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ABSTRACT OF THE DISCLOSURE

The subject matter of this specification can be embodied in, among other
things, a method that includes selecting a plurality of web pages including static
web page elements, generating first configuration information that specifies at
least one of the static web page elements, and generating second configuration
information that specifies at least one asynchronous web page element. Each
asynchronous web page element corresponds to a particular static web page
element specified in the first configuration information. The method aiso includes
modifying the selected plurality of web pages. The modification includes parsing
the plurality of web pages, identifying the static web page elements within the
plurality of web pages that are also specified in the first configuration information,
and replacing the identified static web page elements with the corresponding

asynchronous web page elements specified in the second configuration

informatton.
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Synchronous to Asynchronous Web Page Conversion

TECHNICAL FIELD
[0002] This instant specification relates to modifying electronic documents

to include asynchronous components.

BACKGROUND
[0003] Many existing web sites for commercial entities include an
extensive set of web pages that include static hypertext markup language
(HTML) elements that require an entire web page to be refreshed before the
element can modify the web page. Asynchronous elements, such as
Asynchronous JavaScript and XML (Ajax) elements, may permit a portion of
the web page to be modified without refreshing other portions; however,
many web pages of existing large web sites may not yet incorporate these
asynchronous elements due to the significant effort required to create new
web pages for the web site that have asynchronous elements or to modify

the existing web pages to include the asynchronous elements.
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SUMMARY
[0004] In general, this document describes methods, systems, and
computer program products for migrating, or mass converting, static
hypertext markup language (HTML) components in a web page into
asynchronous components that permit a browser to refresh the
asynchronous components without refreshing the entire web page in which
the asynchronous component is embedded. For example, static HTML
elements can be replaced with Asynchronous JavaScript and XML (Ajax)
components.
[0005] In a first general aspect, a computer-implemented method is
described. The method includes selecting a plurality of web pages including
static web page elements. Each static web page element lacks an ability to
request information associated with a uniform resource identifier (URI)
without refreshing an entire web page in which the static web page element
IS embedded. The method also includes generating first configuration
information that specifies at least one of the static web page elements and
generating second configuration information that specifies at least one
asynchronous web page element that is configured to request information
associated with a URI without refreshing an entire web page in which the
asynchronous web page element is embedded. Each asynchronous web
page element corresponds to a particular static web page element specified

in the first configuration information.
[0006] The method also includes modifying the selected plurality of web

pages. The modification includes parsing the plurality of web pages,
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identifying the static web page elements within the plurality of web pages that
are also specified in the first configuration information, and replacing the
identified static web page elements with the corresponding asynchronous
web page elements specified in the second configuration information.

[0007] In a second general aspect, a system is described. The system
includes one or more computers having a web page selector to select a
plurality of web pages comprising static web page elements that each lack an
ability to request information associated with a uniform resource identifier
(URI) without refreshing a web page in which the static web page element is
embedded, a configuration module to generate first configuration information
that specifies at least one of the static web page elements and to generate
second configuration information that specifies at least one asynchronous
web page element that is configured to request information associated with a
URI without refreshing an en.tire web page in which the asynchronous web
page element is embedded. Each asynchronous web page element
corresponds to a static web page element specified in the first configuration
information.

[0008] The system also includes a web page modification module to
modify the selected plurality of web pages. The modification includes parsing
the plurality of web pages, identifying static web page elements specified in
the first configuration information, and replacing the identified static web page
elements with corresponding asynchronous web page elements specified in

the second configuration information.
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[0009] The systems and techniques described here may provide one or
more of the following advantages. First, substantially “real-time” responses
may be provided to users of web pages modified to include asynchronous
elements. Additionally, improved usability and interactiveness may be
provided to users of modified web pages. For example, web pages modified
to include asynchronous elements may facilitate new functionality — such as
collaboration between users. Moreover, reduced network traffic and improved
responsiveness in web page loading may be achieved using web pages
modified to include asynchronous elements.

[0010] Another advantage may include providing a way to migrate, or
convert, an extensive set of web pages that incorporate static HTML controls
to web pages that incorporating Ajax-enabled controls. Additionally, an
automatic conversion process may be provided that does not require
extensive user input to convert web pages in bulk. Moreover, faster
development time may be achieved by providing reusable asynchronous
components, templates including Ajax-enabled web page layouts and basic
components, and search and replace features that permit substitution of
static HTML elements with Ajax-enabled controls and elements.

[0011] The details of one or more embodiments are set forth in the
accompanying drawings and the description below. Other features and
advantages will be apparent from the description and drawings, and from the

claims.
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DESCRIPTION OF DRAWINGS
[0012] FIG. 1 is a diagram of an example system for automatically
replacing static HTML elements in a plurality of web pages with
asynchronous components.
[0013] FIG. 2 shows a diagram of an example system for modifying web
pages having static HTML elements so they include asynchronous elements
such as Ajax elements.
[0014] FIG. 3 shows a sequence diagram of an example asynchronous
web flow for an asynchronous element.
[0015] FIGs. 4A and 4B are an example diagram 400 and an example Ul
window 450 used to identify static HTML components, respectively.
[0016] FIG. 5 is a screenshot of an example Ul for displaying HTML
elements.
[0017] FIG. 6 is a screenshot of an example Ul for creating asynchronous-
enabled web pages.
[0018] FIG. 7 is a screenshot of an example selection window that permits
a user to select a type of CSS layout to use in a creation of a stylized JSP.
[0019] FIGs. 8A and 8B are screenshots of example Uls for modifying
server-side code so that the code is compatible with an asynchronous
element substituted for a static HTML element previously associated with the
server-side code.
[0020] FIG. 9 is a flow diagram of an example method for replacing static

HTML elements in web pages with asynchronous elements.
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[0021] FIG. 10 is a diagram of a computer system that may implement
one or more of the previously described systems or methods.
[0022] Like reference symbols in the various drawings indicate like

elements.

DETAILED DESCRIPTION
[0023] This document describes systems and techniques for replacing
static HTML elements on a web page with asynchronous elements such as
Ajax components. For example, a web site may have tens or hundreds of
web pages that each includes static HTML controls. The static HTML
controls may require that the entire web page in which the controls are
embedded refresh before the web page can be updated using the controls.
For example, a web page may have a first dropdown box that lists states and
a second dropdown box that lists cities. When a user selects a state from the
first dropdown box, it may affect which cities are listed in the second
dropdown box for the cities. If the web page includes static HTML dropdown
boxes, the user may have to press a submit button, and the entire page may
have to be refreshed in order to populate the second dropdown box when a
state is selected; however, if the web page includes an Ajax-enabled
dropdown box, the second dropdown box can be populated based on the
selection of the state from the first dropdown box without having to refresh
the entire web page but instead only refreshing the second dropdown box.

Additionally, the second dropdown box can be immediately populated without

additional interaction from the user (e.g., clicking a submit button).
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[0024] Integrating asynchronous components (e.g., which can refresh
asynchronously relative to the rest of a web page) into web pages may have
several advantages including decreased response time to user interactions,
improved usability and interactiveness, the ability to explore new functionality
from rich platforms such as collaborative operation platforms, and lowering
network traffic.

[0025] FIG. 1 is a diagram of an example system 100 for automatically
replacing static HTML elements in a plurality of web pages 101 with
asynchronous components. In some implementations, the static HTML
elements to be replaced and the asynchronous elements for use as
replacements are specified by configuration information 102 and 104,
respectively. For example, a migration server 106 can use the configuration
information 102, 104 to process automatically the plurality of web pages 101
so that the HTML elements specified in the first configuration information 102
are replaced with asynchronous elements specified in the second

' configuration information 104. Although the first and second configuration
information 102, 104 are illustrated as separate in FIG. 1, this information can
be combined, for example, in a single configuration file.

[0026] In some implementations, a web site 108 for an organization may
reside in a storage device 110 such as a hard drive on a web server. The
migration server 106 can retrieve the one or more web pages 101 associated
with the web site 108 as indicated by an arrow labeled "A."

[0027]  Arrich Internet application (RIA) migration module 112 may have

previously created the first and second configuration information 102, 104. In
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some implementations, the RIA migration module 112 manages the
migration, or conversion, of static HTML web pages to “rich Internet
applications” that incorporate asynchronous web page elements. A user may
' have previously used the RIA migration module 112 to create or edit the first
and second configuration information 102, 104. For example, the user can
specify which static HTML elements to replace 114 and the asynchronous
elements o use as replacements 116. This creation and editing of
configuration information is subsequently described in more detail.

[0028] In some implementations, the RIA migration module 112 can
access the first and second configuration information 102, 104, as indicated
by arrows labeled "B." As indicated by an arrow labeled “C,” the RIA
migration module 112 can parse through the received web pages 101,
identify static HTML elements that correspond to elements specified by the
first configuration information 102, and bulk replace the identified static HTML
elements with the asynchronous elements specified by the second
configuration information 104.

[0029] In some implementations, the migration module 112 may transmit
the modified web pages 103 back to the storage device 110.

[0030] FIG. 2 shows a diagram of an example system 200 for migrating
web pages from static HTML elements to asynchronous elements such as
Ajax elements. In some implementations, the system 200 includes a
migration server 202 that performs the migration of web pages 204 received
from a web server 206. In some implementations, the web server 206 is

associated with a third party and stores the third party's web site. In other
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implementations, the web site and the associated web pages may be
retrieved from a third-party web server and stored on the web server 206,
which may be part of the migration server 202. In another implementation,
the web pages may be retrieved and stored on an internal network connected
with the migration server 202.

[0031] In some implementations, the migration server 202 can include an
integrated development environment (IDE) and a database 210 that includes
libraries and templates for use in modifying the web pages 204 to include
Ajax or other asynchronous elements, for example, offline technologies (e.g.,
web services that function even when not connected to the Internet by
enabling, for example, certain functionality to be performed by a client that is
typically performed by a remote server as part of a web service, or
components that permit integration with locally stored data such as text,
video, or audio files), streaming technologies (e.g., audio or video streaming
components), etc. In some implementations, the IDE may be the open-source
Eclipse 3.0 platform developed in association with the Eclipse Foundation.
[0032] A migration module 212 may, in some implementations, leverage a
framework associated with the IDE 208 to perform the addition of the
asynchronous elements to the web pages 204. For example, the migration
module 212 may be a plug-in to the IDE 208.

[0033] In some implementations, the migration module 212 can, for
example, include an electronic document selector 214 for selecting electronic
documents such as the web pages 204 from a collection of electronic

documents. For example, a user can specify one or more web pages that the
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user wishes to modify to include asynchronous elements instead of static
HTML elements.

[0034] In another implementation, the electronic document selector 214
can select electronic documents based on their content. For example, the
electronic document selector 214 can analyze all of the web pages on the
web site stored at the web server 206 and select the web pages that include
one or more static HTML components specified in configuration information.
[0035] The migration module 212 can include, in some implementations, a
configuration module 213 that generates configuration information such as
which HTML components are to be replaced and which Ajax components are
to be used in the replacement. For example, the configuration module 213
can generate a static HTML configuration file 216 that specifies static HTML
elements to replace. In some implementations, the HTML element can be
identified in the configuration file 216 by specifying one or more HTML-centric
pieces of information such as an HTML tag (e.qg., <table>), an HTML identifier
(e.g., ID = “BusScheduleTable™), an HTML event attribute (e.g., onblur,
onclick, onchange,), etc.

[0036] The configuration module 213 can also generate an Ajax
configuration file 218 that specifies which Ajax components are to replace the
static HTML elements. Various implementations for generating the
configuration file will be dichSsed In more detail below.

[0037] The migration module 212 may also include an electronic
document modifier 220 that modifies the identified web pages 204 selected

by the electronic document selector 214. For example, the electronic

10
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document modifier 220 can include a parser 222 that parses the received
web pages 204. In some implementations, the parsing is performed using a
document object model (DOM) inspector 224, which identifies HTML objects
in the web pages 204.

[0038] The electronic document modifier 220 may also include a static
HTML identifier module 226. The static HTML identifier module 226 can
access the configuration file listing the static HTML components to be
replaced. In some implementations, the static HTML identifier module 226
can compare the HTML elements listed in the configuration file 216 to
elements found during inspection by the DOM inspector 224 to determine if
the web pages 204 contain any of the specified static HTML elements.
[0039] If any specified static HTML elements are found, the electronic
document modifier can use an Ajax substitution module 228 to replace the
static HTML elements with corresponding Ajax components specified by the
Ajax components configuration file 218.

[0040] The Ajax substitution module 228 can extract code from the Ajax
configuration file 218 and insert it into the web page in place of the static
HTML code. In some implementations, the Ajax substitution module 228 can
delete the static HTML code when it substitutes the Ajax component code. In
other implementations, the Ajax substitution module 228 can comment out

the static HTML code in addition to adding the Ajax component code.
[0041] In some implementations, the Ajax substitution module 228 can
Include a server-side modifier 230, which modifies code that was used by the

static HTML component to interact with one or more external web servers.

11
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For example, an online geographical map displayed by a web page may
include arrows for each cardinal direction. The arrow may be a static HTML
element. When a user selects the arrow, a web browser displaying the web
page may make a request to a web server for additional map images that
correspond to the direction that the arrow points. For example, if the user
selects a “North” arrow, the web page can request more map images to the
north of the currently displayed map images. In a static HTML
implementation, the selection of the arrow may require that the entire web
page be refreshed before displaying the requested map images.

[0042] In some implementations, the server-side modifier 230 can
integrate some of the server-side code into the replacement Ajax
components. For example, the server-side modifier 230 can identify the
method used to request the map images and an address of the web server
storing the map images. The server-side modifier 230 can integrate this
information into the new Ajax component. For example, the static HTML
element of the arrow may be replaced with an asynchronous element of the
arrow. When the user selects the asynchronous element, the asynchronous
element can request the appropriate map images without refreshing the
entire page. Note that replacement of the static HTML arrow, with the

asynchronous arrow may not alter the appearance of the arrow because the

same image may be used. However, in some implementations, the code
specifying attributes and functionality associated with the arrow may be
modified so that it can initiate asynchronous communication with a web

Server.

12



CA 02674659 2009-08-04

[0043] In some implementations, the database 210 associated with the
migration server 202 can include components used in the processing of the
web pages 204. For example, such components can include Ajax component
templates 252, server-side code templates 254, and third-party user interface
(Ul) libraries 231. The Ajax component templates 252 can include template
pages with standard layouts 256 and basic Ajax-enabled components 258.
[0044] The server-side code templates 254 can include template code
that is used to refactor, for example, Java Server Page (JSP)/serviet-based
server-side code. In some implementations, the JSP/servlet templates 260
can include standard code use to add/update/delete a server-side operation
being invoked by the erstwhile “submit” method. In other implementations,
JSP/serviet templates 260 can include standard code used to
add/update/delete the server-side operation to be invoked by an
“XMLHttpRequest” method.

[0045] In some implementations, the third-party Ul libraries 231 include
asynchronous elements provided by various third parties. For example, a
company such as Yahoo!, Inc. may develop an Ajax-enabled search box that
accepts search terms from a user and initiates an internet search. Yahoo!,
Inc. may provide the search box to others for integration into web pages. The
third-party Ul libraries 231 can include the search box as well as other Ajax-
enabled components developed by individual programmers, organizations, or
companies.

[0046] In some implementations, a user can use the third-party Ul libraries

231 as well as the templates 252, 254 to modify one or more of the web

13
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pages 204. For example, the user can select Ajax-enabled components from
the third-party Ul libraries 231 to insert in place of static HTML elements. In
another example, the user can select server side code from the server-side
code templates 254 to modify the previous code associated with the static
HTML elements. This is subsequently discussed in more detail.

[0047] The user's selections of asynchronous components and templates
for a web page can be saved in configuration files for use in processing
additional subsequent web pages according to some implementations. For
example, if the user selects an Ajax-enabled dropdown box from the third-
party Ul library 231 to replace a particular static HTML element, the selection
can be included in the configuration file 218 that specifies Ajax components
to substitute for the static HTML components. The migration module can then
insert the selected Ajax-enabled dropdown box wherever the static HTML
element occurs.

[0048] After the web pages 204 have been processed by the migration
module 212, the IDE can deploy and perform regression testing on the
modified web pages to identify any functional errors occurring because of the
changes. For example, if the IDE 208 is the Eclipse program 3.0 developed
in association with Eclipse Foundation, it may include a regression tester 232
as part of the Europa feature set of Eclipse 3.0. After successful testing, the
migration server 202 can transmit the modified web pages back for
deployment on the web server 206.

[0049] FIG. 3 shows a sequence diagram of an example asynchronous

web flow 300. In this example, the asynchronous element is an Ajax-enabled

14
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component embedded in a web page that receives an interaction from a user.
The component asynchronously submits a request to a remote application,
which returns requested information for display or other manipulation by
component. This is one example of the function of an asynchronous element
and is not intended to be limiting, but is instead presented for the purposes of
llustrating one possible type of asynchronous interaction.

[0050] More specifically, the web flow 300 includes seven “actors”. a user
302, a web page 304, an event handler 306, an XMLHttpRequest 308, a
callback function 310, a Java servilet 312, and application logic 314.

[0051] In some implementations, the user 302 performs an interaction
with the asynchronous component embedded on the web page 304. The
interaction can raise a DOM event that is transmitted to the event handler
306. The event handler can create the XMLHttpRequest 308, create the
caliback function 310, register the callback function 310 with the created
XMLHttpRequest, and asynchronously dispatch the request via the created
XMLHttpRequest 308.

[0052] The XMLHttpRequest 308 can transmit a request for information to
the Java servlet 312, which in turn, calls the application logic 314 that
manages the information requested by the Ajax-enabled component. The
Java servlet 312 can serialize the response from the application logic 314
into an XML representation, which is then parsed into the XML DOM by the
XMLHttpRequest 308. The XMLHttpRequest 308 can raise a completion

event that is transmitted to the callback function 310, which can interrogate

15
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the parsed DOM to determine what information was communicated from the
application logic.

[0053] The callback function 310 can update the HTML of the web page to
reflect the received information (e.g., add new information to a dropdown list
or a table) that was determined based on the interrogation.

[0054] FIGs. 4A and 4B are, respectively, an example diagram 400 and an
example Ul window 450 used to identify static HTML components. The
diagram 400 shows a configuration file 402 that records user-specified static
HTML components. An arrow 404 illustrates that the user can edit the
configuration file directly. For example the user can open a text editor and
insert information such as an HTML tag, ID, or attribute that identifies the
static HTML components that the user wishes to update. In some
Implementations, the configuration file 402 can be an XML file.

[0055] The arrow 406 illustrates that the user also can edit the
configuration file indirectly. For example, a DOM inspector may examine
selected web pages and display one or more elements of the web pages on a
Ul (as indicated by a box 408). The user can select one or more HTML
elements identified by the DOM inspector (as indicated by box 410), and the
user selection can be translated into an identifier for that HTML element that
IS Inserted into the configuration file 402.

[0056] Some examples of HTML elements, or controls, that can be
specified in the configuration file 402 include lists (e.g., directory lists,
definition list, list items, menu lists, ordered lists), tables (e.g., table column

groups, table columns, table rows, table data cells, table header cells),

16
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options (e.qg., option selectors, multi-line text input), and input fields (e.g.,
search boxes).

[0057] Additionally, the migration module 212 may permit a user to inspect
HTML elements of one or more web pages using a DOM inspector 224. For
example, a user can select a web page to modify and enable an “inspect
mode.” The user can select one or more of several types of information to
display about the selected web page. In some implementations, the
information displayed can include DOM nodes, Cascading Style Sheets
(CSS) rules, computed styles (e.g., CSS which are updated at run time), ana
JavaScript objects.

[0058] In some implementations, the user also can search for an HTML
element by ID, tag, or attribute as illustrated by FIG. 4B. A user can select
one of these items to search by using, for example, radio buttons 452
specifying each of the items that a user can search by. The user may type
identifying information associated with the selected item. For example, the
user may select the item specifying that he wishes to search by HTML ID.
The user also may enter the ID “radio button” in a text input box 454. The

user can then initiate a search for HTML elements having this ID by pressing
the find button and the migration module 212 can search through the parsed

web pages to find all of the HTML elements associated with the “radio button®

ID.
[0059] In some implementations, the user can select asynchronous
components to replace the located HTML elements associated with the input

ID. For example, the user may select an asynchronous element in another

17
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window (not shown), and the user may initiate a find and replace operation to
replace the specified static HTML element with the selected asynchronous
element.

[0060] Additionally, the DOM Inspector can output the identified HTML
elements in the web pages to a XML file. The Ul may access the XML file
and highlight code associated with the identified HTML elements in a screen
that displays code for one or more web pages.

[0061] One example of an Ul for displaying the HTML elements is shown
in an example screenshot 500 of FIG. 5. The screenshot 500 includes a
display window 502 that shows the HTML code for a selected web page. The
screenshot 500 also includes a Ul library pane 504 that displays available
asynchronous Ul components. For example, the source of Ul components,
such as a company that created the component(s) can be displayed in the
library pane 504 as items 506. In some implementations, a user can select an
item labeled with a developer name to see all of the asynchronous
components associated with a developer. For example, if a user selects the
developer YAHOO!, the Ul can display several asynchronous components

508 developed by YAHOOQ!.

[0062] In some implementations, a user can drag and drop an
asynchronous component onto a portion of the web page displayed by the
display window 502. In the example of FIG. 5, the user selects an Ajax-

enabled search element from the Ul library pane 504 and places it within the

displayed web page.

18
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[0063] In some implementations, the asynchronous element can be
dragged over or on top of a static HTML element identified by the display
window 502. For example, the search element, or widget, from YAHOO! can
be dragged over a static search element (which is highlighted within the
display window 502 for easy identification by a user). In some
implementations, the code associated with asynchronous element may
replace the code onto which it was dropped. In other implementations, code
associated with the asynchronous element may be added to the web page
and code associated with the static HTML may be commented out so that it is
not displayed when a web browser executes the web page.

[0064] In some implementations, a program used to modify the web pages
such as the program shown in the screenshot 500 can display information
about a particular DOM node or sub-tree identified by a DOM inspector. In
one implementation, a program can present individual DOM nodes and their
values in an active, sortable list. For example, HTML attributes can be
displayed as sub-nodes of HTML elements. A user may right-click on
individual items in the list to see a context menu that permits the user to edit
the values of those attributes. For example, a table element may typically
display DETAIL data which changes based on values in a MASTER section
(e.g., a portion - the DETAIL section - of a bus schedule table can be updated
based on entering a departure time into an input box — the MASTER section).

A user can use this dynamic capability of the program to modify attributes of

the table (e.g., change the table background color, add a border, etc.).

19



CA 02674659 2009-08-04

[0065] FIG. 6 is a screenshot of an example Ul 600 for creating

asynchronous-enabled web pages. A user may use the Ul 600 to create a
new web page to add to a set of existing web pages. The new web pages
can be built using templates having standard, or pre-configured, layouts and
basic Ajax-enabled controls available for embedding in the standard layouts.
[0066] In some implementations, the standard layout can include a web
page having a primary display area in the center of the page with sidebars
located at one or more sides of the display area and used to display
additional content. The standard layouts can also include headers, footers,
columns, etc.

[0067] As shown in the example Ul 600, a user can select a “New” menu
item to open a submenu that includes a submenu item labeled “stylized jMaki
JSP (with CSS), which initiates the creation of a stylized JSP web page
having CSS capabilities.

[0068] In some implémentations, the example Ul 600 may also include an
additional selection window 702 that permits a user to select a type of CSS
layout to use in the creation of the stylized JSP as shown in FIG. 7. For
example, the user can select a “standard” layout 704 with a single display
area, a layout 706 with a right-sidebar, or a layout 708 where the display area
IS segmented into three columns.

[0069] The user can select basic Ajax-enabled controls from a snippet
dashboard 602 (Fig. 6) to include in the generated standard layout. As

discussed previously, the Ajax enable controls may be included in various

vendor libraries developed by third parties. In some implementations, the

20



CA 02674659 2009-08-04

Ajax-enabled controls include combo boxes, date selection calendars, tables,
tabbed views, search boxes, sliders, etc.

[0070] FIGs. 8A and 8B are screenshots of example Uls for modifying
server-side code so that the code is compatible with an asynchronous
element substituted for a static HTML element previously associated with the
server-side code. FIG. 8A shows an example Ul 800 for commenting out
server-side code associated with a static HTML element.

[0071] For example, a non-Ajax-enabled web page may retrieve a list of
books for display in a dropdown box based on a query entered by a user. The
non-Ajax-enabled web page may accept the user input in a text box, and post
this information (e.g., via a doPost method) to a web server having a
database of book information after the user clicks a submit button on the web
page.

[0072] The user may wish to replace this synchronous functionality with
an asynchronous dropdown box that automatically populates — e.g., without
pressing the submit button and without refreshing the entire web page - after
text is entered in the textbox. The new modified web page will not retrieve a
list of books for display upon a selection of the submit button. In some
implementations, the Ul 800 can include a dialog box to comment out the
invocation of a “getBook” method 802 that causes the web server to retrieve
a list of books.

[0073] FIG. 8B is a screenshot of an example Ul 850 for configuring Ajax-
components. For example, the Ul 850 can configure the new asynchronous

dropdown box. In some implementations, a user can specify a server-side
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method that an Ajax-enabled element should call asynchronously. The user
may also specify a control uniform resource locator (URL) and an XML
element required by the XMLHttpRequest to refresh the asynchronous
element with results from the web server.

[0074] In the example given above where the asynchronous element is a
dropdown box, the user may specify that the HTTP method to override is the
doPost, or do Get, method. The user may specify the control URL, that is, the
method invoked on the web server to retrieve the list of books. In this
example, the method is called “BookSearch.jsp.” The user can specify that
the method that should be called from the new asynchronous control is the
new “getBook” method, and that the XML Element used by the
XMLHttpRequest to retrieve the information asynchronously from the server
is labeled “SelectedBooks.”

[0075] In some implementations, once the server-side code is specified
for an asynchronous element on one web page, the code may be inserted
and/or modified for the same asynchronous element present in other web
pages without further user involvement.

[0076] FIG. 9 is a flow diagram of an example method 900 for replacing
static HTML elements in web pages with asynchronous elements. The
method 900 may be performed, for example, by a system such as the
systems 100, 200 and using the Uls of FIGs. 6-8b, for clarity of presentation,
the description that follows uses the systems 100, 200 and the Uls as the
basis of an example for describing the method. However, another system, or

combination of systems, may be used to perform the method 900.
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[0077] In box 902, one or more configuration files are generated, where
the configuration files are used to specify static HTML elements that are to be
replaced with asynchronous elements. For example, the migration module
112 can generate the configuration information 102, 104 based on user input
specifying the static HTML element and the corresponding asynchronous
element to serve as a substitute.

[0078] In another implementation, a portion of the configuration
information can be generated based on user action with a Ul such as the one
shown in the screenshot 500 of FIG. 5. For example, dragging and dropping
an asynchronous component onto a static HTML element may create an
entry in the configuration information specifying the asynchronous element
for use in the replacement. The entry can include which static HTML element
the asynchronous element should replace based on which HTML element the
asynchronous element was placed upon.

[0079] In box 904, existing static web pages from a web site are provided.
For example, the web pages 101 are provided to the migration server 106.
[0080] In box 906, web pages are selected to process. For example, one
or more of the web pages 101 can be selected for modification to include
asynchronous element. In some implementations, a user may identify
particular web pages using a selection window that displays the web pages.
In another example, the migration module 112 can automatically select web
pages that have a static HTML element that the user specified should be
replaced. For example, the migration module 112 may select all web pages

that include forms that update fields synchronously after a button is pressed.
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[0081] In optional box 908, the HTML of the web sites may be DOM
inspected. For example, the DOM inspector 224 can identify HTML elements
within the selected web pages and create a hierarchical tree of DOM nodes
that represent, for example, HTML elements and their attributes.

[0082] In box 910, static HTML elements within the selected web pages
that match those specified in the configuration file can be identified. For
example, the static HTML identifier module 226 can compare HTML tags
specified in the configuration file 216 to tags listed as attributes in DOM
nodes.

[0083] In box 912, static HTML controls can be replaced with
asynchronous elements. For example, the Ul of FIG. 5 may highlight static
HTML elements within a web page. The user can select an asynchronous
element to replace the static HTML element. In some implementations, the
migration module 112 can proceed to replace automatically the same static
element with the selected asynchronous element in other selected web sites.
In other implementations, the asynchronous element used to replace the
static HTML elements may be pre-specified by the user (e.g., the user may
generate an XML file that specifies the asynchronous elements to use the
substitutes) and the migration module 112 may replace the entire static
HTML element without additional user intervention.

[0084] In optional box 914, the server-side code can be refactored to
~correspond with the asynchronous elements. For example, the user may use
Uls similar to those shown in FIGs. 8A and 8B to select functions for

overriding and association with the new asynchronous element.
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[0085] In optional box 916, the modified code can be regression tested to
identify any errors or malfunctioning in the web page. For example, the
regression tester 232 of the IDE 208 can test the asynchronous elements of
the modified web pages to determine if they operate correctly. In some
implementations, the modified (or any newly created) web pages can be
displayed to a user to determine if the format or appearance is as desired.
After box 916, the method 900 can end.

[0086] FIG. 10 is a schematic diagram of a computer system 1000. The
system 1000 can be used for the operations described in association with
any of the computer-implement methods described previously, according to
one implementation. The system 1000 is intended to include various forms of
digital computers, such as laptops, desktops, workstations, personal digital
assistants, servers, blade servers, mainframes, and other appropriate
computers. The system 1000 can also include mobile devices, such as
personal digital assistants, cellular telephones, smartphones, and other
similar computing devices. Additionally the system can include portable
storage media, such as, Universal Serial Bus (USB) flash drives. For
example, the USB flash drives may store operating systems and other
applications. The USB flash drives can include input/output components,
such as a wireless transmitter or USB connector that may be inserted into a
USB port of another computing device.

[0087] The system 1000 includes a processor 1010, a memory 1020, a
storage device 1030, and an input/output device 1040. Each of the

components 1010, 1020, 1030, and 1040 are interconnected using a system
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bus 1050. The processor 1010 is capable of processing instructions for
execution within the system 1000. The processor may be designed using any
of a number of architectures. For example, the processor 1010 may be a
CISC (Complex Instruction Set Computers) processor, a RISC (Reduced
Instruction Set Computer) processor, or a MISC (Minimal Instruction Set
Computer) processor.

[0088] In one implementation, the processor 1010 is a single-threaded
processor. In another implementation, the processor 1010 is a multi-
threaded processor. The processor 1010 is capable of processing
instructions stored in the memory 1020 or on the storage device 1030 to
display graphical information for a user interface on the input/output device
1040.

[0089] The memory 1020 stores information within the system 1000. In
one implementation, the memory 1020 is a computer-readable medium. In
one implementation, the memory 1020 is a volatile memory unit. In another
implementation, the memory 1020 is a non-volatile memory unit.

[0090] The storage device 1030 is capable of providing mass storage for
the system 1000. In one implementation, the storage device 1030 is a
computer-readable medium. In various different implementations, the
storage device 1030 may be a floppy disk device, a hard disk device, an
optical disk device, or a tape device.

[0091] The input/output device 1040 provides input/output operations for
the system 1000. In one implementation, the input/output device 1040

includes a keyboard and/or pointing device. In another implementation, the
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input/output device 1040 includes a display unit for displaying graphical user

interfaces.

[0092] The features described can be implemented in digital electronic
circuitry, or in computer hardware, firmware, software, or in combinations of
them. The apparatus can be implemented in a computer program product
tangibly embodied in an information carrier, e.g., in a machine-readable
storage device for execution by a programmable processor; and method
steps can be performed by a programmable processor executing a program
of instructions to perform functions of the described implementations by
operating on input data and generating output. The described features can
be implemented advantageously in one or more computer programs that are
executable on a programmable system including at least one programmable
processor coupled to receive data and instructions from, and to transmit data
and instructions to, a data storage system, at least one input device, and at
least one output device. A computer program is a set of instructions that can
be used, directly or indirectly, in a computer to perform a certain activity or
bring about a certain result. A computer program can be written in any form

of programming language, including compiled or interpreted languages, and
it can be deployed in any form, including as a stand-alone program or as a
module, component, subroutine, or other unit suitable for use in a computing

environment.
[0093] Suitable processors for the execution of a program of instructions
include, by way of example, both general and special purpose

microprocessors, and the sole processor or one of muitiple processors of any
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kind of computer. Generally, a processor will receive instructions and data
from a read-only memory or a random access memory or both. The
essential elements of a computer are a processor for executing instructions
and one or more memories for storing instructions and data. Generally, a
computer will also include, or be operatively coupled to communicate with,
one or more mass storage devices for storing data files; such devices include
magnetic disks, such as internal hard disks and removable disks; magneto-
optical disks; and optical disks. Storage devices suitable for tangibly
embodying computer program instructions and data include all forms of non-
volatile memory, including by way of example semiconductor memory
devices, such as EPROM, EEPROM, and flash memory devices; magnetic
disks such as internal hard disks and removable disks; magneto-optical
disks; and CD-ROM and DVD-ROM disks. The processor and the memory
can be supplemented by, or incorporated in, ASICs (application-specific
integrated circuits).

[0094] To provide for interaction with a user, the features can be
implemented on a computer having a display device such as a CRT (cathode
ray tube) or LCD (liquid crystal display) monitor for displaying information to
the user and a keyboard and a pointing device such as a mouse or a
trackball by which the user can provide input to the computer.

[0095] The features can be implemented in a computer system that
includes a back-end component, such as a data server, or that includes a

middleware component, such as an application server or an Internet server,

or that includes a front-end component, such as a client computer having a
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graphical user interface or an Internet browser, or any combination of them.
The components of the system can be connected by any form or medium of
digital data communication such as a communication network. Examples of
communication networks include a local area network (“LAN”)', a wide area
network ("WAN?”), peer-to-peer networks (having ad-hoc or static members),
grid computing infrastructures, and the Internet.

[0096] The computer system can include clients and servers. A client and
server are generally remote from each other and typically interact through a
network, such as the described one. The relationship of client and server
arises by virtue of computer programs running on the respective computers
and having a client-server relationship to each other.

[0097] Although a few implementations have been described in detail
above, other modifications are possible. For example, the logic flows
depicted in the figures do not require the particular order shown, or
sequential order, to achieve desirable results. In addition, other steps may be
provided, or steps may be eliminated, from the described flows, and other
components may be added to, or removed from, the described systems.

Accordingly, other implementations are within the scope of the following

claims.

25



CA 02674659 2016-02-16

WHAT [S CLAIMED IS:

1. A computer-implemented method comprising:
receiving, from a storage device, one or more web pages comprising a
plurality of static web page elements, each static web page element lacking an
ability to request information associated with a uniform resource identifier (URI)
without entirely refreshing a web page in which the static web page element is
embedded;
accessing first configuration information that specifies at least one of the
static web page elements;
accessing second configuration Iinformation that specifies at least one
asynchronous web page element that is configured to request information
associated with a URI without entirely refreshing a web page in which the
asynchronous web page element is embedded, wherein each asynchronous web
page element corresponds to a particular static web page element specified in
the first configuration information; and
performing an automatic conversion process on the one or more web
pages to provide respective one or more modified web pages, the automatic
conversion process referencing the first configuration information and the second
configuration information and comprising, for each web page:
parsing the web page;
identitying one or more static web page elements within the web
page, the one or more static web page elements being specified in the first
configuration information; and
replacing the one or more static web page elements with respective
one or more asynchronous web page elements specified in the second
configuration information; and

transmitting the one or more modified web pages to the storage device.

2. The methoa of claim 1, wherein the at least one asynchronous web page
element comprises an asynchronous JavaScript and extensible markup language
(AJAX) element.
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3. The method of claim 1, wherein each of the one or more static web page

elements comprises a hypertext markup language (HTML) element.

4 The method of claim 1, wherein the respective one or more asynchronous
web page elements that replace the one or more static web page elements
perform substantially the same function as the replaced static web page

elements.

S, The method of claim 1, wherein parsing the web page comprises using a

document object model (DOM) inspector to inspect components of the web page.

0. The method of claim 1, wherein replacing the one or more static web page
elements with the respective one or more asynchronous web page elements
comprises removing code that is associated with the one or more static web page
elements from the web page and inserting code that is associated with the

respective one or more asynchronous web page elements in the web page.

7. The method of claim 1, wherein the one or more static web pages are

associated with the same internet domain.

8. The method of claim 1, wherein each asynchronous web page element is
configured to request the information without refreshing the entire web page

using an XMLHttpRequest application programming interface (API).

9. The method of claim 1, wherein replacing the one or more static web page
elements with the respective one or more asynchronous web page elements

comprises overloading one or more methods associated with the one or more

static web page elements.

10.  The method of claim 9, further comprising receiving input from a user
specifying a first client-side method to overload and a second server-side method
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executed by a remote server that an asynchronous web page element is

configured to call.

11.  The method of claim 1, further comprising executing regression testing on
the one or more modified web pages to determine if the replacement
asynchronous web page elements generate errors when executed by an internet

browser.

12. The method of claim 1, wherein generating the second configuration
information comprises receiving user selections of asynchronous web page

components from a repository of reusable asynchronous web page components.

13.  The method of claim 1, wherein identifying one or more static web page
elements In the web page comprises prominently displaying an identified static

web page element to a user.

14.  The method of claim 13, further comprising receiving from a user a
selection of an asynchronous web page element to replace the prominently

displayed static web page element.

15.  The method of claim 14, wherein the selection comprises dragging and

dropping a visual representation of the asynchronous web page element on the

prominently displayed static web page element.

16.  The method of claim 14, wherein the selection is used to generate at least
a portion of the second configuration information, which is used to replace
substantially similar static web page elements with the user selected

asynchronous web page element without additional user interaction.

17.  The method of claim 1, wherein the second configuration information that
specifies at least one asynchronous web page element identifies the

asynchronous web page element based on a group of identifiers consisting of

32



CA 02674659 2016-02-16

DOM node identifiers, CSS style identifiers, JavaScript Object identifiers,
computed style, HTML 1Ds, HTML tags, and HTML attributes.

18. A system comprising:
a storage device; and
one or more computers comprising:

a web page selector to receive, from the storage device, one or
more web pages comprising static web page elements, each static web
page element lacking an ability to request information associated with a
uniform resource identifier (URI) without entirely refreshing a web page in
which the static web page element is embedded;

a configuration module to access first configuration information that
specifies at least one of the static web page elements and to access
second configuration information that specifies at least one asynchronous
web page element that is configured to réquest information associated with
a URI! without entirely refreshing a web page in which the asynchronous
web page element is embedded, wherein each asynchronous web page
element corresponds to a static web page element specified in the first
configuration information; and

a migration module to perform an automatic conversion process on
the one or more web pages to provide respective one or more modified
web pages, wherein the automatic conversion process references the first
configuration information and the second configuration information and
comprises, for each web page:

parsing the web page,;

[dentifying one or more static web page elements within the
web page, the one or more static web page elements being
specified in the first configuration information; and

replacing the one or more static web page elements with
respective one or more asynchronous web page elements specified

in the second configuration information; and
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transmitting the one or more modified web pages to the storage

device.

19. A computer program product tangibly embodied in a computer readable
storage device, the computer program product including instructions that, when
executed by a computer, perform operations for adding asynchronous

functionality to web pages, according to the method of any one of claims 1 to 17.

20.  The computer program product of claim 19, wherein the asynchronous
web page elements comprise AJAX elements, audio or video streaming
elements, or offline elements that enable a user to interact with a web page while

unconnected to a server typically in communication with the offline element.
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800 ™

= Modify Server

£ Package £x & Fom = 6
CDB|B G| ® Y| & D 0w hitp/iocalhost: 8080/MyfirstProject/newfile jsp

B Ajax import javax.serviet.* ;
G- AJAXIdentifier import java.io.*;
E editpreview umport java.util.* ;

L import javax.servlet.http.* ;
g g ﬁyi:iigfcl)ject public class cntserviet extends HttpServiet

{
- src public void doPost (HttpServletRequest request, HttpServletResponse re
-3 JRE System Library [idkl,5.0_C throws ServletException, IOException

p p
:k-@ Web App Libraries | {
0= build response.setContentType ("text/html]") ;
B ' String name=request.getParameter ("Author") ;
& WebContent String namel=request.getParameter ("Title") ;

-B META-INF // getBook(Author, Title);

B> resources }
} - 802

B WEB-INF
- glue js getBook(String Author,String Title)
{

+--[2 jmaki-standard.css
-3 newFile.class _ , ,

PrintWniter out=response.getWriter () ;

out.println ("<htmi>") ;
out.println ("<body>") ;
out.println ("<table border=1><tr><td>"-rname+"</td></tr>") ;
out.printin ("<tr><td>"+Author+"</td></tr></table>") ;
out.printin ("</body></html") ;

}
FIG. 8A
=) Modify HTML
Server
General
Hitp Method:
Control URL.: |BookSearch.jsp_ﬁ | |
Function: getBook
XML Element: SelectedBooks

FIG. 8B
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902

Generate Configuration File:
Configure Static HTML
Elements to be Replaced
with Asynchronous
Elements

904~

Existing Static
Web Pages on
a Website

906~

- Select Web

Pages 1o
Process

DOM Inspect
the HTML

b‘—d—ﬁl—’--— - e

Identify Static HTML
Elements in Web
Pages that Match

Those Specified in
the Configuration
File

912 L
Replace Siatic HTML Controls
with Asynchronous Elements

- -t ﬂ‘-"'-""—"-'—— ————--v—-——-v-—-m-\—q

e Ejem_e_qtﬁ_ _____________ i
916, 1

" Regression Test the Refactored |
e C cide
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