 20 unks. but w || al. persi st the, DOV
struct urg ol E i e S Ned R bt PR B A PhracShe e
nunber afrovhtasdieing cimisheithiaxbidaabdegr n contained in the persisted DOV
structure in the response to the client 12. [0057] A person skilled in the
art, having read this description of the preferred enbodinent, may

concei ve of vl atd | ti Thadi i _ of [ 5
believed to be elva? %) Qggégﬂgﬂﬂé%}‘ '? lra([)}? 41’ ﬁgthgrgcl%n%@g%é%ncfggc}lcﬁeorfg}tlgg!p%?g%%e%tlzm;:
1. dAdpr d]lacﬁs;uof bn*rtdﬁcsa‘altding?]ﬁb?te@em kaid &mde@@éw@relmiﬁlgklmhﬁrwy pﬁbiﬁﬁ@arﬂiﬁldﬂ:&ﬁiﬁg ver
an i spl ayi,n e .search string on a nobile device, conprising: building
and cach? A9 2 g SHALERARIE GURRY Hi RIS C¥ErAR ot s SRBRIisg ‘@ SV sai d
docunent, wherein said graph structure pagi nates said docunent into

i ndi vi dual chunks for
6. The process of any one of claims 2 to 5, wherein said searching said remaining

chunks comprises:
extracting said search string and said index range to be searched,

iterating the graph structure and for each node in said range of remaining
chunks parsing any paragraph and text commands, and for each paragraph command
retrieving and storing any text content from said text commands in a paragraph content
variable and searching said text content in said paragraph content variable for said search

string; and

upon locating said search string persisting said graph structure for each of said
remaining chunks containing said search string and transmitting each of said remaining

chunks and associated chunk indexes to said mobile device.

7. The process of claim 6, further comprising extracting search options along with said

search string and index range, and reordering said index range based on said search options.



di splay on said nobile device; user initiated transmtting of successive
chunks of said docunent fromsaid server to said nobile device for display
by said nobile device along with a total nunber of said individual chunks;
user initiated searching of at |east one of said successive chunks within
said nobile device and, in the event said search string is not |ocated and
t he total nunber of said individual chunks has not been searched then

the Lot o h th d
in the cbant [eofe 3BT LR B i G RE Rt R

chunks, Ob@aﬂﬂﬁﬂ&KDﬂgﬁﬁ first chunk contalnlng said search string; and in
the event said search string is |located in either said at | east one of said
successive or remaining chunks then highlighting said search strlng Wi t hin
a said unk % hermns ovr tion
2t oai d oot 1 2 PAER E TP BB S e SRR T HARPIL B Do B fiy A

wher ei n ¢miht sat/eingngaisthg: ur t her search conpri ses: sending sai d search
string and an index range of said renaining chunks subsequent to said at

| east one of said successive chunks fromsaid nobile device to said server;
sear chi ng saiw; I rch
string; and f%Mdl ?ﬁ%&gég% E?N@%Q%@gﬁﬂg§#%ﬂggég&ﬁggg?ég&#%ggﬂ)&ﬁ?

t ransm tdcicngest, vhesin sindiplepk ot cire pfaguma:sdals!eiacmhexstt1morigdfaittﬂ1aa¢htmksoci at ed
chunk index fromthe server to said device. 3. The process of claiml or
claim2, wherein said highlighting conprises updating a display of said
device to r eftlra%ﬁﬁnthﬁﬁSlRQ@ésHeQihuhK‘s Mg ORUpRAL al@ﬁ@ﬁv@th%h@ta? B&L6E Flshidng 1S

| ocated. 4. The process of any one of clains | to 3, further conprising
gener at ilpdivigualechgnkyl ay at  sai d nobil e communication device for pronpting
said user to initiate said further search through remaining chunks wthin
said server. 5. The process of claim3 or claim4, further conprising
generation ofsc@chifp pipedgic amidihg chivisGatin siake@br foiadesicl piridy; het ween sai d
successi ve chunks, thereby providing an indication to said user of said
remai ni ng chunks mnthln the server not yet been transmtted to the device.

in the event said search string is located in said remaining chunks then transmitting

cach of said remaining chunks containing said search string.

10. The process of claim 9, wherein said searching further comprises:
receiving said search string and an index range of said remaining chunks;
searching said remaining chunks within said index range for said search string; and

in the event said search string is located then transmitting a first chunk containing said

search string and an associated chunk index.
11.  The process of claim 10, wherein said searching further comprises:
extracting said search string and said index range to be searched;

iterating the graph structure and for each node in said range of remaining chunks

parsing any paragraph and text commands, and for each paragraph command retrieving and



6. The process of any one of clains 2 to 5, wherein said searching said
remai ni ng chunks conprises: extracting said search string and said i ndex
range to be searched; iterating the graph structure and for each node in
said range of remai ning chunks parsing any paragraph and text conmands,
and for each paragraph command retrieving and storing any text content
fromsaid text commands in a paragraph gontent variable and searching said

text con I al , raph, content variable for sajid searnch string;
and upon s i AR EGBA BIRERN BB et BB G 8 SRR Rr o 1or
each of sardiing@nBdeRi At inisd paaLAbIN chgeSaladasle &CdiEidatdhGuand and
transmtting each of said remaining chunks and associ ated chunk i ndexes to

said nobile device. 7. The process of claim®6, further conprising

extracting Se@oﬁho%?%n%%@i% s%&%ﬂgtrﬁ\fgté%aﬁﬁjn% saf gﬁé@gst B %o A0, ioni'%%( range,

and reordering sal ex range on~sal rch options. 8. The
process mehaanyg dnmketorthmingssald dearch,strvhearel transanitting caghhofshidueidingnd s a

Docunent | ect Model [X%?” 9. A process inplenentable in a server for
Iocatindjﬁgg%ﬂF@ﬁ&@¥@F%§“P igdgGeunent stored on the server conprising:
bui | di ng and caching a graph structure wthin said server representing a
map of a docunent, wherein said graph structure pagi nates said docunent

i nto i ndidvi dublte mheesk of claim dhsfwthen sogngisomesdiaviEngimaniisopibns alodg dotisakint
al ong mﬁ%g,ﬁsgotaldnq?ber of Siid individu&l chunFs; searﬁhin hthr.ough
remai ni ng EAGRRS WHATR 18885 AAFVEICTHESS 188G ERESPHFAGT Sad°TR! PRE By ent
said search string is located in said remaining chunks then transmtting
each of said remaining chunks containing said search string. 10. The
process I8t clBierarocesghbpnsi @iles@“icaallsléé?rt@rigmyhﬂ@m’@éi gleprpiriciers:is a Pseemnentng

sai d seagkgl i an i ndex range of said remaining chunks; searching
sai d reﬁ%ﬁ%ﬁﬁ%é%%ggggghﬁthin said index range for said search string; and

in the event said search string is located then transmtting a first chunk
containiqg s%id : : : : L
14: process implementable on a mobile device process for locating a search string in a

document stored on a server comprising:
receiving and displaying successive chunks of a document;

searching at least one of said successive chunks for a user entered search string

and in the event said search string is located then highlighting said search string;

in the event said search string is not located prompting said user to initiate a further

search through remaining remotely stored chunks within said server; and
otherwise providing an indication at said mobile device of no matches found.

15.  The process of claim 14 further comprising updating a display of said device to reflect

the position in the document where the search string is located.

16.  The process of claim 14 or claim 15, further comprising generation of a skipped
content indicator bar on said display between said successive chunks, thereby providing an

indication to said user of said remaining chunks within the server not yet been transmitted to

the device.



search string and an associ ated chunk index. 11. The process of claim 10,
wherein said searching further conprises: extracting said search string
and said index range to be searched; iterating the graph structure and for
each node in said range of remaining chunks parsing any paragraph and text
commands, and for each paragraph command retrieving and 18 storing any
text content fromsaid text commands i mga paragraph content variable and
searching said text content in said paragraph content variable for said
search string; and upon |locating said search string persisting said graph
struct ur &7.f or Agasler odpabRi (f loda€iRBkRE4gh ShikipkS 2 deBimiMisigedal theSEBREN String
and transmtting each of said remaining chunks and associ ated chunk

i ndexes. “UIPRSTHe process of claim 11, further conprising extracting search
options along with said search string and index range, and reordering said
i ndex range based on said search options. 13. The process of any one of
clainms 9 to l2ganatfer hlhitdiﬁ@mdi gichipl agdrapicdtiucairt svithirDedd sendr rqﬂajs@d:ihgj s lybdel
(DOV . 14, rocess i npl enentable on a nobile device process. for, cating
a sear ch&k M SR e bR S aa?g%fr\%wi@%megf Hge “wdé‘e@.l'cﬁ. ng and
dlsplayuﬂgn§ycce55|ve chunks of a docunent; searching at |east one of said
successi ve chunks for a user entered search string and in the event said
search string is |ocated then hlghllghtlng said search string; in the event

said search stri s not. .l ocat ed user to |n urt her
Search ch oughebBiel RRgtaastcs & SRl EhutuSoiel oAb Pl pimbi

ot her W sof spidaMdieidugl @inkgdi cation at said nobile device of no matches
found. 15. The process of claim 14 further conprising updating a display of
said device to reflect the position in the docunent where the search

string is logaledq, 18, ;m% tHI{((l?l%ﬁ?%nqun c%h{{'ﬁ ﬁ’m S das' of Por o sléﬁttcg%g}né;pl

conprising generation o ten i ar on

bet ween asdi d successi ve chunks, thereby prOV|d|ng an indication to sald
user of said remai ni ng chunks mﬁthin the server not yet been transmitted to
t he devi ce.

means for transmitting each of said remaining chunks containing said search string in

the event said scarch string is located in said remaining chunks.

18. A mobile device capable of locating a scarch string in a document stored on a server

comprising:
means for receiving and displaying successive chunks of a document;

means for searching at least one of said successive chunks for a user entered search

string and in the event said search string is located then highlighting said search string;

means for prompting said user to initiate a further search through remaining remotely

stored chunks within said server in the event said search string is not located; and

means for providing an indication at said mobile device of no matches found in the

event that no matches are found.

19. A computer readable medium executable on a processor of the server of claim 17 for

implementing the method of any of claims 9 to 13.



19 17. A server capable of locating a search string in a docunent stored
on the server conprising: neans for building and caching a graph structure
within said server representing a nap of a docunent, wherein said graph
structure pagi nates said docunent into individual chunks; neans for
transmtting successive chunks of said docunent along with a total nunber
of said individual chunks; means for segyching through renaini ng chunks
within said server for a search string; and nmeans for transmtting each of
sai d remai ni ng chunks containing said search string in the event said
search s10.i ngAicsmipatat@dahln nkaliwh cesmidblagn & ptirksor dB8the MdBIbideeice8¥ tlakn
capabl e of Iocatlng a search string in a docunent stored on a server

conpri si Iiylor feRlsmendne hesestiodef %W&fcﬁaélﬁP agithdo-successi ve chunks of a
docunent; neans for searching at |east one of said successive chunks for a
user entered search string and in the event said search string is |ocated
t hen hi ghl.i ghthewgreaotclamand Zhwbdreingid scamaing rhems P comgrisat d user to
initiate a further search through remaining renotely stored chunks within
said server in the event said search string is not |ocated; and nmeans for
providing an lhéﬁiiiscf@itﬂe@@w%& s§1@'sga1€?l%i %a@@\éhqﬁd&fral% Jﬁ%ﬁh‘gﬁlafn‘i’[@gldnﬂst he
event that no matches are found conput er readabl e nedi um execut abl e
on a processor of the server of cIa|n117 for inplenenting the nethod of
any of clalng mmg% 3 ﬁ % qg & 1%dab dlun1 xec on a
processor of Th N R TR éEB?HE? 18145154 WS%EH@F ’hod of
any of clai ngtiddfl;hed 16. 21. The server of claim17, mhereln sald searching
means further conprises: nmeans for receiving said sear ch string and an

i ndex range of said remaining chunks; neans for searching said remaining

chunks w thi p,sal ¢ t&qgéltfiﬁgg%gt%'ﬁuﬁl?cl:(gltglﬁﬁl sa1d search string and an associated

chunk index in the event said search string is located.
22.  Theserver of claim 21, wherein said searching means further comprises:
means for extracting said search string and said index range to be searched,;

means for iterating the graph structure and for each node in said range of
remaining chunks parsing any paragraph and text commands, and for each paragraph
command retrieving and storing any text content from said text commands in a paragraph
content variable and searching said text content in said paragraph content variable for said

search string; and

means for maintaining said graph structure for each of said remaining chunks
contaming said search string upon locating said search string and transmitting each of said

remaining chunks and associated chunk indexes.

23, The server of claim 22, further comprising means for extracting search options along
with said search string and index range, and reordering said index range based on said search

options.



string; and neans for transmtting a first chunk containing said search
string and an associated chunk index in the event said search string is

| ocat ed. 22. The server of claim?21l, wherein said searching neans further
conprises: neans for extracting said search string and said index range to
be searched; neans for iterating the graph structure and for each node in
sai d range of remaining chunks parsing gny paragraph and text commands, and

for each,para (o} n i and stori t ext cont rom
ot 0"t extcomin Rt NRE LY b3 o D P et T P EAAC ARGl & Fexc
content sald datick fpacAgt drfpsdivhanthy@duakhewh@e tfadedrchsedieR 1§datddng; and
means for maintaining said graph structure for each of salid renaining
chunks containing said search string upon |ocating said search string and
transm t44 ng f i es.
23" The SurvortepodfieSaiof BB N A T BRRAGLE REnE MELBREESD.
options i amqapedncbhtcsamdzcsmabaﬁmsimd dgp}apdie;wnéﬁmxﬂanq&ssiamchmﬁ@rtﬂat:i)y\g sai d
i ndex range. based sai d se a&h}‘lons e nobi |l e device of

cl ai m 18PPUIdH A 188%?‘?%9%6”%&%?% %%{Pg Sd‘f‘-&{b‘l R Eip sGFver 8l XFLBERA ce to
refl ect ¢hempest biiRdddcd he docunent where the search string is |ocated.

25. The nobile device of claim 18 or claim?24, further conprising nmeans for
generation of a skipped content indicator bar on said display between said
successi ve chunks, thereby providing an indication to said user of said
remai ni ng chunks within the server not yet been transmtted to the device.



